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SECTION 1
PURPCSE OF DOCUMENT

EPA, States and |l ocal air pollution control agencies are becom ng
i ncreasingly aware of the presence of substances in the anbient air that
may be toxic at certain concentrations. This awareness, in turn, has |ed
to attenpts to identify source/receptor relationships for these
substances and to devel op control prograns to regul ate em ssions.
Unfortunately, very little information is available on the anmbient air
concentrations of these substances or on the sources that may be
di scharging themto the atnosphere.

To assist groups interested in inventorying air em ssions of various
potentially toxic substances, EPA is preparing a series of documents such
as this that conmpiles available informati on on sources and em ssi ons of
t hese substances. This docunment specifically deals with chloroform Its
i nt ended audi ence includes Federal, State, and local air pollution
personnel and others who are interested in locating potential emtters of
chl orof orm and meki ng gross estimates of air em ssions therefrom

Because of the limted anounts of data avail able on chl orof orm
em ssions, and since the configuration of many sources will not be the
sane as those described herein, this docunent is best used as a priner to
informair pollution personnel about 1) the types of sources that nmay
emt chloroform 2) process variations and rel ease points that may be
expected within these sources, and 3) avail able em ssions information
i ndi cating the potential for chloroformto be released into the air from
each operati on.

The reader is strongly cautioned agai nst using the em ssions
i nformati on contained in this docunment to try to devel op an exact
assessnent of em ssions fromany particular facility. Since insufficient
data are available to develop statistical estimtes of



the accuracy of these emission factors, no estimate can be made of the
error that could result when these factors are used to cal cul ate

em ssions fromany given facility. It is possible, in sone extrene
cases, that orders-of-magnitude differences could result between actua
and cal cul ated em ssions, depending on differences in source
configurations, control equipnment and operating practices. Thus, in
situations where an accurate assessnent of chloroformenissions is
necessary, source-specific information should be obtained to confirmthe
exi stence of particular emtting operations, the types and effectiveness
of control neasures, and the inpact of operating practices. A source
test and/or material bal ance should be considered as the best nmeans to
determne air em ssions directly from an operation.



SECTION 2
OVERVI EW OF DOCUMENT CONTENTS

As noted in Section 1, the purpose of this docunent is to assi st
Federal, State, and local air pollution agencies and others who are
interested in locating potential air emtters of chloroform and naking
gross estimates of air em ssions therefrom Because of the linmted
background data avail able, the informati on summarized in this docunent
does not and should not be assuned to represent the source configuration
or em ssions associated with any particular facility.

This section provides an overview of the contents of this docunent.
It briefly outlines the nature, extent and format of the material
presented in the remaining sections of this report.

Section 3 of this docunent provides a brief summary of the physica
and chem cal characteristics of chloroformand an overview of its
producti on and uses. A chemical use tree sunmarizes the quantities of
chl orof orm consunmed in various end use categories in the United States.
Thi s background section may be useful to soneone who needs to develop a
general perspective on the nature of the substance and where it is
manuf act ured and consuned.

Section 4 of this docunent focuses on major industrial source
categories that may di scharge chloroformair em ssions. This section
di scusses the production of chloroform its use as an industri al
f eedst ock, and processes which produce chlorof ormas a byproduct. For
each major industrial source category described in Section 4, exanple
process descriptions and flow di agrans are given, potential em ssion
points are identified, and available em ssion factor estimtes are
presented that show the potential for chloroformem ssions before and
after controls enployed by industry. Individual conpanies are naned that
are reported to be involved with either the production or use of
chloroform based primarily on trade publications.



The final section of this document summarizes avail abl e procedures
for source sanmpling and analysis of chloroform Details are not
prescribed nor is any EPA endorsenent given or inplied to any of these
sanpling and anal ysis procedures. At this tinme, EPA has generally not
eval uated these nethods. Consequently, this document merely provides an
overvi ew of applicable source sanpling procedures, citing references for
those interested in conducting source tests.

The appendi x | ocated at the end of this docunent presents
derivations of chloroformem ssion factors for chl oroform production
processes which are presented in Section 4. The devel opnent of these
em ssion factors is discussed in detail for sources such as process
vents, storage tank vents, liquid and solid waste streamnms, |oading and
handl i ng, and | eaks from process val ves, punps, conpressors, and pressure
relief valves.

Thi s docunent does not contain any discussion of health or other
environnmental effects of chloroform nor does it include any discussion
of anbient air levels or anbient air nonitoring techniques.

Comments on the contents or useful ness of this docunent are
wel coned, as is any information on process descriptions, operating
practices, control measures and em ssions information that woul d enabl e
EPA to inprove its contents. All comments should be sent to:

Chi ef, Source Analysis Section (MDD 14)
Ai r Managenent Technol ogy Branch

U.S. Environnmental Protection Agency
Research Triangle Park, N.C. 27711



SECTION 3
BACKGROUND

NATURE OF POLLUTANT

Chloroform CHO ,; is a clear, colorless liquid with an ethereal,
nonirritating odor. It is nonflammable and does not form expl osive
m xtures at atnospheric tenperatures and pressures. Physical properties
of chloroformare presented in Table 1.

Chloroformis mscible with nost organic solvents and slightly
soluble in water. Chloroformevaporates relatively rapidly, having a
vapor pressure of 21.28 kPa at 20°C! The density of chloroformvapor is
over four tinmes greater than that of air; thus, in cases where
concentrated gaseous em ssions occur, the plune will tend to settle to
t he ground before dispersing.2

Chl or of or m deconposes sl owl y upon exposure to sunlight in the
presence or absence of air, and in the dark in the presence of air. The
maj or products of oxidative breakdown are phosgene, hydrogen chlori de,
chl ori ne, carbon di oxi de, and water.

Chl or of orm vapor does not react with oxygen at tenperatures up to
290°C, however, at 270°C, nitrogen dioxide oxidizes chloroformto form
phosgene, hydrogen chloride, water, and carbon dioxide. Pyrolysis of
chl orof orm vapor occurs at tenperatures above 450°C, producing
tetrachl oroet hyl ene, hydrogen chl oride, and m nor anmounts of other
chl orocarbons. Chloroformcan be further chlorinated to carbon
tetrachloride by elenmental chlorine upon irradiation of the vapor. At
225° to 275°C, brom nation of chloroform vapor yields
br onochl or onet hanes. !

In the atnosphere, chloroformhas a residence time of about 4
mont hs. Residence tine is defined as the tinme required for the
concentration to decay to 1/e of its original value (e = 2.7183).% The
maj or nmechani sm of destruction is reaction with hydroxide radicals in the
troposphere to form phosgene, chloride radicals, and chlorine nonoxide.3*



TABLE 1. PHYSI CAL PROPERTI ES OF CHLOROFORM:

Property Val ue

Synonyns: trichl oromet hane, nethane trichloride, nethyl trichloride,
met henyl trichloride, trichloroform fornyl trichloride

CAS Regi stry No. 67-66-3
Mol ecul ar wei ght 119. 38
Refractive | ndex, 20°C 1. 4467
Aut oi gnition tenperature, °C above 1, 000
Fl ash point, °C None
Melting point, °C -63.2
Boiling point, °C 61.3
Specific gravity, 25/4°C 1. 48069
Vapor density, 101 kPa, 0°C, kg/n? 4. 36
Surface tension, niN'm
Air, 20°C 27. 14
Air, 60°C 21.73
Water, 20°C 45.0
Heat capacity, 20°C, kJ/(keK) 0. 979
Critical tenperature, °C 263.4
Critical pressure, Ma 5.45
Critical density, kg/n? 500
Critical volunme, n#/kg 0. 002
Thermal conductivity, 20°C, W (mK) 0. 130
Di el ectric constant, 20°C 4.9
Di pol e nonent, Cm 3.84 x 1030
Heat of conbustion, M/ (kgenol) 373
Heat of formation, 25°C, M/ (kgenol)
Gas -89. 66
Li quid -120.9
Lat ent heat of evaporation, at bP, kJ/kg 247

Solubility of chloroformin water,
20°C, g/ kg HO 8.22
Solubility of water in chloroform 22°C
g/ kg chl orof orm 0. 806
Viscosity, liquid, 20°C, mnPaes 0. 563



TABLE 1. (Conti nued)
Property Val ue
Vapor pressure, kPa

0°C 8.13
10°C 13. 40
20°C 21. 28
30°C 32.80
40°C 48. 85
50°C 70. 13




Phot ochem cal conversion of trichlorethylene in the troposphere
may be a significant source of atnospheric chloroform Laboratory
experinments sinulating tropospheric irradiation of trichloroethyl ene
have shown chloroformto be one of the principal transformation
products.® Trichloroethylene is one of the nbost w dely used industri al
chemcals in the United States. O the estimted 145,000 My of
trichl oroet hyl ene produced In 1979, approximately 72 percent was used
i n vapor degreasing of fabricated nmetal parts, 5 percent was used in
vari ous solvent applications, and the remai nder was exported.® Nearly
all of each year's production of trichloroethylene represents
repl acement of evaporative |oss to the atnosphere.

OVERVI EW OF PRODUCTI ON AND USES

Chl oroformwas first produced in the United States in 1900,
primarily for use as an anesthetic. It has since been replaced as an
anest hetic by safer and nore versatile conpounds.?

Chloroformis currently produced in the United States by five
conpani es at seven manufacturing facilities. Production in 1981 was
estimted at a level of 350 mllion pounds. Approximately 17 mllion
pounds were exported and inports were negligible.’

Chloroformis produced donestically by two processes, both of
whi ch produce other chloronethanes. |In the nost w dely used production
process, nethanol is reacted with hydrogen chloride in a catalytic
fi xed bed hydrochlorination reactor to produce nmethyl chloride and
water. The crude nmethyl chloride is dryed and then reacted with
chlorine in a vapor phase reactor at elevated tenperature and pressure
to produce nethylene chloride, chloroform and some byproduct carbon
tetrachl oride. These products are separated by two sequenti al
distillations.?®

In the nethane chlorination process, nethane is chlorinated at a
tenperature of about 400°C and a pressure of about 200 kPa to produce
chl orof orm as a coproduct with nmethyl chloride, nethylene chloride, and
carbon tetrachloride. The chl oronethane coproducts are separated by
four sequential distillations. The nethyl chloride in the overheads
fromthe first colum can be recycled to the chlorination reactor to
enhance the yield of the other chloronethanes.?®



The current uses of chloroformare listed in Figure 1 along with
the percentage for each use. The largest end use of chloroformis in
t he manufacture of chlorodifluoro- methane (fluorocarbon 22), which
accounted for 85 percent of chloroformconsunption in 1981.

Fl uorocarbon 22 is used as a refrigerant, as an internediate in the
producti on of fluorocarbon resins and, to a small extent, as an aeroso
propel | ant .

In addition to the production of fluorocarbon 22, chloroformis
used in the extraction and purification of pharnmaceuticals, as an
internmediate in the preparation of dyes and pesticides, and as a
fum gant and insecticide. Prior to being banned by the Food and Drug
Adm nistration in 1976, chloroformwas used in such products as
t oot hpaste, linanents, and cough syrup.’



PRODUCTION USE PERCENT
NETHANOL + HYDROGEN CHLORIDE————3=NETHVL CHLORIDE +  WATER

(CH,0) (1) (H,C1) (,0)
- FLUGROCARBON 22

METHYL CLORIDE + CHLORINE
3 2 | RESIN INTERMEDIATES - 20
*CHLOROFORM =———1 ¢yporrs -5

(cic),)
METHANE  + CHLORINE MISCELLANEOUS - N
(CHy) (372 01,)) _ o
7

Figure 1. Chemical use tree for chloroform.



SECTI ON 4
CHLOROFCORM EM SSI ON SOURCES

This section discusses chloroformem ssions fromdirect sources
such as chl orof orm production, fluorocarbon production, and
phar maceuti cal manufacture. Indirect em ssion sources in which
chloroformis formed as a byproduct are al so discussed. |Indirect
sources of chloroforminclude ethylene dichloride production;
per chl or oet hyl ene and tri chl oroet hyl ene production; chlorination of
organi c precursors in process water at pulp and paper mlls, industrial
cooling water, and rnunicipal drinking water and wastewater; and
vol atilization fromvarious waste treatnent, storage and di sposal
facilities, including rmunicipal wastewater treatnent plants. Process
and em ssions information is presented for each source for which data
wer e avail abl e.

CHLOROFORM PRODUCTI ON

In the nost widely used chl orof orm producti on process, nethanol is
hydrochl ori nated to produce nethyl chloride, which is then chlorinated
to produce other chl oronethanes, including chloroform A second
process, involving the direct chlorination of methane to produce
chl oronet hanes, is used currently at one plant.! Direct chlorination
of methane was used fornerly at another facility; however this plant
has changed its production process. The details of this new process
are not currently avail able.?'?
Process Description
Met hanol Hydrochl orination/ Methyl Chloride Chlorination Process--

The maj or products of the nmethanol hydrochl orination/ nethyl

chloride chlorination process are chloroform nethyl chloride, and
met hyl ene chl oride. Sonme byproduct carbon tetrachloride is also
pr oduced.

Basi c operations that may be used in the nethano
hydrochl orination /nmethyl chloride chlorination process are shown in
Figure 2. Equinolar proportions of gaseous nethanol (Stream 1) and
hydrogen chloride (Stream 2) are fed to a hydrochl orination reactor

11
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mai ntai ned at a tenperature of about 350°C. The hydrochl orination
reaction is catalyzed by one of a number of catalysts, including

al um na gel, cuprous or zinc chloride on activated carbon or pum ce, or
phosphoric acid on activated carbon. Methanol conversion of 95 percent
is typical.?®

The reactor exit gas (Stream 3) is transferred to a quench tower,
wher e unreacted hydrogen chl oride and met hanol are renpoved by water
scrubbing. The water discharged fromthe quench tower (Stream4) is
stripped of virtually all dissolved nethyl chloride and nost of the
met hanol , both of which are recycled to the hydrochlorination reactor
(Stream5). The outlet liquid fromthe stripper (Stream 6) consists of
di lute hydrochloric acid, which is used in-house or is sent to a
wast ewat er treatnent system?

Met hyl chloride gas fromthe quench tower (Stream7) is fed to the
drying tower, where it is contacted with concentrated sulfuric acid to
renove residual water. The dilute sulfuric acid effluent (Stream8) is
sold or reprocessed.?®

A portion of the dried nmethyl chloride (Stream 9) is conpressed,
cool ed, and liquefied as product. The remainder (Stream 10) is fed to
the chlorination reactor along with chlorine gas (Stream 11). The
met hyl chl oride and chlorine react to form nethyl ene chloride and
chloroform along with hydrogen chloride and a small anpunt of carbon
tetrachloride.?®

The product streamfromthe chlorination reactor is condensed and
then stripped of hydrogen chloride. The hydrogen chloride is recycled
to the nethanol hydrochlorination reactor (Stream 12). The crude
m xture of methylene chloride, chloroform and carbon tetrachloride
fromthe stripper (Stream 13) is transferred to a storage tank and then
fed to a distillation colum to extract nethylene chloride. Bottons
fromthis colum (Stream 15) are distilled to extract chloroform The
chl orof orm and net hyl ene chl ori de product streans (Streanms 14 and 16)
are fed to day tanks where inhibitors are added and then sent to
storage and loading facilities. Bottons fromchloroformdistillation
(Stream 17) consist of crude carbon tetrachlorlde, which is stored for
subsequent sale or transferred to a separate carbon tetrachl oride/
per chl or oet hyl ene process.?®

13



Met hane Chl orination Process--

In the nethane chlorination process, chloroformis produced as a
coproduct with methyl chloride, methylene chloride, and carbon
tetrachl ori de. Methane can be chlorinated thermally, photochem cally,
or catalytically, with thermal chlorination being the nost commonly
used net hod. ®

Figure 3 presents basic operations that may be used in the nethane
chlorination process. Mthane (Stream 1) and chlorine (Stream 2) are
m xed and fed to a chlorination reactor, which is operated at a
tenperature of about 400°C and a pressure of about 200 kPa. Gases
exiting the reactor (Stream 3) are partly condensed and then scrubbed
with chilled crude product to absorb nobst of the product chl oronethanes
fromthe unreacted nethane and byproduct hydrogen chloride. The
unreact ed net hane and byproduct hydrogen chloride fromthe absorber
(Stream 4) are fed serially to a hydrogen chloride absorber, caustic
scrubber, and drying colum to renove hydrogen chloride. The purified
met hane (Stream 5) is recycled to the chlorination reactor. The
condensed crude chl oronmet hane stream (Stream 6) is fed to a stripper
where it is separated into overheads, containing hydrogen chloride,
met hyl chl ori de, and sone hi gher boiling chloronethanes, and bottons,
cont ai ni ng net hyl ene chloride, chloroform and carbon tetrachloride.?®

Overheads fromthe stripper (Stream7) are fed to a water
scrubber, where nost of the hydrogen chloride is renoved as weak
hydrochloric acid (Stream 8). The offgas fromthe water scrubber is
fed to a dilute sodi um hydroxi de scrubber solution to renove residual
hydrogen chloride. Water is then renoved fromthe crude chl oronet hanes
in a drying colum.?®

The chl oronmet hane m xture fromthe drying colum (Stream9) is
conpressed, condensed, and fed to a nethyl chloride distillation
colum. Methyl chloride fromthe distillation colum can be recycl ed
back to the chlorination reactor (Stream 10) to enhance yield of the
ot her chl oronet hanes, or condensed and then transferred to storage and
| oadi ng as product (Stream 11).°

Bottons fromthe stripper (Stream 12) are neutralized, dried, and
conmbined with bottons fromthe nmethyl chloride distillation columm

14
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(Stream 13) in a crude storage tank. The crude chl oronethanes (Stream
14) pass to three distillation colums in series which extract

met hyl ene chloride (Stream 15), chloroform (Stream 17), and carbon
tetrachlorlde (Stream 19). Condensed net hyl ene chl oride, chloroform
and carbon tetrachl oride product streans are fed to day storage tanks,
where inhibitors may be added for stabilization. The product streans
are then transferred to storage and loading facilities. Bottons from
the carbon tetrachlorlde distillation colum are incinerated.?®

Table 2 and Table 3 present chloroformem ssion factors for the
met hanol hydrochl orination/ methyl chloride chlorination process and the
met hane chl orinati on process, respectively. Each table lists
uncontrol l ed em ssion factors for various sources, potentially
applicable control techniques, and controlled em ssion factors
associated with the identified em ssion reduction techniques. The
derivations of these em ssion factors are presented in the appendi x.
As described in the appendi x, the em ssion factors are based on
hypot heti cal plants. Actual em ssions for a given facility may vary
because of such factors as differences in process design and age of
equi prent .

Source Locati ons

Tabl e 4 presents a published |list of mmjor producers of
chl orof orm

16



TABLE 2. CONTROLLED AND UNCONTROLLED CHLORCFORM EM SSI ON FACTORS FOR A HYPOTHETI CAL CHLOROFORM
PRODUCTI ON FACI LI TY ( METHANOL HYDROCHLORI NATI O\ METHYL CHLORI DE CHLORI NATI ON PROCESS) @
Uncontrol | ed Control | ed
Chl or of orm Potential ly Chl orof orm
Sour ce Em ssi on Appl i cabl e % Em ssi on
Em ssi on Source Desi gnat i on® Factor® Control Techni que Reduct i on¢ Factore®
Chloroformdistillation A 0.022 kg/ My None - --
St or age
Crude tank B 0. 061 kg/ My Refri gerated condenser 94 0. 0037 kg/ My
Sur ge tank C 0. 097 kg/ My Refri gerated condenser 92 0. 0078 kg/ My
Day tank (2) D 0.55 kg/ My Refri gerated condenser 95 0. 275 kg/ My
Pr oduct tank E 0.87 kg/ My Refri gerated condenser 87 0.11 kg/ My
Handl i ng® F 0. 35 kg/ My Refri gerated condenser 87 0. 046 kg/ My
Process fugitivef 1.4 kg/hr Quarterly 1I/M of punps and 49 0.71 kg/ hr
val ves?
Monthly 1/ M of punps and 67 0. 46 kg/ hr
val ves
Monthly 1/ M of val ves; 77 0. 32 kg/ hr
doubl e nechani cal seals on
punps; rupture disks on
relief valves
@ Any given chloroform production plant may vary in configuration and | evel of control fromthis hypothetical facility. The
reader is encouraged to contact plant personnel to confirmthe existence of emtting operations and control technology at a
particular facility prior to estimating em ssions therefrom
b Letters refer to vents designated in Figure 2.
 Emission factors in terms of kg/ My refer to kilogramof chloroformentted per megagram of chl orof orm produced. |n cases

where a particular source designation applies to nmultiple operations,
of these operations within the hypothetical

not each,
in the Appendi x.

For refrigerated condensers, renoval efficienc
em ssion tenperatures from Reference 8% of
the surge and day storage tanks. Geater
fugitive em ssions,
are given in Appendi x A

Loadi ng of trucks, tank cars, barges.

f Fugitive enission rate is independent of plant
I/Mrefers to inspection and nai nt enance.

20EC for product storage and handl i ng,
r enoval
the derivations of the em ssion reductions associated with the control

t hese factors represent conbined em ssions for all,
facility. Emission factor derivations and references are presented

- 15EC and uncontrol | ed
of 35EC for crude storage, and of 40EC for

efficiency can be achieved by using | ower operating tenperatures. For
alternatives from Reference 1313

is based on a condenser operating tenperature of

capacity.



TABLE 3. CONTROLLED AND UNCONTROLLED CHLOROFORM EM SSI ON FACTORS FOR A HYPOTHETI CAL CHLOROFORM
PRODUCTI ON FACI LI TY ( METHANOL CHLORI NATI ON PRCCESS) 2

Uncontrol | ed Control |l ed
Chl orof orm Potential ly Chl orof orm
Sour ce Em ssi on Appl i cabl e % Em ssi on
Em ssi on Source Desi gnat i on® Factor® Control Techni que® Reduct i on¢ Factor®
Recycl ed net hane inert A 0.013 kg/ My None - --
gas purge vent
Distillation area C 0. 032 kg/ My None - -
emergency inert gas vent
St or age
Crude tank B 0. 088 kg/ My Refri gerated condenser 85 0.0132 kg/ My
Day tanks(2) D 0.55 kg/ My Refri gerated condenser 95 0. 028 kg/ My
Pr oduct tank E 0.83 kg/ My Refri gerated condenser 87 0.11 kg/ My
Secondary F 0.21 kg/ My None - -
Handl i ng® G 0. 35 kg/ My Refri gerated condenser 87 0. 046 kg/ My
Process fugitive 3.1 kg/hr Quarterly 1I/M of punps and 49 1.6 kg/hr
val ves?
Monthly 1/ M of punps and val ves 64 1.1 kg/hr

Monthly 1/ M of val ves; double
nechani cal seal s on punps;
rupture disks on relief valves 76 0. 74 kg/ kg

@ Any given chloroform production plant may vary in configuration and |l evel of control fromthis hypothetical facility. The
reader is encouraged to contact plant personnel to confirmthe existence of emtting operations and control technology at a
particular facility prior to estimating em ssions therefrom

b Letters refer to vents designated in Figure 3.

Em ssion factors in ternms of kg/My refer to kilogramof chloroformemtted per nmegagram of chlorof orm produced. [In cases

where a particular source designation applies to nultiple operations, these factors represent conbined em ssions for all,

not each, of these operations within the hypothetical facility. Em ssion factor derivations and references are presented

in the Appendi x.

4 For refrigerated condensers, renoval efficiency is based on a condenser operating tenperature of -15EC and uncontrolled
em ssion tenperatures from Reference 9° of 20EC for product storage and handling of 35EC for crude and day storage tanks.
Greater renoval efficiency can be achieved by using a | ower operating tenperature. For fugitive em ssions, the derivations
of the emi ssion reductions associated with the control alternatives from Reference 1313 are given in Appendi x A

¢ Loadi ng of trucks, tank cars, barges.

Fugitive emi ssion rate is independent of plant capacity.
“1/Mrefers to i nspecti on and nai nt enance.



TABLE 4. CHLOROFORM PRODUCTI ON FACI LI TI ES4

Conpany Locati on Producti on Process
D anond Shanr ock Corp Bell e, W Met hyl chl oride chlorination
Dow Chem cal Freeport, TX NA
Pl aquem ne, | A Met hyl chl oride chlorination
Li nden Chemical s and
Pl astics, I|nc. Moundsvill e, W Met hyl chl oride chlorination
St auf fer Chem cal Co. Louisville, KY Met hyl chl oride chlorination
Vul can Materials Co. Gei smar, LA Met hyl chl oride chlorination
Wchita, KS 67% Met hyl chl ori de

chl ori nati on
33% Met hane chl ori nati on

NA = not

Not e:

avail abl e

This list is subject to change as market conditions change, facility
owner shi p changes, or plants are closed down. The reader should
verify the existence of particular facilities by consulting current
listings or the plants thenselves. The |level of em ssions from any
given facility is a function of variables, such as throughput and
control neasures, and should be determ ned through direct contacts
with plant personnel.
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FLUOROCARBON PRODUCTI ON

The primary use for chloroformis as a feedstock for the
producti on of chlorodifluoronethane, fluorocarbon 22 (CHO F,).
Fl uorocarbon 22 is used as a refrigerant, as an internediate in the
producti on of fluorocarbon resins, and to a smaller extent, as an
aerosol propellant. i
Process Description

Fl uor ocarbon 22 is produced by the catalytic |iquid-phase reaction
of anhydrous hydrogen fluoride (HF) and chloroform Basic operations
that may be used in the production of fluorocarbon 22 are shown in
Figure 4. Chloroform (Stream11), liquid anhydrous HF (Stream 2), and
chlorine (Stream 3) are punped fromstorage to the reactor, along with
the recycl ed bottons fromthe product recovery columm (Stream 15) and
the HF recycle stream (Stream 9). The reactor contains anti nony
pentachl oride as a catalyst?® and is operated at tenperatures ranging
fromO0° to 200°C and pressures of 100 to
3,400 kPa. ¢

Vapor fromthe reactor (Stream4) is fed to a distillation colum,
whi ch renoves as overheads hydrogen chloride (HCl), the desired
fl uorocarbon products, and sone HF (Stream 6). Bottons contai ni ng
vapori zed catal yst, unconverted and underfl uori nated species, and sone
HF (Stream 5) are returned to the reactor. The overhead stream from
the colum (Stream 6) is condensed and punped to the HCl recovery
col um. *°

Anhydrous HC byproduct (Stream 7) is renoved as overheads from
the HC recovery col umm, condensed, and transferred to pressurized
storage as a liquid. The bottons streamfromthe HC recovery col unm
(Stream 8) is chilled until it separates into two inm scible phases:
an HF phase and a denser fluorocarbon phase. These are separated in a
phase separator. The HF phase (Stream 9), which contains a small anount
of dissolved fluorocarbons, is recycled to the reactor. The denser
phase (Stream 10), which contains the fluorocarbons plus trace anounts
of HF and HCl, is allowed to evaporate and is ducted to a caustic
scrubber to neutralize the HF and HCl. The streamis then contacted
with sulfuric acid and subsequently with activated alum na to renove
wat er . 1°
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The neutralized and dried fluorocarbon m xture (Stream 11) is
conpressed and sent to a series of two distillation colums.
Overfluorinated material, fluorocarbon 23, is renpved as an over head
streamin the first colum (Stream 12) and fluorocarbon 22 is recovered
as an overhead steamin the second colum (Stream 14).1°

There are a nunber of process variations in fluorocarbon
producti on. HF nay be separated from product fluorocarbons prior to
hydrogen chloride renoval. Processes may also differ at the stage at
whi ch fluorocarbon 22 is separated from fluorocarbon 23: the coproduct
fl uorocarbons can be separated by distillation and then cl eaned
separately. Fluorocarbon 23 may be vented rather than recovered. The
HCl renoval systemcan vary with respect to the nmethod of renmpval and
the type of byproduct acid obtained. After anhydrous HCl has been
obtai ned as shown in Figure 4, it can be further purified and absorbed
in water. Alternatively, the condensed overhead from cat al yst
distillation (Stream 6, Figure 4) can be treated with water to recover
an aqueous solution of HC contam nated with HF and possi bly sone

fluorocarbons. In this case, phase separation HF recycle is not
carried out. This latter procedure is used at many ol der plants in the
i ndustry. 1

Em ssi ons

Uncontrol |l ed chl orof orm em ssion factors for the fluorocarbon
production process are listed in Table 5 with potential control
t echni ques and associ ated em ssion factors for controll ed em ssions.
Potential sources of chloroform em ssions include process vents;
chl orof orm storage tanks; and fugitive em ssion sources such as process
val ves, punps, conpressors, and pressure relief valves.

None of the three sources of process emissions identified in
Figure 4 are major sources of chloroform A vent on the hydrogen
chl oride recovery colum accunul at or purges noncondensi bl es and smal |
anounts of inert gases entering the systemw th the chlorine gas.
VWhil e data are not available on the em ssions fromthi s source,
potential volatile organic em ssions are expected to consist of |ow
boiling azeotropes of the highly fluorinated ethanes and mnet hanes
formed in the fluorination reactor. Vents on the product recovery
distillation colums enmt only fluorocarbons 22 and 23.1°
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TABLE 5. CONTROLLED AND UNCONTROLLED CHLOROFORM EM SSI ON FACTORS FOR A HYPOTHETI CAL FLUOROCARBON

22 PRODUCTI ON FACI LI TY?

Uncontrol | ed Control |l ed
Chl or of orm Potential ly chl orof orm
Sour ce Em ssi on Appl i cabl e % Em ssi on
Enmi ssi on Source designation® factor® control technique® reduction factor
St or age A 0.59° to 2.5 kg/ My Refri gerated condenser, or 87 0.077 to 0.33 kg/ My
Hi gh pressure conservation 100 0 kg/ My
Val ve and vapor bal ance
Fugitive -- -- -- <0. 023 kg/ hr?9

Any given fluorocarbon production plant may vary in configuration and | evel of control fromthis hypothetica
facility. The reader is encouraged to contact plant personnel to confirmthe existence of emtting operations and
control technology at a particular facility prior to estimating em ssions therefrom

Letters refer to vents designated to Figure 4.

Em ssion factors in ternms of kg/My refer to kilogram of chloroform per negagram of fluorocarbon 72 produced. |In cases
where a particul ar source designation applies to nultiple operations, these factors represent conbined eni ssions for
all, not each, of these operations within the hypothetical facility.

For the refrigerated condenser applied to storage em ssions, the renpval efficiency is based on an assuned
uncontrol l ed em ssion tenperature of 20°C and a condenser operating tenperature of -15°C. Greater efficiency can be

achi eved by using a | ower operating tenperature. Use of a high pressure conservation vent and vapor bal ance has been
reported by one facility with an associated efficiency of essentially 100 percent. ¥

Ref erence 17. 1

Ref erence 15.1% o ) . o o

Fugitive em ssion rate is independent of plant capacity. For this reported controlled fugitive enm ssion rate, the
associ ated control technique was not presented. A controlled enmission rate of <0.0052 kg/hr has been reported for
another facility. X



Source Locati ons

A list of fluorocarbon 22 production facilities is presented in Table
6
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TABLE 6. FLUOROCARBON 22 PRODUCTI ON FACI LI TI ES 14.17.18

Conpany Locati on
Allied Chem cal Corp. Eli zabeth, NJ
El Segundo, CA
E.l. duPont de Nenours Loui sville, KY
and Co., Inc.? Mont ague, MT

Essex Chem cal Corp
(Racon Inc., Subsidiary) Wchita, KS

Kai ser Al um num and
Chem cal Corp. G anercy, 1A

Pennwal t Cor p. Calvert Cty, KY

a Only the duPont facility at Louisville routinely manufactures
fluorocarbon 22; the conpany's Mntague plant can produce
fl uorocarbon 22 on a nonroutine basis.

Note: This list is subject to change as market conditions change,
facility ownership changes, or plants are closed down. The
reader should verify the existence of particular facilities by
consulting current listings or the plants thenselves. The |evel
of em ssions fromany given facility is a function of vari abl es,
such as throughput and control neasures, and should be determ ned
t hrough direct contacts with plant personnel.
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PHARMACEUTI CAL MANUFACTURI NG

Chloroformis used as a solvent in the manufacturing of
phar maceuti cal products by chenical synthesis.?®
Process Description

Synt hetic pharmaceuticals are normally manufactured in a series
of batch operations, many of which involve the use of solvents. Figure
5 presents basic operations that may be used in a batch synthesis
process. To begin a production cycle, the reactor is water washed and
dried with a solvent. Air or nitrogen is usually used to purge the tank
after it is cleaned. Solid reactants and solvent are then charged to
the reactor. After the reaction is conplete, any renaining unreacted
vol atil e compounds and solvents are renpoved fromthe reactor by
distillation and condensed. The pharmaceutical product is then
transferred to a holding tank. 1In the holding tank, the product may be
washed three to four tinmes with water or solvent to renove any
remai ni ng reactants and byproducts. The solvent used i n washing
generally is evaporated fromthe reaction product. The crude product
may then be dissolved in another solvent and transferred to a
crystallizer for purification. After crystallization, the solid
material is separated fromthe remaini ng solvent by centrifuging.

While in the centrifuge, the product cake may be washed several tines
with water or solvent. Tray, rotary, or fluid-bed dryers are enpl oyed
for final product finishing.?®

Em ssi ons

Where chloroformis used as a solvent in the manufacture of a
phar maceuti cal product, each step of the manufacturing process may be a
source of chloroformem ssions. The magnitude of em ssions varies
widely within and anpong operations; therefore, it is inpossible to cite
typical emi ssion rates for various operations. Based on an industry
wi de mass bal ance, '® at the current |evel of control, about 16 percent
of the chloroformused in the industry is emtted to the air. Thus,
the industry-wi de controlled em ssion factor is about 160 kil ograns per
megagr am of chl or of or m used.
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An approxi mate ranki ng of em ssion sources has been established
and is presented below in order of decreasing em ssion significance.
The first four sources typically account for the majority of em ssions
froma plant.?®

Dryers

Reactors
Distillation units
St orage and transfer
Filters

Extractors
Centrifuges

@ N Ok wNnR

Crystallizers

Condensers, scrubbers, and carbon adsorbers can be used to contro
em ssions fromall of the above em ssion sources. Storage and transfer
em ssions can also be controlled by the use of vapor return |ines,
conservation vents, vent scrubbers, pressurized storage tanks, and
floati ng roof storage tanks.?®
Source Locations

The Standard I ndustrial Classification code (SIC) for
phar maceuti cal preparations is 2834. There are approxi mately 800
phar maceutical plants producing drugs in the United States and its
territories. Mst of the plants are small and have | ess than 25
enpl oyees. Nearly 50 percent of the plants are located in 5 States:
12 percent in New York, 12 percent in California, 10 percent in New
Jersey, 5 percent in Illinois, and 6 percent in Pennsylvania. These
States also contain the |largest plants in the industry. Puerto Rico
has had the greatest growth in the past 15 years, during which 40
pl ants have | ocated there. Puerto Rico now contains 90 plants or about
7.5 percent of the total. EPA's Region Il (New Jersey, New York
Puerto Rico, Virgin Islands) has 340 plants (28 percent of the total);
Region V (Illinois, Mnnesota, Mchigan, GChio, |Indiana, Wsconsin) has
215 plants (20 percent); and Region I X (Arizona, California, Hawaii,
Guam American Sanpa) has 143 plants (13 percent).?®
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ETHYLENE DI CHLORI DE PRODUCTI ON

Chloroformis formed as a byproduct during the production of
et hyl ene dichloride (EDC). Ethylene dichloride is produced from
et hyl ene and chlorine by direct chlorination, and ethyl ene and hydrogen
chloride (HC) by oxychlorination. At npbst production facilities,
these processes are used together in what is known as the bal anced
process. This section discusses chloroformemssions fromthis
pr ocess.

The bal anced process generally is used wherever EDC and vi nyl
chl ori de mononer (VCM are produced at the sane facility. About 81
percent of the EDC produced donestically is used in the manufacture of
VCM 2° I n VCM production, EDC is dehydrochlorinated to yield VCM and
byproduct HO. 1In the bal anced process, byproduct HC from VCM
production via the direct chlorination/dehydrochlorination process is
used in the oxychlorination/ dehydrochlorination process.
Process Description

The bal anced process consists of an oxychlorinati on operation, a
direct chlorination operation, and product finishing and waste
treatnment operations. The raw materials for the direct chlorination
process are chlorine and ethylene. Oxychlorination involves the
treatment of ethylene with oxygen and HCl. Oxygen for oxychlorination
generally is added by feeding air to the reactor, although some plants
use purified oxygen as feed material.?!

Basi c operations that may be used in a bal anced process using air
for the oxychlorination step are shown in Figure 6. Actual flow
di agrans for production facilities will vary. The process begins with
ethylene (Stream 1) being fed by pipeline to both the oxychlorination
reactor and the direct chlorination reactor. |In the oxychlorination
reactor the ethylene, anhydrous hydrogen chloride (Stream2), and air
(Stream 3) are mi xed at nolar proportions of about 2:4:1, respectively,
producing 2 nmoles of EDC and 2 noles of water. The reaction is carried
out in the vapor phase at 200 to 315°C in either a fixed-bed or
fluid-bed reactor. A mxture of copper chloride and other chlorides is
used as a catal yst.?!
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The products of reaction fromthe oxychlorination reactor are
guenched with water, cooled (Stream 4), and sent to a knockout drum
where EDC and water (Stream5) are condensed. The condensed stream
enters a decanter, where crude EDC is separated fromthe aqueous phase.
The crude EDC (Stream 6) is transferred to in-process storage, and the
aqueous phase (Stream 7) is recycled to the quench step. N trogen and
other inert gases are released to the atnosphere (Vent A). The
concentration of organics in the vent streamis reduced by absorber and
stripper colums or by a refrigerated condenser (not shown in Figure
6) . 2L.22

In the direct-chlorination step of the bal anced process, equi nol ar
amounts of ethylene (Stream 1) and chlorine (Stream 8) are reacted at a
tenperature of 38 to 49°C and at pressures of 69 to 138 kPa. Most
comrercial plants carry out the reaction in the |liquid phase in the
presence of a ferric chloride catalyst.?

Products (Stream9) fromthe direct chlorination reactor are
cool ed and washed with water (Stream 10) to renove dissol ved hydrogen
chloride before being transferred (Stream 11) to the crude EDC storage
facility. Any inert gas fed with the ethylene or chlorine is rel eased
to the atnosphere fromthe cooler (Vent B). The waste wash water
(Stream 12) is neutralized and sent to the wastewater steam stripper
along with neutralized wastewater (Stream 13) from the oxychlorination
guench area and the wastewater (Stream 14) fromthe drying colum. The
over heads (Stream 15) fromthe wastewater steam stripper, which consi st
of recovered EDC, other chlorinated hydrocarbons, and water, are
returned to the process by adding themto the crude EDC (Stream 10)
going to the water wash. 2!

Crude EDC (Stream 16) fromin-process storage goes to the drying
colum, where water (Stream 14) is distilled overhead and sent to the
wast ewat er steam stripper. The dry crude EDC (Stream 17) goes to the
heads col um, which renoves |ight ends (Stream 18) for storage and
di sposal or sale. Bottoms (Stream 19) from the heads columm enter the
EDC finishing colum, where EDC (Stream 20) goes overhead to product
storage. The tars fromthe EDC finishing colum (Stream 21) are taken
to tar storage for disposal or sale.?

Several donestic EDC producers use oxygen as the oxidant in the
oxychl orination reactor. Figure 7 shows basic operations that may be
used in an oxygen-based oxychl orination process as presented in the

31



REFRIGERATED [

ORLM <§> .
= L

0 ol
4
{8Y PIPELINE } . @
OXYCHLORINAT'H s [ HaOH
Y af-::::‘;oa GCOMPRESSOR
{BY PIPELINE | QUENCH -
<|> AREA
ETHYLENE CAUSTIC
{BY PIPELMHE} v SCRUBBER @
7
DECAMSER
WASTE- <B>
WATER
r

NOYE: The numbers tw this Figure refer to process ROM

streams, as discussed in the text, and the : ——

letters designate process vents. The heavy CUHLORMINAFION T0 PURIFICAYION

Tines represent final product stresms through STEP

the process. STEP

IN-FROCESS
STORAGE
Figure 7.

Basic operations that may be used in the production of

ethylene dichloride b¥ the balanced process, oxygen-based
oxychlorination step. 1



literature. For a balanced process plant; the direct chlorination and
purification steps are the same as those shown in Figure 6, and,

t herefore, are not shown again in Figure 7. Ethylene (Stream1l) is fed
in |arge excess of the amobunt used in the air oxychlorination process,
that is, 2 to 3 times the anmount needed to fully consunme the HC feed
(Stream 2). Oxygen (Stream 3) is also fed to the reactor, which may be
either a fixed bed or a fluid bed. After passing through the
condensation step in the quench area, the reaction products (Stream 4)
go to a knockout drum where the condensed crude EDC and water (Stream
5) produced by the oxychlorination reaction are separated fromthe
unreacted ethylene and the inert gases (Stream6). Fromthe knockout
drunms the crude EDC and water (Stream5) go to a decanter, where

wast ewater (Stream 7) is separated fromthe crude EDC (Stream 8), which
goes to in-process storage as in the air-based process. The wastewater
(Stream7) is sent to the steamstripper for recovery of dissolved

or gani cs. 2

The vent gases (Stream 6) fromthe knockout drumgo to a caustic
scrubber for renoval of HC and carbon dioxide. The purified vent
gases (Stream 9) are then conpressed and recycled (Stream 10) to the
oxychl orination reactor as part of the ethylene feed. A small anpunt
of the vent gas (Vent A) fromthe knockout drumis purged to prevent
bui |l dup of the inert gases entering with the feed streans or forned
during the reaction.?

Em ssi ons

Uncontroll ed chl orof orm em ssion factors for the bal anced process
of EDC production are listed in Table 7. Also listed in this table are
potentially applicable control techniques and associ ated em ssi on
factors for controlled em ssions. Because of variations in process
desi gn and age of equi pnent, actual em ssions vary for each plant.

Chl orof orm em ssion factors were devel oped for process vents and
the storage of liquid wastes. |Insufficient information was avail able
for the calculation of chloroformemn ssion factors for secondary
em ssions of chloroformfromwastewater treatnent or for fugitive
em ssions fromleaks in process valves, punps, conpressors, and
pressure relief val ves.
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TABLE 7. CONTROLLED AND UNCONTROLLED CHLOROFORM EM SSI ON FACTORS FOR A HYPOTHETI CAL FACI LI TY
PRODUCI NG ETHYLENE DI CHLORI DE BY THE BALANCED PROCESS?

Uncontrol | ed Control | ed
Chl orof orm Potentially chl or of orm
Sour ce Em ssi on Appl i cabl e % Em ssi on
Em ssi on Source desi gnati on® factor® control technique® reduction factor

Oxychl orination vent
Air process A 0.033 to 0.65 kg/My  Thermal oxidizer 98+ <6.6x10* to 1.3x10°2 kg/ My
Oxygen process A 0.0050 to 0.12 kg/ Mgy Thernal oxidizer 98+ <1.0x10°* to 2.4x10° kg/ My
Col umm vents B 1.0 kg/ My Ther mal oxi di zer 98+ <0.02 kg/ My
Li qui d waste storage C 0. 003 kg/ My Refri gerated condenser 85 4.5x10°* kg/ My

Any gi ven EDC production pl ant naY vary in configuration and | evel of control fromthis hypothetical facility. The
reader is encouraged to contact plant personnel to confirmthe existence of emtting operations and contro

technol ogy at a particular facility prior to estimating em ssions therefrom
b Letters refer to vents designated to Figure 6, except for the oxygen-based oxychlorinator vent which is shown in

Fi gure 7.

¢ Emission factors in terns of kg/My refer to kilogramof chloroformemntted per nmegagram of EDC produced by the
bal anced process. |In cases where a particular sources designation applies to nultiple operations, these factors
represent conbined em ssions for all, not each, of these operations within the hypothetical facility. See

acconpanyi ng text for em ssion factor references.

¢ The control efficiency for incineration varies depending on the design of the incinerator and the conpound which is
burned. The 98% level is an estimate of the control efficiency on an incinerator with a residence tine of about 0.75
seconds and a tenperature of about 870EC, for a compound which is difficult to incinerate. |Incinerators operating at
| onger residence tines and hi gher tenperatures may achi eve higher efficiencies.? Refrigerated condenser as contro
techni que for enissions fromliquid waste storage and associ ated reduction of 85% from Reference 21.2!



Process Eni ssions--

Chl orof orm process eni ssions originate fromthe purging of inert
gases fromthe oxychlorination vent (Vent A Figure 6 and Figure 7) and
fromthe rel ease of gases fromthe colum vents (Vent B, Figure 6),
primarily the heads colum. Chl oroform was not detected in an em ssions
test of a direct chlorination vent.?

The range of emission factors for the oxychlorination vent in the
air based process was determ ned from chl orof orm em ssion rates and
associ ated EDC production rates reported by three facilities. The
| owest emission factor, 0.033 kg/ My, was calculated froma chl orof orm
em ssion rate of 2700 kg/yr? and an associ ated EDC production rate of
83,000 My/yr. 28

The hi ghest chl orof orm em ssion factor, 0.65 kg/ My was cal cul at ed
froma chloroformrate of 64,400 kg/yr and an associ ated EDC production
rate of 99,800 My/yr.?” An internedi ate value, 0.15 kg/ My, was
cal cul ated froma chloroformem ssion rate of 7,500 kg/yr2 and an EDC
production rate of 50,000 My/yr.?2°

Data on the chl orof orm concentration in the oxychlorination vent
em ssions fromthe oxygen-based process were not available; therefore,
the em ssion factor for this process was cal cul ated using em ssion
conposition data fromthe air-based process. It was assuned that the
percentage of chloroformin total chlorinated hydrocarbon enm ssions is
the same for the air-based and oxygen-based processes. However,
according to conmposition data for oxychlorination vent em ssions for
hypot heti cal plants of the two processes, chlorinated hydrocarbons are
a smal |l er conponent of total VOC in the oxygen-based process (9.6
percent) than in the air-based process (64 percent).? Thus, the ratio
of these two percentages (0.15) was used to account for the smaller
proportion of chlorinated hydrocarbons in the emi ssions fromthe
oxygen- based process.

The em ssion factor for the colum vents (Vent B, Figure 6) was
based on a published chl orof ormem ssion factor for the heads col unm of
2.2 kg of chloroformemtted per Mgy EDC produced by oxychl ori nati on. 3°
The chl orof orm em ssion factor for the bal anced process was cal cul at ed
by nultiplying by the hypothetical plant EDC production by
oxychlorination of 46.3 percent of total EDC production.?!
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Many plants incinerate vent gases fromthe oxychlorination reactor
and columm vents to reduce atnospheric em ssions of volatile organics.
This includes plants using the air-based as well as the oxygen-based
oxychl orination processes.3 Thermal oxidation is estimated to reduce
chl orof orm em ssions by 98 percent or greater. |Incineration
destruction efficiency varies with em ssion stream properties and
i nci nerator operating paranmeters. The 98 percent efficiency level is
based on incinerator operation at 870°C and 0.75 second residence tine
for a conpound which is difficult to incinerate.? The em ssion
reduction may be greater for |onger residence times or higher operating
t enper at ur es.

St or age Em ssi ons- -

The uncontroll ed chl orof ormem ssion factor for the storage of
waste-liquid light ends (Vent D, Figure 6) was calculated froma VOC
em ssion factor of 0.030 kg/My.2?! It was assunmed that the gaseous
em ssions fromthis source have the sane concentration of chloroform as
the light ends (10 percent).®
Source Locations

Maj or EDC producers and production locations are listed in Table
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TABLE 8. ETHYLENE DI CHLORI DE PRODUCTI ON FACI LI TI ES'# 22

Manuf act ur er Locati on
Atlantic Richfield Co.
ARCO Chem Co., div Port Arthur, TX
D anbnd Shanr ock Deer Park, TX
Dow Chem U.S. A Freeport, TX

Oyster Creek, TX
Pl aquem ne, | A

E.l. duPont de Nenpurs & Co., Inc.

Conoco I nc., subsid.

Conoco Chens. Co. Div. Lake Charles, |A
Et hyl Corp.
Chenms. G oup Bat on Rouge, | A

Pasadena, TX

Formpsa Plastics Corp., U S A Bat on Rouge, | A

Poi nt Confort, TX

CGeor gi a- Paci fic Corp.

Chem Div. Pl aquem ne, | A
The BF Goodrich Co.
BF Goodrich Chem G oup La Porte, TX
Calvert Cty, KY
Convent, | A
PPG | ndust., Inc.
| ndust. Chem Div. Lake Charles, LA
Shel | Chem Co. Deer Park, TX

Uni on Car bi de Cor p.
Et hyl ene Oxi de Derivatives Div. Taft, A
Texas City, TX
Vul can Materials Co.
Vul can Chens., div. Gei smar, | A

This list is subject to change as market conditions change,
facility ownership changes, or plants are closed down. The
reader should verify the existence of particular facilities by
consulting current lists or the plants thensel ves. The |evel of
em ssions fromany given facility is a function of variabl es,
such as throughput and control neasures, and shoul d be

determ ned through direct contacts with plant personnel.
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PERCHLOROETHYLENE AND TRI CHLOROETHYLENE PRODUCTI ON
Chloroformis formed as a byproduct during the production of
per chl or oet hyl ene (PCE) and trichloroethylene (TCE). PCE and TCE are
produced separately or as coproducts by either chlorination or
oxychl orination of ethylene dichloride (EDC) or other C, chlorinated
hydr ocar bons. The rel ative proportions of the two products are
determ ned by raw material ratios and reactor conditions. 33
Process Descriptions

Et hyl ene Dichl oride Chlorination Process--

The maj or products of the EDC chlorination process are TCE, PCE,
and hydrogen chloride. Basic operations that may be used in the EDC
chl orination process are shown in Figure 8.

Et hyl ene dichloride (Stream 1) and chlorine (Stream2) are
vaporized and fed to the reactor. Oher chlorinated C 2 hydrocarbons
or recycled chlorinated hydrocarbon byproducts nay also be fed to the
reactor. The chlorination is carried out at 400° to 450°C, slightly
above atnospheric pressure. Hydrogen chloride byproduct (Stream3) is
separated fromthe chlorinated hydrocarbon m xture (Stream 4) produced
in the reactor. The chlorinated hydrocarbon m xture (Stream4) is
neutralized with sodi um hydroxi de solution (Stream5) and dried. %

The dried crude product (Stream 7) is separated by a distillation
colum into crude TCE (Stream 8) and crude PCE (Stream 9). The crude
TCE (Stream 8) is fed to two colums in series which renove |ight ends
(Stream 10) and heavy ends (Stream 13). TCE (Stream 12) is taken
overhead fromthe heavy ends colum and sent to TCE storage; the heavy
ends (Stream 13) and the |ight ends (Stream 10) are conbi ned, stored,
and recycl ed. 33

The crude PCE (Stream 9) fromthe PCE/ TCE separation colum is
sent to the PCE colum, where PCE (Stream 14) is renoved as an over head
streamto PCE storage. Bottons fromthis colum (Stream 15) are sent
to a heavy ends colum and separated into heavy ends and tars. Heavy
ends (Stream 16) are stored and recycled, and tars are incinerated.
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Et hyl ene Di chl ori de Oxychl orinati on Process--

The mgj or products of the EDC oxychl orination process are TCE,

PCE, and water. The crude product contains 85 to 90 wei ght percent PCE
plus TCE and 10 to 15 wei ght percent byproduct organics. Essentially
al | byproduct organics are recovered during purification and are
recycled to the reactor. The process is very flexible, so that the
reaction can be directed toward the production of either PCE or TCE in
varying proportions. Side reactions produce carbon di oxi de, hydrogen
chl oride, and several chlorinated hydrocarbons. Figure 9 shows basic
operations that may be used in oxychlorination. 3 EDC
(Stream 1), chlorine or hydrogen chloride (Stream 2), and oxygen
(Stream 3) are fed in the gas phase to a fluid-bed reactor. The
reactor contains a vertical bundle of tubes with boiling liquid outside
the tubes which nmaintains the reaction tenperature at about 425°C. The
reactor is operated at pressures slightly above atnospheric, and the
catal yst, which contains copper chloride, is continuously added to the
tube bundle with the crude product.

The reactor product stream (Stream4) is fed serially to a water
cool ed condenser, a refrigerated condenser, and a decanter. The
noncondensed inert gases (Stream 5), consisting of carbon dioxide,
hydrogen chl ori de, nitrogen, and a small anount of uncondensed
chl ori nated hydrocarbons, are fed to an absorber, where hydrogen
chloride is recovered by absorption in process water to make byproduct
hydrochl oric acid. The remaining inert gases are purged (Vent A).33

In the decanter, the crude product (Stream7) is separated from
t he aqueous phase and catal yst fines (Stream 8) and sent to the drying
colum for renoval of dissolved water by azeotropic distillation. The
dried crude product (Stream 10) is separated into crude TCE (Stream 11)
and crude PCE (Stream 12) in a PCE/ TCE colum. The aqueous phase from
t he decanter (Stream 8) and the water fromthe drying colum (Stream 9)
are sent to waste treatnent. 3

The crude TCE (Stream 11) is sent to the TCE col umm, where |ight
ends (Stream 13) are renoved to be stored and recycled. The bottons
(Stream 14), containing mainly TCE, are neutralized with amonia and
then dried to produce finished TCE (Stream 15) which is sent to the TCE
st orage. ¥
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The crude PCE (Stream 12) fromthe PCE TCE separation colum is
fed to a heavy ends renoval colum where PCE and |ights (Stream 16) go
overhead to a PCE finishing colum and the heavies (Stream 17)
remai ning as the bottons are sent to the organic recycle system Here
t he organics that can be recycled (Stream 18) are separated fromtars
and sent to the recycle organic storage. The tars are incinerated.
The PCE and light ends (Stream 16) fromthe heavy ends colum are fed
to a light ends renoval columm. Light ends (Stream 20) are renoved
over head and are stored and recycled. The PCE bottonms (Stream 21) are
neutralized with ammonia and then dried to obtain finished PCE (Stream
22) which is sent to the PCE storage. *

Em ssi ons

Insufficient information is available to estimte chl orof orm
em ssions from process vents, recycle organic storage, and process
fugitive em ssion sources. However, a secondary chl orof orm em ssion
source has been reported by one facility that produces
per chl or oet hyl ene by EDC chlorination. This facility renoves volatile
organi ¢ compounds from process wastewater with a wastewater stripper.
The uncontroll ed chl orof orm em ssion factor for this source was
cal cul ated as 3.0 kil ograns/ megagram (kg/ My) of perchl oroethyl ene
produced, using a production rate of 91 M/ day®* and assum ng 24
hours/day operation. The facility controls em ssions fromthe
wastewat er stripper with two condensers in series, effecting a 96
percent chl orof orm em ssion reduction.?* Thus, the controlled
chl orof orm em ssion factor for the wastewater stripper is 0.12 kg/ M.
It cannot be determ ned fromthe available literature whether
wast ewater stripping is conducted at other perchl oroethyl ene and/or
trichl oroethyl ene production facilities.

Source Locations

Maj or producers of perchloroethylene and/or trichloroethylene are
listed in Table 9.
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TABLE 9. FACI LI TI ES PRODUCI NG PERCHLORCETHYLENE AND/ OR
TRI CHLOROETHYLENE!

Chem cal
Pr oduced
Conpany Locati on PCE? TCEP
Di amond Shanr ock Cor p. Deer Park, TX X
Dow Chem cal U.S. A Freeport, TX X X
Pittsburg, CA X
Pl aquem ne, LA X
| . E. duPont de Nenpurs
and Co., Inc. Corpus Christi, TX X
PPG | ndustries, Inc. Lake Charles, |A X X
St auf fer Chem cal Co. Louisville, KY (c) X
Vul can Materials Co. Gei smar, | A X
Wchita, KS X
a PCE = perchl oroet hyl ene

b TCE = trichloroethyl ene
¢ Pl ant has been on standby since 1981.
Note: This is a list of major facilities producing

per chl or oet hyl eneand/ or trichl oroethyl ene by any production
process. Currentinformati on on which of these facilities
produce these chem cals by ethylene dichloride chlorination or
oxychlorination is not available. This list is subject to
change as market conditions change, facility ownership changes,
or plants are closed down. The reader should verify the

exi stence of particular facilities by consulting current
listings or the plants thenselves. The |evel of em ssions from
any given facility is a function of variables, such as

t hr oughput and control neasures, and shoul d be determn ned

t hrough direct contacts with plant personnel.
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CHLORI NATI ON OF ORGANI C PRECURSORS | N WATER

Chloroformis produced in the aqueous reaction of chlorine with
various organic conpounds in water. Potential sources of this indirect
chl orof orm production i nclude the bl eachi ng of aqueous suspensi ons of
wood pulp with chlorine at pul p and paper mlls, the chlorination of
i ndustrial cooling waters to control biofouling within heat transfer
systens, and the disinfection of nunicipal wastewater and drinking water
supplies via chlorination.
Pul p and Paper |ndustry

Chloroformis produced in process water at pulp and paper mlls
where wood pulp is bleached with chlorine. Chloroformis fornmed from
t he aqueous reaction of chlorine with organi c substances in the wood
pulp and is released to the air during the bl eaching process, the
subsequent treatnent of effluent, and after release of the treated
effluent to receiving waters.

Process Description--

In the pul p and paper industry, wood and other fibrous materials
such as wastepaper are treated to produce pul p, which can be processed
to produce paper, paperboard, or such products as rayon, cellophane, and
expl osi ves. The production of pul p, paper, and paperboard invol ves
several standard manufacturing process steps as shown in Figure 10.

Maj or steps include raw material preparation, pulping, bleaching, and
paper maki ng.

The major raw material in the pulp and paper industry is wood. The
raw material preparation step includes | og washing, bark renoval, and
chi ppi ng. %

I n pul pi ng, wood chips and other cellulosic raw materials are
treated to formpulp suitable for processing into paper or other
products. There are two primary pul pi ng processes: mechanical pul ping
and chem cal pul ping. Chem cal pulping involves the cooking of wood
chips in solutions of chem cals. Chem cal pul ping processes now in use
are al kaline processes such as the soda and kraft processes, the sulfite
process, and the sem -chenmical process. The kraft process is nost
commonly used. In nmechanical pul ping, wood chi ps are ground
mechanically to produce pul p. Were wastepaper or other secondary
fibers are used as raw materials, renoval of ink, fillers, coatings, and
ot her noncel lulosic materials fromthe wastepaper (deinking) may be
necessary to reclaima useful pulp.?3
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Basic operations that mgy he used in the pulp and paper

manufacturing process.3
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Due to the presence of lignins or resins, pulp is brown or deeply
colored. Thus, it nust be bleached if a white or lIight col ored product
is to be produced. Mechanical pulp generally is bleached with
hydrosul fites and peroxi des while chlorine, calciumhypochlorite, sodium
hypochlorite, and chlorine dioxide are nost commonly enpl oyed in
bl eaching chem cal pulp. Bleaching is perfornmed in a nunber of stages.
Each stage consists of a reaction tower in which the pulp is retained
with the chemical agent for a given time period and then washed on
vacuum washers or diffusers before being discharged to the next stage.

Hi gh-bri ghtness kraft pulps normally require five stages with a conmon
sequence being: 1) chlorination and washing, 2) al kaline extraction and
washi ng, 3) chlorine dioxide addition and washi ng, 4) alkaline
extraction and washing, and 5) chlorine dioxide addition and washi ng.
Three stages generally are used in sem -bl eached kraft operations and
for the bleaching of sulfite papergrade pul ps. %

Foll owi ng the bl eaching process, the pulp is prepared for marketing
or converted to paper products. Pulp products include dissolving kraft
and sulfite pulps for the production of rayon, cellophane, and
expl osives and kraft and sulfite pul ps for paper manufacturing at
noni ntegrated mlls. The pulp may al so be used on site to prepare a
variety of products including newsprint, tissue papers, fine papers such
as printing and witing papers, coarse papers such as packagi ng papers,
and paperboard. %

Em ssi ons- -

When chlorine or chlorine conpounds are used to bl each pul p,
organi ¢ substances in the pulp are chlorinated to produce a variety of
organi cs including chloroform which becones dissolved in process water.
Chloroformis released to the atnosphere fromthis process water
primarily during wastewater treatnment. Although sonme chl orof orm probably
evaporates from process water during the bl eaching process and the
transport of bleaching plant effluent to the treatnent plant, no
information is available on chloroformem ssions prior to wastewater
treat ment.

The mpjority of mlls treat their effluent on site. Biologica
treatnment systens are extensively enployed at these types of mlls, with
aerated stabilization the nobst common process used. For pulp and paper
pl ants that do not have their own waste treatnent facilities, the
chloroformin their bleach plant effluent will not be released to the
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at nrosphere on site but during transport of the effluent to and treatnment
at a publicly owned treatnent plant.

Some chloroformremains in the effluent after treatnent, wth
reported concentrations ranging from6 to 433 mcrograns/liter (upg/l).3°
This remai ning chloroformis discharged to receiving waters, where it
continues to evaporate after mxing with natural surface waters.

Tabl e 10 presents chl orof orm em ssion factors for eight
subcat egori es of pul p and paper industry products for which chlorine
conmpounds are used in bl eaching operations: dissolving kraft pul p;
mar ket bl eached kraft pul p; bleached kraft paperboard, coarse papers,
and tissue papers; soda and kraft fine bl eached papers; dissolving
sulfite pulp; sulfite paper and papergrade pul p; deink-fine papers; and
dei nk-tissue papers. This categorization was used by EPA in the
devel opnent of effluent guidelines and is based on a nunber of factors
i ncluding effluent characteristics, raw materials used, products
manuf act ured, and producti on processes enployed. The em ssion factors
wer e devel oped from chl orof orm nass bal ance cal cul ati ons usi ng neasured
chl orof orm concentrations in the wastewater treatment systeminfluents
and effluents at a nunber of mlls.3

Em ssion factors are presented for the cal cul ation of chl oroform
em ssions at pulp and paper m Il wastewater treatment facilities. For
mlls that do not have their own treatnent facilities, these em ssion
factors could be used to estimate chl orof orm em ssions due to m |
effluents at the publicly owned treatment works to which the mlls
di scharge their wastewaters. Em ssion factors for calcul ating
chl orof orm em ssions after the discharge of the treated effluent into
receiving waters are also presented. These em ssion factors were
cal cul ated assuming all of the chloroformreleased in treated effluents

will eventually evaporate. The tine rate and spatial distribution of
these em ssions will depend on the characteristics of the receiving
wat ers.

Source Locati ons- -

Tabl e 11 presents a list of pulp and paper mlls and their
| ocati ons by subcategory and includes the percentage of mlls in each
category that treat effluent on site. Included are mlls categorized as
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TABLE 10. UNCONTROLLED CHLOROFORM EM SSI ON FACTORS FOR HYPOTHET!I CAL PULP AND PAPER M LLS

Chl or of orm Concentrati on Chl or of orm Emi ssi on Factors
I'n process water Process (kg/ My product)?
(pg/l) wat er fl ow During wastewater After wastewater
Sour ce Type I nf | uent Effluent Difference (10% My Product) Tr eat nent Tr eat nent
Integrated MI11ls
Di ssol ving kraft pulp 647 67 580 198 0.12 0.013
Mar ket bl eached kraft pulp 1, 405 12 1, 393 159 0.22 0. 0019
Bl eached kraft paperboard, 1, 5506 1, 544 150 0. 23 0. 00090
Cour se papers, and tissue
papers
Soda and kraft fine bl eached 1, 148 52 1, 096 114 0. 13 0. 0059
papers
Di ssolving sulfite pulp 268 13 255 270 0. 069 0. 0035
Sul fite papergrade pul p and 2,677 433 2,244 171 0. 38 0.074
papers
Secondary Fiber MIlls
Dei nk - fine papers 4,190 145 4,045 90 0. 36 0. 013
Dei nk - tissue papers 1, 367 55 1, 312 121 0. 16 0. 0067

aem ssion factors refer to kilograns of chloroformemtted per Megagram of total products produced (pul p and/or paper).
VWhere the product is pulp prepared for market, product weight is on the basis of air-dried pulp (10% noisture). \Were
the product is paper or paperboard, product weight includes any coatings applied to the product.36 The reader is
encouraged to contact plant personnel to confirmthe existence of emtting operations and control technology at a
particular facility prior to estimating emnm ssions therefrom



Table 11. PULP AND PAPER M LLS*
Per cent age of
MIls Treating
Source Type Conpany Locati on Effluent On-Site
Di ssol ving kraft pulp I nternational Paper Co. Nat chez, MS 100
Buckeye Cel | ul ose Corp. Perry (Foley), FL
I TT Rayonier Inc. Jesup, GA
Mar ket bl eached draft pulp Western Kraft Hawesvill e, KY 100
Loui si ana- Paci fic Corp. Sanpa, CA
CGeorgi a Pacific Corp. Zachary, LA
Di anmond | nternational Corp. ad Town, M
Crown Si npson & Fai r banks Eur eka, CA

Bl eached kraft paperboard,
coarse papers and tissue
papers

Brunswi ck Pul p & Paper Co.
Weyer haeuser Co.

Weyer haeuser Co.
Consol i dat ed Papers

Al abama Ri ver Pul p Co.
Scott Paper Co.

Hamrer m | |

Proctor & Ganbl e

Ameri can Can Co.

Anmeri can Can Co.
Tenpl e- Eastex, Inc.
Continental Forest |Industries
Pot | at ch Cor p.

Federal Paperboard Co. Inc.

I nt ernati onal Paper Co.

@Qul f States Paper Corp.
Pot | at ch Cor p.

Brunswi ck, GA

New Bern, NC

Everett, WA

W sconsin Rapids, W

Cl ai rborne, AL

H nckl ey (Skowhegan), ME
Sel ma, AL

Qgl et hor pe, GA

Butl er, AL 100
Hal sey, OR
D boll, TX
Augusta, GA

Lewi ston, ID
Ri egel wood, NC
Texar kana, TX
Denopolis, AL
McGhee, AR

Cont i nued



Tabl e 11.

( Cont i nued)

Source Type

Conpany

Locati on

Per cent age of
MIls Treating

Effluent On-Site

Soda and kraft fine
bl eached papers

Di ssol ving sulfite pulp

Appl et on Papers Corp.

Scott Paper Co.

Scott Paper Co.

Si npson Paper Co.

P.H Gatfelter Co.

I nt ernati onal Paper Co.
I nt ernati onal Paper Co.
I nt ernati onal Paper Co.

Chanpi on International Corp
Chanpi on International Corp

Boi se Cascade Corp

West vaco

Nekoosa Papers Inc.

Nekoosa Papers Inc.

Pennt ech Papers Inc.
Mead Cor p.

Mead Cor p.

Boi se Cascade Corp

Hammerm | | Paper Co.
Mead Cor p.

Weyer haeuser Co.
Al aska Lunmber & Pul p Co.
Loui si ana- Paci fic Corp.
I TT Rayonier Inc.
I TT Rayonier Inc.
I TT Rayonier Inc.

Roaring Spring, PA

West br ook, ME
Muskegon, M
Ander son, CA
Spring Grove, PA

Jay, M
Ti conder oga, NY
Bastrop, LA

Pasadena, TX
Courtl and, AL
Runford, ME
Luke, MD

Port Edwards, W
Ashdown, AR
Johnsonburg, PA
Escanaba, M
Chillicothe, OH
International Falls
Erie, PA

Ki ngsport, TN

Cosnopolis, WA

Sitka, AK
Ket chi kan, AK
Hoqui am WA

Port Angel es, WA
Fer nandi na Bch, FL

94

, MN

100

CONTI NUED



Table 11. (Conti nued)

Percentage of
MIls Treating

Source Type Conpany Locati on Effluent On-Site
Sul fite paper and Georgi a Pacific Corp. Bel | i ngham WA 80
paper grade pul p

Scott Paper Co. Everett, WA

Nekoosa Papers Inc. Port Edwards, W

St. Regis Paper Co. Rhi nel ander, W

Fl ambeau Paper Co. Park Falls, W

Boi se Cascade Corp. Salem OR

Wausau Paper M IIs Br okaw, W

Badger Paper MIIs Inc. Peshti go, W

Consol i dat ed Papers Inc. Appl eton, W

Finch Pruyn & Co. Inc. G ens Falls, NY

Weyer haeuser Co. Rot hschild, W

Ameri can Can Co. Green Bay, W

Procter & Ganbl e Paper Mehoopany, PA

Products Co.

Procter & Ganbl e Paper Green Bay, W

Products Co.
M scel | aneous i nt egrat ed Longvi ew Fi bre Co. Longvi ew, WA 74

Boi se Sout hern Co. Deri dder, AL

St. Regis Paper Co. Tacoma, WA

St. Regis Paper Co. Cant onnent (Pensacola), FL

St. Joe Paper Co. Port St. Joe, FL

Chesapeake Corp. of Virginia West Point, VA

Hoer ner Wal dor f M ssoul a, MrI

Hudson Pul p and Paper Cor p. Pal at ka, FL

Crown Zel | erbach Corp. Bogal usa, LF

S. W Forest |nd. Snowf | ake, AZ

CONTI NUED



Table 11. (Conti nued)
Percentage of
MIls Treating
Source Type Conpany Locati on Effluent On-Site
M scel | aneous i nt egrat ed I nt ernati onal Paper Co. Panama City, FL
(con't.) I nternational Paper Co. Ger oget own, SC

Fi breboard Corp.

Br own Co.

Weyer haeuser Co.

G | man Paper

CGeogi a Pacific Corp.
West vaco

Scott Paper Co.
Cont ai ner Corporation
of America

Crown Zel |l erback Corp
CGeorgi a Pacific Corp.
Powat er Carolina Corp
Pot | at ch Cor p.

Weyer haeuser Co.

I nt ernati onal Paper Co.
I nt ernati onal Paper Co.
Boi se Cascade Corp

Li ncol n Pul p & Paper Co. Inc.

Al lied Paper Inc.
Chanmpi on I nternationa
West vaco

I nt ernati onal Paper Co.
Crown Zel |l erbach Corp
Crown Zel |l erbach Corp
Uni on Canp Corp.
Publ i shers Paper Co.
CGeorgi a Pacific Corp.
CGeorgi a Pacific Corp.

Cor p.

Anti och, CA
Berlin, NH
Pl ymout h, NC

St. Mary's, GA

Crossett, AR
Wckliffe, KY

Mobi | e, AL
Brewt on, AL
Camas, WA
Woodl and, ME
Cat awba, SC
Cl oquet, MN

Longvi ew, WA
Pine Bluff, A

R

Moss Point, MS
St. Helens, OR

Li ncol n, ME
Jackson, AL
Cant on, NC
Covi ngt on, VA
Mobi | e, AL

St. Francisville, LA
Cl at skanie, OR

Franklin, VA
Newber g, OR
Lyons Fall s,
Pl at t sbur gh

NY
NY

CONTI NUED



Table 11. (Conti nued)

Source Type

Conpany

Percentage of
MIls Treating
Locati on Effluent On-Site

M scel | aneous i nt egrat ed
(Con’'t)

St andard Packagi ng Cor p.
Crown Zel | erbach Corp.

Ki mberly d ark Corp.

I nt ernati onal Paper Co.
Tomahawk Power & Pul p Co.
National Fibrit Division
Keyes Fi bre Co.

Sout hl and Paper MIIs Inc.
Bowat er Sout hern Paper Corp.
M dt ec Paper Corp.

Arnstrong Cork Co.

Publ i shers Paper Co.

Crown Zel | erbach Corp.

Boi se Cascade Corp.

Great Northern Paper Co.

Sout hl and Paper MIIs Inc.

Di anmond | nternational Corp.
Appl et on Papers Corp.

Esl eeck Manufacturing Co.
Crane & Co. Inc./Bay State M|
Crane & Co. Inc./Ad Berkshire
M

Crane & Co. Inc./Pioneer MII
Byron Weston Co.

Crane & Co. Inc./ Governnent
M

Crane & Co. Inc./Wahconah M|
Continental Fibre Co.

Ri si ng Paper Co.

Shel don Springs, VT
West Linn, OR

Coosa Pines, AL
Corinth, NY
Tomahawk, W
Springfield, TN
Shawmut, ME

Lufkin, TX

Cal houn, TN

Ki mberly, W

Ful ton, NY

Oregon City, OR
Port Angel es, WA
Beaver Falls, NY
M1 1inocket, ME
Houst on, TX

Red Bluff, CA

Conbi ned Locks, W
Turners Falls, MA
Dal t on,
Dal t on,

Dal t on,
Dal t on,
Dal t on,

55 55

Dal t on, MA
Bri dgeport, PA
Housat oni ¢, MA
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Table 11. (Conti nued)

Per cent age of
MIls Treating

Source Type Conpany Locati on Effluent On-Site
M cel | aneous i nt egrat ed Ki mberly d ark Corp. Neenah, W
(Con't.) NVF Co. Hol yoke, MA

Dei nk-fine papers

Fox Ri ver Paper Co.
Nekoosa Papers Inc.
Cottrell Paper Co.Rock
Hammerm | | Paper Co.
Spaul di ng Fi bre Co.

Mai nsti que Pul p and Paper Co.

Product os Forestal es
Cari be Inc.

C. H. Dexter Co.

Al pha Cel | ul ose Corp.

Ki mberly d ark Corp.

Ki mberly d ark Corp.

Cottrell Paper Co.

Know t on Bros.

Val enti ne Pul p & Paper Co.

Cheney Pul p & Co.

Congol eum Cor p.

Arnstrong Cork Co.
Buckeye Cel | ul ose Corp.
Her cul es I nc.

NIl TEC Paper Cor p.

N. V. F. Company (Yorkl yn)

Adin Corp. (Ecusta)

Ber gstrom Paper Co.
Ber gstrom Paper Co.
D anond | nt ernati onal
Ward Paper Co.

CGeorgi a Pacific Corp.

Appl eton, W

St evens Point, W
City Falls, NY
Green |sland, NY
Tonawanda, NY
Mani stique, M
Acrfci bo, PR

W ndsor Locks, C
Lumberton, NC
Lee, MA

Spot swood, NJ
Fort Edward, NY
Chat t anooga, TN
Lockport, LA
Franklin, OH

Fi nksburg, MD
Macon, GA
Menphis, TN
Hopewel | , VA

Ni agara Falls, NY
Yor kl yn, DE

Pi sgah Forest, NC

Neenah, W 60
West Carrollton, OH

Hyde Park, MA

Merrill, W

Kal amazoo, M
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Table 11. (Conti nued)
Per cent age of
MIls Treating
Source Type Conpany Locati on Effluent On-Site

Dei nk-ti ssue papers

M scel | aneous Secondary
Fi bers

Ervi ng Paper

Erving Paper MIIs

Fort Howard Paper Co.
American Can Co.

Put ney Paper Co.

Br own Co.

Br own Co.

Erving Paper MIIs

Pot | at ch Cor p.

Marcal Paper MIIls Inc.
Ponder osa Paper Products
W sconsin Tissue MIIls Inc.
Fort Howard Paper Co.

Cr own- Zel | er back Corp.
(Patrician)

Robel I Tissue MIIs
Statler Tissue

Mount ai n Paper Products Corp.

CGeorgi a Pacific Corp.

Brown Co/ Recycl ed Paperboard
EHV- Wei dmann | ndustries Inc.
Menom nee Paper Co.

Boi se Cascase Corp.

Fl i nt kote Co.

CGeorgi a Pacific Corp.

Fit chburg Paper Co.

M Il sErving, MA 73
Bal dwi nvill e, MA
Green Bay, W

Ashl and, W

Put ney, VT

Eau Claire, W

East Ladysmth, W

Hi nsdal e, NH

Ransom PA

El mwod Park, NJ

Fl agstaff, AZ
Menasha, W

Muskogee, K

South @ en Falls, NY

Pryor, OK

Augusta, M
Bellows Falls, VT 41
Pryor, OK

Kal amazoo, M

St. Johnsbury, K
Menom nee, M
Brownvill e, NY
Vernon, CA

Gary, IN

Fit chburg, MA

CONTI NUED



Source Type

Table 11. (Conti nued)

Conpany

Per cent age of
MIls Treating

Locati on Effluent On-Site

Crown Zel |l erback Corp
Pot | at ch Cor p.

B. J. Fibres Inc.

Boi se Cascade Corp

Ri ver si de Paper Corp
Newt on Falls Paper MII| Inc.
M am Paper Corp.
Spaul di ng Fi ber Co.
Crown Zel |l erbach Corp
Chio Pulp MIls Inc.
Ponder osa Cor p.

Ponder osa Cor p.

Ponder osa Cor p.

Cart hage, NY
Ponpna, CA

Santa Ana, CA
Vancouver, WA

Appl eton, W

Newt on Falls, NY

W Carrollton, CH
North Rochester, NH

Fort Edward, NY
Cincinnati, OH
Augusta, GA
Menphis, TN
OCshkosh, W

This |1 st

i s subject to change as market

condi ti ons change,

pl ants are cl osed down.
consul ting current

contacts with plant

The | evel
of pul p bl eached and contro

facility ownership changes or

The reader should verify the existence of particular facilities by
listings or the plants thensel ves.

facility is a function of variables such as the anount
and shoul d be determ ned through direct

of em ssions from any given
nmeasures,
per sonnel .



m scel | aneous i ntegrated and m scel | aneous secondary fibers at which a
conpl ex variety of pul ping processes are enployed and/or a variety of
products are manufactured. Processes in which chlorine conpounds are
used as bl eaching agents may be enployed at these mlls. Once the use
of these processes is identified, chloroformem ssions my be estinmated
by determining the quantity of each type of pulp and paper product for
whi ch a bl eaching process is used and multiplying this production figure
by the appropriate enmi ssion factor from Tabl e 10.

Cooling Water

Process Description--

In steam el ectric power generators, cooling water is used to absorb
heat |iberated when the steamused in the power cycle is condensed to
water. Chlorine is often added to cooling water to prevent fouling
(formation of slime-form ng organi sns) of heat exchanger condenser
tubes, which inhibits the heat exchange process.3® Chloroformis
produced by the aqueous reaction of chlorine with organic matter in the
cooling water.

Two types of cooling water systens are in general use:
once-through systens and recirculating systems. 1In a once-through
cooling water system the cooling water is withdrawn fromthe water
source, passed through the system (where it absorbs heat), and returned
directly to the water source. Any chloroform produced is discharged to
water. In a recirculating cooling water system the cooling water is
wi t hdrawn fromthe water source and passed through the condensers
several tinmes before being discharged to the receiving water. Heat is
removed fromthe cooling water after each pass through the condenser.
Three maj or net hods are used for renmpoving heat fromrecircul ating
cooling water: cooling ponds or canals, nechanical draft evaporative
cooling towers, and natural draft evaporative cooling towers.

Chl orof orm evaporates to the air fromthese heat rempval processes. The
evaporation of water froma recirculating cooling water systemin
cooling ponds or cooling towers results in an increase in the dissol ved
solids concentration of the water remaining in the system Scale
formation is prevented in the system by bl eeding off a portion of the
cooling water (blowdown) and replacing it with fresh water which has a

| oner dissolved solids concentration. 3 3°
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Em ssi ons- -
Once-through Cooling Systens — Once-through cooling systens are

used in approximately 60 percent of nonnucl ear steam el ectric plants and
in a total of 11 nuclear power plants in the United States.* % The
anmount of chloroformformed in once-through cooling systens can be
cal cul ated based on the volune of cooling water used and the chl oroform
concentration resulting fromchlorination. Chlorination has been shown
to produce 0.41 kil ogranms (kg) of chloroformper 10g liters of cooling
water.3® Assuming that all of the chloroformin the cooling water
evaporates, the chloroformem ssion factor is 0.41 kg/10° liters of
cooling water.

Recircul ating Cooling Systens — Chl orof orm production rates

resulting fromchlorination in two recircul ating cooling systens were
nmeasured at 2.4 and 3.6 ng chloroformper liter cooling water flow. ®°
Wth approxi mately 75 percent evaporating at the cooling tower3 the
average chl orof orm em ssion factor for cooling towers is 2.3 kg/ 108
liters of cooling water. Assunming all of the remaining chloroform
di scharged in cooling tower blowdown evaporates fromthe receiving
wat er, the chloroformem ssion factor is 0.75 kg/10% liters
of cooling water.
Source Locati ons- -

The SIC code for establishnments engaged in the generation of
electricity for sale is 4911.
Dri nki ng Water

The occurrence and formation of chloroformin finished drinking

wat er has been well docunented. Chloroform my be present in the raw
water as a result of industrial effluents containing the chemcal. In
addition, chloroformis forned fromthe reaction of chlorine with hum c
materials. Humic materials are acidic conmponents derived fromthe
deconposition of organic matter. Exanples include humic acid, fulvic
acid, and hymatonel anic acid. The anmount of chloroform generated in
drinking water is a function of both the anobunt of humic materi al
present in the raw water and the chlorine feed. The chlorine feed is
adjusted to maintain a fairly constant 2.0 to 2.5 ppm chlorine residua
and reflects changes in the total oxidizable dissolved organics and the
rates of various oxidation reactions. Although there is a higher
organic content in raw water during the winter nonths, the nore
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extensi ve oxidation that occurs during the sunmer nonths requires a
hi gher chlorine feed. Thus, nore chloroformis produced in drinking
wat er during the sunmer than in the wi nter. 44

Reported chl orof orm concentrations in raw water range fromO to 1
m crogram per liter (pg/1l), with an average of less than 0.2 pg/ 1.4 The
average anmount of chl oroform generated in finished drinking water by
chlorination is estimated at 41 pg/1. This estimate is based on data
from Nati onal Organi cs Reconnai ssance Survey (NORS) and the Nationa
Organi cs Mnitoring Survey (NOMS), 424 in which drinking water sanples
were analyzed froma total of 137 cities.

Chl orof orm produced in drinking water is transferred to the air
fromleaks in the distribution systemand during donmestic, comercial,
i ndustrial, and agricultural use. The uses of drinking water tend to
di sperse and aerate the liquid, speeding evaporation. Assumng all of
the chloroformin drinking water evaporates fromthe distribution system
and during use, the chloroformem ssion factor is 0.041 kg/10% liters of
wat er treated by chlorination
Muni ci pal Wastewater and Sl udge

Chl ori ne and the chlorine-containing conmpounds, cal cium and sodi um
hypochlorite, are used widely to disinfect mnunicipal wastewater before
it is discharged to receiving waters. Chlorination of rmunicipa
wastewater results in the formati on of nunmerous chlorinated organic
conpounds, including chloroform The concentration of the humc
conmpounds that are the precursors to chloroformis nmuch lower in
muni ci pal sewage than in natural surface water which is treated and used
for drinking. Therefore, the anpunt of chloroformfornmed as the result
of wastewater disinfection is small relative to the amount forned during
the treatnent of drinking water. Analyses of secondary effluent from
28 muni ci pal wastewater treatnent plants show that chlorination
i ncreases the average chl oroform concentration in nunicipal wastewater
by 9 micrograms per liter (pg/1l), fromb5 pg/1 to 14 pg/1.2

Chloroformformed in chlorinated nunicipal wastewater is di scharged
to receiving water in the effluent. Evaporation of chloroformoccurs at
a rate dependent on factors such as turbul ence, tenperature, depth, and
wi nd speed. Assuming all of the chl orof ormevaporates, the chloroform
em ssion factor is 0.014 kg/10% liters of nunicipal wastewater
di schar ged.
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About 40 nmuni ci pal wastewater treatnment plants superchlorinate
sl udge. £ Anal yses of sludge at 2 plants have shown that
superchl orinati on of sludge increases the average chl oroform
concentration in the liquid sludge from8 parts per billion (ppb) to
1,070 ppb. Sanples of sludge cake fromthe drying beds at one of the
pl ants indicated that roughly half of the chl orof orm evaporated during
treatnment at the plant. This corresponds to an em ssion factor of 580
kg/ 10® My of sludge treated by superchlorination. 4
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M SCELLANEQUS CHLORCFORM EM SSI ON SOURCES
| ndustrial Sol vent Usage

As noted in a previous subsection, chloroformis w dely used as a
solvent in the manufacture of pharmaceuticals. Chloroformis also used
as a solvent in the manufacture of other specialty and small-vol une
chem cals. For instance, the production of Hypal on® synthetic rubber is
carried out in chloroformsolution. 4.4 Hypalon®is a chemcally
resi stant el astonmer nmade by substituting chlorine and sul fonyl chloride
groups into polyethylene.4 Data are not available to estimte total
chl orof orm sol vent use in chem cal manufacture or to identify al
i ndustries where chloroformis used.

Laboratory Usage

Chloroformis currently used in hospital, industrial, governnent,
and university | aboratories as a general reagent. Data were not
available to estimate total chloroformuse in | aboratories.2 However
| aboratory use does appear to be wi despread. One university reported
that in a survey on potential carcinogens used in its 67 |aboratories,
chl orof orm was the nost w dely used, appearing in 53 | aboratories.?2t
Insufficient data are available to devel op a chl orof orm em ssion factor
for | aboratory usage.

Treatnment, Storage, and Disposal Facilities

Consi derabl e potential exists for volatile substances, including
chloroform to be emtted fromwaste treatnment, storage and handling
facilities. A California study shows that significant |evels of
chl orof orm may be contai ned i n hazardous wastes which nmay be expected to
volatilize within hours, days or nmonths after disposal by |andspreading,
surface i npoundnent or covered |landfill, respectively. Volatilization
of chl orof orm and ot her substances was confirned in this study by
significant anbient air concentrations over one site.® Reference 53%
provi des general theoretical nodels for estimating volatile substance
em ssions froma nunber of generic kinds of waste handling operations,

i ncl udi ng surface i mpoundnents, landfills, landfarm ng (land treatnent)
operations, wastewater treatnment systens, and drum storage/ handling
processes. |If such a facility is known to handl e chloroform the
potential should be considered for sone air em ssions to occur.
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Several studies show that chloroformmay be emitted from wastewater
treatnment plants. In a bench scale test, the potential was denonstrated
for chloroformvolatilization fromaeration basins.2 1In a test at a
smal | munici pal treatnment plant (handling 40% i ndustrial and 60%
muni ci pal sewage), chloroformem ssion rates fromthe aerati on basins
were nmeasured at levels ranging from 703 to 5756 grans/ hour.4 Tests at a
| arger treatment plant (handling about 50% i ndustrial sewage) showed
that, on an average weekday, about 16 kil ograns (kg) was present in the
plant influent. O this, about
56 percent volatilized during the activated sludge treatment process
(primarily by air stripping), resulting in weekday chl orof orm em ssi ons
averagi ng about 9.1 kg/day. Wekend chl orof orm em ssions dropped to 6.4
kg/ day on Saturdays and 3.2 kg/day on Sundays.2 Too little data are
avail able to extrapolate these test results to other wastewater
treatment plants.
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SECTION 5
SOURCE TEST PROCEDURES

Chl orof orm em ssi ons can be neasured usi ng EPA Reference Method 23,
whi ch was proposed in the Federal Register on June 11, 1980.% EPA Met hod
23 has been validated in the laboratory for chloroform?2’ although it has
not been validated for chloroformin the field.3®8

In Method 23, a sanple of the exhaust gas to be anal yzed is drawn
into a Tedlar® or alum nized Myl ar® bag as shown in Figure 11. The bag
is placed inside a rigid | eak proof container and evacuated. The bag is
t hen connected by a Teflon® sanpling line to a sanpling probe (stainless
steel, Pyrex® glass, or Teflon® at the center of the stack. Sanple is
drawn into the bag by punping air out of the rigid container.

The sanple is then analyzed by gas chromatography (GC) coupled with
flame ionization detection (FID). Analysis should be conducted within 1
day of sanple collection. The reconmmended GC colum is 3.05 mby 3.2 mm
stainless steel, filled with 20 percent SP-2100/0.1 percent Carbowax
1500 on 100/120 Supel coport. This columm normally provides an adequate
resol uti on of hal ogenated organics. (Where resolution interferences are
encountered, the GC operator should select the colum best suited to the
analysis.) The colum tenperature should be set at 100°C. Zero helium
or nitrogen should be used as the carrier gas at a flow rate of
approximately 20 m/mn.

The peak area corresponding to the retention time of chloroformis
measured and conpared to peak areas for a set of standard gas m xtures
to determ ne the chl orof ormconcentration. The range of the nethod is
0.1 to 200 ppm however, the upper |limt can be extended by extending
the calibration range or diluting the sanple.
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Figure 11, Method 23 sampling train.’®
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Met hod 23 does not apply when chloroformis contained in
particulate matter. Also, in cases where chlorine and chlorine dioxide
are present in the em ssion stream such as in the paper industry,
al um ni zed Myl ar sanpl e bags shoul d not be used because of the reaction
of these gases with the bag surface. Wen chlorine and
chlorine dioxide are present, there is also the possibility that they
may react with organics present in the sanple to produce additiona
chl orof orm or conpounds which may interfere with analysis of
chloroform2 To minimze such side reactions, Method 23 requires that
the sanple be stored in a dark place between collection and anal ysi s.
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APPENDI X
DERI VATI ON OF EM SSI ON FACTORS FOR CHLOROFORM PRODUCTI ON

Thi s appendi x presents the derivations of chloroform em ssion
factors for chl orof orm production processes that are presented in Table
2 and Table 3. Em ssion factors for the nmethano
hydrochl ori nati on/ methyl chloride chlorination process were devel oped
based on a hypothetical plant with a total chloronethane production
capacity of 90,000 negagranms (My) and a product m x of 25 percent nethyl
chl ori de, 48 percent nethylene chloride, 25 percent chloroform and 2
percent byproduct carbon tetrachloride.t Em ssion factors for the
met hane chl orinati on process have been devel oped based on a hypothetica
plant with a total chloronethane production capacity of 200,000 My, and
a product mx of 20 percent nethyl chloride, 45 percent methyl ene
chloride, 25 percent chloroform and 10 percent carbon tetrachloride.?2

The follow ng sections describe the derivations of chloroform
em ssion factors for process vent enissions; in-process and product
storage tank emi ssions; secondary em ssions fromliquid, solid, and
aqueous waste streans; handling em ssions from | oadi ng product
chloroform and fugitive em ssions from| eaks in process valves, punps,
conpressors, and pressure relief val ves.

PROCESS EM SSI ONS
Met hanol Hydrochlorination/Methyl Chloride Chlorination
Chl orof orm process eni ssions originate fromthe purging of inert

gases in the condenser follow ng the chloroformdistillation colum
(Vent Ain Figure 2). The uncontrolled em ssion factor for this source
was cal cul ated from an enission factor of 0.0056 kg chl orof orm per My of
total chloronethane production! and a hypothetical plant chloroform
producti on capacity of 25 percent of total chloronethane production:



0. 0056 kg CHO 3 « total prod

Em ssi on Factor = )
My total Prod. 0. 25 CHCl 3 prod.

0.22 kg / My
Met hane Chl ori nati on

Chl orof orm process em ssions result fromthe venting of the inert
gases fromthe recycle nethane stream (Vent A, Figure 3) and fromthe
energency venting of the distillation area inert gases (Vent C, Figure 3).
Recycled Methane Inert Gas Purge Vent--

The uncontroll ed em ssion factor for the recycled nethane inert gas
purge vent was cal cul ated froma chlorof ormem ssion factor of 0.0033 kg
per My total chloronethane production capacity2 and the hypot heti cal
pl ant's chl or of orm producti on of 25 percent of total chloronethane
pr oducti on.

Distillation Area Energency lnert Gas Vent--

. ~0.0033 kg CHO s total prod
Em ssion Factor = X .
My total Prod. 0. 25 CHCl 3 prod.
= 0.13 kg/ My

The uncontroll ed em ssion factor for the distillation area energency
inert gas vent was derived froman em ssion factor for volatile organic
conmpounds (VOC) of 0.20 kg/ My total chloronethane production capacity2 and
conposi tion data showing chloroformto be 4.0 percent of VOC.2 No
i nformati on was avail abl e on the assunpti ons upon which the derivation of
this VOC em ssion factor were based. The cal culation of chloroform
em ssions per unit chl orof orm produced was nmade using a chl orof orm

0.20 kg CHO 5 ‘ 0.40 CHO 3 ‘ total prod

Eni ssi on Factor )
My total Prod. vac 0.25 CHO 3 prod

= 0.32 kg/ My

production rate of 25 percent of total chloronethanes production:
STORAGE EM SSI ON FACTORS

In cal culating storage emi ssion factors, all storage tanks were
assuned to be fixed roof tanks.2 Uncontrolled chloroform emn ssion
factors for in-process and product storage for the nethano



hydr ochl orinati on process (Vent B, Vent C, Vent O and Vent E, Figure 2)
and the nethane chlorination process (Vent B, Vent D, and Vent E, Figure

3) were cal culated using em ssion equations for breathing and working
| osses fromreference 4:

- -3 p. ,0.68,1.73.,0.51,0.5
LB = 1.02 x 10 MV {W) D H T FPCKC
- -8
Lw = 1.09 x 10 MV PVNKan
where,

Ly = total ioss {Ma/yr)

L, = breathing loss {Mg/yr)

L, = working loss {Mg/yr)

Mv = molecular weight of product vapor {1b/1b mole)
P = true vapor pressure of product (psja)

0 = tank diameter (ft)

H

= average vapor space height (ft): use tank specific valuas or an
assumed value of one-half the tank height

T = average diurnal temperature change in oF

F_ = paint factor {dimensionless); assume & value of 1 for a white fank
P in good condition

C = tank diameter factor (dimensionless}:

for diameter > 30 feet, C = 1

for diameter < 30 feet,

C = 0.0771 D - 0.0013(0%) - 0.133¢

= product factor (dimensioniess} = 1.0 for VOL
= tank capacity (gal)
number of turnovers per year (dimensionless)
= turnover factor (dimensionless):

=?'Cz-ﬁn7‘?
"

_180 + K
for turnovers > 36, Kn = =W

1

for turnovers < 36, £,

For the nethanol hydrochl orination/ nmethyl chloride chlorination and
met hane chl orinati on processes, hypothetical plant storage tank conditions
from Ref erence 1% and Reference 2,2 respectively, were used for the
cal cul ations. The tank conditions given by these references include tank
vol ume, nunber of turnovers per year, bulk liquid tenperature, and an



assuned diurnal tenperature variation of 20°C. The dianmeters (D), in
feet, of the tanks were cal culated fromgiven tank volunes (V), in
gallons, with heights (h) in feet, assunmed at 8 foot intervals,2® from

V/7.48]
D = 2 T X h

For tanks containing mxtures, the vapor pressure of the mxture in the
tank, nol ecul ar wei ght of vapor, and weight percent of chloroformin the
vapor were calculated. The calculations of em ssion factors for al
producti on processes are summarized in Table A-1. Sanple calculations are
presented in their entirety for the nmethanol hydrochl orination/ nethyl
chloride chlorination process. For the other process, storage
tank paraneters and vapor conposition data used in the cal culations of the
em ssion factors listed in Table A-1 are presented in tables.
Met hanol Hydrochlorination/Methyl Chloride Chlorination

Em ssion factors for the crude product tank, the surge tank, and the

chl orof orm tank were cal cul ated using the tank parameters listed in Table
A-2.
Conposi tion--

The conposition of the mxture in the crude product tank is based on
the hypothetical plant mxture. The nole fractions of the liquid
conponents were derived fromthese weight fractions and nol ecul ar wei ghts.
The nole fractions of the conponents in liquid were then multiplied by the
vapor pressures of each conponent to determ ne conponent parti al
pressures, the sumof which is the total vapor pressure, P. Mle
fractions of the conponents in the vapor phase were calcul ated as the
rati o of conponent partial pressures to total vapor pressure. The
nmol ecul ar wei ght of the vapor m xture (M) was cal cul ated as the sum of
the products of the conponent partial pressures and their nol ecul ar
wei ghts, ignoring the nol ecul ar weight of the air. The weight percents of
conponents in vapor were calculated fromthe ratios of the product of the
mol e fraction in vapor and nol ecul ar weight to the nol ecul ar wei ght of the
vapor m xture. These cal culations are sunmarized in Table A-3.

Tank Em ssions--

Wth the parameters listed in Table A-2, total tank | osses were
cal cul ated as shown on page A-8.



TABLE A-1. SUWMMARY OF CALCULATI ONS OF CHLOROFORM STORAGE EM SSI ON FACTORS

Process Breat hi ng Working Total Loss, Per cent Nunber Chl or of orm Em ssi on
Tank Loss, Lg Loss, Ly Ly Chloroform O Tanks Production Fact or
(My/yr) (My/yr) (My/yr) I'n Vapor (My/yr) (kg/ M)

METHYL CHLORI DE
CHLORI NATI ON

Crude 3. 60 2.96 6. 56 21 1 22,500 0. 061
Sur ge 1.20 1.08 2.28 96 1 22,500 0. 097
Day (2) 0. 43 5. 80 6. 23 100 2 22, 500 0.55
Pr oduct 3. 62 16.0 19.6 100 1 22,500 0. 87
METHANE
CHLORI NATI ON
Crude 10.5 11.6 22.1 20 1 50, 000 0. 088
Day (2) 1.23 12.6 13.8 100 2 50, 000 0.55
Pr oduct 6. 34 35.3 41.6 100 1 50, 000 0. 83




TABLE A-2. STORACGE TANK PARAMETERS FOR METHANOL HYDROCHLORI NATI ON/ METHYL
CHLORI DE CHLORI NATI ON PROCESS
Tanks Crude Sur ge Day Product

Number of tanks 1 1 2 1
Vol ume (V), qgal 50, 000 20, 000 10, 000 200, 000
Hei ght (h) , ft 24 16 16 40
Vapor space height (H), ft 12 8 8 20
Di aneter (D), ft19 15 10 29
Turnovers/yr (N)6 6 199 20
Temperature, °F 95 104 104 68
Vapor pressure (P), psia 9. 96 6. 90 7.09 3.09
Di urnal tenperature change 22 22 22 22

(T), °F
Mol ecul ar wei ght of vapor (M) 91.0 120 119 119

I b/1b nole
Tur nover factor (K,) 1 1 0. 317 1
Tank di ameter factor (CQ) 0. 862 0.731 0. 508 1




TABLE A-3. SUMVARY OF COMPOSI TI ON CALCULATI ONS FOR METHANCL HYDROCHLORI NATI ON/ METHYL CHLORI DE

CHLORI NATI ON - CRUDE PRODUCT TYPE

LI QUI D COMPCSI Tl ON:

Conponent Wi ght Mol ecul ar, Mol es I n, Mol e
Per cent wei ght, MV w Liquid, m Fraction In
I n Liquid, Li qui d, x
(m/ M)
Met hyl chl ori de 64 85 0. 753 0.72
Chl orof orm 33 119 0. 277 0. 26
Car bon 3 154 0.019 0.018
tetrachl ori de M = 1.049
VAPOR COMPGCSI TI ON:
Wi ght
Conponent Vapor Parti al Mol e Fraction Wi ght Per cent
Pressure Pressure P, I n Vapor, I n Vapor, g, in vapor
(psia), P (P x x) Xy (Py/P) (xy x MY ([g./M] x 100
Met hyl ene chloride 11.6 8.35 0. 84 71 78
Chl or of orm 5. 96 1.55 0.16 19 21
Car bon 3.44 0. 062 0. 0062 0. 96 1.1
tetrachl ori de P = 9.962 M = 90. 96




.5 0.68/1n11.73/210.5% 1000 0.5
L= (1.02 x 10°5)(01.0), 9.9 (19)7-73(12)%-5Y(22)0-% (1) (0.862) (1)
p " (102X 107N )(T““f"‘_e;. 550

= (1.02 x 10-5)(91.0](1.66)(153)(3.55)(4.69)(0.862)
= 3.60 Mg/yr |

(1.09 x 1078)(91.0)(5.96)(50,000)(6) (1) (1)

2.96 Mg/yr

g+ L =656 Malyr

—
H a

- A

b

Em ssi on Factor- -

The chl orof orm eni ssion factor was cal cul ated fromtotal annual tank
| oss, fraction of the vapor mxture that is chloroform and the
hypot heti cal plant chl orof orm production rate of 22,500 My/yr:

Em ssi on factor (6.56 My/yr) (0.21)

22,500 My/yr

0.061 kg/ My
Sur ge Tank- -

Conposition-- The calcul ations for the conposition of the vapor of the
surge tank are presented in Table A-4.

Ly = (1.02 x 10‘5)(120)( 6.90 )0-58(15)1-?3(3)0-51(22)0-5(1){0.731)(1)
= (1.02 x 1075)(120)(0.92)(108) (2.89)(4.69)(0.731)
= 1.20 Mg/yr

L, = (1.09 x 1078)(120) (6.90) {20,000 (6) (1) (1)
= 1.08 Mg/yr

LT = LB + L\ﬂi = 2.28 Mg/yr

Tank Eni ssi ons--

Em ssion Factor--
Em ssion factor = (2.28 My/yr) (0.96)
22,500 Myl yr
= 0.097 kg/ My

A-8



TABLE A-4.

CHLORI DE CHLORI NATI ON - SURGE TANK

LI QUI D COMPCSI Tl ON:

SUMVARY OF COMPOSI TI ON CALCULATI ONS FOR METHANCL HYDROCHLORI NATI ON/ METHYL

Conponent Wi ght Mol ecul ar, Mol es I n, Mol e Fraction In
Per cent wei ght, MV Liquid, m Li qui d, x
In Liquid,w (m/ M)
Chl orof orm 92. 6 119 0.778 0.94
Car bon 7.4 154 0.048 0. 058
tetrachl ori de M = 0.826
VAPCR COMPCSI TI ON:
ettt
Conponent Vapor Parti al Mol e Fraction Wi ght Per cent
Pressure Pressure P, I n Vapor, I n Vapor, g, in vapor
(psia), P° (P° X X1) Xy (P P) (xy x My ([g/M] x 100
Chl orof orm 7.09 6. 66 0.97 115 96
Car bon 4.08 0.24 0. 035 5.4 4.5
tetrachl ori de 6. 90 120. 4




Day Tanks- -
Tank Eni ssi ons--

Lg = (1.02 10‘5)(119)( 7.09 )0-53(103‘-73(8)0-51(22)0-5(1){0.503}(1)
T4.7-7.05
= (1.02 x 10'5)(119)(0.953)(53.?)(2.89)(4.69)(0.508)
= .43 Mg/yr
LN = {1.09 x 10-8)(119){7.09)(10,000)(199)(0.317)(])
= §5.80 Mg/yr
Ly=lg* by = 6.23 Mg/yr

Enm ssion Factor--
Em ssion factor = 6.23 My/yr x 2 tanks
t ank
22,500 My/yr

= 0.55 kg/ My

Product Tank --

" Tank Emissions --

Ly = (1,02 x 1075 (1) (g2l (@) Pz mm
= (1.02 x 107°)(119)(0.407)(339)(4.67)(4.69)
= 3.62 Mg/yr

L, = (1.09 x 1078)(119)(3.09)(200,000)(20) (1){1)
= 16.0 Mg/yr

LT 3 LB + Lw = 19.6 Mg/yr

Em ssi on Factor--

Em ssi on factor 19.6 My/yvyr
22,500 My/yr

0.87 kg/ My

Met hane Chl ori nati on

Em ssion factors for the crude product tank, two chl orof orm day
tanks, and the chl orof orm product tank were cal cul ated using the tank
paraneters listed in Table A-5 The calcul ations of the conposition of
the vapor for the crude product tank are sunmarized in Table A-6.
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TABLE A-5. STORAGE TANK PARAMETERS FOR METHANE CHLORI NATI ON
PROCESS
Tanks Crude Day Pr oduct
Nunmber of tanks 1 2 1
Vol ume (V), gal 200, 000 30, 000 400, 000
Hei ght (h) , ft 40 24 48
Vapor space height (H), 20 | 2 24
Di aneter (D), ft 29 15 38
Turnovers/yr (N) 6 147 22
Temperature, °F 95 95 68
Vapor pressure (P), psia 9.50 5. 96 3.09
Di urnal tenperature change (T), °F 22 22 22
Mol ecul ar wei ght of vapor 93 119 119
[ b/I'b nole

Tur nover factor (K,) 1 0.371
Tank di ameter factor (C) 1 0.731

A-11



TABLE A-6. SUWMMVARY OF COMPGOSI TI ON CALCULATI ONS FOR METHANE CHLORI NATI ON -
CRUDE PRODUCT TANK

LI QUI D COMPCSI Tl ON:

Conponent Wi ght Mol ecul ar, Mol es I n, Mol e Fraction In
Per cent wei ght, MV w Liquid, m Li quid, x
I'n Liquld, (m/ M)
Met hyl ene chl oride 56 85 0. 66 0. 66
Chl orof orm 31 119 0. 26 0. 26
Car bon 13 154 0.084 0. 084
tetrachl ori de M = 1.00

VAFUR CUVFUSIE TT UNL

Wi ght
Conponent Vapor Parti al Mol e Fraction Wi ght Per cent
Pressure Pressure P, I n Vapor, I n Vapor, g, in vapor
(psia), P° (P x xi) Xy (Py/P) (xy x M ([g/M] x 100
Met hyl ene chloride 11.6 7.66 0.81 69 0.74
Chl orof orm 5.96 1.55 0. 16 19 0. 20
Car bon 3.44 0.29 0. 031 4.8 0. 052

tetrachl ori de P =9.50 M = 92.8




SECONDARY EM SSI ONS
Met hanol Hydrochlorination/Methyl Chloride Chlorination
Potential sources of secondary em ssions include the aqueous

di scharge fromthe nethanol hydrochlorination process stripper and the
sulfuric acid waste fromthe nethyl chloride drying tower; however

chl orof orm has not been found to be a conponent of the organic
conmpounds in these waste streans.l

Met hane Chl orination

Secondary em ssions of chloroformcan result fromthe handling
and di sposal of process waste liquid. These liquid streans are
i ndi cated on the process flow diagram (Source F, Figure 3) and
i ncl ude the waste caustic fromthe scrubbers on nmethyl chloride and
recycl e nethane streans and the crude chl oronet hanes neutralizer and
the salt solution discharge fromthe crude chl oronethanes dryers. The
uncontrol l ed em ssion factor for these secondary chl orof orm eni ssi ons
was cal cul ated using a chloroformcontent of 300 parts per mllion
reported for total wastewater discharges averaging 68 liters per
m nute, 2 the conservative assunption that 100 percent of the chloroform

will be volatilized during on-site wastewater treatnent, and the

hypot heti cal plant chl orof orm production of 50,000 My/yr:

Em ssions = 68 ¢ water x 1 kg X 300 kg CHCl ;; x 5.26 x 10° nmin
m n 0 wat er 10% kg wat er yr

= 10,700 kg/yr

Em ssion factor = 10,700 kg/yr
50, 000 My/ yr

= 0.21 kg/ My

HANDLI NG EM SSI ONS

The fol |l owi ng equati on from Reference 6% was used to devel op an
uncontrol |l ed em ssion factor for |oading of product chloroform
Subrerged | oading of chloroformwith a bulk liquid tenperature of 20°C
into clean tank cars, trucks, and barges was assuned.

A-13



SPM

L. = 12.46 T
. = Loading loss, Ib/10% gal of liquid |oaded

—

M = Ml ecular weight of vapors, |Ib/lIb-nmole = 119

P = True vapor pressure of liquid | oading, psia = 3.09

T = Bul k tenperature of liquid |oaded (°R) = 528 (20°C)

S = A saturation factor = 0.5 for subnmerged file of clean tank
trucks, tank cars, and barges.

L, = 12.46 (0.5)(3.09)(119) =4.34 _ |Ib _

528 103 gal

Loading loss in I b/10% gal was converted to an enmission factor in terns
of kg/ My (equivalent to Ib/10% I b) by dividing by the density of
chloroform (1.49 g/m = 12.4 | b/gal):

Em ssi on factor 4.34 | b/ 103 gal

12. 4 1 b/ gal

0.35 kg/ My
PROCESS FUG TI VE EM SSI ONS

Fugiti ve em ssions of chloroformand other volatile organics
result fromleaks in process valves, punps, conpressors, and pressure
relief valves. For both the methanol hydrochlorination and net hane
chl orination processes, the chloroformenission rates fromthese
sources were based on process flow di agrans, process operation data,
and fugitive source inventories for hypothetical plantsi2 and EPA
em ssion factors for process fugitive sources.?

The first step in estimating fugitive em ssions of chl oroform was
to list the process streanms in the hypothetical plant. Their phases
were then identified fromthe process flow diagram and their
conpositions estimted. For a reactor product stream the conposition
was estimated based on reaction conpletion data for the reactor and on
the plant product slate. For a streamfroma distillation colum or
ot her separator, the conposition was estimted based on the
conposition of the input streamto the unit, the unit description, and
the general description of streamof interest (ie. overheads, bottons,

or sidedraw).
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After the process streans were characterized, the number of
val ves per stream were estimted by dividing the total numnber of
val ves at the plant equally anong the process streanms. Simlarly,
punmps were apportioned equally anong |iquid process streans, and
relief valves were apportioned equally anong all reactors, columms,
and ot her separators. The | ocations of any conpressors were
determ ned fromthe process flow di agram

Em ssions were then cal cul ated for punps, conpressors, valves in
liquid and gas line service, and relief valves. Emssions from
fl anges and drains are mnor in conparison with these sources and
were, therefore neglected. Fugitive em ssions froma particular source
were assunmed to have the sane conposition as the process fluid to
whi ch the source is exposed. For valves in liquid service, for
i nstance, chl oroform em ssions were determ ned by taking the product
of: (1) the total nunber of liquid valves in chloroformservice; (2)
the average chl orof orm content of the streans passing through these
val ves; and (3) the average fugitive em ssion rate per valve per unit
time as measured by EPA. Emi ssions fromvalves in gas service, punps,
and conpressors were calculated in the same manner. For relief
val ves, fugitive em ssions were assuned to have the conposition of the
overhead streamfromthe reactor or columm served by the relief valve.
Em ssions fromthe various fugitive source types were sunmed to obtain
total process fugitive em ssions of chloroform

Because em ssions from process fugitive sources do not depend on
their size, but only on their nunber, total process fugitive em ssions
are not dependent on plant capacity. Thus, the overall enissions are
expressed in terns of kilogranms per hour of operation.

Met hanol Hydrochl ori nati on/ Methyl Chloride Chlorination
Hypot hetical Plant Fugitive Source |nventory?!--

725 process val ves
15 punps (not including spares)
2 conpressors

25 safety relief valves
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Process Line Conposition--

O the total 31 process lines, eight are in chloroformservice,
fromthe nethyl chloride chlorination reactor to chl orof orm storage
(see Figure A-1).! Conpositions were estimted as foll ows:

Conposi tion
St r eam nunber Phase CH,Ql ,, CHA 4 cad, O her
17 Gas 29 14 1.4 55
18 Li quid 29 14 1.4 55
20 Li quid 64 33 3
24 Li quid 91 9
25 Li quid 91 9
26 Gas 100
27 Li quid 100
28 Li quid 100

Val ves- -

725 valves = 23 val ves per process |ine
31 lines

Assumi ng 23 valves in each of the above lines, and averaging the
chloroform contents for gas and liquid lines, total plant valve
em ssions were estimated as foll ows:

Conponent Avg
em ssion factor Val ves conposition Em ssions
(kg/ hr-valve)” CHC ; service (% CHA ) (kg/ hr)
Li quid val ves 0.0071 138 71.5 0.70
Gas val ves 0. 0056 46 57.0 0.14
0. 84
Punps- -
15 punps

I5 Tiquid 'tnes ~ 1 punp per liquid process line

For one punp in each of the six liquid lines in chloroform
service, an em ssion factor of 0.05 kg/hr/punp,Z and average chl orof orm
concentration of 71.5 percent, punp em ssions fromthe hypothetica
pl ant were estinmated at:

1 punps/line x 6 lines x 0.05 kg/hr x 0.715 = 0.21 kg/ hr
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Conpr essor s- -
There are no conpressors in chloroformservice.
Rel i ef Val ves- -

25 relief valves ~ 3 relief valves per reactor or colum
8 col umms

The nethyl chloride reactor and chl orof orm col um heads wil|
contain chloroformat the concentrations estimated for streans 17 and
27, respectively. Wth an em ssion factor of 0.104 kg/hr/valve,’
hypot heti cal plant enissions were estimated as fol | ows:

Nunber of Em ssi on factor Conposi tion Em ssi ons
relief valves (kg/ hr)’ (% CHO =) (kg/ hr)
CH;,Cl reactor 3 0.104 14 0. 044
CHC ; col um 3 0. 104 100 0.312
0. 356

Total Process Fugitive Em ssions--
Total process fugitive em ssions for nethano
hydrochl ori nati on/ methyl chloride chlorination hypothetical plant:

Val ves-1iquid 0.70
- gas 0.14
Punps 0.21
Conpr essors -
Rel i ef val ves 0. 36
Tot al 1.41 kg/ hr
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Overall efficiencies were calculated for three control options.
The first, quarterly I/Mfor punps and val ves has an overal
efficiency for chloroform em ssions from nethano
hydrochl ori nati on/ methyl chloride chlorination of about 49 percent.
Monthly 1/M for punps and val ves has an overall efficiency of about 67
percent; and the use of double mechani cal seals, application of
rupture disks to relief valves, and nonthly I/Mfor other val ves has
an overall efficiency of about 77 percent.
Met hane Chl orination

Hypot hetical plant fugitive source inventory ? --

1,930 process val ves
40 punps (not includi ng spares)
1 conpressor

70 safety relief valves

Process Line Conposition--
O the total 50 process lines, about 17 are in chloroform

service, fromthe chlorination reactor to chloroform storage (Figure
A-2).2 Conpositions were estimted as foll ows:

Conposi tion
St r eam nunber Phase CH,Cd2 CHO,; Cd, CH, HA cHd
4 Gas 28 16 6 3 33 12
5,8 Li quid 56 31 13
11 Li quid 45 25 10 20
10, 14, 16 Li quid 56 31 13
37,38,39,40,41 Liquid 56 31 13
44 Li quid 70 30
46 Gas 100
47, 48, 48a Li quid 100
Val ves- -
1930 valves ~ 35 valves per process line
55 I'ines

Assumi ng 35 valves in each of the above |lines and averagi ng the
chloroform contents for gas and liquid lines, total plant valve
em ssions were estimated as foll ows:
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Conponent Val ves in

Em ssi on factor CHC , Avg. conposition Em ssi ons
(kg/ hr-val ve)’ service (% CHA ) (kg/ hr)
Liquid val ves 0.0071 526 47 1.75
Gas val ves 0. 0056 70 58 0.23
1.98
Punps- -
40 punps ~ 1 punp per liquid process line

35 liquid lines

Assumi ng an average of one punp for each of the 15 |liquid process
lines in chloroformservice, an em ssion factor of 0.05 kg/hr-punp and
aver age chl orof orm conposition of 47 percent, punp enissions fromthe

nmodel plant were estimated as fol | ows:

1 punps/line x 15 lines x 0.05 kg/hr x 0.47 = 0.35 kg/ hr
Conpr essor s- -
There are no conpressors in chloroformservice.
Rel i ef Val ves- -

70 relief valves
~ 5 relief valves per columm or reactor

14 col ums

A nunber of columm and reactor overhead streans contain
chloroform as shown below. Wth a relief valve em ssion factor of
0.104 kg/ hr,Z hypothetical plant em ssions were estimted as foll ows:

Nunber of Em ssi on factor Conposi tion Em ssi ons

Stream relief valves (kg/ hr) (% CH d ) (kg/ hr)
4 5 0.104 16 0. 08
39 5 0.104 31 0.16
46 5 0.104 100 0.52
0.77

Total Process Fugitive Em ssion Rate--
Total process fugitive em ssions for methane chlorination

hypot heti cal plant:
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Valves - liquid 1.75

- gas 0.23
Punps 0. 35
Rel i ef wvalves 0.76
Tot al 3.09 kg/ hr

Control s which can be used to reduce fugitive en ssions include
the use of rupture disks on relief valves, the use of punps with
doubl e nmechani cal seals, and inspection and mai nt enance of punps and
valves. The efficiencies of these controls for individual conponents
are described in the previous section on fugitive em ssions from
met hanol hydrochl orination/ methyl chloride chlorination.

Quarterly I/Mfor punps and val ves has an overall efficiency for
chl orof orm em ssions from net hane chl ori nati on of about 49 percent.
Monthly I/M for punps and val ves has an overall efficiency of about 64
percent; and the use of double mechani cal seals, application of
rupture disks to relief valves, and nonthly I/Mfor other val ves has
an overall efficiency of about 76 percent.
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