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RESEARCH REPORTING SERIES

Research reports of the Office of Research and Development, U.S. Environmental
Protection Agency, have been grouped into five series. These five broad
categories were established to facilitate further development and application of
environmental technology. Elimination of traditional grouping was consciously
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1. Environmental Health Effects Research
2. Environmental Protection Technology

3. Ecological Research

4. Enavironmental Monitoring .

5. Socioeconomic Environmental Studies

This report has been assigned to the ENVIRONMENTAL PROTECTION
TECHNOLOGY series. This series describes research performed to develop and
demonstrate instrumentation, equipment, and methodology to repair or prevent
environmental degradation from point and non-point sources of pollution. This
work provides the new or improved technology required for the control and
treatment of pollution sources to meet environmental quality standards.

EPA REVIEW NOTICE

This report has been reviewed by the U.S. Environmental
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does not signify that the contents necessarily reflect the
views and policy of the Agency, nor does mention of trade
names or commercial products constitute endorsement or
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This document is available to the public through the National Technical informa-
tion Service, Springfieid, Virginia 22161.
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PREFACE

The Industrial Environmental Research Laboratory (IERL) of
EPA has the responsibility for insuring that pollution con-
trol technology is available for stationary sources to meet
the requirements of the Clean Air Act, the Water Act and the
Solid Waste legislation. 1If control technology is unavail-
able, inadequate, uneconomical or socially unacceptable,
then financial support is provided for the development of
the needed control techniques for industrial and extractive
process industries. Approaches considered include: process
modifications, feedstock modifications, add-on control
devices, and complete process substitution. The scale of
the control technology programs ranges from bench to full

scale demonstration plants.

The Chemical Processes Branch of the Industrial Processes
Division of IERL has the responsibility for investing tax
dollars in programs to develop control technology for a

large number (>500) of operations in the chemical industries.
As in any technical program, the first question to answer

is, "Where are the unsolved problems?" This is a determina-
tion which should not be made on superficial information;
consequently, each of the industries is being evaluated in
detail to determine if there 1s, in EPA's judgment, suffi-
clent environmental risk associated with the process to
invest in the development of control technology. This report
contains the data necessary to make that decision for the

air emissions from solvent evaporation-degreasing.

iii



Monsanto Research Corporation has contracted with EPA to
investigate the environmental impact of various industries
which represent sources of pollution in accordance with EPA's
responsibility as outlined above. Dr. Robert C. Binning
serves as Program Manager in this overall program entitled,
"gource Assessment," which includes the investigation of
sources in each of four categories: combustion, organic

materials, inorganic materials and open sources.

This study was initiated by IERL-RTP in November 1974 with

Mr. Kenneth Baker of =he Industrial Processes Division serving
as EPA Project Leader. Project responsibility was transferred
to IERL-Cincinnati in October 1975 and Mr. George S.

Thompson, Jr. of the Industrial Pollution Control Division

served as LEPA Project Leader until the study was completed.
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SECTION I

INTRODUCTION

The removal of grease, wax, soil and other undesirable
matter from various items ranging from metals to textiles,
is a widespread practice in many industries, from gas
stations to automotive production plants. The emissions
from the organic solvents used in these degreasing processes
can be a major source of air pollution. The objective of
this study is to examine the environmental impact of
degreasing operations and present this information in a
source assessment document for use by the EPA in determining

the need for control technology development.

This document was prepared by investigating the literature
concerning degreasing operations and analyzing the informa-
tion gathered. It describes: (1) degreasing processes

and solvents, (2) types of degreasers and fabric scourers,
(3) the source sites, (4) emissions characteristics,

(5) the effects on air quality, (6) current state of the
art and future plans for control technology, and (7) the

outlook for the growth of degreasing operations.

Where data were lacking on the nature of the severity of

emissions, simulated data were used and estimates made to

evaluate the environmental impact.



SECTION II

SUMMARY

Solvent degreasing is a physical method of removing grease,
wax, soil, or other undesirable matter from various metal,
glass, plastic, or textile items with an organic solvent. It
is estimated that 311,200 plants perform degreasing operations
such as vapor degreasing, cold cleaning, and/or fabric

scouring. The following solvents are discussed in this report:

butanol methyl ethyl ketone

acetone mineral spirits

hexane carbon tetrachloride

toluene methylene chloride

Xylene perchloroethylene

benzene trichloroethylene

ethers 1,1,1-trichloroethane
cyclohexane naphthas (petroleum distillates,
fluorocarbons Stoddard solvents)

It is estimated that the total emissions from the above 17
solvents equal 943,160 metric tons/yra (1.04 x 10° tons/vyr)
and account for ~4% of the total U.S. hydrocarbon emissions.

One of the 17 solvents is considered carcinogenic, namely

1 metric ton = 10°% grams = 2205 pounds = 1.1 short tons;
(short tons are designated "tons" in this document); other

conversion factors and metric system prefixes are presented
in Section IX.



trichloroethylene of which 1.72 x 10° metric tons/yr
(1.89 x 105 tons/yr) is emitted from an estimateqd 5,200 plants.

A representative source was defined for each solvent type
listed above to permit evaluation of the individual hazard
potentials. The factors considered (summarized in Table 1)
were: (1) the number of plants using each solvent; (2) the
mean source severity, S, based on the time—averaged ground
level concentration, Yﬁax’

ambient air quality standard (AAQS) or a "corrected" threshold
limit value (TLV® X 8/24 x 1/100) depending on the type and

composition of the pollutant, these quantities for which are
X

and on F which is the pPrimary

max
F
solvent and their contribution to the total hydrocarbon

related in the form s = ;i (3) the mass emissions of each

emissions in the United States; and (4) the affected population

sentative source Site.

The representative source in each case considered the average
plant size, average stack height, population density, fre-
dquency of operation, and mean emission rate corresponding to
the consumption. The population density, 109 persons/km?

(273 persons/mi?) was the average density of the states which
together consumed >50% of the solvent.

3% to 5% per year. However, since degreasing is closely

connected to basic economy related industries, production
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SECTION III

SOURCE DESCRIPTION
A. SOURCE DEFINITION

The Solvent Evaporaticn - Degreasing Operations source includes
hydrocarbon (organic materials) emissions from industrial
degreasing operations, auto repair shops, auto service shops,
garages, auto dealers, gasoline stations, maintenance shops,
and textile plant operations. FEmissions considered include
halogenated hydrocarbons, acetone, alcohols, ethers, methyl-
ethyl ketone, naphthas (petrocleum distillates, Stoddard

solvents), and toluene.
B. PROCESS DESCRIPTION

Solvent degreasing is a physical method of removing grease,
wax, or soil from metal, glass, plastic surfaces or fabric by
contacting the material to be removed with an organic sol-
vent. Five major types of sources use solvent degreasing in
their operations. These are listed in Table 2! together

with the estimated number of plants of each type.

lStatistical Abstract of the United States: 1973 (94th

Edition). Washington, U.S. Bureau of the Census, 1973.
1014 p.



Table 2. SOLVENT DEGREASING SOURCE TYPES'

Source

s1c?

major group

Number of plants

Industrial degreasing
Metal furniture
Primary metals
Fabricated products
Nonelectric machinery
Electric equipment
Transportation eguipment
Instruments and clocks
Miscellaneous

SUBTOTAL

Automotive

Auto repair, auto service,
garages

Automotive dealers
SUBTOTAL

Gasoline stations
Maintenance shops
Textile plants (fabric

scouring)

TOTAL

25
33
34
35
36
37
38
39

22

10,008
6,837
27,418
37,982
10,706
7,483
4,453
14,489

119,376
125,229
93,885

219,114

206,755

305,680

7,080

858,005

aStandard industrial classification of the Office of

Management and Budget.



The solvents used in degreasing operations are listed below:

Butanol Methyl ethyl ketone

Acetone Mineral spirits

Hexane Carbon tetrachloride

Toluene Methylene chloride

Xylene Perchloroethylene

Benzene Trichloroethylene

Ethers 1,1,1-Trichloroethane
Cyclohexane Naphthas (petroleum distillates,
Fluorocarbons Stoddard solvents)

Further classification of the source is difficult since, as
an integral part of the manufacturing or service process,
emission frequency and composition depend upon the overall
operation. Size of Operation ranges from single proprietor
garages and self-service cleaners +o large industrial
operétions (an emission range from kilograms to metric tons

solvent emitted per vear).

Auto repair and service shops, garages, automotive dealers,
gasoline stations, and maintenance shops are not manufacturi
plants but establishments of the retail and wholesale trades
and service industries. Therefore, Table 3 lists SIC defini
tions only for major industrial groups that perform degreasi
Ooperations and for textile plants.?

of

ng

ng

“Standard Industrial Classification Manual, 1972. Washington,

U.S. Government Printing Office (Stock No. 4101-0066), 1972
649 p.
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Degreasing operations are classified into two categories,

degreasing and fabric scouring (see Figure 1).

1. Degreasers

Degreasers are used to clean all of the common industrial metals,
including: malleable, ductile, and gray cast iron; carbon

and alloy steel; stainless steel; copper; brass; bronze; zinc;:
aluminum; magnesium; tin; lead; nickel; and titanium. Glass

is also cleaned by degreasing as are plastics which are not
affected by the solvent. 3

Degreasing operating conditions vary with the application

and depend largely upon the delicacy of the item being
cleaned. Degreasing is performed at atmospheric pressure and
at temperatures ranging from 10°C to 120°C (vapor degreasers
operate at temperatures greater than 40°C). Where useful,

mechanical agitation is used to remove soils.

The degreasing process is adaptable to items of a wide range of
sizes and shapes, from transistor components to aircraft sections.

The process is also used to clean metal strip and wire at

speeds up to 45 m to 60 m per min. 3

A flow diagram for degreasers is shown in Figure 2. The work
to be cleaned is conveved either manually or automatically
(stream 1) into the degreaser. After degreasing is com-
pleted, the part is withdrawn and conveyed to the next step
in the manufacturing process (stream 2). Solvent is heated
in the degreaser by either steam, gas, or electricity

(stream 3) depending upon availability. Solvent leaves the

3Handbook of Vapor Degreasing. Philadelphia, American Society

for Testing and Materials (ASTM Special Technical Publication
No. 310), 1962. 33 p.

10



(Iv¥INI9) $S304d 31HLX3L
INIWLYIHL HIAVHLINW
ONIINOJS TO0M

S3dAL

umopyeaiq suotjerado butsesibaq

INTTAX
SNOgY¥YI0d0N14
INIZNI4G
INVXIHOTIAD
SLIYIdS WWHINIW
ININI0L

SYHIHdYN

INYX3H

TONVING

SY3H1A

INOLIN TAHLT TAHLIW
EINOTEM)

30 140THOVYLIL NOGYVD
JATIOTHI INTTAHLIW

NO|Ld¥0S QY NOgyY9 INTTAHIIONOTHOYId
INILYAT0SIA WNNOVA  INVHIICHOTHORIL-T'T'L
_ INTTAHLIONOTHI 141
INIWAIND3 |
AYITIXNY S INIAT0S

| ||

1 @anbtg

9NINYITD INIAT0S G100

d0dYA

AvYddS-40dYA

HOdYA-AVEdS-YOdVA

JOdVYA-aiNdI

AY3IN0I3Y INIATOS NOISHIWW! YIGWVYHI-OML
431108 WIALSNANT  NOISYIWWI 439WVYHI-I1dILINW
NOILd¥GSAY NOBdYI JINOSYYLIN

IN3Wd IND3
AdVITEXNY S3dAL

_

SYIYN0IS D14av4

SY3ISVY3IH9IQ

1

ONISYRIOAA

11



sweibetp MOT3 aoseoabad

WILSAS NOILdYOSAY NOGYVI

{(1114aNYT B9y
3ISYM 0L 390018

*Z 2anbtga

WILSAS AY3IA0OFY INIATOS

39V401S O]
IN3A0S Ol 4IA¥0 19V401S
} INIAT0S
Wwals /7 f— @® ®
HOLVHVAIS AN 0
HOLVEY4IS
TS SENR
INIWLYINL : . AYIN0IY
sonoal | 2R | o o3 ININ0S INIWIY 3L
1SYM 01 YILVM
NOSUY D NOSAVD JISVH 01
¥ISNIAANOD
¥1v 0L HIv oL
¥ISY 910
® CISoSoT ®
uo@ohm @ dILVIH
INIA0S ¥ISYIH910

®

@ 1\@ H b ®
©

JOOH ISAVYHX]

431108 WHILISNANI

~— @0

110 13N ¥0
S¥9 V0D

12



degreaser either by diffusion into the atmosphere (steam 4)
or by entrainment with the work, so-called "dragout”

(stream 5). Diffused solvent (stream 4) may be collected by
an exhaust hood and vented to either the atmosphere or a
carbon adsorption system (stream 6). Solvent loss is compen-
sated for by the periodic addition of solvent (stream 7) from
storage tanks or drums. Finally, "dirty" solvent, which is
solvent contaminated with grease or oil, is removed from the
system as necessary and sent to the solvent recovery system
(stream 8). The distillate is condensed, sent through a
water separator, and finally placed in solvent storage
(stream 9). The boiler, which may be fired with coal, gas,

or fuel oil (stream 10), provides steam if it is required.

a. Types - The eight basic types of degreaser units3~7 are

discussed individually below.

(1) Vapor degreaser - The simplest degreaser is the vapor

degreaser (Figure 3).% The unit is comprised of a body con-
taining a sump that holds the solvent and a heater that

boils the solvent to generate solvent vapors. Vapor level

4Kearney, T. J. OSHA and EPA as They Apply to Solvent Vapor
Degreasing. Detrex Chemical Industries, Inc. Detroit.
September 1974. 16 p.

SKearney, T. J., and C. E. Kircher. How to Get the Most from
Solvent-Vapor Degreasing, Part I. Metal Progress 77:87-92,
April 1960.

6Kearney, T. J. and C. E. Kircher. How to Get the Most from
Solvent-Vapor Degreasing, Part II. Metal Progress.
11:93—96, 162, 164, May 1G60.

7Heinz, D. Study to Support Standards of Performance for
Organic Solvent Metal Cleaning Operations, Survey of Emis-
sion Sources. Dow Chemical. Midland. Environmental
Protection Agency, Contract No. 68-02-1329. 87 p.

AToday's Concepts of Solvent Degreasing. Detroit, Detrex
Chemical Industries, Inc., 22 p.
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is maintained by a water jacket which encircles the machine.
The body of the degreaser extends above the water jacket to
minimize the escape of solvent vapors. The height of this
"freeboard" is equal to one-half the tank width, or at

least 0.91 m, whichever is shorter.3~°

FREE- T =
BOARD VAPOR LEVEL WATER JACKET
f E“*—“'W-—-L ; -W,ﬂj]/

< N

‘\\\
CONDENSATE
COLLECTING

VAPOR ZONE TROUGH

4 o]

EL - =

re

HEA{ER VAPOR GENERATING;

SUMP

Figure 3. Basic vapor degreaser?

Vapor degreasers are satisfactory for removing oils and
greases that are completely or almost completely soluble in
the degreasing solvent. Work to be cleaned is immersed in
the vapor zone. The cleaning results from the condensation
of the solvent vapor on the exposed surfaces of the part.
The condensed solvent dissolves the grease or oil and
carries it to the sump. This action continues until the
part is heated to the vapor temperature. The amount of

condensation depends upon the mass of the part, its amount

14



thickness, and its specific heat. For example, aluminum
will condense twice as much solvent vapor as the same weight
of steel.3r5¢%

(2) Vapor-distillate spray machine - Vapor-distillate spray

machines combine the basic vapor degreaser with a spray
system (Figure 4). The work is suspended in the vapor zone
for degreasing. While still in the vapor zone, parts are
flushed with a clean distillate spray which also cools the

work surface so further condensation can take place.?s%,°

AUXILIARY
e = CONDENSER
FREE- SPRAY r“- COIL

BOARD | LANCE \ . L
-L—EJ N IR | ‘“E}
/N vapor LEvEL” / /dr%?
WATER

CONDENSATE || ||
JACKETH vAPOR  CoLLECTING [ﬂw WATER
ZONE PAN SEPARATOR
\
Hi DISTILLATE
= — £ SUMP
/ [
HEATER VAPOR SPRAY PUMP
GENERATING SUMP
Figure 4. Vapor-distillate spray machine?®

9Payne, H. F. Organic Coating Technology, Volume II.
New York, John Wiley and Sons, Inc., 1961. p. 1019-1020.
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As shown in Figure 4, condensed solvent is collected in a
Separate sump to one side of the work zone where it cannot

be contaminateg by so0il from parts. Distillate flows into

for removal of extraneous water. (Water enters the system
from the atmosphere and with the work.) a1l solvent sSpraying
takes place in the vapor zone.3:5,9

Vapor-distillate Spraying removes soils which are partially
insoluble in the solvent (e.gqg., polishing, buffing, and
honing compounds). The mechanical action of the spray helps
dislodge and remove the insoluble portion. The spray also
helps remove the deposits of soluble materials, assists in
cleaning the interior of parts that have cavities containing

trapped air, and flushes out passageways. S

(3) Vapor-spray-vapor degreaser - The Vapor-spray-vapor

cycle (Figure 5) is similar to the vapor-distillate spray
cycle. In the Vapor-spray-vapor cycle, work is passed
through the Vapors and into the Spray zone before the soluble
portion of the gross soil, such as the carrier in a lapping
compound, is completely removed. The solvent Spray then
dislodges the heavy soil ang Cools the parts enough for a
final vapor rinse.S5

(4) Liquid—vapor degreaser - A liquid—vapor degreaser
(Figure 6) consists of two chambers., The first chamber con-

tains boiling solvent which denerates vapors. The second

operating sump. S

16
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~

CONDENSATE
COLLECTING
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SOLVENT
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TANK

VAPOR GENERATING
SUMP SOLVENT SPRAY PUMP

Figure 5. Vapor—spray—vapor degreasing unit?

AUXILIARY CONDENSER CoIL
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FREE- CONDENSATE
BOARD VAPOR LEVEL TROUGH
L~ A
} ’ \\\
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i
VAPOR{ZONE/ LEVEL WATER JACKET

LIQUID IMMERSION }

. e

HEATER

P CHAMBER \
000 P
°°°g} = —
VAPOR HEATER FOR MAINTAINING

GENERATING SUMP BATH TEMPERATURE

Figure 6. Liquid-—vapor—degreaser8
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Parts to be cleaned are lowered through the vapors into the
inversion chamber where they are washed by the warm solvent.
The parts are then withdrawn and held in the vapor to permit
complete drainage and to undergo a vapor rinse. The sclvent
bath temperature is maintained below the solvent boiling
point so that enough condensation will occur as the part
moves through the vapor zone to effect a vapor rinse.> The
vertical speed through the vapor zone should not exceed

3.4 m/min to maintain the air-vapor interface. Excessive

speed causes solvent loss.

(5) Two-chamber immersion degreaser - Two-chamber immersion

degreasers (Figure 7) are similar to ligquid-vapor degreasers
in that they consist of a boiling sump and a warm solvent
bath. In the two-chamber immersion degreaser, however,
cleaning is accomplished by immersing the parts in boiling
solvent where the mechanical scrubbing action of the agitated
liquid removes insolubles, heavy oils, and greases. From
here the part is transferred to a rinse compartment, where
the warm solvent rinses the part and also lowers the tempera-

ture of the work to permit a final vapor rinse.?®

(6) Multiple immersion degreaser - The multiple immersion

degreaser (Figure 8) is a two-chamber immersion degreaser
with a third chamber added. The additional chamber contains
solvent vapor that provides a final vapor rinse. This type

of degreaser allows straight line production capability.”®

(7) Ultrasonic degreaser - Ultrasonic degreasing combines

a precleaning cycle, such as vapor-spray-vapor or immersion
cleaning, with a subsequent treatment by immersion in an

ultrasonically agitated liquid bath of the degreasing solvent

18
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Figure 7. Two-chamber immersion degreaser?®
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Figure 8. Multiple immersion degreaser?®
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(Figure 9) .10 Transducers, which convert electrical energy
to mechanical energy, are placed in the bath either at the
bottom or on the sides to supply the power for agitation.
Filtration down to 2 um, 5 pym, or 10 um, depending upon the
type of soil, is provided. The frequency and intensity of
the ultrasonic energy are selected on the basis of tests.
An example is the removal of residual oil from roller bearing
cones. The cones were ultrasonically cleaned in trichloro-
ethylene at 60°C with the immersed transducers operating at
a frequency of 400 kHz (400 kilocycles). The average power
intensity at the transducer was 2.5 x 10" w/m2.S

(8) Cold solvent cleaning - When solvents are used at room

temperature rather than in a vapor state, the process is
usually called cold cleaning. These Processes include
wiping the area to be cleaned, spraying, or dipping in a

tank of solvent.? It ig estimated that 74% of plants using

ey

solvents use some cold solvent cleaning, whilgméé%wgi_ﬁhe

tétq}hglgpt§_g§e gglgvgg;vent cleaning only. The percentage

e e P U,

of plants using cold cleaning varies inversely with the size
of the plant. Of the plants using solvents 76% do not use
Vapor recovery or control systems. ’ Refrigeration Systems
are used 8% of the time.

b. Auxiliary Equipment - In addition to the degreaser
unit, auxiliary equipment of the types described below may
be associated with each degreasing process.

(1) Solvent recovery system - As parts are degreased, the

degreasing solvent becomes contaminated. ng~gogtaminated

solvent is purified when the contamiqént level approaches

30%. This level is determined by changes in physical properties

'9Bransons FD & UD Series Ultransonic Vapor Degreasers.
Stamford, Branson Cleaning Equipment Co., April 1974. 6 p.
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such as the solvent boiling point (Table 4). The solvent is

purified in one of two types of solvent recovery systems.!!

One type of recovery system utilizes the degreaser itself as

a solvent still (Figure 2). The condensate is collected in
the condensate collecting trough and sent first to a water
separator and then to reclaimed solvent storage. The
contaminants are thus concentrated in the bottom of the
degreaser, and they are cleaned out manually. There are two
disadvantages to this system. First, production time is

lost, since the degreaser must be off-line during the process.
Second, this method of concentrating contaminants in the
degreaser is not very efficient. As much as 50% of the

sludge removed is solvent.3s11

Another type of solvent recovery system {(Figure 2) contains
a batch-type distillation column. This column may be fed
directly from one degreaser or may be located to serve
multiple degreasers. The contaminated solvent (stream 8) is
placed in the bottom of the still where it is heated with
Steam to evaporate the solvent, leaving the contaminants in
the bottom. The distillate is condensed, sent through a
water separator, and finally placed in solvent storage
(stream 9). Using a separate column for solvent recoverv is
more efficient than using the degreaser itself as a still,
since only 10% of the sludge from the column is solvent.
Furthermore, most solvents can be stripped from the sludge
using steam injection to reduce the solvent level in the

sludge to less than 173%.3,11

'1Vapor Degreasers. Clark, New Jersey, Branson Equipment
Company. 11 p.
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Table 4.

SOLVENTS!!

BOILING POINTS OF CLEAN AND CONTAMINATED

Boiling point, °C
30%
Solvent Clean contaminated

Trichlorcethylene 87.2 90.5
Perchloroethylene 121.1 126.7
1,1,1-Trichloroethane 74.1 85.0
Methylene chloride 40.0 48.9
Carbon tetrachloride 76.8

Acetone 56.5

Butanol 117.2

Ethers 35.0

Methyl ethyl ketone 80.0

Naphthas (petroleum distillates, { 150 - 200

Stoddard solwvents)

Fluorocarbons 0 - 50

Hexane 68.9

Toluene 111.1

Mineral spirits 40 - 30

Xylene 143.9

Cyclohexane 80.0

Benzene 30.1

23



(2) Carbon adsorption system - Degreasers can be fitted

with carbon adsorption beds to collect and recycle escaped
solvent vapors (Figure 2, stream 6). Carbon adsorption

systems are discussed in general in Section V.A.2.

(3) 1Industrial boiler - An industrial boiler (Figure 2)

provides steam for degreasing processes that require it
(e.g., processes with steam-heated degreasers Or solvent
stills). The boiler may be fired with coal, gas, or fuel
0il (stream 10). The environmental impact of industrial
boilers is being assessed in other contract studies and

will not be discussed further in this report.

. . . a
2. Fabric Scouring

As shown in Figure 1, degreasing operations are accomplished
using degreasers as described above and using fabric scouring.
Fabric scouring is used to remove wWaxes, pectins, soil,
lubricants, warp sizing, and other foreign substances
remaining on the fibers oOr picked up in the fabrication of a
fabric. Fabrics are scoured with detergents and water, with
organic solvents, by kier boiling, or by enzyme treatment.!®
This report discusses only the organic solvent method of fab-

ric scouring.

a. Types - Fabric scouring processes involving organic sol-

vents include textile scouring, wool scouring, and multilayer

treatment.
a . . . . .
As used in this report, "scouring" is synonymous with
"cleaning." In some literature sources, "scouring" means

specifically "cleaning with detergent and water."

12g¢tout, E. E. Introduction to Textiles. New York,
John Wiley and Sons, Inc., 1960. bp. 283-284.
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(1) Textile Scouring process - Figure 10 is a typical

flowsheet for 3 textile process. Scouring is accomplished
pPrior to the dyeing step. Figure 11 depicts a scouring
machine used for fabric scouring. The fabric is fed into

the Scouring section vig the inlet conveyor. It then moves
through the scouring section where it is Sprayed with solvent.
The fabric is Supported and tensionless as it is scoured.
Still tensionless, it is fed onto the dryer conveyors,
traveling from bottom to top. The fabric is then cooled as
it leaves the machine. It may be folded, rolled, or fed

into the next machine after being scouredq,l13,1u

a solvent holding tank. Solvent vapors collect at the
bottom of the dryer, since this is the coolest point, and
are condensed by the solvent condensers. The condensed
solvent is then Sent either to the solvent holding tank or

directly to the solvent Tecovery system. 13,14

(2) Wool scouring - In this bProcess, wool ig treated with a

dry cleaning agent such as trichloroethylene Or perchloro-
ethylene. The used cleaning agent is then Separated from

the wool with 3 mixture of water and alcohol. The cleaning
agent containing wool grease is separated from the water and
alcohol mixture and recovered in a low pressure, low temperature

distillation plant. See Figure 12.15

13Mathews, J. C., et al. Screening Study on the Justification
of Developing New Source Performance Standards for Various
Textile Processing Operations. Research Triangle Park,
North Carolina. Environmental Protection Agency, EPA
Contract No. 68-02-0607-11. August 1974. 106 jo 3

l4solvent Scouring. Springfield, Riggs and Lombard, Inc.
(Circular No. 721122), September 1973. 4 P.

'Ssaville, N. Method of Scouring wool. U.S. Patent 3,619,116
(to Thomas Burley & Sons Limited, England), November 9, 1971.
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Figure 12. Wool scouring process!S

(3) Multilayer treatment - This is a process whereby textiles

are put through solvent scouring in several layers to increase
throughput. The organic solvent bath penetrates these

layers, removing both the grease and the adhering solvent.
Solvents normally used are trichloroethylene, perchloroethylene,
l,l,2—trichloro—l,2,2—trifluoroethane, or mixtures of these.
This process is essentially the same as that already

discussed for textiles except that the material is put through

in multilayer form.!®

'case, J. W., N. F. Crowder, and W. A. S. White. Treatment
of Textiles. U.S. Patent 3,458,273 (to Imperial Chemical
Industries Ltd., England), July 29, 1969.
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b. Auxiliary Equipment -

(1) Vacuum desolvating process - This process involves

pPassing a textile or other similar weblike material that is
holding solvent through a vacuum chamber to remove the sol-
vent. The time, vacuum, and temperature can be varied as

required. Figure 13!7 shows the apparatus for this process.

TEXTILE MATERIAL
SOLVENT MEDIA
] RUBBER SEALING ROLLERS

- INLET OPENING
4
i

B
D] cramser
1 2w RiciD STRUCTURE
b

f
™\
{

ROLLERS

N

HEAT CONTROLS

N

VACUUM SEAL

COOLING COILS

OUTLET »CONDUIT
OPENING ~

L CONDUIT j
VACUUM PUMP J
J TANK

Figure 13. vVacuum process for the removal of moisture and
solvents from textilegl?

17Wedler, F. C. Process for Removal of Moisture and/or
Solvents from Textile Materials. U.S. Patent 3,630,660
(to Burlington Industries), December 28, 1971.
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(2) Carbon adsorption system - This system is basically the

same as that described in Section V.A.?2.
3. Solvents

Ten characteristics are required of solvent used in degreasing

processes. 3 They must:

* Have high solvent power for the removal of oils, greases,
and other contaminants

* Be nonflammable and nonexplosive under normal operating
conditions

* Have a low latent heat of vaporization and a low specific
heat so that a maximum amount of solvent will condense
on a given weight of metal and keep heat requirements to
a minimum

* Have a high vapor density by comparison with air and a
low rate of diffusion into the air so that solvent losses
are minimized

* Retain chemical stability under conditions of use

* Be noncorrosive to common materials of construction

* Have a boiling point low enough to permit the solvent to
be easily separated from oil, grease, and other contam-
inants by simple distillation

* Have a boiling point high enough so that sufficient
solvent vapors will be condensed on the work to insure
adequate cleaning

* Be available at reasonable cost

* Remain safe under the operating conditions of vapor
degreasing

30



Table 5'8721 1ists the physical properties of commercially
available solvents. Table 67/19,22727 gjyes the consumption
of the estimated 17 solvents used in degreasing operations by
industry category. A discussion of each of these solvents

follows.

a. Halogenated Solvents-

(1) Trichloroethylene - Trichloroethylene (ClCH=CCl,) is a

stable, colorless liquid with a chloroform-like odor.28 It
has been used because of its high solvency power (kauri-
butanol value of 129) and its low cost. From 1961 to 1972,
trichloroethylene sold for $0.276/kg (in drums) while the

next cheapest degreasing solvent, perchloroethylene, sold for

18Lange, N. A. and Forker, G. M. Handbook of Chemistry,
Eighth Edition. Sandusky, Handbook Publishers, Inc., 1952.
1998 p.

19Kirk-Othmer Encyclopedia of Chemical Technology, Second Edi-
tion. Vols. 7 and 13. New York, John Wiley and Sons, Inc.,
1965 and 1967. p. 307-26 and p. 284-92.

2OModern Plastics Encyclopedia. Vol. 50, No. 10A. McGraw-
Hill, New York. 1973-1974. p. 744-757.

2lHeat Exchanger Tube Manual. Waterbury, Scovill Manufactur-
ing Co., 1957. 171 p.

22Chemical Marketing Reporter. 208:9, September 22, 1975.
23Chemical Marketing Reporter. 208:9, September 1, 1975.

2YRedksted, G. M. Upheaval in Vapor Degreasing. Factory.
27-32, January 1974.

25personal Communication. J. S. Gunnin, Shell Chemical
Company. Houston, Texas. October 1976.

26personal Communication. K. S. Surprenant, Dow Chemical
Company. Midland, Michigan. October 1976.

27Richards, D. W. and K. S. Surprenant. Study to Support New
Source Performance Standards for Solvent Metal Cleaning
Operations. Research Triangle Park, North Carolina. Envi-

ronmental Protection Agency, EPA Contract No. 68-02-1329,
Task No. 9. June 1976.

283ax, N. I. Dangerous Properties of Industrial Materials,

Second Edition. New York, Reinhold Publishing Corporation,
1963. p. 1203.
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$0.298/kg (same basis).?29 Trichloroethylene can be vaporized
using gas, electric, or steam heaters.?3 Because its boiling
point is 87.2°C, trichloroethylene can be vaporized with low
pressure (135.7 kPa to 204.6 kPa) steam.3 Stabilized tri-
chloroethylene is used for degreasing applications. Trichloro-
ethylene at $0.435/kg is now (1976) the most expensive of the

fabric scouring solvents.?29

(2) Fluorocarbons - In addition to trichlorotrifluoroethane,

trichlorofluoromethane and tetrachlorodifluorocethane are also
used in solvent cleaning processes on a small, specialized
scale. All three display the high density (1.5 times that of
water), low boiling point (0°C to 50°C), low viscosity, low
surface tension, low toxicity, and good stability characteris-
tics of halogenated hydrocarbons. Their principal use is as
propellants in aerosols. Trichlorotrifluoroethane is also

used as a solvent in dry cleaning operations.

(3) Methylene chloride - Methylene chloride (CH,Cl,) is a

colorless, volatile liquid.?8 Tt is a low volume degreasing
solvent with an estimated arnual consumption of 5.6 x 10%
metric tons. Methylene chloride is the most active of the
degreasing solvents (kauri-butanol value of 136) .30 It also
has the lowest boiling point (40.0°C) and the highest latent
heat of vaporization (330.2 J/g) of these solvents.3! The
high solvency power means that methylene chloride is too
harsh for some applications such as degreasing plastics and

elastomers.?% The low boiling point requires refrigerated

“9Chemical Marketing Reporter. 209(12):46-56. September
1976.

30The United States Environmental Protection Agency and How
Its Regulations will Affect Vapor Degreasing. Chicago,
Baron-Blakeslee, 1971. 19 P.

*lPerry, J. H. (ed.). Chemical Engineers' Handbook, Fourth
Edition. New York, McGraw-Hill Book Co., 1963. p. 3-23
to 3-42. '
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water (12.7°C to 15.5°C) on the degreaser condensing coils,
and the high latent heat of vaporization requires more heat
to be removed than for the other solvents.“r30 Methylene
chloride degreasers can be heated with gas, electricity, or
steam (135.7 kPa to 204.6 kPa). Methyvlene chloride is stable
under degreasing conditions. 1In 1976, the cost is estimated
to be $0.435/kg.2% Methylene chloride consumption in metal
vapor degreasing has more than doubled since 1972, indicating

a switch from other solvents such as trichloroethylene.

(4) 1,1,1-Trichloroethane - 1,1,1-Trichloroethane (methyl

chloroform, CH3CCljy) is a colorless liquid. It is the second
largest volume vapor degreasing solvent, with 1.68 x 10°
metric tons/yr being consumed. 1,1,1-Trichloroethane is the
degreasing solvent most like trichloroethvlene in its degreas-
ing properties. It has a boiling point of 74.1°C and a kauri-
butanol value of 124 compared to corresponding properties in
trichloroethylene of 87.2°C and 129.%2 1,1,l1-Trichloroethane
also has a low toxicity rating (TLV = 1.900 g/m3).°? Because
of its boiling point, this solvent can be heated with gas,
electricity, or steam (135.7 kPa to 204.6 kPa),339 pbut it
must be stabilized for degreasing applications. It decom-
poses in the presence of water to form hydrochloric and ace-
tic acids.?r39 Improperly stabilized, 1,1,l-trichloroethane
can also decompose in the presence of aluminum or magnesium. :’°
Stabilizers for 1,1,l1-trichlorcethane (0.05 g/100 g @ 25°C)
require a special separator and a desiccant to remove water
from the system.3? In 1976, the cost was estimated to be
$0.467/kg.2"

327LVs® Threshold Limit Values for Chemical Substances and
Physical Agents in the Workroom Environment with Intended
Changes for 1973. American Conference of Governmental
Industrial Hygienists. 1973. 94 p.

36
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(5) Perchloroethylene - Perchloroethylene (Cl,C=CCl,) is a

colorless liquid with a chloroform-like odor.2% It is the
third largest volume vapor degreasing solvent, with 1.1 x 105
metric tons consumed each year. Perchloroethylene's rela-
tively high boiling point (121.1°C) allows the removal of
high melting wax and grease and also allows the solvent to
condense on the work for a longer period of time, thus giv-
ing a longer cleaning cycle. Perchloroethylene degreasers
may be heated by using gas, steam, or electricity.?® If steam
is used, high pressures (344.7 kPa to 413.6 kPa) are required
because of the boiling point.3:30 7he high temperature can
also cause damage to materials that cannot stand it, such as
plastics. 30 Perchloroethvlene is also stabilized for degreas-

ing use. In 1976, the cost was estimated to be $0.377/kg.2°

(6) Carbon tetrachloride - Carbon tetrachloride (CCly) is a

heavy, colorless liguid with an ethereal odor. It is used
extensively as a solvent and diluent, dry cleaning agent,
degreaser, etc. It is miscible in all proportions with alco-
hol, benzene, chloroform, ether, petroleum ether, etc. Car-
bon tetrachloride has a boiling point of 76.8°C and a vapor
pressure of 133.3 Pa at 230°C. TIf ingested or inhaled, it
can cause injury to the extent of death from prolonged expo-
sure to high concentrations. Tt is similar to but not as
strong as chloroform in its narcotic action.?® The cost in

1976 was estimated to be $0.372/kg.2°

b. Nonhalogenated Solvents -

(1) Acetone - Acetone (CH5COCII3) is a colorless liguid with
a fragrant, mintlike odor. Its molecular weight is 58.08 and
its boiling point is 56.48°C. Acetone generally is rated mod-
erately toxic in that i=- may produce reversible or irreversi-
ble changes in the human body but not to the extent of threat-

ening life or producing serious permanent physical impairment.

~]
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In industry, no injurious effects from its use have been
reported other than the occurrence of skin irritations result-
ing from its defatting action.??® It is widely used in indus-
try as a solvent for fats, oils, waxes, nitrocellulose, and
other cellulose derivations. The cost in 1976 was estimated
to be $0.110/kg.?29

(2) Butanol - Butyl alcohol (CH3;CH,CH,CH,0H) is a colorless
liquid with an odor resembling that of isocamyl alcohol. It
boils in the range of 115°C to 118°C. It is used as a sol-
vent in the manufacture and preparation of various materials
such as airplane dopes, lacquers, and plastics. In industry
it is used primarily because of its ability to make substances
soluble in each other. 33 For example, a mixture of acetone,
butyl alcohol, methyl or ethyl alcohol, and methyl ethyl
ketone in methylene chloride is used as a paint stripper.

The 1976 cost of butanol was estimated to be $0.485/kg.?2°

(3) Ethers - Ethers are organic compounds in which an
oxygen atom is interposed between two carbon atoms in the
structure of the molecule.28 The simpler ethers such as
ethyl ether, isopropyl ether, etc. are powerful narcotics
which in larger doses can cause death.?? Most ethers have
low flash points; therefore, great care must be exercised
when handling them. Also included under the term "ethers"
are low-boiling petroleum fractions with properties similar
to those of 'true' ethers. Isopropyl ether in 1976 was
estimated to cost $0.310/kg and diethyl ether was estimated
to cost $0.175/kg.?29

(4) Methyl ethyl ketone (butanone) - Methyl ethyl ketone,

CH3;COCH,CH3, 1s a colorless liquid with an odor like that of

33Jacobs, M. B., and L. Scheflan. Chemical Analysis of
Industrial Solvents. New York, Interscience Publishers,
Inc., 1953. 501 p.
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acetone. It has a boiling point of 79.57°C and a flash
point of -5,5°(C, Methyl ethyl ketone is only slight to
moderate in toxicity rating. Maximum allowable concen-
tration is 250 ppm in air or 735 mg/m3 of air.22 It yas
estimated to cost $O.440/kg in 1976.29 T¢ is used as a sol-

vent in the artificial leather industries.

(5) Naphthas (petroleum distillates, Stoddard solvents) -

When hydrocarbons that are the primary component of indus-

trial naphtha consist of paraffin and/or narhtha, the
naphtha is classified as an aliphatic, following the practice
of classifying industrial naphthas based on their solvency,

as determined by the kauri-butanol laboratory test. 3%

Petroleum naphthas are approximately 65% hydrocarbons of

five to eight carbon atoms and 35% hydrocarbons of nine or
more carbon atoms. Approximately 2% of naphtha is +oluene,
less than 0.5% is benzene. Naphthas consist of approximately
102 aromatics and from 20% to 60% naphthenes and 70% to 302
paraffins, depending upon whether the naphtha is low naphthenic
or high naphthenic. 35 According to ASTM Standard D 838, the
boiling point range of refined solvent naphthas is 130°C +to
i45°C and the specific gravity range is from 0.85 to 0.87.°%
This would give naphtha an average molecular weight of

105.21  Taple 7 lists more specifications of naphthas.

(6) Toluene - Toluene (C4H5CH,), or methylbenzene phenyl-
methane or toluol, is a colorless liquid with a benzol-like

odor. 1Its boiling point is 110.4°C and its flash point is

**American Socciety for Testing and Materials. 1972 Annual
Book of ASTM Standards. Parts 17-20. Philadelphia. 1972.

35Boer, H., and P. Van Arkel. Better Gasoline Chromatography.
Hydrocarbon Processing. 51:80-84, February, 1972.

*®American Society fnr Testing and Materials. 1974 Annual
Book of ASTM Standards. Parts 23-25 and 30. Philadelphia.
1974,
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SPECIFICATIONS OF SOME SOLVENTS!®

Table 7.
Solvent naphtha Stod- Petro-
Crude, Crude, dard leum
Property Refined light heavy solvent spirits
ASTM designation D 838 D 839 D B40 D 484 D 235

Specific gravity at

0.850-0.870

0.860-0.885

0.885-0.970

60°F
Distillation, °C

5% recovered 130 min 130 min 150-165
176

190

176
190

50% recovered, max
160
180

90% recovered, max 200

end pt, max 155 220

Flash pt, min, °F 100

4,4°C.

effects due to exposure are rare.

It is moderately harmful to humans. Very serious

The maximum allowable

8

. . . N 2 . .
concentration is 200 ppm in air. © Toluene is derived from

coal tar, and commercial grades usually contain small amounts
of benzene as an impurity. Its cost in 1976 was estimated
to be $0.187/kg.?9

of various materials,

It is used as a solvent for the extraction
as a diluent in cellulose ether lacguers,
and in the manufacture of benzoic acid, benzaldehvde,

explosives, dyes, and other organic compounds.33

(7)
with a boiling point of 68.7°C,

Hexane - Hexane [CH;(CH,;),CH3] is a colorless liquid
vapor pressure of 133.3 Pa
at 15.8°C, and a primarily slight toxic hazard rating.
Maximum acceptable concentration is 500 ppm in air and
1,760 mg/m? of air. As a volatile paraffin hydrocarbon,
hexane is used in the manufacture of gasoline.?® 1Its cost

in 1976 was estimated to be $0.167/kg.2?

(8)

tine substitute, white spirit, or petroleum spirit.

Mineral spirits - Mineral spirit is also called turpen-
It is

diluent
petroleum distillate with a minimum flash point of 21°C. It

has a boiling point in the range of 150°C to 190°C and a

a clear, water-white refined hydrocarbon solvent and
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density of 0.80. Its toxic hazard rating is considered to

be slight to moderate. 33

(9) Xylene - Xylene [CgH, (CH3),] is a colorless liquid with
a boiling point of 138°C to 144°C. It is only slightly
hazardous to persons in contact with it during a normal
working day. The maximum aliowable concentration of xylene
is 200 ppm in air.?® It is used as a solvent for gums and
oils and in the manufacture of dyes and other organic
substances. - ° Xylene cost was estimated to be approximately
$0.182/kg in 1976.2° It is only very slightly soluble in
water and is miscible with absolute alcohol and other common

organic solvents. 33

(10) Cyclohexane - Cyclohexane (C¢Hy,), also known as hexa-

hydrobenzene or hexamethylene, is a colorless mobile liquid
with a pungent odor. 1Its boiling point is 80.7°C and its
vapor pressure is 133.3 Pa at 60.8°C. The toxic hazard
rating is relatively unknown, but the inhalation of concen-
trated amounts does cause moderate harm. Maximum allowable
concentration is 400 mg/m3 of air. Cyclohexane is a solvent
for resins and rubber. It is also used as a degreasing
agent and a paint thinner. It is insoluble in water but is
completely miscible with alcohol, ethers, hydrocarbons,
chlorinated hydrocarbons, and most other organic solvents. °3

Its cost was estimated to be $0.288/kg in 1976.29

(11) Benzene - Benzene (CgHg) is also called benzol. It is
a colorless, clear liquid having a pleasant odor in low
concentrations but unpleasant at higher concentrations. Its
boiling point is 80.1°C. Since benzene evaporates at room
temperature, it is used in industrial processes where the
dissolved substances are to be left unchanged. Benzene is
used in o0il extraction, dyes, and dye intermediates, and in

the manufacture of paints, varnishes, and stains as well as
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paint and varnish removers. It is also used in the blending
of motor fuel.’® 1In 1976 its cost was estimated to be $0.286/kg.2°
The toxic hazard rating is slight to high, depending on the

length of exposure and on the concentration.

C. Stabilizers - Suitable stabilizers are added to solvents

that are not chemically stable under some conditions to

which they are exposed in vapor degreasingf These stabilizers
nake the solvent resistant to conditions such as heat,

oxygen, active metal chips and fines, acidic salts, alkaline
and acidic metal working lubricants, and moisture that may
occur. A list of stabilizers used with halogenated solvents

is provided in Appendix B.
C. GEOGRAPHIC DISTRIBUTION

1. Degreasers

Since there is no degreasing industry per se, degreaser sites
have been located by identifying the industries with which

they are associated.

a. Vapor Degreasers - In 1972 there were approximately

13,400 plants with vapor degreasers. More than 62% of these
nlants were located in eight states (California, Illinois,
“lassachusetts, Michigan, New Jersey, New York, Ohio, and

Pennsylvania). The other 38% of the plants were located in

41 of the remaining 42 states.
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Figure 14 is a graphical presentation of the geographic
distribution of plants Operating vapor degreasers.

Table 837-42 summarizes the number of plants by state.

¢+ 0-49 PLANT

50 - 99 PLANTS
100 - 500PLANTS
> 500PLANTS

i

|

Figure 14. Geographic distribution of vapor degreaser sites

37Hughes, T. W., et al. Source Assessment: Prioritization
of Air Pollution for Industrial Surface Coating Operations.
Environmental Protection Agency, Raleigh, N.C. EPA-
650/2-75-019~-a. February, 1975. 303 p.

38Automotive Stampings, SIC 3465. U.S. Devartment of Commerce.
Washington. Preliminary Report, 1972 Census of Manufactures,
MC72(P)-34D-5. December 1973. 6 P.

39Plating and Polishing, SIC 3471. U.S. Department of
Commerce. Washington. Preliminary Report, 1972 Census of
Manufactures, MC72(P)-34D-8§. January 1974. 6 p.

“OMetal Coating and Allied Services, SIC 3479. U.S. Depart-
ment of Commerce. Washington. Preliminary Report, 1972
Census of Manufactures, MC72(P)-34D-9, March 1974. 7 D.

“lvalves and Pipe Fittings, SIC 3498. U.sS. Department of
Commerce. Washington. Preliminary Report, 1972 Census of
Manufactures, MC72(P)-34F-2. March 1972. 10 p.

bgFabricated Pipe and Fittings, SIC 3498. U.S. Department
of Commerce. Washington. Preliminary Report, 1972
Census of Manufactures, MC72(P)-34F-6. February 1974. 7 o.
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Table 8. GEOGRAPHIC DISTRIBUTION OF VAPOR DEGREASERS 37742

Number Number
State of plants State of plants

Alabama 67 Nebraska 62
Alaska 0 Nevada 63
Arizona 40 New Hampshire 70
Arkansas 95 New Jersey 770
California 865 New Mexico 60
Colorado 121 New York 1,398
Connecticut 389 North Carolina 180
Delaware 25 North Dakota 21
Florida 156 Ohio 1,375
Georgia 100 Oklahoma 116
Hawaii 2 Oregon 244
Idaho 30 Pennsylvania 975
Illinois 1,394 Rhode Island 78
Indiana 367 South Carolina 55
Iowa 208 South Dakota 8
Kansas 68 Tennessee 129
Kentucky 94 Texas 372
Louisiana 26 Utah 63
Maine 66 Vermont 66
Maryland 104 Virginia 58
Massachusetts 510 Washington 153
Michigan 1,158 West Virginia 31
Minnesota 294 Wisconsin 433
Mississippi 26 Wyoming 105
Missouri 263
Montana 9 TOTAL 13,362
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b. Cold Cleaning - Of the 311,200 plants that performed

degreasing operations in 1972, almost 300.000 used cold

cleaning methods. More than half of these plants were

located in nine States: California, Florida, Illinois,
Michigan, New Jersey, New York, Ohio, Pennsylvania, and
Texas. The rest of the plants were located in the other

States.

Figure 15 is a graphical presentation of the geographic
distribution of cold Cleaning sites. Table 937-t2 summarizes
the number of plants by state.

/ 10 - 999 pANTS

i 1,000 - 4, 999 PLANTS

' 5,000~ 9,999 panTs
] = 10,000 PLANTS

Figure 15. Geographical disfribution of cold cleaning sites
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Table 9.

GEOGRAPHIC DISTRIBUTION OF INDUSTRIES USING
COLD CLEANING37-hk2

Number Number
State of plants State of plants

Alabama 5,333 Nebraska 2,238
Alaska 500 Nevada 737
Arizona 2,660 New Hampshire 1,030
Arkansas 2,905 New Jersey 10,330
California 30,035 New Mexico 1,540
Colorado 3,279 New York 26,902
Connecticut 4,311 North Carolina 7,720
Delaware 875 North Dakota 979
Florida 10,344 Ohio 15,125
Georgia 7,000 Oklahoma 3,884
Hawaii 1,198 Oregon 2,956
Idaho 1,070 Pennsylvania 17,325
~Illinois 15,806 Rhode Island 1,422
Indiana 7,733 South Carolina 3,945
Towa 4,192 South Dakota 992
Kansas 3,432 Tennessee 5,971
Kentucky 4,906 Texas 16,228
Louisiana 5,674 Utah 1,537
Maine 1,434 Vermont 634
Maryland 5,996 Virginia 7,142
Massachusetts 6,090 Washington 5,147
Michigan 12,642 West Virginia 2,669
Minnesota 5,606 Wisconsin 6,467
Mississippi 3,374 Wyoming 395
Missouri 7,037
Montana 1,091 TOTAL 297,838




2. Fabric Scourers

In 1972 there were approximately 5,150 plants with fabric
Scourers. More than 92¢% of these plants were located in

15 states: Connecticut, Florida, Georgia, Maine, Maryland,
Massachusetts, New Hampshire, New Jersey, New York,

North Carolina, Pennsylvania, Rhode Island, South Carolina,
Tennessee, and Virginia. The remaining 8% of the plants

were located in the other 35 states.

Figure 16 is a graphical presentation of the location of

fabric scouring plants by state. Table 104375¢° summarizes

this information.

! 0 - 49 PLANTS
50 - 99 PLANTS
100 - 500 PLANTS

> 500 PLANTS

Figure 16. Geographic distribution of fabric scouring sites

“3Weaving Mills, Manmade Fiber and Silk, SIC 2221. u.s.
Department of Commerce. Washington. Preliminary Report,
1972 Census of Manufactures, MC72(P)—22A—2, March 1974.

7 p.

**Weaving and Finishing Mills, Wool, SIC 2231, U.S. Depart-

ment of Commerce. Washington. Preliminary Report, 1972
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Census of Manufactures, MC(P)-22A-3, March 1974. 7 P-

L*SNarrow Fabric Mills, SIC 2241. U.S. Department of Commerce.
Washington. Preliminary Report, 1972 Census of Manufactures,
MC(P}-22A-4, December 1973. 7 p.

‘6Weaving Mills, Cotton, SIC 2211. U.S. Department of
Commerce. Washington. Preliminary Report, 1972 Census of
Manufactures, MC72(P)-22A-1, March 1974. 10 P.

* "Women ' s Hosiery, Except Socks, SIC 2251. U.S. Department
of Commerce. Washington. Preliminary Report, 1972 Census
of Manufactures, MC72(P)-22B-1, January 1974 7 p.

HSHosiery, N.E.C., SIC 2252. U.S. Department of Commerce.
Washington. Preliminary Report, 1972 Census of Manufactures,
MC72(P)-22B-2, February 1974. 7 p.

*IKnit Outerwear Mills, SIC 2253. U.S. Department of
Commerce. Washington. Preliminary Report, 1972 Census
of Manufactures, MC72(P)-22B~3, March 1974. 7 P.

*Oknit Underwear Mills, SIC 2254. U.sS. Department of Commerce.
Washington. Preliminary Report, 1972 Census of Manufac-
tures, MC72(P)-22B-4, January 1974, 6 p.

51Circular Knit Fabric Mills, SIC 2257. U.S. Department of
Commerce. Washington. Preliminary Report, 1972 Census of
Manufactures, MC72(P)-22B-5, January 1974. 7 p.

5

2Warp Knit Fabric Mills, SIC 2258. U.S. Department of
Commerce. Washington. Preliminary Report, 1972 Census of
Manufactures, MC72(P)-22B-6, January 1974. 7 p.

“Knitting Mills, N.E.C., SIC 2259, U.S. Department of
Commerce. Washington. Preliminary Report, 1972 Census of
Manufactures, MC72(P)-22B-7, December 1973. 6 P.

5L*Finishing Plants, Cotton, SIC 2261. U.S. Department of
Commerce. Washington. Preliminary Report, 1972 Census of
Manufactures, MC72(P)=-22C-1, March 1974. 7 p.

55Finishing Plants, Man-Made Fiber and Silk Fabric, SIC 2261.
U.S. Department of Commerce. Washington. Preliminary
Report, 1972 Census of Manufactures, MC72 (P)-22C-2,

March 1974. 7 p.

’RFinishing Plants, N.E.C., SIC 2269. U.S. Department of
Commerce. Washington. Preliminary Report, 1972 Census of
Manufactures, MC72(P)-22C-5, March 1974. g P.

“TTufted Carpets and Rugs, SIC 2272. U.S. Department of
Commerce. Washington. Preliminary Report, 1972 Census of
Manufactures, MC72(P}-22D-2, December 1973. 6 p.

*Yarn Mills, Except Wool, SIC 2281. U.S5. Department of
Commerce. Washington. Preliminary Report, 1972 Census of
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Table 10.

SCOURING PLANTS*3759

GEOGRAPHIC DISTRIBUTION OF FABRIC

Number Number
State of plants State of plants

Alabama 46 Montana 0
Alaska 0 Nebraska 6
Arizona 7 Nevada 7
Arkansas 17 New Hampshire 60
California 38 New Jersey 446
Colorado 11 New Mexico 1
Connecticut 52 New York 1,044
Delaware 14 North Carolina 1,260
Florida 63 North Dakota 0
Georgia 412 Ohio 12
Hawaii 0 Oklahoma 12
Idaho 1 Oregon 23
Illinois 14 Pennsylvania 447
Indiana 11 ! Rhode Island 144
Iowa 7 J South Carolina 321
Kansas 6 South Dakota 0
Kentucky 15 Tennessee 72
Louisiana 11 Texas 19
Maine 52 Utah 7
Maryland 60 Vermont 39
Massachusetts 199 Virginia 94
Michigan 12 Washington 23
Minnesota 6 West Virginia 12
Mississippi 26 Wisconsin 13
Missouri 7 Wyoming 1

TOTAL 5,150

Manufactures, MC72(P)-22E-1, March 1974. 7
*®Throwing and Winding Mills, SIC 2282.

-

Commerce.
Manufacture

Washington.

s, MC72(P)—22E—2, March 1974.

Prelimi
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SECTION IV

EMISSIONS

A. LOCATION AND DESCRIPTION

1. Degreasers

Degreasing processes generally have the eight emission
points described in Table 11 and located on the flow diagram

(Figure 17). Each emission point is discussed below.

Table 11. IDENTIFICATION OF EMISSION POINTS IN A
DEGREASING OPERATION

Emission point Description
A Vapor loss from degreaser top
B Solvent "dragout"
C Exhaust from ventilator
D Exhaust from gas burner
E Tank loss
F Solvent evaporation from sludge
G Solvent evaporation from waste water
H Adsorption bed exhaust

a. Vapor Loss from Degreaser (Emission Point A) - As the

degreaser operates, solvent vapor is lost into the atmosphere.
In addition to diffusion, such losses are dependent upon four

factors. First, drafts across the degreaser top increase
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solvent loss, since the solvent vapor mixes with strong drafts
or forced movement of air across or into a degreaser, and
the diluted vapor is more easily swept out of the machine.
An increase in air velocity over the top of a degreaser from
0 to 1.2 m/s can increase the solvent loss by a factor of
eight. Second, degreasing of oversize parts results in
excessive displacement of vapors - a so-called "piston"
effect. Manufacturers of degreasers recommend that part
size be limited to 50% of the degreaser area. Third,
excessive speed of work leaving the vapor zone disturbs the
air-vapor interface and results in increased solvent loss.
Degreaser manufacturers recommend 3.4 m/min as the maximum
part vertical speed. Finally, an improper heat balance can
result in increased solvent loss. Solvent vapors should be
generated at the same rate at which they are condensed by
work entering the vapor zone and by the water condensers.

If too little vapor is generated, the vapor level will drop
and air will be drawn into the degreaser. The resulting
air-vapor mixture is more easily swept from the machine by
drafts. 1If too much vapor is generated, the vapor level
will rise above the condensing coils and vapor will escape

from the machine.3,8,%90

Emissions from the degreaser top include the solvent, solvent
stabilizers, and the grease or o0il removed from the parts

being degreased. Emissions from a degreaser top occur whenever

the degreaser is "on," regardless of whether or not parts are

being degreased.

60Air Pollution Engineering Manual, Second Edition,
Danielson, J. A. (ed.). Environmental Protection Agency.
Research Triangle Park. Publication No. AP-40. May 1973.
987 p. ‘
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b. Solvent Dragout (Emission Point B) - Solvent dragout is

the removal of solvent from the degreaser via entrainment
with the parts being degreased. Dragout occurs through two
mechanisms. First, if the work is removed before the
temperature of the part reaches the vapor temperature, the
part will leave the degreaser wet with condensate. Second,
if the part contains cavities, the part shape itself can
catch condensate and carry it from the machine. This conden-

sate then evaporates into the atmosphere. 3,8, 60

Emissions from solvent dragout consist of solvent, solvent
stabilizers, and grease or o0il. The amount of emissions is
dependent upon operating technique and the geometry of the
part.

c. Ventilator Exhaust (Emission Point C) - Degreasers with

larger than 0.46 m2 of open area are equipped with ven-
tilators. Suction slots run the length of the Opposite longer
sides and have a connecting chamber at one end. Exhaust

rates are of the magnitude of 0.16 m3/min per m? of evapora-
tive area with velocities at the slot of 150 to 370 m/min.

The exhaust is sent outside the building or, if collection
equipment (e.g., carbon adsorption beds) is used, to the
collector.3?® Emissions from the exhaust are the same as from
the degreaser top: solvent, solvent stabilizer, and grease

or oil.

d. Gas Burner Exhaust (Emission Point D) - Degreasers are

heated by either steam, electricity, or natural gas. Elec-
trical heaters produce no on-site emissions. The exhaust
from natural gas heaters does occur at the degreaser site
and includes emissions of sul fur oxides, nitrogen oxides,

carbon monoxide, and hydrocarbons.
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e. Tank Loss (Emission Point E) - Solvent can be stored

either in drums or in tanks. The degreasing processes using
open tanks for solvent storage can emit solvent vapor to the
atmosphere. Emissions from the tank storage vent consist of

solvent and solvent stabilizers.

f. Solvent Evaporation from Sludge (Emission Point F) -

When the degreasing solvent becomes contaminated, it must be
purified with the use of a solvent recovery system. As dis-

cussed previously, either the degreaser itself is used as a

Stlll Or a separate solvent sblll is used In either case,

the by- product is a sludge con51st1ng of 011 _grease, sol-

e e S e i S ettt e

vent, and 1nhlb1tor. The volatlle portion. Qf this.sludge

PRSI, S

(i.e., solvent and‘solvent Staolllzer) eventually is ted
to the atmosphere.\\Fexngamolaf """ one method of Dludge dlsnosal
is to spread the sludge out in pans to allow the solvent to

evaporate. The solid residue is then landfilled.

The amount of emissions is dependent upon the solvent concen-
tration in the sludge and the rate of disposal. Disposal

rate depends upon production rate and rart contamination

level.
g. Solvent Evaporation from Waste Water (Emission Point G)-
Water collected is saturated with solvent. Table 12 lists

the solubility of degreasing solvents in water. Degreasing

h. Adsorption Bed Exhaust (Emission Point H) - Some

degreasers have carbon adsorption systems to collect fumes.
The exhaust from the adsorption beds is vented to the atmo-

sphere.
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Table 12. SOLUBILITY OF DEGREASING SOLVENTS IN WATER: ?r31

Solubility, Temperature,
Solvent g solvent/100 g water °C
Trichloroethylene 0.10 25
Perchloroethylene 0.04 20
1,1-Trichloroethane Insoluble -
Methylene chloride 2.0 20
Trichlorotrifluorcethane I Inscluble --
Acetone ; S -
Butanol f 25.3 20
Carbon tetrachloride i 0.03 20
Ethers % 1.22/0.56 20
Methyl ethyl ketone ; 26.8 20
Naphthas (petroleum distililates, g
Stoddard solvents) ; 0.05 20
Toluene i 0.06 20
Mineral spirits 0.05 20
Hexane 0.01 20
Xylene 0.02 20
Benzene 0.07 20
Cyclohexane Insoluble 20

a .
Estimated.

941
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2. Fabric Scouring

Fabric scouring processes have seven points of emissions.
Figure 18 is a sketch of a fabric scourer with four of

these points identified. The remaining three emission

points are analogous to emission points in degreaser processes,
namely: evaporation from sludge disposal, evaporation from

waste water, and carbon adsorption bed exhaust. Table 13

lists all seven emission points. Each is discussed
separately.
a. Inlet and Outlet Losses (Emission Point A) - Fabric

scouring machines are enclosed, so that the only sources of
emissions from the machine itself are the inlet and outlet

openings.

b. Solvent Dragout (Emission Point B) - The fabric leaving

the dryer section of the scouring machine contains unevaporated
solvent. All of this solvent eventually is emitted to the

atmosphere.

C. Solvent Storage Tank Vent (Emission Point C) - Solvent

storage tanks for fabric scourers are similar to those used
for degreasers. Emissions from the storage tank vent consist

of solvent and solvent stabilizers.

a. Ventilator Exhaust (Emission Point D) - The emissions

from the scourer inlet and outlet may be collected by a
ventilation system. The exhaust from this system is sent
either directly to the atmosphere or to a carbon adsorption

system.

e. Evaporation from Sludge Disposal - This emission point

is analagous to evaporation from sludge in degreaser opera-

tions.
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SCOURING MACHINE

SOLVENT
STORAGE

FABRIC SCOURING

Figure 18. Emission points on fabric scourers

Table 13. FABRIC SCOURER EMISSION POINTS

Inlet and outlet losses (A)
Dragout (B)

Solvent storage tank vents (C)
Ventilator exhaust (D)
Evaporation from sludge disposal
Evaporation from waste water

Carbon adsorption bed exhaust
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f. Evaporation from Waste Water - Table 12, shown earlier,

lists the solubilities of solvents in water. Fabric scouring
plants can dispose of their waste water through the local

SewWwage system or other enclosed Systems.

g. Carbon Adsorption Bed Exhaust - Some fabric scourers

have a carbon absorption system to collect fumes. The

exhaust from the adsorption beds is emitted to the atmosphere.
B. EMISSION FACTORS Voo

Solvents used for degreasing operations are;used'up, i.e.,
the solvent consumed equals the solvent emitted. Therefore,
the emission factors for degreasing solvents are 1,000 g/kg
except for those (the halogenated solvents) that require
 étabilizers. Since the stabilizer is part of the sclvent
l"volume, its emission is subégaaﬁéd,fromﬂthevsolvent when
’considering emission factors. Tables 14 and 15 are céﬁgila—
tions of emissions information for the nonhalogenated and

halogenated solvents, resvectively.!2,22~27,61~53
C. DEFINITION OF A REPRESENTATIVE SOURCE

To determine a representative source for degreasing Opera-
tions, each solvent type was taken separately and an

average plant size, average stack height, population density,
frequency of operation, and mean emission rate corresponding

to consumption were established for each as follows:

51 . . .
Chemical Marketing Reporter, Chemical Profiles.
November 18, April 1, January 14, 1974.

OLCOOper, W. J. et al. Hydrocarbon Pollutant Systems Study,
Volume 1, Stationary Sources, Effects and Control. Evans
City. MSA Research Corporation. Report No. MSAR 72 233

(PB 219073). October 1972. 377 o

baStaheli, A. H. Control Methods for Reducing Chlorinated
ilydrocarbon Emissions from Vapor Degreasers. Western
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* Average plant size is the total consumption divided by
the estimated number of plants.

* The popul
densities
least 50¢

ation density is the average of the population
of the states which together consumed at
of the solvent.

* For the mean emission rate a log normal distribution is

assumed £
rate, Q,

where X.
i

The confidence
which the mean
which is found

factor, £:

f =

where N =t
n = s

t' — "

Seeo — 9

or most of the material consumed. The emission
is therefore determined by the relationship:

= the ith observation
interval in this case is that interval within

lies 95% of the time. This interval is one

by multiplying and dividing the mean by the

1/2
] (2)

=]

L
e

in s
. GEO
exp t(l_o.95 1 -
—=2) e y

otal number of plants
ample size
t" value from Student t-test

eometric standard deviation

The calculations were performed with the NEDS input data

for all parame

ters. MRC's data base ig contained in a com-

puter memory and is updated as new information is obtained.

Electric Co.
Maintenance
Ingineers.

, Inc. (Presented at Plant Engineering and
Conference, American Society of Mechanical
Baton Rouge. October 15-138, 1972). 5 p.
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Table 16 summarizes the data used to define a hypothetical
representative source for each solvent studied in this

SOource assessment.

D. CRITERIA FOR AIR EMISSIONS

1. Maximum Ground Level Concentration

The maximum ground level concentration (x ax) of each
material emitted from degreasing operations was estimated by
Gaussian plume dispersion modeling. X max values for the
representative source are shown in Table 17. For comparison,

the mass emissions and TLV's are also listed.

The following formula was used for the calculation of Xmax:

X . = O (3)
max reh?u
where Qm = mass emission rate, g/s
u = average wind speed = 4.5 m/s
h = average height of the solvent emissions, m
e = 2.72
T = 3.1416
2. Source Severity
a. Simulation Methodology - To obtain an indication of the

hazard potential of the emission source, the source severity,

S, was defined as:

>

S = max (4)
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where Xnax = time-averaged maximum ground level concentration

F = hazard factor; equal to the primary ambient
air quality standard (AAQS) for particulate,
sulfur oxides, nitrogen oxides, carbon
monoxide and hydrocarbons, and equal to
TLV x 8/24 x 1/100 for all other chemical
substances

The source severity represents the ratio of the time-
averaged maximum ground level exposure to the potential

hazard level of exposure for an emitted material.

Xmax was calculated using the formula:
/tO 0.17
% = X —
Kmax max <t ) (5)
where ty = short-term averaging time, min

t
I}

average time, min

For particulate, sulfur oxides, nitrogen oxides, carbon
monoxide and hydrocarbons, the averaging times were the
same as those used in the primary ambient air guality
standards. The appropriate averaging time was 24 hours
for all other pollutants.

X nax for each material em%tted from the representative
plant performing degreasing operations are presented in

Table 17. These calculations were based on emission factors
obtained from the literature and do not necessarily represent

the values that might be obtained from a sampling program.
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Table 17. MAXIMUM GROUND LEVEL CONCENTRATIONS

FOR DIFFERENT SOLVENT EMISSIONS

Mass

emissions, TLV, 3

Solvent g/s g/m3 Xmax+ 9/m
Butanol 105 0.30 3.2 x 10-%
Acetone 317 2.40 3.2 x 10°*
Methyl ethyl ketone 238 0.59 3.2 x 10 *
Hexane 222 1.80 3.2 x 10™%
Naphthas 5,968 0.94 3.2 x 104
Mineral spirits 952 0.56 3.2 x 10~%
Toluene 444 0.375 3.2 x 107"
Xylene 3,555 0.436 3.2 x 10™*
Cyclohexane 32 1.05 3.2 x 10"
Benzene 1,333 0.08 3.2 x 107"
Ether 190 1.20 3.2 x 10™*
Carbon tetrachloride 22 0.065 3.2 x 10—*%
Fluorocarbons 543 1.90 3.2 x 10~H
Methylene chloride 1,784 0.89 1.1 x 10-*%
Perchloroethylene 3,460 0.67 3.7 x 10~*%
Trichloroethvlene 5,444 0.535 3.3 x 10-%
Trichloroethane 5,327 1.90 5.2 x 10~"
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b. Source Severity Distribution - As discussed in this

document, the 17 solvent types listed below are of concern

as individual sources of air pollution.

. Butanol
. Acetone
. Methyl ethyl ketone

1
2
3
4. Hexane
5. Naphthas (Petroleum distillates, Stoddard solvents)
6. Mineral spirits
7. Toluene
8. Xylene
9. Cyclohexane
10. Benzene
11. Ethers
12. Carbon tetrachloride
13. Fluorocarbons
14. Methvlene chloride
15. Perchloroethylene
16. Trichloroethylene

17. l1,1,1-Trichloroethane

To examine the severity distribution, several graphs were

drawn showing the severities calculated as described in the
previous section vs percentage of plants. Severity distribu-
tions based on TLV's for each solvent were simulated where

data were lacking. Deterministic distributions are presented for
for solvents numbered 14 through 17 above. Trichloroethane

was plotted both deterministicially and by simulation on one

graph for comparison of the two methods.

Severity distributions were also plotted for all 17 solvents
based upon hydrocarbon AAQS which is the same value for
solvents numbered 1 through 13 above. Their distributions

are therefore identical and are shown as one line.
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Figure 19 shows the relationship of simulated data to
deterministic data for trichloroethane. Figures 20 through
23 exhibit TLV severity distributions and Figure 24 shows

severity based upon hydrocarbon AAQS.

3. Contribution to Total U.S. Emissions

The contribution of the emissions from degreasing operations
was determined for total solvent consumed on a per state
basis. The solvent consumed was compared to the total
hydrocarbon emissions for each state to determine the
percentage contributed by solvents to total emissions for
that state. Table 18 lists the results. It is estimated
that 24% of the hydrocarbon emissions in the U.S. come from

solvent emissions.

4. Population Exposed to Pollutant Concentrations

A quantitative evaluation of the population affected by a
representative source of emissions for each solvent was
determined by comparing the severity based on TLV's with the
severity based on AAQS, each versus population. Severity is
Ymax/F’ where ¥ is the time averaged maximum ground level
concentration and F is the "corrected" threshold limit value
(TLV x 8/24 x 1/100) or the primary ambient air quality
standard (AAQS). The population affected is determined by
calculating the area that is exposed to the X for which

X/F > 1 and X/F > 0.1. The population density of 109
persons/km?, determined as discussed in Section IvV.C, is
then used to calculate the number of persons affected.

Table 19 summarizes these calculations.
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SECTION V

CONTROL TECHNOLOGY
A STATE OF THE ART

Solvent vapors can be recovered from air and/or controlled in
air by the use of systems based on refrigeration (freeboard
chillers), carbon adsorption, and incineration (for non-
chlorinated solvents). The percentage of industrial prlants
utilizing these systems 1is shown in Table 20. Approximately

25% of the vapor recovery and control systems is used by

plants in SIC Groups 36 and 38. It is also noted that the
larger the plant, the greater the use of vapor recove and
control systems. In plants employing from 20 to 100 people,

only 0.8% use carbon adsorption, while 4.6% of plants employ-

ing over 500 people use carbon adsorption for solvent recovery.

Table 20. USE OF VAPOR RECOVERY AND CONTROI, SYSTEMS?

Type of system Percentage of plants
Carbon adsorption 1.5
Refrigeration 12.0
Incineration 2.0

Other 8.
6

.
[N

None

~]
Ha



1. Freeboard Chiller (Refrigeration)

A freeboard chiller is a device used in open-top vapor
degreasers to create a cold-air blanket above the solvent
vapor layer. Prevention of vapor overflow in normal degreas-
ing is achieved by means of condenser coils and a freeboard
water jacket. Refrigerated freeboard chillers are actually a
second set of condenser coils located slightly above the pri-
mary coils, as shown in Figure 25.%"% These coils effectively
limit the diffusion of solvent vapors from the vapor zone

into the work atmosphere.

COLD TRAP SLOT EXHAUST

—~ R

, i,
~* coLpaln RS
e BLANKET
< =]
/ 1 P
REFRIGERATION
COILS

COOLING WATER % T SR ..._f_
COoILS $ i

%HOTSOLVENTVA&ORS

PARTS SCREEN ~——— |

Q
BOILING SOLVENT 2 3
2 %

X
\ IN=—— STEAM

) §

Figure 25. Schematic representation of degreaser
with cold trap installed®®

64perry, J. H., and G. H. Chilton. Chemical Engineers' Hand-
book, Fifth Edition. New York, McGraw-Hill Book Co., 1973.
Part 3. 250 p.
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Freeboard chillers are divided into two classifications based
upon the operating temperature of the refrigeration coils.

Chillers operating below freezing fall in the first classifi-
cation, and those operating above freezing fall in the second.
The division at 0°C is created by patent rights. The princi-
ple of operation for both classifications is that the chilled,
dehumidified air, being denser than ambient air, settles onto
the solvent vapor layer and acts as a blanket to prevent dif-

fusion of the solvent vapor into the ambient air.2%:%3

Freeboard chillers can cause condensation of moisture in the
degreaser. This extra moisture, however, can be removed with
larger water separators on the solvent condensate line or
with the addition of a second water separator in series with
the first. Although water contamination of vapor degreasing
solvents has an adverse effect on the stabilizer systems,

. . . . . ! 7
major stabilizer depletions from this source are uncommon . 2% 727

Eight companies that have installed chillers on their
degreasers have reported solvent loss reductions ranging from
35¢ to 77%, with an average of 57%.2% The manufacturer of
chillers operating below freezing guarantees a 40% savings in
slvent. It is estimated that 12% of the plants with
degreasers use control systems based on the refrigeration

principle.’

Field testing of chiller control technology was conducted by
Dow Chemical at three locations to support their study of
metal cleaning operations.?’ Conclusions from the work were
concerned with the chiller operation and the vapor degreaser
construction for maximum emission control: (a) larger and
more square vapor degreasers will operate at a more favorable
savings-to-cost ratio than small and narrow equipment;

(b) the use of a refrigerated freeboard chiller is more prof-

itable to the user when installed on equipment using more
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costly vapor degreasing solvents; and (c) existing technology
does not suggest that more expensive refrigeration designs,
such as more coils or lower refrigeration temperatures, would

improve the efficiency of emission control.

2. Adsorption

Adsorption is the process of removing molecules from a stream
by contacting them with a solid. Gases, liquids, or solids
can be selectively removed from air streams with materials
known as adsorbents. The material which adheres to the

adsorbent is called the adsorbate.

The mechanism by which components are adsorbed is complex,

and although adsorption occurs at all solid interfaces, it

is minimal unless the adsorbent has a large surface area, 1is
porous, and possesses capillaries. The important characteris-
tics of solid adsorbents are their large surface-to-volume

ratios and preferential affinity for individual components.

The adsorption process includes three steps. The adsorbent
is first contacted with the fluid, and a separation by
adsorption results. Second, the unadsorbed portion of the
fluid is separated from the adsorbent. For gases, this
Operation is completed when the gases leave the adsorbent bed.
Third, the adsorbent is regenerated by removing the adsorbate
from the adsorbent. For solvent recovery, low pressure steam
is used to regenerate the adsorbent, and the condensed

vapors are separated from the water by decantation, distil-

lation, or both.

Activated carbon is capable of adsorbing 95% to 982 of the
organic vapors from air at ambient temperature in the
presence of water in the gas stream.®? Because the adsorbed

compounds have low vapor pPressure at ambient temperatures,
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the recovery of solvents present in air in small concentra-

tions is low.

When a solvent vapor in air mixture is passed over activated
carbon, the adsorption of the solvent vapor is complete at

the beginning, but as the adsorptive capacity of the activated
carbon is approached, traces of vapor appear in the exit air.
When this situation occurs, it is said that breakthrough of
the activated carbon has been reached. As the air flow is
continued, and although additional amounts of solvent are
adsorbed, the concentration of solvent vapor in the exit air
increases until it equals that in the inlet air. The

adsorbent is saturated under these operating conditions.

The adsorption of a mixture of adsorbable organic vapors in
air is not uniform, and the more easily adsorbed components
are those which have higher boiling points. When air con-
taining a mixture of organic vapors is passed over activated
carbon, the vapors are equally adsorbed at the start. How-
ever, as the amount of the higher boiling component in the
adsorbent increases, the more volatile component revaporizes.
The exit vapor consists primarily of the more volatile com-
ponent after breakthrough has been reached. This process
continues for each organic mixture component, until the
highest boiling component is present in the exit gas. 1In
the control of organic vapor mixtures, the adsorption cycle
should be stopped when the first breakthrough occurs as
determined by detection of vapors in the exit gas. Many
theories have been advanced to explain the selective
adsorption of certain Vapors or gases. These theories are
discussed by Perry and Chilton®"% and will not be repeated

here.

The quantity of organic vapors adsorbed by activated carbon

is a function of the particular vapor in question, the
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adsorbent, the adsorbent temperature, and the vapor concen-
tration. Removal of gaseous vapors by physical adsorption

is practical for gases with a molecular weight over 45. %%

Each type of activated carbon has its own adsorbent properties
for a given vapor, and the quantity of vapor adsorbed for a
particular vapor concentration in the gas and at a particular
temperature is best determined experimentally. The quantity
of vapor adsorbed increases when the vapor concentration

increases and the adsorbent temperature decreases.

After breakthrough has occurred, the adsorbent is regenerated
by heating the solids until the adsorbate has been removed.

A carrier gas must also be used to remove the vapors released.
Low pressure saturated steam is used for activated carbon as
both the heat source and carrier gas. Superheated steam
(343°C) may be hecessary to remove high boiling compounds and
return the carbon to its original condition when high boiling
compounds have reduced the carbon capacity to the point where

complete regeneration is necessary.

Steam requirements for regeneration are a function of external
heat losses and the nature of the solvent. The amount of
Steam adsorbed per kg of solvent as a function of elapsed

time passes through a minimum. The carbon should be
regenerated for this length of time to permit the minimum

use of steam.®* After regeneration the carbon is hot and
saturated with water. Cooling and drying are done by blowing
solvent-free air through the carbon bed. Evaporation of

the water aids cooling of the carbon. TIf high temperature
steam has been used, other means of cooling the carbon are

required.

Fixed bed adsorbers arrayed in two or more parallel bed
arrangements are used to remove solvent vapors from air.

These are batch-type arrangements, where a bed 1is used until
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breakthrough occurs and is then regenerated. The simplest
adsorber design of this type is a two-bed system where one
carbon bed is being regenerated as the other is adsorbing
organic vapors (see Figure 26).¢2 A three-bed arrangement
permits a greater quantity of solvent to be adsorbed per
unit of carbon because the effluent passes through two beds
in series while the third bed is regenerated. This permits
the activated carbon to be used after breakthrough since the
second bed in the series removes solvent vapors from the
first bed exit gas. When the first bed is saturated, it is
removed from the stream for regeneration; the bed which was
used to remove final traces of solvent vapors from the
effluent becomes the new first bed; and the bed which has

been regenerated becomes the new second bed.

Heat is released in the adsorption process, which causes the
temperature of the adsorbent to increase. If the concentra-
tion of solvent vapors is not high, as in the case of
degreasing operations, the temperature rise is typically
10°c. %’

The pressure drop through a carbon bed is a function of the
gas velocity, bed depth, and the carbon particle size.
Activated carbon manufacturers supply empirical correlations
for pressure drop in terms of these quantities. These cor-
relations usually include pressure drop resulting from

directional change of the gas stream at inlet and outlet.

Control of solvent vapor emissions by adsorption on activated
carbon is applied when recovery of the adsorbate is

economically desirable.

The greatest influence in determining whether a given
adsorber can be operated profitably is the price of the sol-

vent itself. Based on the 1975 price of trichloroethylene,
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A 38°C
ADSORBER #1
—~ o
\ .
ADSORBER #2 I STEAM
\
380¢
100 OC
N\
PRE-COOLER
COOLING . C?OLING
WATER , L] WATER
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Figure 26.

Carbon adsorption system62
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it has been determined that a constant flow of at least
200 ppm is required to break even on a cost basis for the

recovery of this chemical by carbon adsorption.

As discussed previously, carbon adsorption systems remove 95%
to 98% of the solvent vapors in the air stream. However, the
vapor collection system for degreasers and the system for fab-
ric scourers are not 100% efficient. Accounting for solvent
which cannot be reclaimed by the adsorber (that lost by drag-
out on parts, leaks, and disposal of degreaser sludges and
spill residues), adsorbers will reduce overall system emis-
sions from 20% to 60%. The difference between this range and
the 95% bed efficiencies can be attributed to the ability of
the ventilation apparatus of the cleaning system to capture
the solvent vapors. The percentage capture of solvent vapors
by the vent system is the critical parameter controlling the
overall system efficiency. Improved ventilation design for
new systems might significantly increase the overall emission

control efficiencv of the carbon adsorber.

In general, however, modern technology will permit emission
control from solvent metal cleaning operations up to a level
of about 35% or a maximum of 40% with little or no operating
cost penalty. Under particularly ideal conditions, an emis-
sion control efficiency of about 60% is possible. No known
technology is available to control solvent emissions from
solvent metal cleaning operations by 85% or greater with the

exception of solvent substitution or total process change.?’

3. Incineration

Incineration (thermal and catalytic) is a method of control
for many kinds of solvents lost through evaporation.37 How-
ever, since vapor degreasing processes use chlorinated sol-

vents, incineration is not feasible. Chlorinated solvents
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are converted during combustion to phosgene, hydrogen chlor-

ide, etc.60

4. Solvent Disposal

Solvents can be disposed of by burning, flushing, landfill,
and disposal service; solvents can also be reclaimed.
Table 21 shows the estimated percentages of plants that dis-

pose of solvents by these various means or reclaim them.

Table 21. DISPOSAL ROUTES FOR SOLVENTS’

Disposal route Percent of industria; plants
Burning —s
Flushing 15
Landfill 20
Disposal service 40
Reclamation 20
B. FUTURE CONSIDERATIONS

The literature contains no current reports of control technol-

ogy under development for degreasing processes.



SECTION VI

GROWTH AND NATURE OF THE INDUSTRY
A. PRESENT TECHNOLOGY
The current technology for degreasing operations (both
degreasers and fabric scourers) is discussed in Section TIIT
of this report.
B. EMERGING TECHNOLOGY
The technology for degreasing processes is Presently static.
The recent patent literature reveals no new processes for
either degreasers or fabric scourers. ®°

C. INDUSTRY PRODUCTION TRENDS

1. Degreasers

The overall metals cleaning industry is growing at a rate of
3% to 5% per vyear. However, metal cleaning is closely
connected to the overall economy. Production cutbacks in
basic industries, particularly in automotive-related indus-

tries, could reduce the overall growth rate.

65Johnson, K. Dry Cleaning and Degreasing Chemicals and
Processes. Park Ridage, N. J., Noyes Data Corporation,
1973. 312 p.
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The distribution of solvent usage may also change in the
next several years, depending upon air polluticn regulations.
Presently, the 32 States listed in Table 22 have no
restrictions on the use of trichloroethylene. Log Angeles
Rule 66 restricts the use of trichloroethvlene but exempts
perchloroethylene and l,l,l—trichloroethane from controls.
Therefore, in states with Rule 66-type legislation, the
trend has been to exempt solvents rather than add-on control
equipment. Thus, if more states adopt Rule 66-type legisla-
tion, the consumption of trichloroethylene will further |
decline. However, if states or the federal government
legislate restrictions of hydrocarbon emissions across the
board, trichloroethylene usage will grow, since this solvent
is as €asy to control as are the other solvents. The trend

in solvent usage is thus dependent upon legislation.“

2. Fabric Scourers

As a whole, the textile industrv has been Srowing at a 4% +o
5% rate since 197¢.: Fabric scouring, however, has been
growing and should continue to grow more rapidly than this
in the foreseeable future.
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Table 22. STATES WITHOUT RESTRICTIONS ON
TRICHLOROETHYLENE USAGE"“

Alabama Missouri
Alaska Montana
Arkansas Nebraska
Delaware Nevada
Florida New Hampshire
Georgia New Mexico
Hawaii North Dakota
Idaho Oregon
I1linois? South Carolina
Iowa South Dakota
Kansas Utah

Maine Vermont
Marylandb Washington
Michigan West Virginia
Minnesota Wisconsin
Mississippi Wyoming

Illinois APC Board installation permit required if exhausted.

bstack exhaust permit required.
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SECTION VII

APPENDIXES

Distribution of U.S. Solvent Consumption
Stabilizers Used in Halogenated Hydrocarbons
NEDS Emission Data

Source Severity Distribution Input Data

Affected Population Calculation Data
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APPENDIX A

DISTRIBUTION OF U.S. SOLVENT CONSUMPTION
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APPENDIX B

STABILIZERS USED IN HALOGENATED HYDROCARBONS

90



pjrwIolTAY3Iaw pue

" " 0820 0€°0
" “ 09Z°0 09°0 Touey3sw Y3itm
" u 0tT"¢ oW JOWL
M M 00€°0 GZ'0 Toyoole 1A3ng-zdi} pue
u “ 0L0" 0 G¢'0 97TI3TUO3I3OR YITM
" " 0570 DW JAOWL
" " 508170 SL°0 BURXOTIP-p'T YTk
" u SL"O oW JOWL
" “ 01 QUEXOTI} YITM
" " 0°T OW AOWL
" " 0L0°0 ST 0 STTIITUOIDOR Y3 TM
" u g0 OW JOWIL
" M SLTO 2uURY3IBWOIITU YIIM
98d0d 190'%9G°¢ 06Z°0 SL°0 OW (JOWL) 93ewrozoy3lIao TANIBWIIL
" " 0€°0 qav aus1k3IsTAIBN-"
" 0eE"0 dav auaIp-g ' I-eYyjusn-d
" u 0s¥°0 0€’0 qdv auapul
TIY 68L°7GE’E 50 biic 4 (suadial) suaizuadrd
" M S0°0 z-suadoxd (outweTAy3zawIp) -1 Yits
" u 1°0 ANIOL Y OddAd suat13e3dayoTo4id-S e’ T
DD0M sye'zve’e S0°0 ANAOL ‘0¥dd auatTI31e3ldayo12AD-g T
(ap1x0 2uaTAIng
‘9T TI3TUORRDE fauttoydiow ‘putweourylaTAYIoW
‘artajtuotdoad (ouTWe TAYISWTP) ~€
rarraztuotrdoad (ouTweTAy3zsw) —¢ ‘ISPIXOIINS
1AYy3swTp ¢ (Touedoad-T-Axoda-¢ ‘z) TOPTOATH)
odd z6e'5¢es’¢e 9 - G600 OW S2pTX03TNS TAYRIQ
" " €0 9PTXO BuaTAIng Y3iTs
(ueazdesiau
TAangang ‘ToTylTp duaTAyjiswedop ‘SPTITNSID
14zuaqTp ‘(8702RTY3I0ZUSQ)STGOTUITP-,T T
‘3urToydiowTpoTy3TP-,¥‘y ‘9PIFINSIP [AINQ-2427-1D
‘3pTIINSTP TAYUI2WTP *1ouedoid-T-o3deorauip-¢ ‘2z
«Toueyzsoidesisw-z ‘uejdesasw TAX3YoT24>
‘opT3instP (TAuoqreooTtyjTAutzeradrd-1)sIq
‘opTzTnsTp (TAuoTyjoutydsoydAxox1e-1p)siq
rzy3s TAu3zsw TAYyjzoozdeorsw-z ‘ueidedzau TAuou)
Mod 691'Tv9’¢C 10 OW sepr3y(nsIp pue sueidedasu oTuRbIQ
o3 Iaqunu mE\m 3 IM % 3IM ‘Y °DUOD mu=m>ﬁom punodwoo butztirgeis
pensst| 3uejed ‘s n| ‘ATL |‘UOTIRIIUSDOUCD | BINTOS 1eoTdiL
nucmum& Jo abuery

SNOGYYDOYAAH QIIVNIDOTYN NI

91



Moda 80T ZSYV'€E 6£°0 ~ 1I£°0 SE'0 OW autpraidousdd~(p pue ‘£'Z)
mMoa 8vz ' vyv’e ps'0 - 9¢€°0 05°0 oW suTpTiAdiA3a@oy-(y pue ‘¢’‘g)
Moda 8ve ' vev'c Sz'0 Ou spAysprexoqiedaurptild-(y pue ‘g’g)
" u . GZ'0 (Touedoad-T-Axoda-¢g‘z) 1OPTOATD U3ITM
OnWd 1ve’'96b’€ S - s0°0 S0 HO ‘OW (wejoetoade)) suejldeq]
o3e390® TAYI® (TAUTPTITZY-T)-T
moa pLy'82EE o'y - 0T o)t TOURY3IDIUTIPTATZE-[-TAUIDR-T
(9T011AdTAY3BW-N ‘PUIPTIATZRTPTAYIDTP-Z 1)
g0s G05°165°¢€ 89 HD ‘dNADL 910xI1AdTAY3Ia-N PUE SpuUnodwod 3uIpTITzeT(d
S¢°0 oW QUTTOZEXO-7~ (TAUTPTITZV-1) ~C
. " S9°0 o) PuUT0ZRX0-7-TAUayd-¢g
= "
Mod 896'v6v‘E ¥v°0 O sutTozZexo-z-TAU3ISW~-T
(a1oxxkdriyzou-y ‘sutweridoadostip
‘soutToydIOWTAYIEU ‘auT[TueTAU32WTD
‘pUTTTUR ‘LurtweTAy3otdl ‘aurfootd ‘aurpladd)
" " ¢°0 - G00°0 SauTwe JOTuURHIO pue
" " o't - 10°0 spunoduoo Axods ®T13e[OA U3TM
10 768°'FTE’E Z2°'0 - S00°0 HD ‘dNdDI ‘OW spunoduod wnluoue AIeTUISIEND
“ u [A] oW auTptzuaqiAyiawerisl-N’ N'N‘N
" “ T°T oW sutwerpauaTAusyd-o-1iyiaweaial- ,N‘ N'N’N
Moa GZ1'9ps’¢c €1°0 OW sutwepousTAusayd-d-TAYyzauTd-N‘N
a1011Ad
-1Ay3sw-u ‘sutwejusdsudsTAylioeilal ‘surweral
-auatiyzerp ‘eutwelldoadostip ‘surptraadidipsus
HO -1Ay3a-, 7't ‘@101aAkd ‘surtroydiowipsudiAylio-,§'p
BRI s08'vZY’eE Z0*0 - T00°0 7000 fANADL ‘O¥Ad ‘BUTWERTPAUSTAYISTAI ‘SUTWRTPBUSTAYI@) SauTwrATod
an GGE9L9°¢ - 1 4 OW 210ZRX0
MOQ TLY'LEE'E sz - 1°0 S0 oddd @1ozeTaj02U9g
o3
pansst Jaqunu cu/b % IM % IM ‘ouod JuaaTos puncodwod butziTiqeis
quajed | 3uolzed *s'nj ‘AL |‘uot3lealjusoucd [a3njos TeOTdAL ®
Jo sbuey

SNOFIYIONQAH dALVYNIDOTIVH NI (QISN SYAZITITIVLS o XIANIddV

92



fouedoad-z y3zTMm

" " 086°0 0°¢
" " 0'1 9pPTXO dUBTAING Y3 tm
Ddd STL'6pS‘E 0SZ°0 0°¢ oW JURYIBWOIITN
" “ 06Z°0 L0 |uBY3owoIlTu pue
u " 60€"0 0°¢ ToyooTe [A3INng-3a427 pue
" u 0L0°0 S°0 oW 91TIJTUO3aDY
" u uoma.o 80 QUEXOTpP-§ ‘1 pue
" " 0sZ°0 0°1 aurY3aWoIITU pue
u " 04070 0°¢ O 91TI3TUO}BOY
" " 508170 L0 SUeXOTIp-p ‘1 pue
ceEs‘syp’e 00€°0 0°s ToyooTe 1&3ng-:d27 pue
DVNd 880°‘06G°¢ 0L0°0 0°1 OW 81TI3TUOYBDY
" " 520070 [ ] Toyoote 1Abaedoad 1o
" " A2 2UeRU32WOIITU pue
" “ ce" 0 9PTXO0 8udTA3ang pue
Moa TTI8°695°¢ 6°C oW SI1J13TU03I8DRAXOYIBN
Moda LyZ'yvb'c T°T1 - 11°0 oW apAysprezZUaq (OuTWRTAY3IBWTD) ~d
n “ Z00°'0 TouaydrAjusd-3.127-d yatm-
M u ov2 o0 S0°0 SUBYIBWOIITU pue
u " z°0 9pIX0 BuaTAIng yzTM
SIN 06T‘€0V‘E §Z0°0 ANIDL SuozeipAyTAy3zswTp spAyspreuoioid
(duozexpAyrTAysswip opAyspiewioy 10)
" " G0°0 Towiyi pue
" " ovz- o 10 optx0 suarAdoiad pue
" " 1°0 9PIXO auariing yjztm
" " z°0 dPTX0 suatding y3jm
SINW ZST'LTv'e 520" 0 HD ‘dANFOL duozeIpAylAyzawtp spAyspieisoy
MOQ €06'ZLYE Ze'0 oW surtoutnboutwy-(g pue )
(81Ta3TUOZUSqOIR TU-p-TAYIBUTP-F ‘7 ‘aTTI3TUNTOY
—U-0I3TU-y '9TTAITUNTOI-d-013TU-7)
" " LL70 oW STTIFTUOZUBQOIITIN-O
MOQ 6S9'FSV’'E £€°0 O 91113 TUOZUBQOIFITN-A
o3 Iaqunu mE\o % M % IM ‘*OuoH mucw>H0m punodwod butzirirqels
panssT | juajed g n| ‘A7l |‘uocTiex3zuscuod 23nT0s peoTd4g
3Jualed Jo abuey

SNOEMYDOUAAH QALVNIADOTIVH NI Qisn SYIZITIUYLS

g XIaNdddvy

93



108210-w(14A3Nq-7429-9)STqOTYl~, F‘y ‘Tousaydiiuou
‘10s810-d-TAIng-2423-Tp-9‘z ‘Touaydriing-z.003-d
sjuepIxotjue oTTouayd yiim

GZ0°92 "0 - 10°0
qy onssiay € - T OW sueTOXOTg~€ ‘T
u " £€€°0 oW Toueyzswauaydotyi-z-T1AUlran-¢
" " T¢°0 oW Toyoore 1hAzusqixoyizawu-d
" " LE'0 O Toyoole TAzZuaqoutwy-o
" " g0 - 82°0 ce"0 DW Toueyla (TAptadg- (¢ pue g)-g
" " 6Z°0 oW TouPyIaUWIPURINIOIPAYRIFDL-G ‘2
" " Ly"0 oW ToueyjawsuaydotyL-g
" " 61°0 OW Toyoole TAxnjanjyliuiog-g
" " I1°0 OW uejdeoaaw TAanzang
M0da €06 SLY € 0zZ0°0 99070 OW Toyoote 1Aanyang
" " 461070} 0°1T - SZ°0 S°0 utapAyzofyorda 10
" u o't - ST°0 S 0 opIX0o 3uaTAing pue
n u ,¢00°0| S0 - ST 0 S0 [oyeootie 1Abaedoad iao
" " 0sZ-0 < - S0 T aueyjsuoajTu pue
Moa z0z'81Ss‘¢ 01 - 4 14 oW utdexoIp-¢  T-0IPAYTA-L'¥
“ " 4 93ev13Tu TAdoadost pue
" " z - 50 [4] uexldoapAyIip-‘¢‘g-Axoyla-g I0
IJ1 88L°199'¢ AN OW uexidoapAytp-¢ ‘ z-AXoy3opn-¢
Moa LbS'6v5’€E s - T 0°¢ oW suaTAyiakxoylawiqg-z ‘1
9dd T9L'zes’E 0°¢ oM 2UB32X0AXOYIBN-E
" " 0S¢°0 070 DUPYISWOIFITU Y3ITM
ANNA LZS'Syb’E 0'¢ - S0 50 VD ap1xo ausTAdoig
" “ [*l1)] aay3la TApPTISATHE TAyasw pue
" " 082" 0 ST0 [ue}dWOIITU pue
" n uomﬁ.o § PURXOTIP-p ‘T Y3ITM
Mod 99L'9€G¢E 570 oW ouedoadixoda-z* [-AxOy3Ion-¢
o3 asqunu mE\m g IM % IM ‘DU0D mucw>ﬂom punodwos burziirqeas
pensst | jusjed *s°'nl ‘A1 |‘uoTieajusouocd | @3nTos teotdAl
Jualed J0 obuey

SNOEMYDOOUAXH QILYNIDOTIVH NI QIsn S432IT19vls 6 XTANIJdIY

94



W " 0Z°0 OW 9pTIINS mcwahzumEﬂuuaxOpwmmnm
Moa TeLL9Y'E LT°0 OW SPTIINSs audTAyjzsuwrayg
Moa ST1'96€°¢ Z60°0 Dddq souozInsiTog

Acﬂﬂ:uﬂw:¢~alo»m>:Hv|msmtﬁxzqunm osie)
101 TS0‘6EV ‘€ Sy - 0 INIDL ' OW UTTUITP-p ' T-0apAyta-¢£‘z

" W y000°0 ¥e o OW suoutnbozuag-d

" " 8Z°0 OW Quorpauring-g’yg

" " LT"0 OW suolposueing-¢g ‘g

" " £€e"0 OW SUOTPBURXAYOTOAD~2 ' T
Moa soe’‘9pc ¢ GZ°0 OKW BUOTPBaUERXAYOTIAD-p ' T

u " 06G°0 1 2U033Y TAy3ze tAyizsw pue

" M 00g"0 T Toyoote 1hIng-34a3 y3mm

" " 00E"0 S0 Toyoote 1&3ing-2.4%3 pue

" " 0L0°0 S 0 9TTI3TUOIODOE Y3Tm

" " T OW m:ocmu:mmnml>xo:umexvlﬂzzuwzlv

" " 0S8z 0 T 2UPYIBWOIFTU pue

" " T W I93s® TAy3lsw ‘pioe orikingosy

“ n [4 OH auouring-z-14AYy3oan-¢

OVYNa SIV'S06‘¢E 4 OW m@%:mvﬂmcoﬁQOuaﬁwauman

" " £00°0 sutwelddoadostTp

n " S00°0 910aaAkdrAyszau-N

" u 10920 9pIxo suariding

" " 0sZ-0 1¢6€°0 SURYIBWOIFTU Y3Tm
HIA 8Z1‘629'¢ ,08T°0 {24 OW BUBXOTU-p ‘T

03 Isqunu cw/b 2 IM % AMm ‘puod pueAaTOS punodwos buizT1Tqe3s

panssT| jusjed *g'ni ‘a7 ‘UQT3IRIIUSOUOD @3ntos TeordA
Jjuajeq Jo obuey

SNOHUYDOUAXH UIALVNADOTYH NI QIsn SYAZITIAVLS

g XIANddday

95



(F0t1d 7 pue) Toukjnqriyisnw

u u s'0 - S0°0 T°0 ANIDL
" " T10°0 - 50000 10060 sutuejidordostTp pue
" “ Ss0°0 - 1070 S0°0 aT1011Ad y3tM
Moa 9.9'€08'C ,C00°0 s'0 - S0°0 10 ANIDI Toyoote TAbaedoig
u _. s -~ T°0 4 Jyav auedoxdoa3z IN-¢
" n s - 1°0 T ¥av QUPYJII0IIIN
dna 971‘680°¢ s - T°0 4 q4av 2UPYIDWOIITIN
SeL'ze8’e 5C00°0 T0°0 ogdy ToyootTe tAbaiedoag
" " 1070 TousbnsosT yitm
" " S¢°0 odad 93P0OZULQTP-[OTP-}p ‘T-3uijng-7
" " S2°0 odad ®3jeozuaq [Abaedoig
Lyv'eLL
¥Ia *31ad TA o¥dd I9y3ls pAbaedoad 14Ay3z
" " 6°F OW apTaonijtIjozuoag
Moa 69V '189°¢ '8 - Z8°0 ¥1°0 OW oprIony3y TAzuag
(@3eydsoyd 14300Tp umntpos z0)
V1S 029'TvhH’¢c S°1 o¥aa s3eydsoyd 1LospTp wnipos
“ " €8¢ - 1v°0 0T Oudd ‘dANIDL ®3ev0ZUBQ DUTYZ
u " L20°0 - 0ZO0'0 SZ0°'0 o¥dd “ANIDL 23je02USq WNTpPOS
Moa £0L'L25'¢E €T - 20T z1 d3d ANFIOL 93P0ZUBg UOIT
" " 587070 T - 0 GZ°0 2pIX0 duatiing pue
" M v - G0 4 3TTI3TUOTAIdR YjIm
n " T - °0 ST°0 9pPTX0 auatiing pue
" " T - SLT0 1 SUPYIBWOIITU pUE
N M 4 BTTIITUOIIDE YITM
101 160'609°¢€ Po- 4 4 OH a3ex3Tu TAdoadost
[e}:1 Iaqunu cu/b g IM % IM ‘*DuUo0 pIUIATOS punodwod butzTTTgels
pansst | juajed ‘g 'n| ‘ATL ‘uorjrijusdouos |eantos TeotdAL
juajeg Jjo sbuey

SNOHYVOOdAAH AILYNIDOTYH NI disn SudzIT1Iavis 4 XTANTIav

96



S3DBUCD UTHS I0] AL

“oul ‘sotaisnpuy odd - 9dd

uor3iviodio) UOTIONPIY IATY - qIv

TO0D seeH % wyod - HY

Auedwop pue sianowsn 9p 3Juod ng T " - ana
uotjerodio) esaue(o)d - 140

AuedwoD TTeXIY puowetg -  VIA

uorieiodio) TeoTway) iszineis - V.S

pouelg ‘urteqon-3uteg-Asurosd sanbTwIyd s3Tnpoad - 95404
uot3iexodio) [eoTWOYD POTTIY - 1TIY

uotierod1od {AYIE -  HLE

uot3jerodio) [eDTWIYD snbay - qy

uTe3Tag 3e8ID ‘pe3TWIl ‘serajsnpul [eoTway) TerIaedur - 101
uedep ‘°*y -y okboy uryTEd - MMNMNQ

Auewzsn ‘9y TagoN JTweudd - OHYNAJ

Afe31 ‘edg UOSIPH TUTIRODIUOW - SAW

uotjiexodIo) TedTway) mog - Moa

uotiexodiod DWA - OWJ

untbiag ‘910 ONV ABATOS - g08

epeURD ‘POITWIT ‘S8TIISNPUI ueTpeUur) - 10
AuewIs) ‘HEWD STWBYD-IIYDEM - 9HIDM
2ourag ‘uuewiyny aurbn - mm:a
SUOQIRD0IPAY PBIBUTIOTYD - HD
(sTosoaar) ToURYIDW PuR DPTIOTYUD AUATAYIBN - OUHY QUBTAYISOIOTYITIAL -~ ANIDI
TourYle puUR DUBYIBWOIONTIOIOTYDTIF (STOSOIBY -~ YAV SUBYIOIOTYDTIZI-T'T’'T ‘WIOJOIOTYD TAYIOW - oW
saueyle oJonii-oxoTyD - VID 2UDTAYIBOLOTYDIDT =~ Umuam
(suexotp
‘seutwe ‘®pPIX0 dusTAing ‘urtapiyororyords
'Tosoad-d-1A3ng-34.2-Tp ‘TOowWAYy3l yitm)
qIvY 6vy'T16°2C £€°0 - G000 HO 10-¢-uk3ang-1-~TAUION-¢
HY 166°2%5°¢C §°0 - T°0 HO 10-£-uiang-1-TAYy3an-¢
TdD sZL'z68'T G0 HD ‘0¥3vY ToTp-$*‘ [-uiing-z
n " S*0 QPTIAOTYD SUapITAUTA
" " 1 BURYIDWOIITN
MOa LyL'€Z6'T 1 HO SUeXOTd- ‘1
03 Jaqumu mE\m % IM % 3IM ‘-ouce JUBATOS punodwoo bUTZITIqR3S
pansst | juajed "g°n ‘AL ‘UOTIRIJUIDUOD | 83NTOS TeaTdAl
jusied Jo ebuey

SNOEMYOOddAN UALYNAOOTYH NI ddSil SMAZ1IT4VLIS € XIANAddy

~
=]



APPENDIX C

NEDS EMISSION DATA

98



Table C-1.

NATIONAL EMISSIONS DATA SYSTEM (NEDS) FOR STODDARD SOLVENT

SUMMARY OF EMISSIONS DATA CONTAINED IN

Frequency
of Stack Emission
State operation, height, rate, Type of
code % of yr ft tons/vr calculation
6 100 160 2 Guess
7 67 21 281 —b
16 33 10 - ¢
19 -4 0 @ €
19 -4 0 1 ¢
22 67 0 137 Material balance
22 67 100 144 _c
22 67 0 66 —d
24 33 20 -2 ¢
27 33 20 8 Guess
29 33 10 l 4 Material balance
29 100 40 75 Material balance
33 67 30 10 Guess
35 33 -2 15 _d
36 33 0 21 —d
45 67 0 18 Guess
47 100 30 168 Material balance
48 33 10 28 Guess
aNo data.
bNADA—approved non-EPA emissicn factor.
CNot applicable.
d

Emission factor (AP-42 or pending) .



Table C-2.

SUMMARY OF EMISSIONS DATA CONTAINED IN NATIONAL

EMISSIONS DATA SYSTEM (NEDS) FCR METHYLENE CHLORIDE

Frequency
of Stack Emission
State operation, height, rate, Type of
code % of yr ft tons/yr calculation
a
5 33 - 32 Guess

21 100 20 6 Material balance
45 67 -2 39 Emission test measurement
45 100 -2 23 Material balance
47 100 30 1 Material balance
a

No data.

100



Table C-3. SUMMARY OF EMISSIONS DATA CONTAINED IN NATIONAL

EMISSIONS DATA SYSTEM

(NEDS) FOR PERCHLOROETHYLENE

Frequency
of Stack Emission
State operation, height, rate, Type of
code % of yr ft tons/yr calculation
5 67 A 250 —b
5 67 _a 190 —b
5 67 _a 60 —b
5 67 2 16 —b
5 67 58 270 €
5 100 0 91 —d
14 67 62 201 Emission test measurement
14 100 30 336 Material balance
14 67 25 236 Material balance
19 100 0 8 —b
19 100 0 9 —d
21 -8 90 4 Material balance
21 i 33 20 o Material balance
21 67 20 5 Material balance
21 100 20 11 Material balance
29 67 10 35 Material balance
45 100 @ 7 Guess
47 100 30 6 Material balance
47 100 35 8 Material balance
47 33 25 7 —d
aNo data.
bNot applicable.
SNADA—approved non-EPA emission factor.

Emission factor (AP-42 or pending).
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Table C-4.

SUMMARY OF EMISSIONS DATA CONTAINED IN NATIONAL

EMISSIONS DATA SYSTEM (NEDS) FOR TRICHLOROETHYLENE

Frequency
of Stack Emission
State operation, height, rate, Type of
code % of yr ft tons/yr calculation
5 33 -8 246 —b
5 33 8 125 Guess
5 100 o] 8 ¢
6 100 160 113 Guess
6 33 140 20 Guess
16 -8 -2 74 Emission test measurement
16 -8 90 309 Material balance
16 67 30 8 Material balance
16 100 20 13 Material balance
21 67 20 95 Material balance
21 100 0 2 Material balance
21 100 20 107 Material balance
21 -a 20 1 Material balance
21 67 20 2 Material balance
21 100 20 13 Material balance
21 33 20 62 Material talance
47 100 30 218 Material balance
47 100 20 69 Material Dbalance
47 100 35 422 Material balance
47 100 35 3 Material balance
47 100 30 27 Material balance
47 33 0 17 Material balance
47 33 25 33 —b
47 67 30 116 Material balance
aNo data.

Emission factor (AP-42 or pending).

C . .
NADA-approved non-EPA emission factor.
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Table C-5.

SUMMARY OF EMISSIONS DATA CONTAINED IN NATIONAL

EMISSIONS DATA SYSTEM (NEDS) FOR TRICHLOROETHANE

State
code

Frequency
of
operation,

% of yr

Stack
height,
ft

Emission
rate,
tons/yr

Type of
calculation

L L L L L Y L Y G G G L Y G A S I RS IS I S N 1 B VN VS N O8]

100
100

100
a

i ] | | | | 1 | | t | | 1 1 I | ] 1 | | ! i !
[=3] < TR < ' E <P o Y [=E I e VR < T o] jold SR ¥ [SERN 0¥} [oP RN oY) o)) [o R oV} [o VRN VAR o VAR o F A V)

N e
o O

1 ! | ! ! I | ! 1 1 ! 1 t 1 1 1 | | ] ] i | i |
[ T < o T o L < I < T B = TR « | e T} o < S o T < I V<) B o e 1 [T AR T - ' ' e

308
209
14
4

3
17

w N W

@™
~N N

N - N N VR VA 8

[IsN
o

10
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Table C-5 (continued). SUMMARY OF EMISSIONS DATA CONTAINED IN
NATIONAL EMISSIONS DATA SYSTEM (NEDS) FOR TRICHLOROCETHANE

Frequency
of Stack Emission
State operation, height, rate, Type of
code % of yr ft tons/yr calculation
5 a _a 3 b
s _a _a 4 b
5 _a _a 3 b
s a _a o8 b
5 _a a 5 b
5 K _a 4 b
s 2 K 5 b
c a K 4 b
s _a _a 5 b
5 a K 5 b
< _a a 10 b
5 _a K 5 b
s _a _a 5 b
5 _a a s b
5 K _a 5 b
c _a K 8 b
5 _a _a 5 b
5 _a 2 5 b
5 a K 9 b
s K _a 3 b
s K a 5 b
c K a 14 b
5 a _a . b
5 _a _a 21 b
5 _a _a 4 b
5 _a _a 5 b
s _a A 13 b
< _a 2 s b
5 a _a 8 b
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Table C-5 (continued). SUMMARY OF EMISSIONS DATA CONTAINED IN

NATIONAL EMISSIONS DATA SYSTEM (NEDS) FOR TRICHLOROETHANE

Frequency
of Stack Emission
State operation, height, rate, Type of
code % of yr ft tons/yr calculation
c a _a 7 b
5 _a 2 4 b
5 A a 5 b
c 2 K 5 b
. _a 2 7 b
5 _a a 10 b
: _a _a 6 b
5 a 2 23 b
s a a 1 b
5 K 2 5 b
. a 2 17 b
. _a a 7 b
5 -4 -8 297 b
5 _a a 4 b
5 _a A 5 b
5 K a 6 b
5 _a 2 4 b
. _a a 9 b
: a 2 6 b
5 a a 1 b
5 _a K 5 b
5 2 2 4 b
5 a K 1 b
5 a 2 . b
5 _a a 4 b
5 _a K . b
5 -8 8 23 |-
5 a _a 5 b
5 K _a 2 b
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Table C-5 (continued) .

NATIONAL EMISSIONS DATA SYSTEM (NEDS) FOR TRICHLOROETHANE

SUMMARY OF EMISSIONS DATA CONTAINED IN

State
code

Frequency
of
operation,
% of yr

Stack
height,
ft

Emission
rate,
tons/yr

Type of
calculation

mmmmmmmmwmmmmwmmmmw

w

mmmmmmmwm

_a
_a
_a
_a
_d
_a
_a
_d
_a
_a
_a
_a
_a
_d
_a
_d
_a
_a
_a
_d
_4a
_d

a

a

_a
_a
_a
_a
_a
_a
_a
_a
_a
_a
_a
_a
_da
_a
_a
_a
_a
_a
_a
_a
_da
_a
_d
_a
_a
_d
_a
_d
_d

181

o w =W O o0

BN W W W s
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b
b
b
b
b
b
b
R
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b



Table C-5 (continued) .

NATIONAL EMISSTIONS DATA SYSTEM (

SUMMARY OF EMISSIONS DATA CONTAINED IN

NEDS) FOR TRICHLOROETHANE

Frequency
of Stack Emission
State operation, height, rate, Type of
code % of yr ft tons/yr calculation
5 K K . b
c _a _a 1 b
S K a 5 b
5 _a 2 3 b
5 a _a 5 b
s _a K 5 b
s K _a 1 b
< _a 2 17 b
s K _a 14 b
s _a _a 5 b
. _a K 3 b
5 _a _a 8 b
5 _a a 1 b
5 j _a K:! | 5 b
5 | _a a 6 b
5 _a _a 5 b
5 _a K 4 b
< a _a 5 b
< _a _a 3 b
5 _a _a 4 b
5 _a _a . b
s K K f 24 b
5 2 a 5 b
5 -a -4 10 _b
5| a _a ) b
5 | _a 2 4 b
5 _a K 16 b
5 K 2 - b
s _a _a s b




Table -5 {continued).

NATTONAL EMISSIONS DATA SYSTEM (NEDS) FOR TRICHLOROETHANE

SUMMARY OF EMISSIONS DATA CONTAINED IN

Frequency I
of Stack Emission
State operation, height, rate, Type of
code % of yr ft tons/yr calculation
5 -2 -8 57 b
5 -2 e 133 b
5 _a _a 8 b
5 a a 1 b
5 -2 -8 10 b
. a a 3 b
5 2 _a 4 L_b
5 _a a 4 %_b
5 _a a s I.b
5 i _a _a 4 i‘b
5 a _a 5 i_b
5 % -4 -2 P
5 E K | _a 6 E_b
_ a ' a . % b
5 i -8 2 14 i—b
s i a a 5 !_b
- a a 5 | b
5 a a 5 i b
: a _a ] . b
c , a _a 3 b
5 a _a c _b
5 a K 3 b
5 a a 1 b
5 _a _a 14 b
5 _a _a 1 b
5 | e 2 13 b
g a K 3 b
. _a a 5 b
. a _a 18 b




Table C-5 (continued).

NATIONAL EMISSIONS DATA SYSTEM (NEDS) FOR TRICHLOROETHANE

SUMMARY OF EMISSIONS DATA CONTAINED IN

Frequency
of Stack Emission
State operation, height, rate, Type of
code % of yr £t tons/yr calculation
5 _a _a 1 b
s K a s b
5 -2 2 12 b
5 _ -@ 16 b
5 -@ -2 22 b
s K _a 5 b
5 _a -a 45 b
s _a K 4 b
5 _a _a 4 b
5 _a K . b
5 -8 -2 18 b
5 = -4 21 b
S _a _a 4 b
5 K K i b
5 -8 -2 27 b
< _a | _a 3 b
5 -a . 11 b
5 -a -4 18 b
5 K ; _a 5 b
5 _a K 5 b
. K:! a 5 b
5 _a | K 5 b
. _a ! K ) b
5 _a ; _a 5 b
5 -a . 5 b
5 K [ a 6 b
s _a _a 5 b
5 a | _a 5 b
5 _a ; A . b
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Table C-5 (continued).

SUMMARY OF EMISSIONS DATA CONTAINED IR

NATIONAL EMISSIONS DATA SYSTEM (NEDS) FOR TRICHLOROETHANE

Frequency
of | stack Emission
State operation, height, rate, Type of
code % of vr ft tons/yx calculation
c K a 1 b
. a a 5 b
c a _a 3 b
5 2 A 5 b
c 2 2 5 b
s a a p b
5 a _a 1 b
< 2 i a . b
5 a a 10 b
c a _a 5 b
c 3 | _a o1 b
< _a “ a 5 b
5 A a 5 b
5 2 a 5 b
5 K _a 3 b
5 _a a 19 b
5 33 I 170 -¢
14 67 i 30 32 Emission test measurement
14 33 28 38 Material balance
14 33 23 38 Material balance
14 33 28 38 Material balance
14 33 E 28 38 Material balance
14 100 30 ol Material balance
14 67 26 13 _c
14 -2 | 50 585 ¢
14 100 20 149 Material balance
14 67 20 43 Material balance
14 o7 35 323 Material balance
14 10C 25 1 Material balance




Table C-5 (continued).

NATIONAL EMISSIONS DATA SYSTEM (NEDS)

SUMMARY OF EMISSIONS DATA CONTAINED IN

FOR TRICHLOROETHANE

Frequency
of Stack Emission
State operation, height, rate, Type of
code % of yr ft tons/yr calculation
14 100 20 57 Material balance
14 67 30 21 Emission test measurement
14 100 25 28 Material balance
14 33 23 60 Material balance
14 100 46 55 Material balance
14 33 30 36 Material balance
14 67 25 133 Material balance
14 100 10 48 Material balance
15 100 44 0 —d
15 33 35 0 —d
19 100 20 45 ¢
19 100 0 3 —d
19 100 0 24 ¢
21 ! o7 20 10 Material balance
21 ; 57 20 141 Material balance
21 100 20 153 Material balance
21 67 20 26 Material balance
29 K K _a d
29 100 10 51 Guess
33 33 20 53 Material balance
33 33 30 7 -d
33 67 40 16 —b
45 -8 0 16 Material balance
45 100 -4 16 Material balance
45 160 0 65 Material balance
aNo data.
bNADA—approved non-EPA emission factor.
;Emission factor (AP-42 or pending).

Not applicable.
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Table C-6. SUMMARY OF EMISSICNS DATA CONTAINED IN NATIONAL

EMISSIONS DATA SYSTEM (NEDS) FOR OTHER/NONCLASSIFIED SOLVENTS

Frequency

of
State operat
code % of

Stack
ion, height,
vY ft

Emission
rate,
tons/vyr

Type of
calculation
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b
b
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b
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b
b
b
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b
b
b
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Table C-6 (continued).

EMISSIONS DATA SYSTEM (NEDS) FOR OTHER/NONCLASSIFIED SOLVENTS

SUMMARY OF EMISSICNS DATA CONTAINED IN

State
code

Frequency
of
operation,

% of vr

<]

Stack
height,
ft

Tmission
rate,
tons/yr

Type of
calculation
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Table C-6 (continued). SUMMARY OF EMISSIONS DATA CONTAINED IN
EMISSIONS DATA SYSTEM (NEDS) FOR OTHER/NONCLASSIFIED SOLVENTS

Frequency
of Stack Emission
State operation, height, rate, Type of
code % of yr ft tons/yr calculation
< K _a 4 b
5 _a K 5 b
. _a _a 61 b
5 a _a 6 b
5 _a a 5 b
5 K K 13 b
5 _a K ‘ b
5 K _a 5 b
5 a _a 10 b
5 _a a 9 b
5 K _a 29 b
. a _a 4 b
5 A -4 552 _b
5 K a 37 b
s _a K 16 b
5 K _a 28 b
5 _a 2 3 b
5 K _a 5 b
5 _a _a 43 b
5 -4 @ 417 b
5 _a a 1 b
5 _a K:! 63 b
5 _a K 3 b
5 a _a 3 b
5 a K 16 b
5 a a 5 b
5 A _a 13 b
5 _a _a 17 b
5 K _a 29 b
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Table C-6 (continued).

EMISSIONS DATA SYSTEM (NEDS)

FOR OTHER/NONCLASSIFIED SOLVENTS

SUMMARY OF EMISSIONS DATA CONTAINED IN

State
code

Frequency
of
Operation,
% of yr

Stack
height,
ft

Emission
rate,
tons/yr

Type of
calculation

(ST O B G BT NS IS

(S V) B €2 S I

wl

v (@] u w U (2} wn 9] w

N U (@} U

(2B |

_a
_a
_a
_4a
_a
_a
_a
_a
_a
_a
_a
_a
_a
_a
_a

_a
_a
_a
_a
_da
_a
_a
_da
_a
_a

_a
_a
_a
_a
_a
_a
_d
_4a
_a
_d
_a
_a
_a
_a
_a
_d
_a
_a
_a
_a
_d
_d
_a
_a
_d
_d
_a
_d
_a

242

27

13

19

34

118

115

b
b
b
b
b
b
b
b
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b
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b
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Table C~6 (continued).
EMISSIONS DATA SYSTEM (NEDS) FOR OTHER/NONCLASSIFIED SOLVENTS

SUMMARY OF EMISSIONS DATA CONTAINED IN

Frequency
of Stack Emission
State operation, height, rate, Type of
code % of yr ft tons/yr calculation
5 -8 e 10 b
= a a 5 b
5 K K 4 b
5 -2 -a 15 b
5 -4 -4 64 b
5 _a _a 5 b
5 _a a 5 b
5 -8 -4 16 b
s _a _a 1 b
s a _a 8 b
5 -8 -4 21 b
5 _a K 5 b
5 -2 -4 71 b
5 _a _a 1 b
5 a _a 5 b
5 -8 -4 17 b
5 -4 -2 26 b
5 _a _a 5 b
5 -2 -a 10 b
5 -8 -4 5 b
5 =@ -2 67 b
5 K K 5 b
5 _a _a 6 b
5 -8 -a 17 b
5 _a _a 5 b
5 _a _a 5 b
5 a _a 6 b
5 -2 -2 20 b
c _a K 5 b
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Table C-6 {(continued).

SUMMARY OF EMISSIONS DATA CONTAINED IN

EMISSIONS DATA SYSTEM (NEDS) FOR OTHER/NONCLASSIFIED SOLVENTS
Frequency
of Stack Emission
State operation, height, rate, Type of
code % of yr ft tons/vr calculation
: _a _a c b
. _a _a 7 b
e ! _a a 8 b
< K _a . b
5 _a _a 8 b
5 a _a 5 b
5 a a % - b
5 i -4 @ i 11 _b
5 -4 -2 23 b
5 ¢ -2 2 b
s -8 -4 14 b
5 | -a - 16 b
5 _a a < b
5 -¢ e § 38 b
5 _ A 39 b
5 _a K 4 b
s _a K 4 b
5 K _a a b
: i _a a 5 b
5 ; -8 -8 103 b
5 i K a . b
5 -2 -2 73 b
5 | a _a 9 b
5 -¢ -2 20 b
5 2 _a o1 b
5 -8 4 28 b
5 a a 1 b
i
5 K a g‘ cs b
. a a E 5 b




Table C-6 (continued). SUMMARY OF EMISSTIONS DATA CCNTAINED IN

£MISSTONS DATA SYSTEM (NEDS) FOR OTHER/NONCLASSIFIED SOLVENTS

Frequency |
of Stack Emission
State operation, height, rate, Type of
code % of yr ft tons/yr calculation
5 A a 6 b
< K _a 5 b
5 -2 -2 39 b
5 -8 8 124 _b
_ 2 a 6 | b
- a _a a4 b
5 -8 -8 233 _b
5 @ i @ 131 b
5 K | a 4 b
c K 1 a 15 L b
5 _d i @ 1 _b
5 % _a % K 4 b
5 -4 @ 330 P
5 ‘ _a ‘! _a 5 _b
5 : a _a 5 b
s | _a a | 5 b
5 i a a 6 b
g | _a _a 6 b
5 .8 _a 5 b
5 a | A 5 b
_ _a » _a 5 b
5 ‘ _a ' a 30 b
5 a ‘ _a 1 b
5 -8 8 177 1 P
. E a a 10 b
5 _a _a 10 b
5 ; a a 12 b
_ a K 4 b

o
o
co



Table C-6 (continued).

EMISSIONS DATA SYSTEM (NEDS) FOR OTHER/NONCLASSIFIED SOLVENTS

SUMMARY OF EMISSIONS DATA CONTAINED IN

State
code

Frequency
of
operation,
% of yr

Stack
height,

rh
o+

Emission
rate,
tons/yr

calculation

Type of
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Table C-6 (continued).

SUMMARY OF EMISSIONS DATA CONTAINED IN

EMISSIONS DATA SY3TEM (NEDS) FOR OTHER/NONCLASSIFIED SOLVENTS
Frequency
of Stack Emission
State operation, height, rate, Type of
code % of vr ft tons/vxr calculation
5 67 @ ! 154 Material balance
5 67 @ | 400 Material balance
5 100 0 1,370 Guess
5 _a -8 940 —b
5 33 0 ! 8 —b
5 -8 10 | a -C
5 o7 5 | 2 Material balance
6 @ 35 ; 30 Material balance
13 67 30 i 13,100 Suess
13 100 50 g 350 —d
13 100 28 } 9 Guess
13 100 24 i‘ 112 Guess
13 67 20 | a3 Guess
1 33 22 263 Guess
13 33 25 E 16 Guess
13 67 23 f a8 Guess
13 33 20 579 Material balance
13 67 35 ! 81 _d
13 o7 35 i 263 Guess
13 2 50 E 1 Guess
13 67 I -a _C
13 - 25 ; 18 Guess
13 33 26 E 96 —b
13 33 I 96 _b
13 33 w0 175 Guess
14 100 0 5 297 Guess
14 33 14 | 117 Material balance
ig 67 10 ; 302 Material balance
14 100 30 i 356 Material balance

(=]
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Table C-6 (continued).

SUMMARY OF EMISSIONS DATA CONTAINED IN

EMISSIONS DATA SYSTEM (NEDS) FOR OTHER/NONCLASSIFIED SOLVENTS

Frequency
of Stack Emission

State operation, height, rate, Type of

code % of yr ft tons/yr calculation
14 33 10 48 Material balance
14 100 28 419 Material balance
14 67 0 168 Material balance
14 100 60 10 Material balance
14 67 25 82 Material balance
14 67 46 106 Material balance
14 67 32 60 Material balance
14 33 25 18 Material balance
15 67 12 0 -
15 33 33 0 c
15 33 24 0 c
15 33 6 0 _c
15 33 27 0 €
16 100 -8 -4 €
16 @ 10 A ¢
16 a a a a
16 67 0 125 Guess
16 67 0 4 Guess
16 100 0 31 Gueéss
17 33 25 2 Material balance
17 o7 le 5 Emission test measurement
17 67 2 18 Emission test measurement
17 67 62 149 Material balance
17 33 20 300 -d
17 67 30 245 Material balance
17 33 10 17 -b
17 33 10 13 —b
17 100 30 66 Material balance
17 33 30 19 Material balance
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Table C-6 (continued).

EMISSIONS DATA SYSTEM (NEDS) FOR OTHER/NONCLASSIFIED SOLVENTS

SUMMARY OF EMISSIONS DATA CONTAINED IN

Frequency

of Stack Emission
State operation, height, rate, Type of
code % of yx £ tons/yr calculation
17 67 26 13 Material balance
17 67 20 18 Material balance
17 c7 37 1 Material balance
17 67 64 0 s
19 67 5 40 -C
21 33 20 14 Material balance
21 100 20 4 Material balance
21 67 20 3 Material balance
2 33 20 193 Material balance
21 100 40 33¢€ Guess
21 67 20 5 Material balance
21 33 20 11 Material balance
21 33 20 1 Material balance
21 67 20 20 Material balance
21 67 20 3 Material balance
21 33 20 21 Material balance
21 33 20 8 Material balance
21 23 20 7 Material balance
21 33 20 24 Material balance
21 €7 0 17 Material balance
21 33 20 22 Material balance
21 33 20 21 Material balance
21 l 33 20 8 Material balance
21 5 33 i5 15 Material balance
21 } 33 20 1 Material balance
21 \ 57 20 10 | Material balance
21 33 20 8 i Material balance
21 33 20 G Material balance
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Table C-6 (continued). SUMMARY OF EMISSIONS DATA CONTAINED IN

EMISSIONS DATA SYSTEM (NEDS) FOR OTHER/NONCLASSIFIED SOLVENTS

Frequency
of Stack Emission
State operation, , height, rate, Type of
code s of yr ft tons/vr calculation
21 33 20 8 Material balance
21 33 20 5 Material balance
21 €7 | 20 11 Material balance
21 67 20 8 Material balance
21 33 i 20 60 Material balance
21 | 100 % 20 27 Material balance
21 33 i 20 13 Material balance
21 67 | 20 5 | Material balance
21 | 33 20 8 é Material balance
21 % 33 } 20 77 | Material balance
21 % 33 | 20 | 6 | Material balance
21 ! 33 % 20 E 5 Material balance
21 | 33 j 20 | 7 | Material balance
21 33 % 20 5 Material balance
21 | 67 1 20 47 Material balance
21 ﬁ 67 20 36 Material balance
21 33 15 6 Material balance
21 33 20 10 Material balance
21 a7 20 20 Material balance
21 @ 20 18 Material balance
2 33 % 20 2 Material balance
21 | 33 % 20 4 Material balance
21 ' 33 % Z0 11 Material balance
21 67 . 20 25 Material balance
21 33 % 20 % 40 Material balance
21 33 } 20 ; 5 Material balance
21 33 ' 20 ¥ 5 Material balance
2 33 20 i 20 Material balance
21 o7 20 E 9) Material balance



Table C-6 {(continued). SUMMARY OF EMISSIONS DATA CONTAINED IN
EMISSIONS DATA SYSTEM (NEDS) FOR OTHER/NONCLASSIFIED SOLVENTS

Frequency
of Stack Emission

State operation, height, rate, Type of
code % of yr ft tons/yr calculation
21 33 20 7 Material balance
21 67 20 39 Material balance
21 67 15 6 Material balance
21 33 20 22 Material balance
21 33 20 116 Material balance
21 33 20 20 Material balance
21 33 20 27 Material balance
21 33 20 4 Material balance
21 67 22 41 Material balance
21 : 33 20 7 Material balance
21 | 33 20 15 Material balance
21 33 20 7 Material balance
21 _a | 20 11 Material balance
21 33 20 9 , Material balance
21 33 20 12 Material balance
22 67 _a 180 Guess

22 100 | 0 390 €

22 67 0 530 —d

22 _a _a _a _C

22 33 - 616 Guess

24 33 0 1 Guess

» a a a c

24 100 - 123 Material balance
24 | 100 30 10 Material balance
24 33 30 - €

24 67 8 56 Guess

24 67 20 - _c

27 33 20 12 Guess

29 33 10 52 Material balance




Table C-6 (continued). SUMMARY OF EMISSIONS DATA CONTAINED IN
EMISSIONS DATA SYSTEM (NEDS) FOR OTHER/NONCLASSIFIED SOLVENTS

Frequency
of Stack Emission

State Ooperation, height, | rate, Type of
code 3 of vyr ft tons/yr calculation
29 67 16 78 Material balance
29 100 10 4 Guess

29 100 10 79 Guess

29 67 10 114 Material balance
29 - 33 10 21 Material balance
29 33 10 16 Material balance
29 100 | 10 49 Material balance
29 33 10 1 Material balance
30 100 5 : 21 Emission test measurement
30 100 41 7 _c

32 33 40 i 5 Material balance
33 67 50 i 14,600 Emission test measurement
33 67 40 13 Guess

32 67 25 | 30 Material balance
33 100 35 42 _b

33 100 30 | 16l Guess

33 67 30 25 —b

33 : 33 0 2 —d

33 1 67 0 104 —d

33 67 20 3 —b

33 100 30 8 —b

33 67 20 12 -C

33 33 20 6 _C

33 67 40 29 Material balance
33 67 40 15 Material balance
33 67 40 93 Guess

35 o7 0 2,700 Material balance
35 67 e 966 Guess

35 100 103 21,9000 ¢
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Table C-6 (continued).

SUMMARY OF EMISSIONS DATA CONTAINED IN

EMISSIONS DATA SYSTEM (NEDS) FOR OTHER/NONCLASSIFIED SOLVENTS

Frequency
of Stack Emission

State operation, height, rate, Type of
code % of yr ft tons/yr calculation

35 67 50 402 Material balance

35 100 148 1,160 Guess

35 33 4 99 Guess

35 67 @ 387 Guess

35 67 24 149 —b

35 33 7 19 Material balance

36 33 43 24 Emission test measurement
36 67 29 7 Emission test measurement
36 67 29 4 Emission test measurement
36 67 38 5 Emission test measurement
36 33 43 7 Emission test measurement
36 7 29 34 Emission test measurement
36 33 42 21 Emission test measurement
36 67 42 31 Emission test measurement
38 100 36 50 Material balance

38 33 123 12 Material balance

38 33 88 34 Material balance

38 100 0] 78 Material balance

38 33 0 13 Material balance

38 33 36 26 —d

38 33 25 10 Material balance

38 33 33 17 Material balance

38 33 0 3 —d

38 33 0 7 —d

38 67 0 9 Material balance

38 33 20 8 Material balance

38 33 35 5 Material balance

38 33 0 3 —d

38 33 10 49 Material balance




Table C-6 (continued). SUMMARY OF EMISSIONS DATA CONTAINED IN

EMISSIONS DATA SYSTEM (NEDS) FOR OTHER/NONCLASSIFIED SOLVENTS

Frequency
of Stack Emission
State operation, height, rate, Type of
code % of vr ft tons/yr calculation
38 33 30 1 —d
38 33 0 3 —d
38 33 0 2 Material balance
3 33 35 5 —d
38 33 22 13 —d
38 33 0 3 Material balance
40 100 6 120 Material balance
40 67 15 7 —d
40 ! 100 25 180 Material balance
40 % 10C 30 32 Material balance
30 | 3 30 36 | Material balance
42 | 33 ; S 3 Material balance
42 3 | 9 a4t
42 | 33 % 10 ; i0 Material balance
a5 | 67 ; -2 115 -
46 i 33 | -2 218 —d
47 ! 100 30 137 Material balance
47 % 67 20 45 Material balance
47 | 100 20 108 i Material balance
47 1 160 | 20 85 | —d
47 | 100 | 35 120 : Material balance
47 100 | 35 4 | vaterial balance
47 100 2 30 3 | Material balance
47 &7 30 95 Material balance
19 33 25 1567 b
49 t 33 28 a —b
I
49 } 23 45 0 €

F—l
o
-



Table C~6 (continued) .

SUMMARY OF EMISSIONS DATA CONTAINED I

EMISSIONS DATA SYSTEM (NEDS) FOR OTHER/NONCLASSIFIED SOLVENTS

Frequency
of Stack Emission

State operation, height, rate, Type of
code % of yr ft tons/yr calculation
49 33 26 79

49 33 55 32
a

No data.

b .

NADA-approved non-EPA emission factor.
C . ;

Not applicable.
d

Emission factcr (AP-42 or pending).

pot
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APPENDIX D

SOURCE SEVERITY DISTRIBUTION INPUT DATA

The following pages comprise the input data used to develop source

severity distributions for these source types.
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TLV SEVe DIST. (METHYLENE CHLORIDE)
THE SAMPLE MEAN IS 0.3344515-01

THE SAMPLE STANDARD DEVIATION IS 0,6152499E-01

PROBIS.LE,e1) = 0,9338000E+00
PROR(,1,LT,S,LE, 1,0} = 0,6580000€-01 R
PROR(S,6T.1.0) = 0,4000000€-03

XSAMP =  0,5000000€+01 -

SNUM(1) = 0,4669000g+01

SNUM(2) = 0,3290000E+00

SNUM(3) = 0,20U0000E-02

XPOP = 0,2400000E+04

PNUM{1) = 0,2241120E+04%

PNUM(2) = 0,1579200£403

PNUM({3) = 0,9600000E+G0

CLASS INTERVaALS ACTUAL FREQUENCY CUMULATIVE FREQUENCY

FROM  0.4671E~03 YO 0,1521£-02 0+1420000E+03 0.2840000E~01
FROM 0.1521£-02 TO 0,.1468g-01 0.23V8000F+04 0,4900000g+00
FROM 0.1468E-01 TO 0,2784E~01 0.9640000E+03 0.6828000E+00
FROM 0,2784E-01 TO 0,4099E-01 0.5180000E+03 0.7864000E+00
FROM 0,4099E-01 7O 0,5415£-01 0.2950000E+03 0.B8454000E+400
FROM 0,.,5415E-01 TO 0.6731E~-01 0.1940000E+03 0.8842000E+00
FROM 0.,6731g-01 TO 0.8047£-01 0.1230000g+03 0,9088001F+00
FROM 0.804T7E-01 TO 0.9362E-01 0,1020000£+03 0.9292001[000:

i
FROM 0,9362¢+01 7TO0 0,1068E+00 0,44UUB0OBE+U2 0,93800U1E+00 :
FROM 0.1068E+00 TO 0,1199E+00 0,51VU000E+02 0.,9482002E+00
FROM C.1199E+00 TO 0.1331E400 0.44U0U0000E+02 0.9570001E+00
FRUM n,1331E+00 TO 0.1463E400 0.300U000E+02 0,9630001€+00
FROM 0,1463E+00 TCO 0,1594E+00 0,22VU000E+02 0,967T4001E+00
FROM  04.1594F+00 TO 0,1726E+00 Cs17VUQDOL+02 0.9708002:+00
FROM 0,1720E+00 TO 0,1187E+01 Cs146U000E+03 0.1000000€+u}
$CC=TY

}...l
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TLV SEV. DIST. (PERCHLOROETHYLENE?
THE SAMPLE MEAN IS 0,2849864£+400

THE SAMPLE STANDARD DEVIATION IS 0,70359S6E+00

PROBIS.LEssl) = 0,5386000£+00
PROB(,1,LT,S,LE,1,0) = 0,40280U0E+00

PROBIS.67.1,0) = 0.5860000E-01

XSAMP = 0,2000000€+02

SNUM(1] = 0,1077200£+02

SNUM(2) = 0,8056000E+01 i
SNUM(3) = 0,1172000E+01 '
XPGP =  0,3000000¢+04

PNUM(1) = 0,1615800E+04%

PNUM{2) = 0,1208400E+04

PNUM{3) = 0,1758000E+03

|
CLASS INTERVALS CUMULATIVE FREQUENCY ¢

ACTUAL FREQUENCY

FROM 0.,1373E-02 TO
FROM 0.5471g-02 7O
FROM 0.3085E+00 ToO
FROM 0.6116E400 TO
FROM 10.914T7E+00 TO
FROM 0.1218E401 TYO
FROM 0.,1521g+01 7O
FROM 0.,1824E+01 70
FROM 0,2127E+01 TO
FROM  G.2430t+01 TO
FROM 0,2733E+01 TO
FROM 0.3036g+401 TO
FROM 0,3339£+401 TO
FROM 0,3642E401 TO

FROM 0,3945£+01 7TO
SCC=TY
SCC=CR
$008
$L0=NO
SF16

END
*xERROR 0039 KAF
$F16
3F1e
$Fl6
$F16
1 ¥
$Fle
$Fl6

$F16
$Fle
3F16
$Fl6
$Fle
$Fle
$F16
$Fl6
SEQD
+u0lH
$CLOR
*RUILI UL
08
$LOAD

0.5471E£=02
0,3085g£+00
0.6116E400
0.9147E400
0.1218E+01
0.1521E+01
0,1824£+01
0,2127E+01
0,2430E401
0,2733£401
0,3036£401
0.3339g401
0.3642E+01
0.3945E401

0,1301€+402

0.125U000E+03
0,3809000£+04
0,5350000E+03
0.1950000E+03
0.1120000E+03
0+5500000E+02
0.43V00000g+02
0,23UVU000E+02
0.16UU000E+02
0.12U0000E+02
0,1800000E+02
0.16V0000E+V2
0.600V00C0E+01
0.900U000E+0]

0.26V0000E+U2

0.2500000£-01
0.7868000F+00
0,8938000E400
0.93279995400
0.9552000E+00
0,9661999E+00
0,9747999g+00
0.9793999E+00
0.9825999E400
0.9849999E 400
0.9885999E4+00
0,9917999¢+00
0,9929999E+00
0.9947999E 400

0.9999999€+00

|
i
|
|



TLv SEve DIST.IBUTYL ALCOHOL]

THE SAMPLE MEAN IS (0,48787U9€+0U

THE SAMPLE STANDARD DEVIATION IS 0.1449097£+01

PROB(SsLEsel) = 0,5206000£4+00
PROBU.1.1.T.5.LEL1.0) = 0,3716000E+00
PROB(S.GT.1.0) = 0.1078GU0E+00
XSAMP = 0,0000000E400 ~
SNUM(1) = 0,0000000F+00
SNUM(2) = (,00U000ULE+0OQ
SNUM(3) = 0,00UQ00UE+00
XPOP = 0+30000V0E+03
PNUM(1) = 0.,1561800£+03
PNUM(2) = 0,1114800E+03
PNUM(3) = 0,3234000E+02

CLASS INTERVALS

FROM
FROM
FROM
cROM
FROM
FROM
FROM
FROM
FROM
TROM
FROM
FROM
FROM
FROM

FROM

0.

0.

[/

0.

0.

0.

0.

0.

0.

C.

N

Ue

G

U

ACTUAL FREQUENCY

S727E-03 TO 0.2034E~-02 0el460D00E+D3
3034E-02 TO 0,33B82E+00 0+3602000£+04
33B2E400 TO 0,6734E400 0+518U000E+03
6734E+00 TO 0,1009E401 0.20VU000E+03

1009E+01 TO 0,1344E+01 0.124U000E+U3

1344401 TO 0.1679E+01 0,7600000£402
16796401 TO 0,2014g+01 0.62VU000g+02
2014E+01 TO 0,2349E+01 0,4400000E402

2343€+01 TO 0,2685E£+01 0+27VUUDDOE+D2

26856401 TO 0,3020E+401 0.31U0000EU2

3020E+01 TO 0.3355E+01 0.23VU000E+U2

33558+01 TO 0.3690£+401 0.19VU000E+V2

3690f+401 Ty 0,4025E«01 0.,16V0000L+02
40258 +01 TO 0.4361E+01 0.11UU000E402

43611 +01  TO, 0.2B30E+02 0.39UU000EsUL

132

CUMULATIVE FREQUENCY

0,29200U0E«01
0.74960800E+00
0.8532000E+00
0,8932000E+00
0,9180G000E+00
0,9332001E+00
0,9456000E+00
0,9544001E+00
0.95980V1E+00p
0.9660001E+00
0.9706001E+00
0.9744000E+00
0.9780000E+u0
0,.9802001E+00

0,10000U0E+01



THE SAMPLE MEAN IS 05264653t ~0C1

THE SAMPLE STANDARD DEVIATION IS 0.1164178E+00

PROM(S.LE.sl} = 0.8771999g+09
PROB{.1abT.S.(EV1,0) = 0.1202300€+00
FROB(S.GT,1,0) = 0.26U0000E~U2
XSAMP = 0.0008U0UE+D0
SNUM(1l)y = 0,00U0000E+D0Q B
SNUM(2) = U,00U0DQUE+DD
SNUM(3) = 0,00U00U0E+DTD

XPOP = 0,2800000€+05
PNUM(L) = 0,2456160£+05
PNUM(2) = 0.3365600E+04
PNUM(3) = 0,7280000E+02
CLASS INTERVaALS ACTUAL

FROM 0.1959€-02 T0 0,p467E-03
FROM 0,2467g-02 T1Q 0.3179c~01
FROM 0.3179€-01 TQ 0.6111E-g1
FROM 0.6111E-01 TO 0,9042E.01
FROM 0,9042E-01 TO 0,1197E+00
FROM 0,1197E+00 70 0,1491E+00
FROM 0.1491€+400 TO 0,1784E+00
FROM 0,1784E+00 TO 0,2077E+00
FROM 0,2077€408 TO 0,2370E+00
FROM  0,2370E+00 TO 0,2663E400
FROM 0.2663E+00 TO 0,2957E+00
FROM G.2957E+00 TO 0,3250E+00
FROM 0,3250E£400 YO 0.3543E+00
FROM  0£,35435+00 TO 0,3836E400

FROM  §,3836E+00 TC 0,1847E+01
ICC=TY

FREQULNCY

0,32U0000E+0,
043189000¢+04
0.7870000E+03
0.298U000E+D3
0.1820000E403
0+1090000E+03
0«33V0000E+02
G, 72VUDQ00E+U2
C.,41U000CESD2
0+36UUN00E+02
0.28VU000E+02
0.140U000E+V2
0.24VU000E+02
0,13VU0D0E+02

0,83VUC0UE+U2

133

TRICHLORUETHANE TLV SEVERITY 21IST,

CUMULATIVE FREQUENCY
0.6400000E-0,
0,6442000£400
0.8016000E400
0,8612000E400
0,8974000E+00
0.9191999£+00
0,9377999¢4+00
0,9521999E 400
0.9603999E4+00
0.9675999E 400
0,9731999€+00
0.9759999£+00
0,9807999E+00
0,9833999E 400

0,9999999F 400



TLY SEve OIST. (TRICHLGROETHYLENE)

THE SAMPLE MEAN IS 0,3376922E+00

THE SAMPLE STANODARD DEVIATION IS 0,1073781E+01

PROB(SeLEasl}) = 0.6026000£+400
PROB(+1,LT.S.LE.1,0) = 0,32200C0E+00C
PROB(S.67,1,0) = 0,7600000E-01 x

|

XSAMP = 0,2400000€+02 !
SNUM(1) = 0,1444800E+402
SNUM(2) = 0.772B000E+01
SNUM(3) = 0,1824000E+01 ~
XPOP = 0.5200000E+04
PNUM{1) = 0,3130400E+04%
PNUM{2) = D0.1674400E+0%
PNUM(3) = 0,3952000£+403

CLASS INTERVALS ACTUAL FREQUENCY CUMULATIVE FREQUENCY
FROM 0,3294E=03 TO 0.2523£-02 0.2000000FE+03 0,4000000E=-03%
FROM (0.2523g=-02 Y0 0,1892e+00 0.3405000E+04 0,7210000£+00
FROM 0.1892E+00 T0 0,3759E400 0.5390000E+03 0,8288000£+00
FROM 0D.3759E+00 TO 0,5625E+400 0.,223U000E+03 0.B8T34000E+0C
FROM 0.5625E+00 TO 0,T492E+00 04133U000E£+03 0,9000000£+00
FROM 0.7492E+400 TO 0.93S9E+00 0.85V0000E+02 0,9172000£+00
FROM 0.9359£+00 TO 0,1123£+01 0,70UU000E+D2 0,9312000€+00
FROM 0,1123E+01 TO 0.,1309E+01 G.46U0000E402 0,9404000E+00
FROM 0,1309E+401 TO (0.1496E+01 0.,3BUDD00E«B2 0,9480000E+00
FROM C.1496E£+01 TO 0.1683E+401 0.30UV000E+D2 0,9540000£+00
FROM 0.,1683E+01 TO 0.1869E+01 0.29VU000E+02 0.9598000E+00
FROM D0.1869E+01 YO 0,2056E+401 0«220U000£+02 0,9642000E+G0
FROM 0.2056E+01 TO 0.2243E+C1 0.16VUOD0E+D2 0.9674300E+00
FROM  0.,2243E+01 7O 0.2%29E+01 0,18VU000E402 0,9710000E+00
FROM 0,2429EL+01 TO 0.2891E+402 0.145UD00E+D3 0,1000000E+01
SCC=TY
$J08
$F1e

134



TLV SEV, OIST,(FLUOROCARBONS)
THE SAMPLE ™EAN 1S 0.7703228E-01

THE SAMPLE STANDARD DEVIATION IS 0,2288047€+00

PROB(S«LEsel) = 048444000E+00
PROB(.1.LT.8,LE.1,0) = 0,1440000E+00
PROB(S.GT.1.0) = 0.1160000E-01
XSAMP = 0,00U0000E400
SNUMIL1) = U,000000GE+QD -
SNUMt2) = 0,000000UE+00
SNUM(3) = U.00UOUUOE+QD

XPOP = 0.,1000000E+0y

PNUM(1) = 0,8444000£+03
PNUM(2) = 0,1440000£+03
PNUM(3) = 0,1160000E+02

CLASS INTERvaALS ACTUAL FREQUENCY CUMULATIVE FREQUENCY

FROM g,
FROM 0.
FRom ©.
FROM g,

FROM o,

9043E-04 TO
4790g-03 7o
5340€-01 TQ
1063E+00 TO

1593e+00 TO

FROM C.2122F+00 T0

FROM 0.2651g+00 7o

FROM 0.
FROM o,

FROm o,

3180E£4+400 70
3710E+00 TO

4239E+00 TO

FROM 0.4768E+00 TO

FROM o0,

FROM 0,

5297£+400 TO

5827E+00 70

FROM  ),5356£4+00 TO

FROM  0.088SF +00 TO0

$CC=TY

0.4790E=-03
0.5340g-01
0,1063E+00
0.1593E400
0.2122E400
0.2651E+00
0.3180¢+00
0.3710E400
0.4239E4+00
0.4768E+00
0.5297E+00
0.5827E+00
0,6356E400
0.6885E400

0.4468E+01

04146U000E+03
0.3602000g+04
0.518U000E+03
0.20U000CE4U3
0,124U000E+03
0.76V0000E£402
0,62VU000F«U2
0.440U000E4+02
0,27VU000E4+02
0.31UL000E4+02
U.2300000E+02
0.19U0000€+02
0.18VUGD0E+UR
0.11UU000E U2

0.99VU0BUE+U2
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0.2920000E=01
0,7496000F400
0.8532000€+00
0.8932000E+00
0.91800G0E+00
0.9332001€+00
0,9456000E+00
0.9544001E+09
0,9598091E4+00
0.9660001E+00
0.9706001E+00
0,9744000FE+00
0.9780000E+00
0.98020G1E+00

0.10000C0E+0;



THE Sa
THE Sa
PROB (

PROB(,
PROB (S

XSamp
SNUM(1
SNUM (2
SNuM (3

XPOP =
'

PNUM{1
PNUM(2
PNUM (3

CLas
FROM
FROM
FROM
FROM
FROM
FROM
FRO®M
FROM
FROM
FROM
FROM
FROM
FROM
FROM

FROM

TLV SEV. DIST.(ICARBCN TET)Y

“PLE MEAN IS 0.2251709e+01
MPLE STANDARD DEVIATION IS 046688141E+01

SelEsell = 0,2264CUGE+00
l.LTes0LEL1.0) = 0,4484000E400
+6T.1.0) = 0.3252000E+00

= 0.0000000E400

) = 0.000000Ug+00
) = U.000000VE+DD
} = U,000000UE+00

.30000005002
0.6792000£+01
0.1345200E+02
0.9756000E4+01

)
)
)

Hnno

S INTERVALS ACTUAL FREQUENCY
0,2643E-02 TO 0+3400E-01 0+,1460000E+C3
0.1400g-01 To 0,1561g+01 0.3602000g4+04
0.1561F+01 10 0.3108E+01 0,518U000E+03
U,31U8E+01 TO 0,4655E401 0+20VV000E+03
0.4655E€+01 TO 0.6202€+01 0,1240000€E4+03
0.62026401 7O 0.7749€+401 0.76VU000E+U2
0,7749g+01  TO 0.9296g+01 0.6200000g+02
0.9296€+01 YO 0.1084E+02 0+44VU000E+02
G,1084E402 TO 0.1239E4p02 0.27VU000E+02
0,1239€+02 Y0 0.1394E+02 Ce31VUU000E+uU2
0.1394€+02 TO Oel548E+02 0.23V0000E402
0.1548£+02 7TO 0.1703€+02 0.19VU000E+0D2
0.1703E+02 70 0.1858£+02 0+18VVU000E+U2
0.1858E402 7TO 0,2013E+02 C411VU000E+02

0.2013E+02 TO 0,1306E403 0+39UU000EsL2
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0,2920000E-01
0,7496000E+00
0.8532000E+00
0,8932000E400
0,9180000E4+00
0.9332001E£400
0,9456000¢+00
0.9544001E+00
0.9598001E+00
0,9660001E+00
0,970600U1E+00
0,9744000¢F+00
0.9780000E+00

0,9802001E+00

0,1000000F4gy

CUMULATIVE FREQUENCY



THE SAMPLE MgaN IS 0.1219677£+00

THE SAMPLE STANDARD DEVIATION IS

PROBIS«1LELel) = 10,7798000E+00

PROB({ 1etT.S.LEL1,0) = 0,2016000E4+400

PROBIS.6T.1.0) = 0.2260000E~01

XSAMP = 0.0000000E+0D

SNUM(1} 0.00000U0E+DQ
SNUM{2) VU,0000000E+00
SNUM{3) U,00UCOOUE+UD

"ouon

XPOP = 0,1000000€+0y

PNUM(1) = 0,77580G0g+03
PNUM(2) = 0,20160UV0E+03
PNUM{3) = ©,2260000E+02

CLASS INTERVALS
FROM 0.1432E-C3 TO 0.7584E=03
FROM 0,7584g«03 TO 0,8456p-01
FROM 0.8456E-01 TG 0,1684E4+00
FROM 0,1684E400 TO 0,2522E400
FROM 0,25226400 TO 0,3353E400
FROM 0.3359E+00 TO 0.4197E+00
FROM 0,4197g400 TO 0.5035£+400
FROM 0,5035€400 TO 0,5873E+00
FROM 0,5873E400 TO 0,6711E+00
FROM 0,6711E400 TO 0,7S49E+00
FROM 0,7549:400 TO 0.B387E+00
FROM 0.8387e+00 TO 0,9225E+00
FROM 0.9225£400 TUO 0,1006E+01
FROM 0,1006£+401 TO 0,1090E+01

FRO™  0,.1090E+01 TO 0,7074E+01

TLY SEwvs

0.,3622741£+00

ACTUAL FREGUENCY

0.146U000E+03
0,36U2000F+04
0.5180000E+03
0.20UU00DESY3
0.124U000E+03
0.76V0000E+02
0.62VU0000g+0U2
0.44UV0COES02
0.27VUUD0UE+U2
0.31UUQ00E+D2
0.23U0000E+02
0,19UU000E+82
0.18U0000E+U2
0.11UU00DE+D2

0.99VVUD00E+OZ

137

GIST.(ETHERS)

CUMULATIVE FREQUENCY

0,2920000E-01
0.7496000g+00
0,8532000E+00
0,8932000E+00
0,9180009E+00
0.9332001E+400
D.9436000F+00
0,954%001E+00
0,9598001E+00
0,9660001E+00
0,9706001E+00
0.9744000E+00
0,2780000E+00
0,9802001E+00

0,100000D0E+01



TLV SEVe DIST.(CYCLOMEXANE}

The SAMPLE MEAN IS 0.1393917E+u8

THE SAMPLE STANOARD DEVIATION 1S 0.4140277E+00
PROB(Ss Eved} = 0.7548000E+00
PROM{.14LT.5.LEL2.0) = 0,21840005+00

PROB (546741401 = 0.26B00UQE=01

XSAMP = 0,u0000B0E+00 -
SNUM(1) U O0UQDUUE+OD

SNUM(2) U.DUUGOUUVE+DO

SNUM{3) = U,00UQUUUE+CD

XPOP = (,4UUB0U0E+U.

PNUM(1) = 0,3019200£+04

PHNUM(2) = 0,8736000E+03

PNUM(3) = 0,10720U0E+u3

CLASS INTERVALS ACTUAL FREQUENCY CUMULATIVE FREQUENCY

FROM U le36E-U3 TO 0.8667E-03 De1460000E+03 0.2920000E~01
FRNY  0.B66TL~-035 TU 0,9664g-01 C.36U2000g+04 0,7496000F+00
FROM  U,.%66%F -1 T) 0,1924E+00 0.518U000E+03 0,8532000E+00
FRYOM O CL19280400  TC  0,2882E400 0,20UUD0GE+03 0,8932000E+00
FRax 0.2884t +U0 TO 0,3839E+00 0.1240000E+03 0,91800U0E+00
FRO»  0,38489E+0U TC 0,4797:84+00 0e76UUO00E+0D2 0,9332001£+00
FROM  0,4797E+00 TO 0.5755g+00 Ue&2VUCO0E+02 0,9456000£+09
FROM  0.5755E+0u  TUO 0.6T7T1CE+03 U.4%4UUOO0E+02 D.9544001E+00
FROM  D,e 712140 TO 0,7670E+00 0.27VV000E+02 0,3598001E+00
FROM  J,76TUE+UU  TU 9,8628E+00 0+31VV00UE+U2 0,96600U1E+00
FROM  0.8628E+00 TG 0,9586E+00 Ua23VU000E+02 0,97060U1E+COD
PrOM s 2o8brrud TC  0.1054E+ul (419VUQ0UE+D2 0,9744000E+00
Foge  uLiuSet+ol 1 2.1150E+01 U.180UQ00E+02 0,2780000E+00
FRO™ L) 105UE+01 TO 0,12%bE«ul Usl1UUOOOE+UZ 0.9802001E+00
i Je1246F +Ul T0 0.8084E+01 0.99V0000L+U2

138

0.10000U0E+Q]



TLV SEV.
THE SAMPLE MEAN IS 0.3364618E£+00
THE SAMPLE STANDARD CEVIATION IS (6.9993767E+00
PROB(S.LE.»1) = 0.598B8000E+00

PROB(.1,LT,5,LE.1.0) = 0,3246000E+00
PROB{S,G7.1.0} = 0.7660000E-01

XSAMP = 0,U00000QE+O0D
SNUM{1) 0,0000000E+00

SNUM{2) = UL.OQUDOQUE+DQ
SNUMI3) = 0.0U0U0UVVE+UL
XPOP = (0.1100000€+05

PNUM(1) = 0.6586800E+04%
PNUM(2) = 0.3570600E+0%
PNUM{3) = 0,8426000E+03

CLASS INTERVALS

LISTLUXYLENE)

ACTUAL FREQUENCY

CUMULATIVE FREQUENCY

FROM 0.3950E-03 TO 0.,2092E-02 0e1460000E+03 0.2920000E~-01
FROM C,2092g-02 70 0,2333g400 0.3602000g+0y 0,7496000g+00
FROM 0.2333E400 7Ty 0,464%E+400 0+518U000E+03 0,8532000E+00
FROM 0,4644E+400 TO 0,6956E+00 0,20U0000E+03 0,8332000E+00
FROM 0.69566400 TC 0,9268E400 0.124U000E+03 0,9180000E+00
FROM 0,9268E+00 TO 0.,1158€£+01 0.76U0000E+0D2 0,9332001€+00
FROM 0.1158g+01 TO 0.1389£+01 0,62VU000E+02 0,9456000g+00
FROm 0.1389E+401 TO 0.,1620E+01 0.44VU00DE+D2 0,9544001E400
FRO® 0,1620E+01 TO 0,1851E4+01 C.27VU000E+02 0.9598001E+00
FROM 0.1851FE+01 7O 0,2083E401 0.31UVU000E+02 0,9660001€E+00
FROM (.2083E+01 YO 0,2314E£+01 0.23V0000E+02 0,9706001E+00
FROM D.2314E£+401 TO 0.2545g+01 0.19U0000E£+02 0.9744000E+00
FRDM  0.2545E+401 TO 0.,2776E+01 0,18V0000E+02 0.9780000E40G0
FROM 0.2776E£+401 TO 0,3007€+01 0,11ULDOVE«D2 0,9802001E+00
FROM 0,3007E+01 TO 0.1951E+02 0.99VUQ00E+L2 0.1000000E+0Y

139



TLV SEV.
THE SAMPLE MeEaN IS 0,3902962e+00

THE SAMPLE STANDARD DEVIATION IS 0.1159277:£+01

PROBIS«LEsvl) = 0.5648000E+00
PROB(.1.L7.5.LE41,0) = 0,3472000E+0D
PROB(S.6T.1.C) = 0,88U0000E-013
XSAMP = U, UDO0UQUE+DO
SNUM(1l) = U,000000UL+00
SiuM(2) = U,00U0000UE+CQU
SNUM{3) = U, BUU00UUE+UL
XP0OP =  (419500000E+U5
oRUM(TY) = 0.,8472000£+04%
PNUM(Z) = 0,52V8000E+04
PNUM{3) = 0,13200U0E+0%

DIST . {TOLUENE)

CLASS INTERVALS ACTUAL FREQUENCY CUMULATIVE FREQUENCY

FROM  0.,u4582E-0s TO0 0.2427E-02 0+1460000E+03
FROM  0,2427§-02 TO 0,2706g+00 0.3602000£404
FROM JesTUBESOO T0 0.5387E+00 0.,5180000E+U3
FROY  0.5%387E£40u TU 0.8069E+400 0,20VUGDOE+U3
CROM (0.B069E+00C TQO 0,1075E+01 0,1240000€403
FROM  0,107%E+01 TU 0,1343£+01 0.76U0C00E+O
FROM 0.1343p+01 TO 0.1611g+01 J.62V0000g+02
FROM O0.1611E£+01 TO 0,1879£+01 0.440U000E+02
FROM (Q0,1879E+01 7O 0,2148E+01 Ge27VUC00E+02
FROM  0,2148E401 TO (0,2416E+01 D+31VU000E+02
FROM  (C.241bE+01 TO 0.2684£+01 D.23VU000E+02
FROM (0.2684£+401 TO 0.,2952E+01 Del9VULOUOE+U2
FROM 0.2952F+01 TO ©0.3220E+01 0.18UUD00E+02
FROM 0,3220£+01 TO 0.3488E+01 0.11VUD00E+U2
FROM UeduBBE 01 TG 0.,2264E+02 0+99VUBOUE+U2
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0,2920000£~01
0,7T496000g+00
0,8532000E+00
0,8932000E+00
0,9180000E+00
0,9332001E+00
0,9456000£+00
0,9544001E«00
0,95980U1E+00
0.9660001E+00
0,9706001E+00
0,9744000€E+40CD0
0,3780000E+00

0,98020U1E+00

0,10U0CU0E+D1



TLV SEV. DIST,.(3ENZEF)
THE SAMPLE MEAN 1S 0,1829513€+401

THE SAMPLE STANDARD OEVIATION IS 0,5434116E+01

PROB(SelEsei’ = 0,26U8000£+00
PROBI.1.iTeSeLEs1.0) = G,4504000E400
PROB(S,GY.140) = D0,28880C0E+00
XSAMP = D0,0000000E+00
SNUM(1l) = 0,00U00000E+00
SNUM{2) = 0,00000U0E+00
SNUM(3) = U.00U00UUE+DD
XPOP = 0.3000000E+0y
PNUM(1} = 0,7824000£+03
PNUM{Z2) = 0,1351200€+404
PNUM(3) = 0,86684000E403

CLASS INTERVaALS ACTUAL FREQUENCY CUMULATIVE FREQUENCY

FROM 0,2148£-02 TO 0.113gE=-01 8elu6UOBOE+D3 0,2920000£=01
FROM 041138g-01 TO 0,1268(+01 0.36U2000g+04 0,7496000F+00
FROM 0,1268E401 Y0 0,2525E401 0,518U000E4+03 0,8532000E+00
FROM 0,.2525E+C1 YO 0,3782E+01 0.2DV00000E+03 0.8932000E+00

FROM (0,3782E401 TO0 0,503%E+01 0,124%0000E+03 0,9180000E400

FROM 0.5039£+401 TO 0,6296E+01 0,7600000E+02 0.9332001E+00
FROM 0.6296p+01 YO 0,7553p+01 0+62U0000E+02 0,9436000E+00
FROM 0.7553E401 TO 0Q,8B10E+01 0,490U000E+02 0,9544001E400
FROM 0,8810E+401 T0 0,1007E+02 0.27UU000E+DQ2 0,9598001€400
FROM 0,100764+02 TO 0,1132E402 0,310U0000E+02 0,9660001E+00
FRO#  0,1132E+402 TO 0.1258BE+02 0,23VUN00E~+02 0,.9706001E+40D :
FROM 0.,1258£+02 TO 0,1384E+02 0.19UUDOBE+C2 0.97440G00E+00
FROM 0.,1384E+402 TO 0.1509E+02 0.18VUV000E+02 0.9780000E400
FROM C.1509€402 TC 0,1635E+02 C.11VUQ00E+0Q2 0,9802001E£+00
FHROM 0.1635E+02 TO 0.1061E+02 0.990uy0UE+U2 0,10000UDE+01
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TLY SEVs DIST.IMINERAL SFIR{TS)
THE SAMPLE MEAN IS 0.2613592¢ +00
THE SAMPLE STaANDARD VDEVIATIUN IS 0.7763018E+00

PROMIS.LEvall = 0,6478007C+00
PROB(.1,LT4S,LE,1.3) = 0.2918000E+00

PROB(5.67,1.0) = 0,6080000£-01
XSAMP =  U.UD00UCUDE+QQ

SNUMI1) = U.0UUD0OUE+UO
SNUM{2) = 0,00UQUUUE+UD
SNUM{3) = U,00UDUVUE+0D

XPOP = +10000V0E+04

PNUM{2) 0.,2918000E+03

0
PNUMI1l) = 0.6478000fF+03
PNUM(3) = 0.60U40000E+D2

CLASS INTERvALS ACTUAL FREQUENCY CUMULATIVE FREQUENCY

FROM 0.3068E-03 TC Sele25E-02 0¢1460000E+U3 0.2920000E=01
FROM  0.,1625¢-02 To 0.1812£+00 De36U2000E+UY 0.7496000£+00
FROM 0.1812E400 5o 0.3608E+00 0.518U000E+03 0.,8532000€400
FROM 0.3608E+400 TO 0,35403E+u0 0.20UU000E+03 0,8932000E+00
FROM 0,5403E400 TO 0.,7199€+00 0.12%V000E+03 0.9180000E+00
FROM 0.7199€+400 70 0,8995E+00 0.7600000E+0, 0.9332001E+00
FROM 0.8995£+00 TQ d.1079g+01 0+6200000g402 0,9456000€+00
FROM 0,1079E+01 TQ 0.1259E+01 U«4400000E+02 0.9544001E+00
FROM 0.1259€401 70 0,1438€401 0,27V0000E«D2 0,9598001E+00
FROM 0.1438E£+401 70 O0,1618E+01 0+31VU000E+02 0.,9660001E£+00
FROM D.1618£+01 TO 0,1797€+01 0.23UU000E+02 0.9706001E+00
FROM  0,1797€+01 TU 0.1977c+01 0.19VU000E+02 0,9744000E+00
FROM 0.1277£401 TO O0,2156E+01 0.18UU000E+V2 0.9780000F+00
FROM  0,2156E+01 TO 0.2330E+01 0.110U0000E+02 0.%8020U1E+0¢
FROM  0,2336t+01 TO 0,1516E+02 0,99UV0URE+U2 0.1C000U0E+Q]

142



TLV SEVs DIST.(NAPTHAS)

THE SAMPLE MEAN IS 0.1557035E+00
THE SAMPLE STANDARD DEVTATION IS (0O.4624780E+00
PROBIS«LEsel) = 0,7376000E+00

PROB(+1,LT.SeLEL2.01 = 0,2298000E+400
FROB(S.6T.1.,0) = 03,3260000E-0C1

XSAMP = 0,0000000E+00
SNUm(1) 0,00U000VE+CGO

SNUM(2) = 0,0000C00E+00
SNUMI(3) = U,.,0000000£+00
XPOP = 0.235C000E+06

PNUMI1) = 0,1733360E+06
PNUM(2) = 0,540030UE+05
PNUM(3) = 0,7661000E+0%

CLASS INTERVALS

FROM
FROM
FROM
FROM
FROM
FROM
FROM
FROM
FROM
FROM
FROM
FROM
FROM
FROM

FROM

0.1828E-03
0.9682¢-03
U.1073E+00
0.2149E400
0.3219E+00
0.,4289E+00
0.5358E+00
0.,6428E400
0.7498F+00
0.8568E4+00
0.9637E+00
0.1071£+01
Ce117B8E+01
0.,1285E+01

U,1392E+01

T0

TO

T0

J0

T0

T0

T0

TO

TO

0

TO

TO

TO

T0

TO

0,9682E~03
Uel079e400
0.2189E400
0.3219E+00
0.4289E+00
0.5358E+00
0.5428£400
0.7498E400
0.8568E+00
0,9637E+00
0,1071E+01
0,1178£401
0.1285E+01
0.,1392E+01

0,3030E+01

ACTUAL FREQUENCY

04146U000E+03
0.36U2000F+U4
0+518V000E+03
0,20VVQ00E+03
0.1240000E+03
0,76U0D00E+D
0.,6200000E+V2
0.,44UUDOOE+D2
0.27V0000E+C2
0.31VU000E+02
0.2300000E+U2
0.19V00000E+02
0,180UQ00E+uU2

0,11UU0D0E+02

0.99VU000E+L2
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CUMULATIVE FREQUENCY

0,2920000E-01
0,7496000g400D
0.8532000£400
0,8932000E+C0
0.91800U00E+00
0.9332001E+400
0,9456000E+00
0,9544001E+00
0,9598001E+00
0,9660001E+00
0,9706001E+00
0,9744000E+0C
0,T7800UVUE+CYL

0.98020V1E+00
U,100D0V0E+Q1



JLV SEV.
THE SaMpPLe YEaf IS U.8131162£-01

Tk SAMPLE STANGARD GEVIATION IS 0,2415161£+00

PROAIS. L E.el) = 3.15372000€+00
PROBlelal TeSelbeleud = 0.15C4000E+00
PROM(S GTakel = 0.,1240000t=-01
XSAMP = 0,00U0ULUE+OU
SNUMEL} =  U.0UUODUUE+UU ,
SNUM(2) = U,00U0UULE+LT
SNUM(Z) = U,00UCUUVE+LY

XPOP =  (,4U000UUL+Uy

PNUNMIY) = 0.,3348800FE+04
PNUM(2) = 0.6016000E+D33
PNUM(3) = 0,4960000E+02

CIST, (Hi XANE)

CLASS INTERVALS ACTUAL FREQUENCY CUMULATIVE FREQUENCY

FROM G(.95u5E-04 TO 0.5056E-03 0.146U000E+03 0.29200V0E=01
FROM 0.5056g=03 TO 0.5637g-01 03602000 +04 0,.7496000€£+00
FROM 0.5637E-01 70 0.1122E+0C 0+518U000E+03 0.,8532000E+00
FROM 0,1122E400 TQ 0.1681E+00 0,20UVU000E403 0,89320V0E+00
FROM 0,16B1E4+00 TO 0.2240E+400 0,124U000E+03 0,3180000E+00
FROM 0.2240E+J0 TO 0,2798E+00 0.76VUU000E+0R 0.9332001£+00
FROM 0.2798g+00 TO 0.3357g+00 0,62V0000g+U2 0.,9456000E+00
FROM 0.3357£400 70O 0.3916E+00 0., 44UV000E+02 0.9544001E+00
FROM 0,3916E4+00 TO O,44T4E+D0 0,27VU000E+02 0,9598001E+00
FROM D.us74E+00 TO 0,S033E+00 0.31VU000E+02 0,3660001E+00
FROM 0,50353E+00 TO 0,5592E+00 0.23VU000E+02 0,9706001E400
FROM 0,5592E+00 TO 0.6150E+00 0e19VU00DE+U2 0.9744000E+0C0
FROM 0,6150£400 TO 0.6709E+00 0,18UU000E+02 0,9780000E+00
FRU®  U.€T709E+00 TO 0,7268E+00 0,11VUCO0E+O2 0,98020U1E+00
FROM 1n,7268E+00 TO D.4716E401 0,99UUD00E+V2 0,1000000E+01)
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TLV SEV,

THE SAMPLE MEAN IS 0,2480694E+00

THE SAMPLE STANDARD DEVIATION IS 0.7368291E+00
PROBIS.LE.sl) = 0,6568000E+00
PROBI414LT.S,LEV1.0) = 0.,2870000E+00
PROBIS.G6T.21.0) ~ {,5620000E-01

XSAMP = 0,0C00000E+00

SNUM(1) = 0,00U000DE+00
SNUM(2) = U,00U0DOVE+DD
SNUM(3) = UsUUUDQUUUE+UD
XPOP = 0,20000U0E+03

PNUM(1) = 0,1313600£+03
PNUM(2) = 0,5740000E+02
PNUM(3) = 0,1124000E+02

OIST (METHYL

LTHYL KETONE)

CLASS INTERVALS ACTUAL FREQUENCY CUMULATIVE FREQUENCY

FROM 0.,p912E~03 TOQ 0¢1B43E-02 0¢1460000£+03
FROM 0,1543g-02 71O 0.1720g+00 0,3602000g+04
FROM 0.1720€+00 7T0 0,3424E400 0s5180000E4+03
FROM 0,3424E+00 TO 0.512BE400 0.2000000E4+03
FROM 0.5128E400 TO 0.6833E4+00 0.1240000E403
FROM 0,6833E+00 TO 0,B537E+00 Ce76U0000E+D
FROM 0.8537g+00 7YO 0.10249£+01 0.62V0000g+02
FROM 0.1024E+01 71O 0.1195E+01 0.440U000E+02
FROM 0.1195E+01 TO 0,1365E+01 0,27VU000E+02
FROM  0,1369E+01 TO 0,1535E+01 6.,3100000E+02
FROM 0,153%E+01 70 0.,1706E+01 0.23U0000E+02
FROM 0,1706£+401 TO 0,1876F+01 0,19U0000£+02
FROM 0,1876E401 TO 0.2047E+01 0,18VUQDOE+0Q2
FROM 0,2047E401 TO 0.2217E+01 0+11UU000E+02
FROM  0,22176€+01 TO 0,1439E+402 0+39VUQ0UVLE+uU2
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0,2920000£-01
0,7496000F+00
0,8532000E400
0,8932000E+u0
0,9180000E4+00
0.9332001€+00
0.9456000g+00
0,9544001E4+00
6.559B001E+00
0,9660001E+00
0,9706001E+00
0,97440UV0E+0OD ¢
0,97800U0E+00
0,9802001€+00

0.1000000E+02



TLY tEV. DIST.taieTONE)
THE SAMPLE MEAN IS 0.6098386E~01

THE SAMPLE STANUARD DEVIATION IS 0.,1811371€£+400

PROBUSLEesl) = 0.8699999: 400
PHROBI1.LTe5.LEC1.0} = 0,1230000E+00
PROBIS.GT.1.0) = 0,70U0060E=-02

XSAMP =  (,UDUCUDUE+ODC

SNUM(1) = C,00UDCOUUE+UD
SNUM(2) = U.0UUD0RUE+UY

SNUM(3) = 0,000000UE+00

XPQP = «20000UDE+03

PNUM (2} 0.24960000E+02

c
PNUMI1) = 0.,1740000£+03 Y
PNUM(3} = U,1%0U00U00E+0)

CLASS INTERVALS ACTUAL FREQUENCY CUMULATIVE FREQUENCY

FROM 0,715%E-04 TU 0.3792E-03
FROM (£.3792¢«03 7O 0.4228g=01
FROM 0.4228F-01 TQ 0,8418E-01
FROM  0,8418£-01 T0 0,1261E+00
FROM 0,.1261E+00 TO §,1680E+u0
FHOM 0.1680£+00 T0 0.,2099E+00
FROM  0,2099+00 TO 0.2518g+00
FROM 0+2518E+00 T0 0.2937E+00
FROM  0.,29376400 TO 0,3356E+00
FROM 0,3356F+402 TO 0,377SE+00
FROM Ge3772E400 TO 0.4194E+00
FROM 0.4194E£+480 TO 0.,4613E+00
FROM  0.4613E¢00 TO 0.50328+00
FROM 0.5032t+00 TO 0.54S1E+00

FRAOM  0,5451f +00 TO 0.3537€+01

0.1460000E403
0.3602000F4+0u
0,518U0000E+03
0.200U000E+03
0.1240000E+03
0.76UVD00E+UD
0.6200000p+02
0 44VU000E+02
0,27VU000E+02
0,31UUC00E+02
0,23V0000E+U2
0.190U00DE+02
0.,18VU000E+U2
0.11VU000€¢u02

C.93YU0B00E+U2
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0.2920000€-01
0,7496000¢+00
D.8532000E+00
C.8932000E+00
0,9180000E+00
0,9332001E+00
0.9456000F+00
0,9S440U1E+0D
0,95980U1E400
0.9660001E+00
0.9706001E+00
0.9744000E400
0,97800UCE+00
0.9802001E+30

C.10000UCE+u1



THE SAMPLE MEAN IS  0.4241069E+01

THL SAMPLE STARDARD DEVIATION IS 0.1192542£+02

PROBIS.LEsl) = 041324000E400
pPrROB(,1,L7.5,LE,1,0) = ©,4100000E400
PROB(S.GT.1.0) = 0,4576000E+00
XSAMP = 0,1500000E+02
SNUM(1) = 0,1986000E+01
SNUM(2) = 0,6150000E+01
SNUM(3) = 0.,6864000E+01
XPOP = 0,3000000€+03
PNUM(I1) = 0,3972000g+02
PNUM(2) = 0,1230000E403
PNUM(3) = 0,1372800E+03

ClaSS INTERVALS

FROM D0.5118E-02 TO 0.2702E-01

FROM O,

ACTUaL FREQUENCY

0.1420000E+03%

FROM 0,2702¢~01 TO 0,2990p+01 0.3609000E+04
FROM 0.,2990E+401 TO 0.5954E+01 0,516V000E+03
FROM 0,S5954£401 TO 0,8917E+01 0,202V000E+03
FROM 0,8917E+01 TO0 0.1188E+02 0.121U000E+03

1188E+02 TO O0.14B&E+02 0.7300000E+02
FROM 0,1484g+02 YO 0.1781g+02 0.62VU000E+02
FROM 0.1781E+02 7O 0.2077E£+402 0.,39V0000£+02

FROM 0.,2077E+02 TO 0.2373E+02
FROM 0.2373E+02 7TO 0.2670E+02
FROM 0,2670€+02 TO 0.2966E+02
FROM 0,2966E+02 TO 0,3262E+02
FROM 0.3262E+02 TO 0.3559E+02

FRCOM  0.3559E«02 7TO 0.,3853E+02

0.28VU000E+02
0.35VD000E+02
0.2400000E+02
0.20VU000E+02
0+19VV000E+02

0.12VU000E+02

FROM 0,3855£402 TO 0.1926E£+03 0,98UU000E+0U2
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Sl Sr Ve CIST. (BUTYL ALCOHCOL-FLUOROCAR.)

CUMULATIVE FREQUENCY

0,2840000E-21
0.7502000g+00
0,8534001E+00
0,8938001E+00
0,9180001E+00
0,9326001E+00
0,9450001g+00
0,3528000E+00
0,9584000E£+00
0.,9654000E+350
0.9702001E+00
0.,9742001E+00
0.,97800U0E+00
0.98U4000E+0U

0.1000000£4+01



THE SA
THE saA
PRURT

oqod .
CROE (S

XSAmMP
SNUF (1
SNUM (2
SNUM (3

XPOP =
PNUMIL
PNUM {2
PNUM(3

cLas
FROM
FROM
FROM
FROM
FROM
FROM
FROM
FROM
FROM
FROM
FROM
FROM
FROM
FROM

FROM

HC SEv, UIST, {METHYLEWE CHLORIDE)

MPLE MEAN IS 0,8794234FE+0(
MPLE STANDARD DEVIATION IS 0.1617768E+0]

S:lEeed) T 0,141%000£400
T.0Tes.lE,2,0) = 0,6286000E400
«GT1.0) = 0,23U00006E400

= 0.5000000E+01

) 0,7078000g+00
) 0.3143000E+01
) 0.1130000E+01

+2400000E+0y
0.3393600E+u3
U,190B640E+0Y
0.5520000E+03

)
)
}

Ui o

S INTERVaALS ACTUAL FREQUENCY
0.1228E~01 TO 0,4000E=01 0.1420000£+03
D.4060E~01 TO 0.3860£400 0.23UB000E+0y
0.3860E+00 Y0 0.7319E+00 0+9640G00E+03

0.7319E4+00 TO 0,1078E+01 0.5180000E4+03

0.1078E401 TO Q,1424E401 0,29350000E4+03
0.1424E£+401 TO 0,1770E+01 0,1940000£+03
0.,1770E+401 TO 0.,2116F+01 0,1230000E+0U3
0.2116E+401 7O 0,2462E+01 0.102U000E+03

3,2462E401 TGO (3,2808E401 0,44UU00BE+02

0.2B08E+01 7O 0.3158F+01 0,51UU000E+D2
N.3154£+01 TO 0,3500£+401 0+44V0000E+02
VUe.3500E+01 TO 0,3846E401 0.30V0000E+02
G.3B46E+01 TO 0,4192E+401 0.22U0000E+02
C.4192E+01 TO 0Q,4538F+01 0,17VUQ00E+U2

0.-538E401 TO «3120€+02 0,1460000E£403

148

CUMULATIVE FREQUENCY

0,2840000£-01
0,4980000g+00
0.6828000£400
0,7864000E400
0,8454000E+00
0,8842000E+00
0.9088001F+00
0,9292001E+00
0,9380001E+00
0.9482001E+00
0.9570001E+400
0.9630001F400
0.9674001E+00
0,9708002E+u:

0.1000000E+0)



THE SAMPLE MEat

0.5641387E+01

THE SAMPLE STANDARD DEVIATION IS

PROBISsLE.el) =

PROB{.1,tT.5.LE.1,.0)
FROB(S.6T.1.0}) =

0.218G000£-01

0,3514000£+00

0.02680080E+00

XSAMP = 0,2000000E+02

SNUM{1) = 0,4360000£+00
SNUM(2) = 0,7028000E+01
SNUM(3} = 0,1253600£+02
XPOP = 0,3000000E404

PNUM(1) = 0,6540000€+02
PNUM(2) = 0,1054200E+04
PNUM(3) = 0.1880400E+04%

CLASS INTERVALS

FROM
FROM
FROM
FROM
FROM
FROM
FROM
FROM
FROM
FROM
FROM
FROM
FROM
FROM

FROM

0ep718E-0C1
0.1083E+00
0.3947E+01
0.7785E+01
0.1162£4+02
0.1546E+02
0.1930E+02
0.2314E+02
0.2698E+02
0.,3081E+02
0.3465E£+02
0.3849p+02
0.4233E+02
0.,4617E402

0.5000E+02

70

T0

T0

T0

T0

TC

T0

T0

T0
T0

0+1083E+00
0,3947£+401
0.7785E401
0,1162E+02
0,1546E402
0,1930E+02
0.,2314€+02
0.,2698E+02
0.3081E+02
C.3465E£+402
0,3849E+02
C.4233g+02
0.,4617E+02
C.5000E+02

0,2575E+03

SEve UIST, (PLRCHLO-AETHY _ENT)

0.1392793E+02

ACTUAL FREQUENCY

0.125VU000E+03
0.334B000F+0Y
0.6890000E+03
6.2780000E+03
0.16B0000E+03
0.8400000E+02
0.71U0000E+02
0.38U0000E+402
0.34%U0000E+02
0,3000000g+02
0.19UUG00E«D2
0.13U0000g+02
0.14V0000E+02

0.50UU000E+D]

0.84UU000E+02
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CUMULATIVE FREQUENCY
0,25C0000E~01
0.6946000£+00
0,8324000E+00
0,8880000E+00
0,9215999E+00
0.9383999E+00
0,9525999E+00
0.9601999E+00
0,%669999E+00
0.9729999€+00
0.9767998E£+00
0,9793999£+00
0,9821998€£+00

0,9831998BE+00
0.9999998£400



HC SEV, UIST, (TRICHLC-GETHANE)
THE SAMPLE ™EAN IS  (,2955117E+01

THE SAMPLE STANDARD CEVIATION IS  0,653u4678E+01

PROB(S.LEs+el} = 0,0000000£+00
PROB(L1,LT,S.LE,1,0) = ©0,4800005E+00
PROB(§.,6T.1.0) = U,52U0000E+0D
XSAMP = 0,2530000E+03
SNUM(1} = 0.0000000g+00 -
SHRUMI2Y = 0.1214400E+403
SNUM(3) = 0,1315600£+403
XPOP = 0,2B00000E+0%

PNUMIL1) = 0,00U000CE+00
PNUM(2) = 0.134%4%000E+05
PNUM(3) = 0,1456000£405

CLASS INTERVALS ACTUAL FREQUENCY CUMULATIVE FREQUENCY
FROM 0,1100£+00 7O 0.1383E£+00 0.3200000g+02 0,6400000g~02
FROM D0.1385g+00 TO 0.1784%g+01 0.318%000£+048 0,&442000£+00
FROM (0.,1784E+01 TO 0.,3430E+01 0,7870000E+03 0,8016000E+00
FROM 0,3430£401 T0 0.5076E+01 0,29BU000E+03 0,8612000E+00
FROM 0,5076£+01 TO 0.,6721E+0C1 0.1810000£+03 0,8974000E+00
FROM 0.6721E£+01 TO 0.8367E+01 0.1090000E+03 €.,919199%9€+00
FROM 0,8367g+01 TO D,1001£+02 0,9300000g+02 0,9377999E+00
FROM 0,1001E+02 TO 0.1166E+402 0,7200000E+02 0,9521993E+00
FROM 0,1166E+02 TO 0,1330E+02 0.,41U0000E402 0,3603399E+00
FROM 0,1330E+02 TO 0.,1495E+02 0.36U0000E+02 0,9675999€+00
FROM 0,1499£+02 TU 0.1660E+02 0.28V0000E+02 0,9731999£+00
FROM 0,1660E+402 TO D.1824£+02 0.,14VUDDOE+02 0,9759999£+00
FROM 0,1824E+02 TO 0,.19R9E+02 0,240UQ000E+02 0.98079299£+00
FROM 0,1989F+0z TO 0.2153E+02 0.13V0000E+V2 0,9833999E£+00
FROY 0,2193t+02 Y0 C.1037E+03 0.,83UU0008+02 0.9999999E400



HC SEV, OIST, (TRICHLOROETHYLENE)
THE SAMPLE MEAN IS 0,5338023E£+01

THE SAMPLE STANDARD DEVIATION IS D+1697368£402

PROB(Se.LEesl) = 0,1098000E+00
PROB(,1,LT,S,LE,1,0) = 0,4030000E400
PROB(S,07.1.0) = (.4872000E+00
XSAMP = 0.2400000E+02
SNUM(1l) = 0,2635200£+01
SNUM(2) = 0,96T72000E+01
SNUM(3) = 0,1169280E+02
XPOP = 0,5200000E+04
PNUM{1l) = 0.570U9600g+03
PNUM(2) = 0,2095600E+0%
PNUM(3) = 0,2533440E404
CLASS INTERVALS ACTUAL FREQUENCY CUMULATIVE FREQUEVCY;
i
FROM 0.5207E-02 TO 0.3989E-01 0.200000CE+03 0,4000000E-01
FROM 0,3989=-01 Y0 0.2991p+01 De34UD000E+0u 0.7210000g400
|
FRCM 0.2991E+01 TO 0,5941E+01 0.539V000E+03 0.,8288000E+00
FROM 0,5941E401 1O 0,8892E+01 0;2250000E003 D.,8734000E+00
FROM 0,8892E4+01 YO 0,1184E402 0,1330000E+03 0.9000000E400
FROM 0.,1184E+02 TO 0.1479E+02 0.86V0000E+U2 0.9172000€+00
FROM  0.1479g402 YO 0,1774g+02 0,7000000E+02 0.9312000£+00
FROM C 1774E+02 TO 0,2069E+402 0.,46UDQ000E+02 0,9404000E+00 i
|
FROM 0,2069E+02 TO 0,2365E+402 0+38VU0000E+02 0.9480000E+00 I
FROM D0,2365E£+02 TO 0,26600+402 0.30VU0000E402 0.95400UV0E+00
FROM 0.2660E+02 TO 0,2955E+02 +,29V0000£+402 0,9598000£+00
FROM 0,2955£+402 TO O0.3250E+02 0.,22V0000£4+02 0.,9642000£+00
FROM 0.3250£+02 TO 0.3545E+402 0.16UUD00E+U2 0,967400UE+00
FROM (C.3545E+02 TO (,3840F4+02 0+18VUC000E+02 0.9710000E+00
FROM 0,3840F+02 TO (0.4570E+403 0+145U000E+03 0.10000UCE+0]1
$CC=TY . —



SUMMARY OF EMISSIONS DATA CONTAINED IN NEDS FOR TRICHLORDETHANE

THE THRESHOLD LIMIT VALUE IS

STATE FREQUENCY OF
CODE OPERATION
(PERCENT)

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

uvwmwwmuumwmwmwmwmuwwwmwwwmwwwwwwmu‘u‘umu\mwwuwwmwwuuu

STACK
HEIGHT
(METERS)
3,0
3.0
6.1
15.2
15,2
15,2
15,2
15,2
15,2
15,2
15,2
15.2
15,2
15,2
15.2
15,2
15,2
15,2
15,2
15,2
15,2
15,2
15,2
15,2
15,2
18,2
15,2
15,2
15.2
15,2
15,2
15,2
15.2
15,2
15.2
15,2
15,2
15,2
15,2
15,2
15,2
15,2
15.2
15,2
15,2
15,2
15,2
15,2
15,2
15,2

1.900000

EMISSION

RATE
{MG/YR)

GRAMS PER CUBIC METER

COMMENTS
TYPE OF
CALCULATION

MB

mMB

Mg

EF~-1
EF=-1
EF=-1
EF-1
EF-1
EF-1
EF-1
EF-1
EF-1
EF-1
EF-1
EF-1
EF=1
EF-1
EF-1
EF-1
EF-1
EF=-1
EF-1
EF-1
EF-1
EF=-1
EFel
EF-1
EF=-1
EF-1
EF-1
EF=1
EF-1
EF-1
EF-1
EF-1
EF-1
EF-1
EF-1
EF~l
EF-1
EF-1
EF-1
EF-1
EF-1
EF=-1
EF=-1
EF=-1
EF=~1
EF-1
EF-1

SEVERITY
2.763894
1.875500

0+3140789E~-01

0.,143578%E«02
0.1076842E=02
0.,6102105E-02
0.7178947E-03
0.,1076842E-02
0,717894TE-03
0,1076842E~02
0.,2512631E=~02
0.,3122842E-01
0.7178947E-03
0,10768L2E~02
0.1076842E=02
0,2871579E=02
0+1435789E-02
0+3589473E~03
0.3589473E-03
0,1435789E-02
0.1579368E«01
0.,1974210E-01
043589473E-02
0,1435789E~02
0,1794737E-02
0.,717894TE=03
0.3948421F.02
0.1794737E=02
0.1076842E~02
0.1433789€-02
0.1076842E-02
0.1005053E-01
0,7178947E=03
0.1435789€-02
0.717894TE-03
0.,1435789E~02
0,71789U4TE=03
0.3230526E+02
0.,3589473E=-02
0,7178947E-03
0.7178947E«03

D,179473T7E=0D2

0.1794737E~02

0.2871579€-02
0,7178947E-03
0,7178947E~-03

D.3230526E-02

0.1076842E=~02

0,7178947E«03
0,5025263E+02



SUMMARY OF EMISSIONS DATA CONTAINED IN NEOS FOR TRICHLOROETHANE

THE THRESHOLD LIMIT VALUE IS

STATE
CODE

VOOV UUOOOUOUUOOOUL IO UUOOUORCGUOURROUOeR ooy

FREQUENCY OF

OPERATION
(PERCENT)

100
i00
100
100
100
100
100
100
160
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

STACK
HEIGHT
(METERS)

15,2
15,2
15.2
15,2
15,2
15,2
15,2
15,2
15,2
15,2
15,2
15,2
15,2
15,2
15.2
15.2
15,2
15,2
15,2
15.2
15,2
15,2
15,2
15,2
15,2
15,2
15,2
15,2
15,2
15.2
15,2
15,2
15,2
15,2
15,2
15,2
15,2
15,2
16,2
15,2
15,2
15,2
15,2
15,2
15,2
15,2
15,2
15,2
15,2
15,2

1,900000

EMISSION
RATE
(MG/YR)

-
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N
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PN FOWNEFOUNMODOUNMHNOVIOMIHDODOONOVARFEFHOUONN
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COPNNENNHE NPT YFCOOILONIODENFCOFFFOHY
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n
RO ENDOENNOG =0
® o ® 4 % & & 4 e s & 0 s

wn

10,
10,0

153

GRAMS PER CUBIC METER

COMMENTS
TYPE OF
CALCULATION
EF-1
EF-1
EF-1
EF~1
EF~1
EF-1
EF-1
EF~1
EF-1
EF=1
EF-1
EF-1
EF-1
EF-1
EF-1
EF-1
EF-1
EF-1
EF=1
EF-1
EF=1
EF-1
EF-1
EF-1
EF-1
EF-1
EF=1
£F-1
EF-1
EF=1
EF-1
EF-1
EF~1
EF-1
EF-1
EF~1
EF -1
EF=1
EF-1
EF-1
EF-l
EF-1
EF-1
EF-1
EF-1
EF-1
EF=l
EF=1
EF=1
EF-1

SEVERITY

0.1794737€E~02
0.75378%4E-02
0.1435789E~-02
0,2871579E-02
0.4666315E«~02
0.,1794737E-02
0.2871579E-02
0.2512631E-02

0.1435789E=02 .
0.7178947E=03

0,1794737E~-02
0.2512631E~-02

0.3589473E~-02 |

0.2153684E-02
0.8255789E~-02

0,1112737£-01 .

047178947E«03
0.6102105E=02

0.2512631E-02

«1066074

0.1435789E-02

0.7178947E-03
0.2153684E~02
0.1435789€=-02
0.3230526E~02

0.21536864E-02 -

0.3589473E=03
0.1794737E=-C2
0.1435789E~02
0.3589473E~03
0.1794737€=02
0.,1435789E-02
0.2512631E-02
0.8255789E.02
0.7178947E«03
0.7178347E-03
0.14357¢3E-02
0.1435789E=-02
0,1076842E-02
0.1112737€E-01
0,1435789E-02
0,1076842€E-0¢
0.2153664E=01
0.1076842E~02
0.1076842E-0¢
0.,7178947E~-03
0.7178947E-03
0.3948421E-02
0.3948421E-0¢
0.6496947E-01



SUMMARY OF EMISSIONS DATA CONTAINED IN NEDS FOR TRICHLOROETHANE

THE THRESHOLD LIMIT VALUE IS 1,900000 G6RAMS PER CUBIC METER

STATE FREQUENCY OF STACK EMISSION COMMENTS

CODE OPERATION HEIGHT RATE TYPE OF

(PERCENT)  (METERS) (MG/YR) CALCULATION SEVERITY

) 100 15,2 1.8 EF=1 0.7178947F«03
5 100 15,2 5.4 EF-1 0.2153684Ew(Q2
5 100 15,2 8,2 EF~1 0.3230526E~02
5 100 15.2 0.9 EF-1 0.3589473E~03
5 100 15,2 2.7 EF-1 0,1076842E=02
5 100 15,2 0.9 EF~1 0.3589473E=03
5 100 15,2 4.5 EF-1 0.1794737E-02
5 100 15,2 1,8 EF=-1 0.7178947E-03
5 100 15,2 3.6 EFe-1 0.14357689€-02
5 100 15,2 2.7 EF=1 " 0.1076842E-02
5 100 18,2 2.7 EF=-1 0.1076842E-02]
5 100 15,2 2.7 EF=-1 0.1076842E-02
5 100 15,2 4,5 EF=1 0.,1794737E-Q2
5 100 15.2 1.8 Ef=1 0.7178947E-03
5 100 15,2 3.6 EF-1 0,1435789E-02
5 100 15,2 6.4 EF-1 0,2512631E-02
5 100 15,2 0.9 EF-1 0.3589473E-03
5 100 15,2 1.8 EF-1 0.7178947E«03
5 100 15,2 2.7 EF~1 0.1076842E~02
5 100 15,2 2.7 EF-1 0.1076842E-02
5 100 15,2 1,8 EF=1 6.7178947E-Q3
5 100 15,2 0.9 EF-1 0.3589473E-03
5 100 15,2 33,6 EFel 6.1328105€-~01
S 100 15,2 12,7 EF=-1 0.5025263E-02
5 100 15,2 1,8 EF-1l 0.7178947€£-03
5 100 15,2 2.7 EF=-1 0.,10768u42E~02
5 100 15,2 7.3 Efa1 0.2871579E-02
5 100 15,2 0.9 EF-1 0.3589473E-03
5 100 15,2 1.8 EF=1 0.,717894TE-D3
5 100 15,2 S5t EF=1 0,2153684E-02
5 100 15,2 1,8 EF=1 0.,7178947E«03
5 100 15,2 3.6 EFel 0.1435789E-02
5 100 15,2 1,8 EF=-1 0.717894TE«03
5 100 15,2 2.7 EF=1 0,1076842E-02
5 100 15,2 4,5 EF=1 0,1794737E-02
5 100 15,2 21,8 EF-1 0.8614737€E-02
5 100 15,2 1.8 EF~1 0,7178947E-03
5 100 15,2 9,1 EF=-1 0.3589473E-02
5] 100 15,2 0.9 EF«l G.3589473E-03
5 100 15,2 3.6 EF=1 0.1435789E-02
5 100 15,2 32,7 EF=1 0.,1292210E«01
5 100 15,2 1.8 EF-l 0.7178947E«03
5 100 1542 24.5 EF=1 0.9691579E-02
5 100 15,2 51,7 EF=1 0,2046000E-01
5 100 15,2 120.7 EF-1 0.,4774000E=01
5 100 15,2 7e3 EF-1 0.2871579E-02
5 100 15,2 0.9 EF=-1 043589473603
5 100 15,2 9,1 EF-1 0.3589473€-02
5 100 15,2 2.7 EF-1 0,1076842E«02

154



SUMMARY OF EMISSIONS DATA CONTAINED IN NEDS FOR TRICHLOROETHANE

THE THRESHOLD LIMIT VALUE IS 1,900000 GRAMS PER CUBIC METER

STATE FREQUENCY OF STACK EMISSION COMMENTS

CODE OPERATION HEIGHT RATE TYPE OF

(PERCENT) {METERS) (MG/YR) CALCULATION SEVERITY

5 100 15,2 3.6 EF=-1 0.,1435789E=02
5 100 15,2 3.6 EF-1 0.1435789E«02
ts] 100 15,2 4.5 EF-1 0461794737E-02
5 100 15,2 3.6 EF~1 0.,1435789E=02
5 100 15,2 2.7 EF-1 0.1076842E=02
5 100 15,2 10.0 EF~1 0,3948421E=02
5 100 15,2 S.4 EF-1 0.,2153684E-02
S 100 15,2 4,5 EF~1 0.1794737E=-02
5 100 15,2 12.7 EF-1 0.5025263E=02
S 100 15,2 1.8 EF-1 0.7178947E=D3
5 100 15,2 l.8 EF=1 0.,7178947E«03
S 100 15,2 6,4 EF=-1 0,2512631E-02
5 100 15,2 0,9 EF~1 0,3589473€-03
5 100 15,2 2.7 EF-1 0,1076842E=-02
5 100 15,2 be5 EF=-1 0.1794737E=02
5 100 15,2 2.7 £F=-1 0.1076842E-02
5 100 15,2 0.9 EF-1 0,3589473E+~03
5 100 15,2 12,7 EF=-1 0.5025263E~02
5 100 15.2 10,0 EF=-1 0,3948421E-02
5 100 15,2 125.2 EF-1 0.4953473E=01
5 100 15,2 2.7 EF~1 0.1076842E-02
5 100 15,2 1,8 EF=-1 0.7178947E-03
5 i00 15,2 16,3 EF~1 0.6461052E-02
5 100 18,2 0.9 EF=-1 0.3589473E«03
5 100 15,2 4,5 EF=~1 0.1794737E-02
5 100 15,2 10.9 EF=~1 0.4307368E-02
S 100 15,2 14,5 EF=-1 0.5743158E=-02
5 100 15,2 20,0 EF-1 0.7896842E«02
9 100 15.2 2.7 EF=1 0.1076842E-02
5 100 15,2 40.8 EF-1 0.1615263€-01
5 100 15,2 3.6 EF-1 0.1435789C«02
S 100 15,2 3.6 EF=2 0.,1435789E=02
5 100 15,2 6.4 EF-1 0.2512631E-~02
5 100 15,2 16.3 EFe1 0.6461052E~-02
5 100 15,2 19.1 EF=l 0+7537834E~02
5 i1go 15,2 3,6 EFel 0.1435789€-02
5 100 15,2 0.9 EF -1 0.3589473E-03
5 100 15,2 24,5 EF-1 0.,9691579E 02
5 i00 15.2 247 EF=1 0.1076842E~-02
5 100 15,2 10,0 EF-1 0.3948421F=02
5 100 15,2 16,3 EF-1 0.6461052E-02
5 100 15,2 8,2 EFel 0.,3230526E=02
5 100 15,2 1,8 EF=1 0.7178947E-03
5 100 15,2 4e5 EF-1 0.1794737E~02
] 100 15,2 1.8 EF=-1 0.7178947E=03
5 100 15,2 4.5 EF-1 0,1794737E~02
5 100 15,2 1,8 EF-1 0.,7178947E-03
5 100 15,2 S.4 EF-1 0.,2153684E-02
S 100 15.2 8.2 EF~-1 0.3230526E-02
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SUMMARY OF EMISSIONS DATA CONTAINED IN NEDS FOR TRICHLOROETHANE

THE THRESHOLD LIMIT VALUE IS

STATE FREQUENCY OF

(PERCENT) -

CODE OPERATION
5 100
5 100
S 100
] 100
S 100
o] i00
S 100
5 100
5 100
5 100
5 100
5 100
5 100
5 100
S 100
S 100
5 100
5 100
5 3z

14 67
14 33
14 33
14 33
14 33
14 100
14 67
14 100
14 100
14 67
14 67
14 log
14 100
14 67
14 100
14 33
14 100
14 33
14 67
14 100
19 100
19 100
19 100

21 67

21 67
21 100
21 67
29 100
33 33
35 33
33 67

-
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1,900000

EMISSION
RATE
(MG/YR)

-
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® & & 8 0 0 4 0 ¢ 2 0 2 8 0 0 e 8 @

Jod

| ST ™
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-

PO PONOOEH U NYEFEND NG LS

o
r
L ]

34,5
34,5
34,5
55,3
11,8
530.7
135.2
39,0
293,0
10,0
51,7
19,1
25,4
S4,.,4
49,9
32,7
120,7
43,5
40,8
207
21,8
9.1
127.9
138,8
23.6
46,3
48,1
6ok
14,5

CALCULATION

GRAMS PER CUBIC METER

SEVERITY

0.,1076842gm02
0.2153684E-02
0.7537894E=Q2
0.7178947E«03
0.1076842Ew02
0.7178947E»03
0.1076842E=02
0.2153684Ew02
0.3589473E-03
0.1794737E-02
0.3589473E-02
01794737Ew02
0.7537894E-02
0.7178947E-03
0,7178947€-03
0,7178947E-03
0.,1076842E=-02
0.,6820000E-02
1849123
0.4762155E-01
.1318027
«1318027
1318027
.1318027
0.6082163E.01
0,2575684E-01
02099842
3342697
1439808
«3531526
0.1579368E=-01
«1278750
0.3125164E-01
0,4020210E-01
«3084270
0.2332479E-051
.1087719
+2850149
4307368
«1009539
0.2692105E-01
«2153684
0,33483290E-01
4721229
3432434
0.8705813E-01
J4576578
«3603070
0.2115010E=0Q1
0.133935¢6FE=01



SUMMARY OF EMISSIONS DATA CONTAINED IN NEDS FOR TRICHLOROETHANE

THE THRESHOLD LIMIT VALUE IS

STATE
CODE

&5
45
45

FREQUENCY OF

OPERATION
(PERCENT)
100
100
100

STACK
HEIGHT
(METERS)

3.0
15,2
3.0

1,900000

EMISSION
RATE
(MG/YR)
14,5
14,5
59.0

157

GRAMS PER CUBIC METER

COMMENTS

TYPE OF
CALCULATION SEVERITY
MB «1435789

MB 0.5743158E~02
MB .5832894
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APPENDIX E

AFFECTED POPULATION CALCULATION DATA
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SECTION VIII

GLOSSARY OF TERMS

AFFECTED POPULATION - Number of people around a typical plant
utilizing degreasing operations who are exposed to a source
severity greater than 0.1 or 1.0, as specified.

COLD CLEANING -~ Removal of undesirable matter from various
metals, glass, etc., with an organic solvent in a liquid
rathern than a vapor state.

DRAGOUT - In metal degreasing, the solvent entrained with or
contained on the piece of work as it leaves the degreaser.

EMISSION FACTOR - Quantity of a species that is emitted per
unit weicght of final product.

MINERAL SPIRIT - Clear, water-white refined hydrocarbon sol-
vent and dilvent petroleum distillate with a minimum flash
point of 21°C.

NAPTHAS - Petroleum distillates used as solvents or fuels con-
taining hydrocarbon chains beginning with pentanes. This may
include small concentrations of heptane, hexane, benzene,
xylene, toluene, kerosene, and heavy aromatics. In this

report, the term includes both high-flash and low-flash napthas.

SOLVENT DEGREASING -~ Physical method of removing grease, wax,
soil, or other undesirable matter from various metal, glass,
plastic, or textile items with an organic solvent.

SOURCE SEVERITY - Ratio of the ground level concentration of
each emission species to its corresponding ambient air qual-
ity standard (for criteria pollutants) or to a reduced TLV
(for noncriteria emission species).
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SECTION IX

CONVERSION FACTORS AND METRIC PREFIXES®?®

CONVERSION FACTORS

To convert from to Multiply by
degree Celsius (°C) degree Fahrenheit tg = 1.8 té + 32
joule (J) calorie 2.388 x 107!
kilégram (kg) pound-mass (lb mass 2.204

avoirdupois)

kilometer< (km?) mile? 2.591

meter (m) foot 3.281

meter? (m?) foot? 1.076 x 10!
meters (m°) foot3 3.531 x 10!
meter? (m3) gallon (U.S. liquid) 2.642 x 104
metric ton pound 2.205 x 103
paschal (Pa) pound-force/inch? (psi) 1.450 x 107"
watt/meter2 (W/mz) watt/centimeter 1.000 x 1074

METRIC PREFIXES

Multiplication
Prefix Symbol factor Example
kilo I 10°3 1 kPa = 1 x 103 paschals
milli m 1073 1mg =1 x 10°3 grams
micro U 1076 1 um = 1 x 10”% meter

®®Metric Practices Guide. American Society for Testing and
Materials. Philadelphia. ASTM Designation: E380-74.
November 1974. 34 p.
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