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liqueracrcion piigot plants. Alr sampllig was carried out ror polynuclear
aromatics (including polycyclic aromatic hydrocarbons, aromatic amines, and
aza-arenes), simple aromatics (benzene, toluene, and xylene), anilines,
phenolic compounds, and toxic gases {(carbon monoxide and hydrogen sulfide).
Sampling for polynuclear aromatic compounds (PNAs} was accomplished through
the use of a silver-membrane filter followed by Chromosorb 102 sorbent;

analysis for 36 individual PNA compounds was performed by gas chromatography

and mass spectrometry.

Area. and personal air sampling indicated that workers are exposed at low
microgram per cubic meter concentrations to the light molecular weight, 2- and
3-ring PNA compounds. In some cases limited quantities of the 4- through
7-ring compounds were found. Highest exposurea to PNAs are found to be
associated with maintenance activities being carried out in the process area

during plant operation.

Measurable amounts of phenolic compounds, anilines, and polycyclic aromatic
amines were only occasionally found, and only at low levels. These levels may
be misleading, however, due to the highly humid sampling conditions, and the

demonstrated sensitivity of the sampling medium to water vapor.

Simple aromatic compounds (benzene, toluene, and xylene) were present oaly

occasionally, and at low levels of personal exposure; all samples were well

below current health standards.
Nonquantitative wipe sampling for PNAs revealed the presence of up to S-ring

PNA compounds on most surfaces sampled, indicating that dermal exposure to

higher ring PNAs may be a health hazard.
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The Williams-Steiger "Occupational Safety and Health Act of 1970" was passed
into law "to assure safe and healthful working conditions for working men and

women....” This Act established the National Institute for Qccupational
safety and Health (NIOSH) in the Department of Health, Education, and Welfare
(presently the Department of Health and Human Services) and the Occupational
safety and Health Administration (OSHA) in the Department of Labor. The Act
provides for research, informational programs, education, and training in the
field of occupational safety and health and authorizes the enforcement of

standards.

.NIOSH has been given the authority and responsibility under the Act to conduct
field research studies in industry, to evaluate findings, and to report on
these findings. Section 20(a){(l) of the Act mandates NIOSH to "conduct
{(directly or by grants or contracts) research, experiments, and demonstrations
relating to occupational safety and health...”. Section 20(c) provides

the authority to enter into contracts, agreements, or other arrangements with
appropriate public agencies or private organizations for the purpose of
conducting studies relating to responsibilities under the Act. PFor this
purpose, NIOSH has established a contractual agreement with Dynamac
Corporation/Enviro Control Division (Enviro) to study worker exposures to

potential health hazards in coal liquefaction plants.
BACKGROUND AND NEED FOR STUDY

It became apparent in the 1970's that the United States might be forced to
obtain petroleum supplies from sources other than those then currently
supplying the bulk of petroleum imports. Dramatically increased prices of oil

from all sources provided further impetus to identify and secure petroleum

products from less expensive sources.
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jts mandate to conduct studies to assess health effects in industry, NIOSH
n

I
. .itiated a program in 1977 to study coal liquefaction workplace hazards. The
ini

strategy in this project was to characterize the various coal liquefaction
technologies while the industry as a whole was in the developmental stage.
gpidemiological evidence indicated that production of coal-derived liquids
from a plant operating in Institute, West Virginia, led to excess cancers in
workers exposed to the coal-derived materials (Sexton, 1960). Although
relatively large, commercial-scale coal liquefaction plants had been in
operation for several years during the 1930s and 1940s in Germany and at the

present time in South Africa, no substantive data was available on long-term

health efFects of those particular technologies.

with this background, NIOSH,” through this contract, began an industrial
hygiene study assessment of coal liquefaction pilot plants which were either
operating or under construction by the U.S. Department of Energy (DOE). At
the beginning of the study, only three plants were in operation: Plant A,
Plaant B, and Plant C . Two other plants, Plant D, and Plant E, came on line

later and were included in the study group.

The objectives of the study were:
to identify hazardous chemical and physical sgents in the work
environment which are generated in the liquefaction process;
to determine employee exposures to the agents which were identified;

to identify work practices and controls which would reduce exposures to
the agents; and
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process areas that may present high exposure potentials, to determine whether
gelected carcinogens are being concentrated in any process areas, to identify
and evaluate controls which have been implemented to reduce worker exposures,
and to review industrial hygiene and medical surveillance programs implemented

at coal liguefaction plants.

No satisfactory method for sampling individual polynuclear aromatic compounds
(PNAs) existed which was compatible with the requirements for personal
sampling. Conventional collection devices using large packed columns of solid
sorbent had been used in environmental studies, but these devices required
powerful vacuum pumps with non-portable electric motors. A sampling device
for PNAs was developed for this study which could be adapted to standard,

battery-operated personal sampling pumps.

Wwalk-through surveys were conducted early in the project to determine the
concentration ranges of chemical and physical agents identified in the
literature as potential health hazards. Sampling done during the walkthrough
surveys was also used to test the sampling apparatus and the analytical
methods for PNAs. Sampling during the walkthrough sufveys also included
simple arcmatics, pheno}ics. anilines, toxic gases, toxic metals, and physical

agents.

Air samples were collected and analyzed for simple aromatics, phenolics,

anilines, toxic gases, toxic metals, and polynuclear aromatic compounds (PNAs).

The scope of the study was modified to concentrate efforts on those chemical
agents which appeared to present the most significant health hazards, or which

were less well documented in the coal liquefaction industry.
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Introductluu

The liquefaction of coal is a method for producing energy-rich hydrocarbon
materials of diverse utility; it currently involves the use of several
different experimental technologies. The products of the liquefaction

plants surveyed in this study vary from a solid to light liquids, such as

ngphtha .

The uses of these products are comparable to that of petroleum, and includes
materials for use in commercial fuel-burning facilities and refinable
materials which can substitute for gasoline and lighter oils. Some draw-

backs of direct combustion of coal, high ash and sulfur content, can be

1owered by liquefaction.

The technologies involved in achieving coal liquefaction have similarities
to those utilized in petroleum processing, but generally require more
rigorous procedures that tend to deteriorate process equipment more

rapidly. Similar processes include thermal-cracking and hydrocracking of
high molecular weight hydrocarbons and their subsequent distillation and
fractionation. Several of the technologies required, however, are unique to

coal liquefaction.
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Figure 2-1. Simplified Coal Liquefaction Process Schematie

Coal liquefaction always requires the crushing and pulverization of coal to
small mesh size to facilitate contact betwean the coal and the reaction
process. Typically, coal is crushed and milléd, and then mixed with a
solvent medium. Liquefaction plants normally use bituminous and
sub-bituminous coal. Cosl preparation creates safety problems with dust,
and liquefaction plants use techniques common to other coal preparation

industries such as closed conveyance systems and bnshous'e filters.

Prepared c¢oal is mixed with solvent which is a recycled product of the
process. The solvent-coal slurry is the form in which the coal is reacted.
Primary liquefaction is achieved by three processes: solvent extraction,
thermal-cracking, and hydrocracking. Extraction causes some of the coal to

simply dissolve in the solvent; however, the macromolecular form comprising



H§dr0crackin5 increases the hydrogen-to-carbon ratio by saturating some of

the unsaturated bonds in the molecular structure. A catalyst is sometimes
used to enhance the cracking reaction.

after the liquefaction reaction, the liquid coal stream is directed to unit
processes which distill the liquid inte different boiling ranges. The stream
contains 8 heterogeneous mixture of light and heavy hydrocarbons, as well as
ash, unreacted coal, and unconsumed hydrogen. The high-pressure stream is
ssually flashed to successively lower pressures, which permits recovery of
the unconsumed hydrogen and very light, gaseous hydrocarbons. The hydrogen

can be cleaned and recycled to the reaction process; the gases can be used

for in-plant heating purposes.

Any waﬁer present in the process stream is also separated from the other
compounds by flashing. This water contains a significant amount of the
sulfur from the process and requires sour water treatment. Sulfur, present
as hydrogen sulfide, also contaminates the hydrogen gas stream and is

removed with water and diethanolamine (DEA) scrubbers. Treatment of sulfur-
containing wastes yields elemental sulfur by use of systems such as a

Stretford unit.

Continued Fflashing produces a naphtha or light distillate product which is
taken as product. To Ffurther distill the main liquid coal stream containing
concentrated ash and other solids, more extensive equipment, including
fractionators and vacuum strippers, is used. In the instance of one

process, however, less severe reaction conditions result in a very heavy
solid product that does not require the distillation necessary for lighter

liquids. The more complicated liquefaction processes produce various
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pot toms stream may be further processed by vacuum stripping at below

atmospheric pressure.
bons and uses steam to increase the production of clean liquid

This enhances the distillation of heavier

hydrocak

gractions.

the bottoms stream from the vacuum stripper units is a solid hydrocarbon
containing the ash and unreacted coal. This solid product is still a
potentially valuable energy source, although it has less ukility..

A variation of the liquefaction technology incorporates the use of a hydro-
genated donor solvent. Processes utilizing this scheme include a reaction
and fractionation step in addition to the initial solvent extraction and
liquefaction reaction step. Hydrogen is reacted with coal liquids that have
already been separated from ash and unreacted coal. This results in

improved product liquids and in a recycle solvent capable of aiding in the
hydrogenation of the initial coal slurry. Hydrogen recovery and distilla-

tion are similar to those previcusly described.

A checklist of process units used in the five liquefaction plants surveyed
in this study is presented in Table 2-1. The major operaking parameters,
specific to each plant, are presented in Table 2-2. Complete process

schematics and descriptions are presented in Appendix A.
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Plaker belt

Vacuus stripper/

Pracipitation

Piltration/
Cumshing

Vzcuum stripper/
Flaker belt

Vacoum stripper/
Flaksr balt

Table 2-2. Operating Parasmeters of Cosal Liquefaction Plants

PARMETER | PLANT A FLANT & PLANT C PLANT D BLANT E
SLAST s1zE | 50 ton/day 20 ton/day 6 ton/day 250 ton/day 200 ton/day
! (revamped) {(synerude made)
PROCESS selvent extraction/ | Solvent sxtraction/ | Solvent extraction/ | Solvent extraction/ | Salvent extraction/
Soncatalytic coal Catalytic coal Noncatalytic coal Catalytic solvent Catalytic coal
hydrogenation hydzrogenation hydrogenation hydrogenation/ hydroganation
Noncatalytic coal
hydrogenation
FEEZD COALS || Subbituminous/ Lignite/ Subbituminous/ Subbitunioous,/ Lignite/
ot 12] Bituminous Subbituminous Bitumincus Bitumincus Subbitumincus/
Bituminous
IEACTOR
vpe Vartical tubular Stirred~tank Vertical tubular Tubular plug flow Emujlated-bed
plug flow axtractor/ plug flow
Ebullated-bed
catalytic
hydrogenacor
g, 'c | 425-450 400~450. 425-47% 450 450
(48 4] (800-850) (750-850) (800-875) {8%50) (850}
Freasuxe, || 1500-2050 450 - extractor 2500 2000+ up to 3000
puig 3000«3500 ~
hydrogenatar
Rasidence || 50 minutes 30 minutes - 10 to 60 minuctes 80 minuces no information
tine axtractor




In the (I) mode, coal is pulverized and mixed with recycled coal-derived
solvent. The coal slurry is fed through a reciprocating pump for pressuri-
zation to approximately 1,500 to 2,000 psig. High-pressure hydrogen gas is
added to the slurry. The three-phase stream is heated in the preheater, and
vhen pumped to the dissolver where extraction and liquefaction occur. The
gas, golvent, dissolved coal, and undissolved residue pass from the
dissolver through a series of flash drums which separate the gas from the
sluery. The high-pressure gas recovered from the flash steps is passed to
the high-pressure gas purification system (DEA unit). The sour gas which is

cemoved is sent to the Stretford unit for treatment.

The liquid is further flashed and subsequently filtered to remove ash and
unreacted coal. The filtrate is pumped to a vacuum-flash ﬁreheater and then
flashed to below atmospheric pressure. The (I) product ig pumped onto a
Sandvik belt (a continuous, water-cooled, stainless steel belt) for solidi-
fication and then delivered either to a waiting truck or to a storage.

facility.

In general, the (I) and (II) processes are the same through the dissolver.
However, in the (II) process, the slurry exiting the dissolver is split:

one portion is recycled to provide solvent for the coal slurry mixing
operation, and the other portion is fractionated. The fractionation
products are naphtha, low-sulfur fuel oil, and bottoms residue. Bottoms
residue, containing very heavy hydrocarbons, unreacted coal, and ash, is
solidified on a Sandvik belt in an operation similar to (I) production. The
increased severity of operating conditions in the dissolver (i.e., the
increased residence time, operating pressure, and hydrogen concentration)
results in the majority of the coal being converted to a liquid fuel

tesembling No. 2 fuel oil with a 175-455°C (350-850°F) boiling range.

2-6
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' for approximately one-half hour of residence time. The slurry is
lume .

" depcessurized and flashed to remove hydrocarbon vapors and

then

ondensable gases which are formed as a result of thermal-cracking and
nonc
h dfogenation of the dissolved coal/solvent mixture in the extractor.

y

emaining slurry is pumped to a so0lids separation unit which produces a

The ¢

clean liquid stream and a thickened slurry. The clean liquid stream —-
somposed of solvent and coal extract -- is sent through a second flash step
.

which yields light and heavy distillate streams. The thickened slurry is

pumped to 8 carbonization unit which removes solvent from the slurry and

produces waste char.

Heavy distillate produced from the last flash step is directed to a second
reaction and hydrogenation process. The light distillate is fractionated
and withdrawn as part of the recyle solvent stream and as a product. Treat-
ment of the heavy stream yields further reacted liquids which can be removed

ag products or used as a hydrogen donor solvent for a portion of the solvent

recycle.

Process Specifics of Plamt C--

Plant C uses the (I) process; it is very similar to that described for Plant
A. In this process, pulverized coal is mixed with process-derived solvent
in a slurry blend tank. The slurry is combined with hydrogen-rich (85%)
feed gas and is pumped through a preheater into a dissolver at 427-468°C
(800-875°F) and 2500 psig. Residence time in the dissolver ranges from 10

to 60 minutes.

b r




finar p~7-
boiling (below 177°C) crganics, recycle process solvent, and filter

the low-
wash solvent.

plant C has 8 maximum coal feed rate of 6 tons per day. The plant does not
pave & coal preparation plant onsite. Coal of desired size and moisture

-ontent i3 purchased and transported to the facility.
(M

process Specifics of Plant D—

plant D uses a noncatalytic coal liquefaction process utilizing prehydroge-
pated "donor” solvent to facilitate the hydrocracking the coal. The donor
golvent is a recycled distillate of the liquefaction stream, and is
gatalytically hydrogenated in a separate process. Several liquid fractions,

as well as an internally consumed fuel gas, are produced by this process.

Coal can be prepared by either of two milling processes. In one, an impact
mill crushes the coal to minus 8 mesh and relies on later heating of the
slurry For deying. In the other, a gas-swept roller mill crushes the coal

to from minus 8 to minus 30 mesh and dries it to a moisture content of less

than 4 percent.

The crushed coal is mixed with hot donor solvent and the resultant slurry,
along with hydrogen, is pumped to four vertical upflow reactors in series.
Liquefaction is noncatalytic and depends on hydrocracking and on the

dissolving properties of the solvent.

Reactor product consists of gas, vapor, liquefied coal, recycle solvent,
unreacted coal, and mineral matter. This stream is fed to the reactor

Separator drum where it is split into a vapor stream and a slurry stream.

2-8
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ripping:
at Both gas

d bottoms .
Naphtha may be

oils are pumped to the donor solvent hydrogena-

H an
oils N blended with the gas oil stream or taken as prod-
nit-.

rion
Bottoms are gent to the

vacuum stripper.
uck.

ated bottoms are pumped to the vacuum stripper where an overhead stream,

prebe S
olids-containing bottoms residue are produced. The

pwo side streams, and a s
chead stresm 1S condensed and separated into liquid hydrocarbons, sour
ove g

and fuel gas. Hydrocarbons are sent to the solvent hydragenation

wetel

saction. The vacuum stripper side streams inclu«;le\i light vacuum gas oil
(LvGo) and a heavy vacuum gas oil (HVGO). The HVGO can be withdrawn as
product, or can be combined with the LVGO stream and pumped to the solvent

hyd:ogenation section. Vacuum bottoms are pumped to a stainless steel belt

Jhere they are cooled and solidified.

The solvent hydrogenaticn section replenishes the donor hydrogen in the re-
¢cycle solvent. In effect, solvent hydrogenation is a middle distillate
hydrotreating plant. The replenished solvent flows through separator drums
where unconsumed hydrogen is recovered, and sour water and organic vapors
ace condensed and removed. Hydrocarbons from the separator drums and the
solvent stream are combined and seant to a second fractionation system. The
fractionation process separates the hydrogenation products into three
streams: Ffuel gas, naphtha, and recycle donor solvent. Donor solvent
possessing the proper characteristics is cycled back to the liquefaction

section and mixed with coal in the slurry mixer/drier.
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fuel gas that is consumed onsite for heating purposes.

Coal i3 pulverized, dried, and delivered to a slurry preparation drum where
it is mixed with recycled slurry oil. Slurry oil comes from the hydroclone
(1iquid-PhaSe cyclones) overflow stream and from additional product oil from
fractionation. The slurry is pumped at approximately 3,000 paig to a gas-
fired preheater where it is heated to about 400°C (750°F). Hydrogen (Hz)
is introduced as the stream enters the preheater. The hot slurry ig fed to
the reactor along with additional preheated hydrogen. Plant E's reactor
utilizes a cobalt-molybdenum catalyst in an ebullated bed. The ebullating
pump recirculates the catalyst-free slurry from the top of the reactor to

the bottom and returns it up through the catalyst bed.

The reaction product is withdrawn From the top of the ebullating bed and
depressurized in a series of flash vessels. Reactor effluent, consisting of
gasecus and liquid products, unconverted coal, and mineral matter, is
separated into a vapor phase and a solid/ligquid phase in the reactor effluent
geparator. The vapor phase, containing unreacted hydrogen and gaseous hydrao-
carbons, is cooled and the heavier hydrocarbons are condensed. The solid/
ligquid phase is flashed in two steps from 3,000 psig to 50 psig. Flashed
vapor is condensed and sent to the fractionator. Some hydrogen is recovered

from the flash vessels and is recycled. Bottoms material from the flash

steps is directed to a set of hydroclones.

Hydroclones are used to separate solids from the slurry stream and produce a
solids-free oil for recycling to slurry preparation. Solids-free hydroclone
overflow not used for recycling is sent to fractionation. Hydroclone bottoms

containing all the solids are pumped to the atmospheric and vacuum strippers.
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ting of 2 residuum of unreacted ¢oal and mineral material are delivered

consis
a Flaker golidification process.
to

The combined 1iquids from the stripper and the flash steps are fed to the

frac

rionator through a preheat furnace. The process stream is partially

cized in the preheat furnace before being introduced to the flash zone

vapo
The overhead product from the fractionator is sent to

of the fractionator.
s stabilizer tower where the gases (CA and lighter) are remaved. The

bottoms product from this tower is stabilized naphtha. The fractionator
duces two other streams -— light oil and heavy oil.

pco
goth streams are steam-stripped to remove light ends which are returned to
the fractionator. The heavy oil stream is recycled with hydroclone overhead
to slurry preparation. A portion of this stream may be blended with the

other streams to produce a synthetic crude oil.

Health Implications of Coal Liquefaction Processes
Coal liquefaction processes present several health concerns. The exact
e¢xtent of these hazards may be expected to change with the scale of a com-

mercial size operation. A list of occupational health hazards associated

with each process unit is presented in Table 2-3.
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pistillation phenolics
solvent Racovery ;:2:; l?.légmatic amines; benzena, toluene, xylene;
gottoms Solidification PNAS; aromatic amines; particulates; noise
gydrogen Recovery Hydrogen sulfide; mercaptans; ammonia; noise
ter Treatment Hydrogen sulfide; phenclics; aromatic amines;
Hastewd ammenia
I

WORK FORCE ACT IVITIES

4 total of about 800 workers were employed in the five coal liquefaction
plants surveyed during this industrial hygiene study. 1In the future, a
single commercial plant producing 50,000 barrels of oil per day is expected
to require about 1,000 to 2,000 workers. Based on data concerning job
assigaments and work descriptions obtained from the pilot plants, it is
projected that between 50 and 80 percent of these workers will have the

potential for significant exposure to coal-derived materials.

Pilot plant workers tested were found to fit into one of three job

categories: operators or process techmicians, maintenance personnel, and
laboratory technicians. Job assignments within these categories are not
standardized, and some variations of the general descriptions that follow

occur.
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coutine activities such as reading gauges, checking valve positions, and
monitoring process operating parameters. During normal plant operations, up
ko 80 percent of their time may be spent in the control room where exposure
can be expected to be less than in the process area. Depending upon the
particular operation involved, extended periods (up to a full shift) may be
required in the process area where exposure potentials are greater. These
operations involve the performance of routine activities such as blowing
down vessels, taking process stream samples, handling chemicals (e.g., in
the Stretford unit), loading waste materials for disposal, and general
housekeeping chores such as cleaning the baghouse filters. Upset conditions
require the operator to assist the maintenance crew in such high-exposure

situations as cleaning plugged valves and lines, and repairing steam leaks

and pump strainers.

Maintenance Personnel

Shift and nonshift maintenance personnel, belonging to one of several crafts,
are responsible For maintaining, repairing, and remodeling all equipment in
the facility. The majority of this work occurs during plant turnarounds or
upset conditions. These workers may be regular plant employees or outside
contractors. At the pilot plant, both the job performed by the maintenance
personnel and the areas of the plant frequented vary unpredictably on a day-
to-day basis. In a commercial facility, exposures are expected to be more
predictable after the establishment of detailed maintenance programs which
outline the Frequency of maintenance work and detail procedures for
decontamination of equipment. Jobs with a high potential for exposure

2-13




boratory technicians analyze process stream samples; however, job respon-
La

‘pilities very widely. In one plant, these technicians are also responsible
31

for securing process stream samples (a high-exposure assignment) and there-
Q

fore spend time in the process area of the plant. 1In another plant,

1sboratory technicians are responsible only for determining the physical

Properties of the samples, and consequently do not experience any
significant in-plant exposure. In most plants, exposure to process

gaterials and ko solvents used in the analytical procedures occurs during

sample preparation and analysis.

Ultimstely, analysis of work force activities and correlation with sampling
data can be used to develop industrywide, uniform job classifications which
may include semiquantitative or rank-order exposure estimates both to coal
conversion mixtures and to specific chemicals known to represent health
hazards. At the pilot plant level, however, changing work practices, cross-

contamination of the small plant units, and the unsteady state of most plants

preclude such analyses.
HEALTH EFFECTS OF EXPOSURE TO COAL LIQUEFACTION MATERIALS

Workers in coal liquefaction pilot plants can be chronically exposed by skin
contact, inhalation, and inadvertent ingestion to unknown levels of poten-
tially toxic but as yet incompletely characterized liquid, gaseous, and
particulate emissions and/or solid products and wastes. Acute exposure to
high levels of these same materials can also occur during maintenance and

tepair operations, as well as during accidents.
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chemical analysis of materials produced from bench-scale or pilot-scale con-
version plants is incomplete. However, ccal liquids have been Found to have
a higher degree of aromaticity and a more condensed ring structure than
petroleum crudes. In addition, the heteroatomic content of coal liquids
(primarily nitrogen and oxygen) is greater. The result is a considerable
amount of material boiling over 370°C (700°F). Correlation of these
high-boiling materials with positive results from mutagenicity and/or
carcinogenicity testing suggests a high potential for carcinogenicity and
perhaés teratogenicity following exposure (Mobile, 1976; Pelroy and Wilson,
1981). In addition, lighter, lower boiling oil fractions (315-425°C;
§00-800°F) from coal that exhibit minimal direct carcinogenic activity have
beep shown to possess promoting and/or cocarcinogenic activity. It has been
demonstrated that coal liquid fractions are generally more mutagenic than
are petroleum fractions of comparable boiling ranges (Kimball and Munro,
1981). Further, synthetic coal liquids, in contrast to petroleum, possess
higher levels of acidic components (such as phenols and cresols), which
appear in the lower boiling distillates. Thus, these fractions, too,

cepresent a potential for adverse health effects.

A more detalled discussion of the known health effects of coal-derived mate-—

rials is presented in Appendix C, Volume 2.

2-15

aszis



contractor at the Fort Lewis pilot Plant (DOE, 1980).

1ndividual quantitative PNA analysis of air samples has been carried out
using high-pressure liquid chromatography (HPLC) with both a UV detector and
spectrophotofluorometer. The determination of total concentrations of 15
gelected PNAs in random samples has shown a wide variability ranging from
nondetectable to 1,200 ug/m3. The product solidification area showed the

highest PNA concentrations.
\\“agher conclusions of the program to date include:

n-Hexane, benzene, toluene, and xylene concentrations are
extremely low, resulting in virtually negligible exposures.

Rainy days have been associated with decreased total suspended
particulate levels, but with increased concentrations of benzene

solubles.

Temporary helpers showed the highest exposures to total
particulates.

Geometric mean exposures to benzene-soluble particulates were
significantly lower in the (II) mode than in the (I) mode.

HeS concentrations reached a few thousand parts per million
during loading of raw naphtha and light distillates.

Virtually no airborne phenolics were found despite their presence
in high concentrations in many liquid streams.

High CO levels were agssociated with the use of plant inert gas at
the coal pulverizer.

Welders working on material contaminated with coal liquids exper-
ienced exposure to benzene solubles of up to 44 percent of the
total welding fumes.
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In
ip the highest concentrations, with only minimal amounts of the heavier 4-,

both studies, the lighter molecular weight 2- and 3-ring PNAs were found

5., 6-, and 7-ring compounds detected. 1In the petroleum refinery study, the
levels of PNAs showed a positive correlation with the age of the facility
and with the crude petroleum utilized; no correlation was found for
production capacity of the plant, duration since last major turnaround, or

onvironmental conditions during sampling.

In a closely related study conducted by Envire in three coal gasification
plants, personal and area sampling was conducted for the same species of
chemical hazards (Cubit and Tanita, 1982). Additional discussion and com-
parisons of the results of this study with the petroleum refinery and coal
liqueFaction studies are presented in the Analysis and Discussion of Results

chapter of this document.

A third industrial hygiene monitoring survey quantifying PNA concentrations
in air samples was found in the literature (Smith, 1971). PNA compounds in
coke oven emissions were measured at 20 different coke plants using a gas
chromatographic/ultraviolet procedure (Smith, 1971). Since air volumes and
sampling times were not included in the report, direct comparison with other
ﬁtudies is not possible. However, in this study of eight PNAs, the mean
concentrations of the measured PNAs decreased in the following order:
flucranthene, benz(a)pyrene = benz{a)anthracene, pyrene, chrysens, and

benz(e)pyrene. Benz(a)acridine and benz(a)anthrone were not found.

Safety and Health Standards and Guidelines

The National Institute for Occupational Safety and Health (NIOSH) has pub-
lished a criteria document for a recommended standard for coal gasification

Plants (NIOSH, 1978). This document recommends standards for each of three
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A similac document for a recommended standard for coal liquefaction plants
is not available. Instead, an occupational hazard assessment of the
ipdustry has been developed (NIOSH, 1981). This report is a lengthy review
of the scientific and technical information available; it discusses the

occupational safety and health issues of pilot plant operations.
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Pl‘nts we

gducted at Plants A and B during the first year of the project. Sampling
co

wes conducted for the purposes of: (1) testing the PNA sampling assembly;
(2) evaluating FNA analytical protocols: (3) identifying chemical hazards by

speciess
the comprehensive surveys.

re in operation (Plants A, B, and C). Walk-through surveys were

and (4) determining concentration ranges of species to be studied in

s 1979, two additional coal liquefaction pilot plaants, Pilot Plants D and E
vere brought on line. All pilot processes are variations of the same
rechnology for producing either a liquid or solid fuel product. The pr:-oject
scope included comprehensive surveys at all five pilot plant facilities.
rigure 3-1 shows the locations of the five pilot plants in which sampling was
conducted. Table 3-1 lists the dates of the walk-through and comprehensive

surveys.

Table 3-1. Dates of Industrial Hygiene Surveys
at Coal Liquefaction Pilot Plants

Plant Walk-through Surveys Comprehensive Surveys
A June 1973 February 19739
B October 1978 April 1979
c none November 1979
D none May 1981
E none August 1981
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Tables 3-2 and 3-3 show the results of the screening for PNAs and cther
organic compounds conducted on area samples taken during the walk-through

surveys at Plants A and B.

In addition to air samples collected for GC/MS analysis, bulk samples of
process stream and by-product streams were collected for qualitative analysis
of PNAs and aromatic amines, and wipe samples were taken from surfaces of
equipment, work areas, tools, and protective clothing for PNA analysis.r No
attempt was made for these analyses to be quantitative. Rather, the data were
to be used as a guideline for the selection of species to be quantitated

during the comprehensive surveys.
SELECTION OF PNA COMPOUNDS FOR SAMPLING AND ANALYSIS

Based on data obtained in the walk-through surveys, it was decided to delete
some agents from the sampling protocols in the comprehensive surveys. These
were eliminated primarily because the concentrations measured at each of the
First two pilot plants were below detection limits of the sampling and ana-
lytical proteocols, or because the concentrations were far below levels con-

sidered to have health implications.
The qualitative work done with the GC/MS showed the presence of many PNA

compounds and homologs. The selection of individual PNAs that would be

quantitated routinely in subsequent sampling was based on three requirements:
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Tablie 3-2,

PNA Compounds Screened in wWalk-through Surveys at Two Coal Liguetac

Plant: A B

. o Gample Type: T : 801nxnt ¢ WIPE BULK AIR
Compai a nera ven roduc Water | Solvent
Location: § Prepa- | Bepa- Re- | solidi- | Treat-| Re- |EFOCOSSiEXtrac- :::i ‘so;:e-nt\c‘.'
ratiop | ration | covery |fication] ment covery Bolvent] tian ration covu_“:
Naphthalene o . --b ™ . - . . . -
Methanonaphthalenes [ ] [ ] [ 4 [ ] - - - ® . 'y
Naphthalene, 2-methyl [ ® [ ] [ ] 1 - [ ] [ ] [ ] el
Naphthalens. l-methyl [} L [ ] L - - * L ® -—
wNaphthalene, dimsthyis - - - - - - [ . 0 'Y
Naphthalene, ethyl - - - - - - ® - - .
Naphthalene, butyl [ ] - - - - — - - - -
Naphthalene, tzrimethyls - - - - - —— ' _— — —
Naphthalene, trimethyl propenyls [ - -— - - - - _— - -
Naphthalene, phenyl - B - - - f . - - - -
Quinoline - - - -— - /- -— - - -
Quinciine, carxbonitrile - - - - - -a - - - —
Benzo (h)guinoline - - -~ - - . - - - -
Acenaphthalene - - - - ~——/ [} [ - - -
Acenaphthylene, dihydros [ ] - -— - - - - - - -
Acenaphthene - - - - - . - - - -
Benzofuran, dihydros - - _— - -Z — — - - -
Dibenzofuran ® - [ ] -— - * - - - -
Dibenzothicphene [ ] - — - - . - , - - -
Fluorene ] ] [ ] [ ] -- [ [ ] | ® - -
Fluorens, monamethyls - - - ~ - ® Y - — -
Phenanthrene/Anthracena [ » [ ] ] - [] [] [ - -
Phenanthrene, monomethyls [ ] - [ ] [] - ] . - - -
Phenanthrene, dimethyls - -—- - - -— ® Y - - -
Fhenanthrene, dihydros - - - - - - - —-— . -
MAcridine e - - - - [ - - -— -
Carbazala [ ] [} - - - - - - - -
Carbazols, monomethyls - - - ~ - - - - - -
Pluoranthene [ ] [ ] [ ] [ - [ o . - -
Pyrene L [ ] [ ] [ ] - [ [ ® - -—
Pyrene, monomethyle = - - ° - ® ° - - --
Pyrene, dihydros [ ) - -— — - - —_ -— - -
Indole, phenyl [ ] - - - - — - e - .
Phenylene - - - - - - - - - -
Phenylene, biphenyls - - -- - - - - - . -
Benzo(a) fluorene L) - [ ] [ - . . - - --
Banzo (b) fluorene ¢ [} - 'Y -— ® ' - . -
Benz (a) anthracene/Tr iphenylene/Chrysene [ ] ] [ ] [ ] -- [ ] ® [} - -
Benzanthracene, monomethyls - - -- - - 0 ® - - -
Banzfluoranthenes -— - - - - . 'y - - .
Naphthacene - - - - -— 'Y - - - -
Benzo{e)pyrene ® ® . . -— ™ ™ -— - —
Benzo(a}pyrene ) Iy * . - Py . - — -
Peryleane K [} [ [ ] -— [ ) - - -
Pibenzanthracenas - - - - - — . - _— -
Indeno(l,2,3-cd)}pyrene [ ] [] 3 Y _— - ° . —— .
Benzo(g,h,i}perylene ] - [ . - - . » - -—
Anthanthrene - [ ] 3 'Y -— _— ™ Y - _—
Dibenzpyrene -— - - - - - - - - -
Coronena -- - - _— -— _— _— — - -
Dibenz (a,j)acridine - - - - _— _— _ . - —
Dibenz {(a, 1) carbazole - -- - - - - - - _— -
Benzophenanthrene, monomethyls - - — _— - - ° - - -
a"." indicates compound detected. b e

indicates compound not detected.
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Table 3-3. Other Organic Compounds and Gases Screened in Walk-Through Surveys at ‘two Coa

Plant A

B
|Sample Type: AIR WIPE IBULX MR
. Hin- 8ol- IpProduct Sol- [Pro-
Compound wWat Coa 8ol ~
Location: jCecal] eral vent | solia- ALer 1 vent cess i |Bolvant 5011 vent [Carbon-lStret-

Prep] Sepa- Re- ifica~ Treat- Ra- [sol-~ Pry~jExtrac-| Sopa- Re- jization} fora
covery

e

rationlcoveryl tion BO0t | overylvent | 273 | tlon |ration

Benreane .d [ ] ] - - - - — — -

Substituted BPenzenes:
1.1l-ouxybis [} [ ] [ ] [ [ - - - — - - _— -
Oone group [ ] -— - -— - —— - - - -— - - _—
two groupa [ ) -- -- - -— -- - f - - — - - -
three groups [ ] (] [ ) - - —-— - —-— . - -— - ——
four groups - - f - - -— -— s - - . _— —
nitriles [ ] - - - - - - - - — - - -
carboxylic acids [ ] - * ] - - - -— - - - — -
Toluene [ ] [ 3 [ ] - [ - - - - - - - -
Xylene [ ] [ ] [ ] - [ ) - -— [ Y - - - -
Hexanes [ ] [} [ ] - ] - - - - - _— - _—
Higher straight chain hydrocarbonsf -- - ] - - - - - -— - - - -

Indene [ ] - - - - - —_— - — _— — -
Substituted indenss -- - - - - - -1 -- - —-— - _— -
dihydrodimethyls - -— - -- - - - -~ - . Py -
dihydrotrimethyls - -- - —~— - - -] - .
Tetrahydronaphthalene ] (] * ] L] - -] - .
Substituted tetrahydronaphthalenesf -- ~- - * - - . - ®
monomethyls - - - - - - — —_— Y
dimathyls -— - -— -- - - [ .
Substituted tetrahydroquinones [ ] -- - -— -_— - -— . -
Phenylenea - -— - - - —-— - —— _— — —_— _— _—
Biphenylene -- - - - - . - f - - —-— - - .
Biphenyl [ ) [ ® [ ® - -— - [, - -— - -
Substituted biphenyla [ ] [ [ ] ®¢ 1 - [ ]

Terphenyl - -— - - - ® N - - - - —
Xanthine - - - -— . °

Phthalate ester L - —-— — [ -— j— —_— —_— - ~— - ——
Bipyrazole - -- . - - - — 1 -- - - - —— -
Substituted thiazoles [ ]

Thiophene []

Pentyloxirane . -- - - . - - — - - _— e -
Octacosane [ ]

Triphenyl ester - - - ® - -n —- — - - - - -
Azulens [ ] - - - - —— _— - - ~— _— . _

Phenol -= - - - e - - - - - == - -
Substituted phenals - -- ] - - - - - _— _— - - —-
Cresol -— - - - - - -— - - - - - -

p-Ethylphenal -— - - -— - - - - - - -— . —
o-Ethylphenal - - - - — —_ - —_— _— - - - --
2,3-Xylencl - - - - - - - - _— - - - -
3,5-%ylenol .
Aniline [ ]
N,N-Dimethylaniline [ ] - -— -— - - _— -— - - - _— -
o-Anisidine [ )
p-Anfisidine [ ]
Carbon monoxide® .
Hydrogen sulfide’ - - - - - - - - - -— -— —_ -
Sulfur dioxided - - - - - - _— - - — _— - -
Ammonia® - - - - . -— - I -- - - — . .

Tven indicates compound detected. b“——-" indicates compount not detected. %Gases identified by detector tube.




originally, 29" compounds with available reference standards were identified
and guantitatively determined in air and bulk sampling. Five more were added
during the course of this study as standards became available, making a total
of 3a‘ compounds. They are: seven 2-ring, seven 3-ring, ten 4-ring, eight
5-ring, one 6-ring, and one 7-ring compound. Eighteen of these are listed in
the Registry of Toxic Effects of Chemical Substances (NIOSH, 1980) as
guspected neoplastic or carcinogenic agents; others are considered equivocal

neoplastic or carcinogenic agents.

Five nitrogen-containing heterocyclic compounds were included because of
toxicological evidence showing carcincgenic potential for many of these
related compounds. Table 3-4 shows the PNAs which were routinely quantified

on all samples in the comprehensive surveys.

Table 3-5 lists all classes of samples collected at the five liquefaction

pilot plants and the analyses conducted.

* Note that 1- and 2-naphthylamines are also PNAs; thus it is actually 36 PNAs

that were measured in this study.




3 2-Methylnaphthalene
4 Quinoline
5 Acenaphthalene
6 Acenaphthene
7 Fluorene
g Phenanthrene/Anthracens
9 Acridine
10 Carbazole
11 Fluoranthens
12 Pyrene
213 Benzo (a) fluorene/Banzo{b) £lucrene
*14 Benz(a)anthracens/Chrysene/Triphenylane
*15 Benzc (j) fluoranthene/Benza (b) £luoranthene/Benzao(k) fluoranthene
*16 Benzo (e) pyrene/Benzo (a) pyrene
17 Perylene
18 Dibenz (a, j)acridine
19 Dibenz (a,i)carbazole
20 Indena(l,2,3-cd)pyrene
21 Dibenz (a,h)anthracene
22 Benzo(g,h,i)perylene
23 Coronene
24 Dibenz(a,i) pyrene
25 Dim.thylben:(a)énthracane
26 3=-Methylcholanthrens
27 6,13=Dimethyldibenz(a,h)anthracena

*Ccmpounds not separated with 6' 3% OV-17 column.
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SAMPLES

PLANT A

PLANT B

PLANT C

PLANT D

PLANT E

cs

cs

cs

cs

cs

AIR SAMPLES

Qrgacics
PNAS
Aromatic amines
Phenclics
Benzane/Tolusne/Xylene
Hexane

Gases

Carbon monoxide (CO)
Hydrogen sulfide (H,S)
Sulfur dioxide (S03)
Ammonia

Metal carbonyls

Trace Metals

A T N
L e

-~

- NN
N\

LN NN s

LN NN

N NN

NN NN

N NN .

A

BULK SAMPLES

Organics
PNAs

Trace Metals

WIPE SAMPLES

Qrganics
PNAs

v/

Wr = walk-through survey.

-

CS = comprehensiva survaey.

®Cobalt, molybdenum, nickel.

dnrscnic, beryllium, cadmium, copper, mercury, manganese, nickel, strontium, tellurium,

zagnesium.
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A complete description of all procedures (including the validation testing) is
presented in a companion volume to this document, "A Method for Sampling and
Analysis of Polynuclear Aromatic Hydrocarbons in Coal Conversion Plants and

petroleum Refineries™ (Dynamac, 1983).

prior to the survey, all sampling pumps were calibrated to a primary standard
with the appropriate sampling train in line. Correct sampling rates were
confirmed by pe;iodic checks with a precision rotameter throughout the
sampling period. Sampling devices were checked periodicelly for overloading

of sampling media, pump performance, and functioning of the sampling train.

Each sample was given a unique identification number at the start of the
sampling period. Sample data sheets were prepared for each sample and
identified by a corresponding sample number. Meteorological data taken at the

plant were supplemented by data from the local weather bureau or station.

The following sampling procedures were followed as closely as possible at each

of the liquefaction plants surveyed.

. Sampling was conducted during each of the three shifts during the survey
period, which was about 5 days for each plant. The surveys at Plants A
and B were interrupted for several days due to plant shutdown. When the

plants came back on stream, the sampling programs were resumed.

. Full-shift sampling was conducted on each Qorker selected for
monitoring. At least two full-shift samples were taken for each job
category.

Two or three area gsamples were collected during the survey at equipment
or process areas suspected to have the highest concentrations of PNAs,
hydrocarbon vapors, and gas emissions.



uﬁder refrigeration. Filters, charcoal tubes, silica gel tubes, and bulk

samples were packed in separate containers with styrofoam packing material to

prevent breakage.
polynuclear Aromatic Compounds (PNAs)

the general principle for collection of airborne PNAs and their aza-analogs
involves the use of a sampling device consisting of a 37-mm silver-membrane
filter with a s0lid adsorbent backup. The silver-membrane filter is only able
to trap particulate-phase PNAs. . The C-102 backup captures the vapor-phase

PNAs. The two basic assemblies used in this study are shown in Figures 3-2

and 3-3.

37-mm
Polycarbonate
Cassatts

— - o :/'_"':I
—J '—:nr £low
= (A
— ==
Callulosa Support Pad L-Lsuv.r Mambrana
Chromosorh 102 e

Stainless Scteel Scresn

Figure 3-2. Area Monitoring Device for PNAs
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——asw Usue
' Glass Tubing U
Chromosord 102
Cellulosa Guk.:-——l Callu.{ou Gasket

Silver Mambrans

Figure 3-3. Personal Monitoring Device for PNAs

sampling for airborne PNAs was performed by drawing air through the two-

stage sampling unit consisting of a silver-membrane filter followed by

chromosorb 102 (C-102), a porous polymer adsorbent. The commercially avail-

able C-102 used for this study was contaminated and required preextraction

prior to use. The C-102 cleanup scheme is presented in Table 3-§.

Table 3-6. Chromosorb 102 Cleanup Protocol

No. of Soxhlet
Solvent Solvent Extraction
Changes Time (hr)
Methylene chloride 4 48
Methanol 24
Methylene chloride/methanol 2 48
(l:1; v/v) .

The area sampling cassette contained a silver-membrane filter followed by 3 to

4 grams of C-102 sandwiched in the middle saction of a three-piece cassette.

A modified sampling unit was used for personal monitoring. Approximately 150

Mg of C-102 was packed in a glass tube following the silver-membrane-
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After collection of persconal or arsa samples, the sampling assemblies were

covered with feil and stored at -20°C in the dark until analyzed.

the C-102 solid sorbent and the silver-membrane filter were extracted
gepsrately. After extraction and concentration, the extracts were either
analyzed separately or combined. The extraction procedure is shown in Figure
3-4.

SAMPLING CASSETTE

Chromosorb 102
Stainless Steel
Screen

Silver-Membrane
Filtexr

Ultrasonic extraction - Soxhlet extraction

3 x15 minutes 22 hours
Cvclohexane 1l:1 MeCl,/MeCH
Filter and Filter and
concentrate te 1 mi concentrate to 1 me
{ |
[ |
i |
I |
I I
i Recombine I
| and ]
opticnal analyze optional
| i
i !
Analyze Analyze
separately separately

Figure 3~4. Sample Preparation Procedure
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The extraction procedure used for the silver-membrane filters is a modifica-
tion of the NIOSH-validated method P&CAM 217 (NIOSH, 1977). The modification

includes multiple extractions instead of a single extraction, and cyclohexane

in place of benzene.

The silver-membrane filters were ultrasonically extracted in a 200-watt
granosonic 52 bath for 15 minutes with 5 ml of gla§s~distilled cyclohexane.

The extracts were then placed in a 15-ml centrifuge tube. The pracess was
repeated two additional times, and the extracts were combined, filtered, and

then placed in a heating block regulated at 63°C and concentrated to approx-

imately 1 mL.

PNAs were identified and quantified by the use of two internal standards,

d, _-anthracene and d__-chrysene. All GC analyses of the referenced PNA

10 12
compounds produce symmetrical Gaussian peaks, with the exception of quino-

line which tails slightly.

Each batch of samples included Field blanks and reagent blanks to check for

contamination. Desorption efficiencies were determined on each batch of

Chromosorb 102.

The GC/MS parameters used for the separations and quantitation of PNAs were as

follows:

3-12



MS Tonizer Block Temperature: 250°C

MS Electron Multiplier Voltage: 1800 V

MS Electron Energy: 70 eV

MS Emission Current: 500 mA

The isomers not resolved by this GC column (i.e., numbers 8, 13, 14, 15, and
16 in Table 3-4) but Ffound to be present in quantifiable amounts were quan-
titated as isomeric groups. If multiple isomers were suspected of contri-
buting to a single peak, additional analysis by either high-pressure liquid
chromatography (HPLC) (Thomas and Lao, 1977) coupled with a fluorescence
detector (Das and Thomas, 1978) or capillary column gas chromatography was

"used. These methods were found to separate isomers not resolved with the

6-ft 3% OV-17 column.

The capillary GC parameters are as follows:

GC Equipment: Varian Model 3700 equipped with an auto-integrator and
dual Flame-ionization detectors

GC Column: 15 m x 0.2495-mm i.d. glass capillary column packed with
0.34-vm film thickness of SE-52 (from J&W Scientific)

Column Temperature: 50°C to 250°C at 2°C/min

. Injector Temperature: 300°C

Detector Temperature: 320°C

Carrier Gas (helium) Pressure: 20 psig
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geparate samples collected on 800-mg silica gel tubes were analyzed for the ' i

two groups of aromatic amines listed below:

Anilines: aniline
N,N-dimethylaniline
o-toluidine
2,4~dimethylaniline
o-anisidine
p-anisidine
p-nitroaniline

Baphthylamines: l-naphthylamine
2-naphthylamine

ot EN

Analyses followed recommended NIOSH (1977) procedures described in P&CAM 168
for aromatic amines and P&CAM 264 for the naphthylamines.

Since the collection efficiency of the silica gel-sampling medium has been

e et s i, e

shown to be adversely affected by relative humidities over 75%, and relative
humidities were very high in all of the surveys, the measured levels of

aromatic amines may be legs than than the levels present in the workplace.

Phenols

Samples were collected on 800-mg silica gel tubes and analyzed using NIOSH
(1977) procedures in S167 for the following phenolics: phenol, o-cresol,
m-cresol, p-cresol, o-ethylphenol, p-ethylphenol, 2,3-xylenol, and 2,4-

x¥lenol. Since silica gel is also the sampling medium for phenolic compounds,
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techniques using length-of-stain indicator tubes or direct-reading monitoring
devices. Because of the intermittent nature of gaseous emissions in the
facilities, grab sampling and real-time monitoring were preferred because

Full-shift personal sampling did not pinpoint emission sources or measure peak

concentrations.

DATA ANALYSIS

All analytical results were corrected for desorption efficiencies as deter-
mined on each batch or lot of C-102, charccal tubes, and silica gel tubes.

Corrections were also made for the mean field blank values taken during the

respective surveys.
The data were analyzed using the following statistical method:

Lognormal distribution of the measured concentrations in the samples was
assumed (NIOSH, 1977).

The geometric mean (GM) and the geometric standard deviation (GSD) were
determined using the formulas:

n

GM = antilogig z lagie Xi |
im]
n

’ 2
2 .
GSD = mtilcho nzlogluxt (Zl°§’10 xi)

n(n-1l}
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ICL = antilogyy | logia GM ~ t g5 log10 GSD
a2

t.p5 was chosen from the standard table.

n-1 £.05
1 12.7
2 &.3.
3 3.2 .
5 2.6 o
6-7 2.4
8-9 2.3
10-13 2.2
14-27 2.1
28 2.0

The broad confidence limits on the mean can be attributed to two factors.
First, the data were widely dispersed; this probably resulted from the
unsteady operating conditions at the plants and inherent variability in the
sampling and analytical methods. Second, the number of samples in each
category was necessarily low due to the high cost of individual sample

analysis for PNAs.
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co11ected and analyzed for up to 36 individual PNAs, or groups of PNAs. 1In
order to present the data in an understandable format, "total PNA™ values are
reparted. The total PNA concentrations represent the sum of the individual
PNA concentrations determined for each sample. Individual sample results and

the measured concentrations of each PNA species are presented for all plants

in Appendix B.

one of the objects of the study was to determine which unit processes or
process areas contributed most to worker exposure or had the highest fugitive
emissions. To accomplish this, area samples were collected adjacent to
equipment in each of the process areas that were expected to be the source of
highest emissions. '8ampling data from these sites were then combined for
comparison to other process area data and personal sampling results (Table
4-1). Similarly, personal sampling data representing similar job responsi-

bilities at the different plants were combined for comparison (Table 4-2).

when grouped data are pooled, geometric means (GM) are listed along with the
geometric standard deviation (GSD) and the 95% upper and lower confidence
limits (UCL and LCL). When the grouped data consists of only 2 or 3 samples,
the minimum and maximum values are shown, rather than the LCL and UCL.

In most PNA samples, the 2-ring PNAs, primarily naphthalene and its methyl
derivatives, comprised the largest contributing mass to the total concentra-

tions. In order to include this information, the percent digstribution of PNAs

by ring number is also given (Tables 4-1 and 4-2).



Residua Separaticn H 6.1 N/A /A N/A 66.0 iz 2.3 o] Q Q
rotal In-Plant sl 22.71%6.3 4.7 108.3 59.2 | 36.2 | 4.5 0.1 3 Q
5 |pissolving {(Extzaction) 2| 53.3 }1.3| 43.3 63.3 f§ 98.5| 1.2 0.4 ¢ a o
pistillation (Fractionation) 2| se.3 | 1.5 37.4 67.9 4§ 97.6 | 1.7 0.8 0 9 9
Solvent Recovery 2| s8.0 {1.0| 67.2 68.9 99.0 | 0.7 0.4 ! 0 g
solids Separation 2| 8.7 |2.5{ %03 72.9 f§os.a| 3.0 | 1.0 o o b
Carbonization 2] s7.2 | 1.4] 45.4 7z 99,7 | 0.2 0,1 90 0 9
Hydrogenation 2| 43.5 |1.7] 128.9 63.1 97.0 | 1.9 1.2 0 g ]
motal [n-Plant 12| s50.6 | 1.s| 38.9 65.3 98.1 | 1.5 1.3 c 0 9
¢ [slurry Mixing. 1l 0.7 |wa} w N/A 11.8 [ 80.0 | 5.7.! o ) )
Dissolving 1§ <0.1 /A N/A N/A o] Q Q [*} Q
pistillation 1 2.7 -72.% R/A R/A 93.6 7.4 Q Q Q
Solids Separation 6t 3.8 |4.0| 0.9 16.58 88.0 | 11.2 | 0.2 b 0 a
Product Solidificarion 3] 17.4 1.1 1s5.3 19.5 83.5 | 14.8 | 1.7 o 0 el
seal 0il Pump 1} 15.3 |w/a| wa N/A 9%4.0 | 5.8 | 0.3 a a a
Total In-Plant 13 3¢ |s.5] 1.3 10.9 74.0 | 238 | 1.7 0 0 a
D jsSlurry Mixing (Feed Pump) 3| 322.6 | 2.1|135.8 475 8.0 | 1.9 9.1
Dissolving (Reactsr Pump) 2t 57.0 | 1.3 48.5 66.9 9%.5 | 4.2 0.3 Q
Distillation :
Ammospheric Fractionator
Light Gas/Oil Fump 3] s54.5 | 1.4 382. 522 97.5 | 2.4 | 0.1 0 0
Bottoms Pump 3| 917.1 | 2.5 382 2412 95.5| 3.6 | a.9 | 0.1 Q
vacoum Stripper
Light Gas/Qil Pump 3} 403.5 |4a.1| .1 3740 97.3 | 2.5 0.2 0.1 0
doavy Gas/0il Pump 3 4.5 [15.2] <o.1 Il.4 83.0 | 15.3 | 1.7 0 a o
Residue Separation
Vacuum Bottoms Pump 3} 169.5 | 1.9 114 357 70.6 | 22.3 | 2.0 o i} 0
Solvent Fractionation 5] 169.0 [8.7] 11.3 [2.5x10'} 99.1 ] 0.8 | 0.1 | o.L a 0
Seal Oil Pump 2f s6.6 | L8] 42.7 5.1 82.5 | 15.8 | 1.7 0 a o
Control Room (Main) 3} 6.8 |2.0] 23.3 2.6 97.3 2.7 0 9 0 ¢
Control Room (CPU} 2} 80.5 | 1.4 9.9 99.9 97.4 | 2.8 0 0 0 0
Oily Water Sump 2| 180.6 |14.4] 27.4 1190 99.7 | 0.1 | o.1 e} Q )
Perimeter 3| 0.7 |2.9] <o.1 1.3 100 ] 0 0 0 Q
Total In-Plant 34} 133.8 | 7.9] s5.8 271.8 93.3 | 6.1 | 0.5 9 o )
Tvumber of sazples collacted. Scecmatric mean of c rations. Ccecmetric standard deviacion. Contioued)
Lower 95% confidance limit of gecwatric wmean. 'Uppor 35¢ confidence limit of geomatric mean.
“N/A = not applicabla. Jog» indicates value below detsction Limit.

for u=2 or 3 minimm and maxium valua showa (ot LCL and OCL)



Residue Separation ! !
Flaker Balt (empty) 3] 11.6 | L.4| 8.0 15.2 95.6 | 1.4 3.1 9 s} o}
waste 0il Rascovery 3{ 36.8 4.4 3.7 8.4 97.3 1.1l lL.4 Q.2 Q Q
Control Room 3| &.1 |19.5] <0Q.1 39.9 99.7 o] 0.3 ol o]
Seal 0il Pump 3] 26.4 | 1.5 l6.2 40.2 92.2 | 4.2 | 3.7 9 ]
Paximeter 3| 1.2 6.7 a.3 19.8 100 0 o 0 a 2
Total In-Plant 27| 34.8 | 4.1 19.7 61l.2 96.9 1.4 1.7 Q o}
dyumber of samples collected. aGm&ic mean of concantrations. ecm\-.zic standard deviation.
dmm 958 confidence limit of geomatric mean. eUppu.' 958 confidence limit of geomacric mean.

fuce indicates valus below detsction limit.
J toe ue2 or 3 winimm and saxium valus snowe (oot LCL and UCL)



——— e cmwr - =g - ———— -.a ———— - Tha @.3 (- | [+ Q Q
Product Solidificat’a | 3 70.5 3.9 | 17.7 264 87.9 10.8 1.3 0 <} 0
technician Specialist | 1 56.7 N/X N/A N/A 87.8 11.9 0.5 Q Q Q
Total 13 35.8 3.2 17.6 73.0 8%.3 13.8 1.1 a o 9
MAINTENANCE PERSCNNEL
Mechanic 1| 84.9 N/A N/A N/A 74.0 3.4 2.7 ] 0 9
Welder 1| 126.8 | N/A N/A N/A 06.7 1.2 .1l
Tocal 2 | 103.8 1.3 a.1 1.3x10% | 80.3 4.3 1.4
LABORATORY TECENICIANS] 3 4.2 4.9 | <0.27 211.1 79.7 19.5 0.8 a o ]
3 OPERATORS
Extraction 3 0.2 1 0.1 a.2 100 Q o] Q Q Q
Fracticnation/ a.0
solveat Recovery 3| <0.2 2.5 ] 0.3 100 o] 0 Q ¢} Q
Solids Separation/ a.2
carbonization 3] <0.2 1.5 a.1 100 -0 o] 0 9 0
HSydroganation/ .
Utilities 3| <0.2 3.3 a.2 0.3 100 0 ] ] Q ]
Total : 12 | <0.2 2.2 <0.2 0.2 100 0 a ] ) Q
MATNTENANCE PERSONNEL
Millwright 4| <0.2 2.4 <0.2 0.8 100 o} o
Pipefitter 2 | <0.2 1.6 0.01 0.02 100 Q 9
Total 6 | <0.2 4.9 <0.2 0.3 woe [ o 0 o o] 0
LABORATORY PERSONNET, )
Chemist 3 | <e0.2 4.3 9.0l 0.2 100 ] 0 0 0
Tachnician 3| <0.2 3.9 a.02 0.3 100 a 0 0 0
Total 6 | <0.2 4.0 <0.2 0.2 100 o] 0 9 0
SHIFT SUPERVISOR 2| <0.2 1.9 <0.2 42.6 100 0 0 9 a o}
< QPERATORS
~ce 2 1.0 72.6 0.08 2.4 97.3 2.7 0.0S 9 a Q
"n* 2 9.0 1.1 3.2 3.9 89.9 2.7 9.6 0 ] 0
Total 4 3.1 16.0 | <0.2 257.8 93.6 6.2 a.3 0 Q a
MAINTENANCE PERSCNNEL
Pipafittar 1] 21.5 N/A N/A N/A 93.5 6.1 0.4 o] 0 o
Insulator 2 { 1.0 2.0 11.0 9.2 94.1 5.5 0.3 Q 0 9
Oliler 1 4.7 N/A N/A N/A 91.5 7.9 9.9 a ¢ ]
Instrument/Mechanic L] 1.2 N/A N/A N/A 93.2 6.0 0.4 0 o} Q
Millwright 2 14.6 2.5 7.7 27.3 91.5 6.2 0.1 Q 0 0
Total 7 13.4 2.0 7.2 24.9 93.2 6.3 0.5 ] ¢ 0
LABORATORY PERSONNEL
Chemists 1 12.4 3.2 b4 43.6 95.4 4.5 Q.2 0 Q o
:mbc of samples collectsd. Gecmatric mean of concentrations. ®Gecmatzic scandard daviatian, (SOREIIUS)
Lower 95% confidence limit of geomeatric mean. ‘uppc: A5y confidence limit of gecmetric mean.
f4/A = not applicanle. Ime indicates valus balow detection limit.

for n=2 or 3 minimm and msaxium valus showa (not LCL and UGL)
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solvent Hydrogenatica] 23| 299.7 4.4 76.4 L4353 99.2 0.3 ¢} Q el g
Offsite 5 Utilivies 2 28.3 1.6 62.3 123 97.0 2.3 Q 2 a
Total 17| 96.9 | 3.3 | =7 178.1 97.1 2.8 o b 9
MAINTINANCE PERSOMMEL |
Welder ) 3| 1s.7 1.8 8.0 13 87.6 12.4 ) o a
Millvright 3| 188.3 | 5.5 | s | 1323 98.9 | 1.2 | o.03 0 s 0
Pipefitter 4] st.1 | 1.2 17.2 70.1 8.2 1.8 0 0 0 a
Insalatoe 2| 2a.5 1.9 13.7 18.3 96.3 3.7 ) 0 0 a
Elactrician 2| 34.3 1.5 | 25.7 45.8 92.6 6.6 0.8 0 0 0
Instyumant Technician| 3| 41.5 2.1 17.4 67.6 98.6 1.4 2 ] g Q
Laborer 3] 9.0 | 1.4) 138 | 212 | 9.5 | 3.4 ) a o )
Total 20| 38.8 2.8 13.8 63.5 96.3 3.6 0.01L 0 Q 9
£- | OPERATORS
:‘:T‘;ﬁ;ﬁm“ (dis= 3] 8.0 | 20.6] <0.2 1711 98.1 0.3 0.5 9 0 )
Fractionation 3| 29.1 | 1.5] 1is.8 oh.6 97.4 2.1 0 0 ) 0
Solids Separation 1| 9.8 u/nf M/A N/A 100 0 e} 0 bl 9
Wastawater Tresatmant 2 47.5 3.4 20.1 112.3 100 Q o] a Q Q
Total 3| 18.7 5.9 4.8 72.7 99.1 0.6 0.1 o 0 0
MAINTENANCE PERSONMEL )
pipafittar/Welder 5| 12.8 | 10.6] 0.7 243.2 100 ° a o 0 Q
Machinist 3 1.8 1.5] <0.2 30.8 100 0 ) 0 o
Insulatar 20 121.3 | 2.8 | 49.3 248 %a.7 0.6 0.7 0, 0 0
Lanorer S| 15.9 | 8.4 1.1 230.4 %8.2 1.3 0.3 o 0 o
Total 1s| 1.6 |10.1] 3.8 44.2 $9.2 0.5 0.3 ) 0 0
a b

R

Number of samples collected.

Geometric msan of concantrations.
‘Uppor 55% confidence limit of geometric msan.

Lower 95% confidence limit of geometric mean.
Jucn indicates valua below detection limit.

Ly,

N/A = not applicable.

for a2 or ) minimm and maxium valus showm (uot LCL and UCL)

a o
Geomatric standard deviation.




lave

1 of the analytical method.
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Process solvant L} [ 4 ® ® L ]

D Wranch hapdle [ ] [ ) [ 2 ® —-— -_—
Instrument cover ® [ ] L ] [ ] - -
Valve handlie [ ] [ ] L [ ] — —_—
Control house door handle [ 2 [ 2 * [ - —
Control house lunchroom [ ] [ ] ] -_— — -
North flaker staircase - ground . L] L] ] - —
Bench and lockers/dirty change - .
roam ® L [ ] [ ]

E Slurry pump [ 2 L [} ® L ] —
Seal oil pump [ ] ® L [ ] —-— [ ]
Control roocm [ ] [ ] ® -— - -

Zren indicates compound detectad. "—m* indicates compound not detected.

Cnga §rdicates sample not analyzed for this group of FNAs.
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aNu-b-: of samples collected. Dl:ncludu o~ and p-anisidine. cIm:lu:ln- 1« and 2-naphthylamine.
"—=" indicates compound not detscred. ®eone indicaces sample not analyzed for this compound.
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p | Unic Cperacor

lLatoratory Techaician
Maintenance PFersonnel
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| e
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4-9

%tncludes 1~ and Z-naphthylamine.

$wne indicates sample not analyzed far this compound.
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B Coal Preparation 1] -— - - -— —-— _—
Solids Separation 11 - - —_— -— — -—
Solvent Extraction 13 - - - -— -— -
Solvent Rscovery [ — - -— g.1 -— -
Carbonization 7 -— -— —-— — -— —
Fractionation 2 -— ¢.03 -— — - —_—
Hydrogsnation 2 - 0.06 _— -— —_— —
Stretford Onit 2 - = -] -— — —

o] Slurry Blend 2 - -— — a o a
Reactor 1 —-— - -_ a o a
Solids separation 6 -— —— _— a u d
Distillation 1 -— -— _— -] -] -]
Seal 0il Pump 1 — - —_— a F] o
Caustic Pump 1 a o a — -_— —
Hot well 1 " = — - —_—

D Control Rooms 5 Q.19 0.11 a 3 -
Slurry Feed 4 0.04 -— 0.02 — -— -—
Reactor 2 - - b -] a -4
Atmospheric Fraction. | 6 0.03 0.08 0.21 - -— -
Vacuum Stripper B 0.13 g.14 0.26 — - -
Solvent Fractionation 6 Q.04 0.04 0.17 -] " a
Flush 0il Pump 3 0.04 0.08 0.52 o r 2
Qily Water Sump 2 0.32 Q.54 ¢.8as a -4 -4

E | control Room s} o.02 0.01 - - - —
Slurry Preparxation 4 0.01 0.01 0.01 —-— -— -
Reactor S 0.Q3 4.01 0.01 —-— - -
Solvent Recovery 7 - 0.01 - - - _—
Distillation 8 a.06 0.02 0.01 -— - -
Residue Separation 6 0,01 0.01 — - - -
Waste Cil Recovery ] -— 0.02 -— - - —
Seal 0Oil Pump 2 - - - -— -— -—

am:nbo: of samples collected. Includes o- and p-ethylphencl. ®Includas o- , m=, and p-cresol.

d

Includes 2,3- and 3,5-xylenol.
£, "-=" indicates compound not detacted.

Enpe indicatas sample not analyzed for this compound.
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B Laboratory Technician 3 — 0.08 —-— . n a -4
c Unit Operator 4 — — -— a o o
Laboratory Technician 3 -— _— -— -1 a -3
Maintenance Personnel 3 - - —-— n -3 n
D Unit Operator 15 0.13 0.05 0.18 — -— —
Majintsnance Persconnel | 16 0.34 0.10 9.05 - - -
E Unit Operator 5 -3 -] -4 — — —
Maintenance Perscnnel 5 2 a z -— — -
aﬂunhc:' cf samples collected. Includes o—- and p—ethylphenol. cr.ncludas o=, m~, and p-cresol.
dmclude: 2,3~ and 1,5-xylencl. e“u" indicates sample not analyzed for this compound.

"-=" indicatas compound not detacted.
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studies); and

industrial hygiene monitoring programs designed to measure chemical
pollutants in the plant environment.

Work practices and controls are discussed in the following section of this

chapter.

With some exceptions, all five coal liquefaction plants in this study main-
tained programs containing the basic components of comprehensive occupational
health programs. The components of the individual programs at each plant are

summarized in Table 4-8.
Personal Hygiene and Educational Programs

Recommended personal hygiene procedures designed to protect the coal conver-
sion worker against dermal, inhalational, and ingestive exposures to hazardous

chemicals include four major elements:

protective clothing/equipment programs
clean clothing programs
shower facilities with clean/dirty area separation

. barrier creams and cleansing agents
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~ -

gloves v v / v
safety glasses - v % v Y
hardhats v v v % v
earmuffs - - - - -
respirators ' v v v
Clean Clothing Program
clean coveralls dajily daily | daily daily /
protective shoes v - - v v
Gclean underwear daily - - 7 -
HAygiene Facilities (Shower Roaom) 4 ' 4 v/ v
single locker - v - - -
dual lockars - - v v -
clean/dirty separation P - - v -
barrier creams/agents ' e . Y % v
EDUCATIONAL PROGRAM
Prejch training ' v v v -
Brochures/manuals v v 4 v -
Continuing education 4 - v/ Y/ -
Postad signs v - - % -
Raspirator training 4 v/ v v /
] WORK PRACTICES AND PERMIT SYSTEM 4 4 Y v '
INDUSTRIAL HYGIENE MONITORING
Informal schedule - v - - -
Uniform program v - 4 ' v
MEDICAL SURVEILLANCE
Clinical monitoring v v v v v
Epidemiclogical program Y - - 7 -
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raincoats, rainsuits, aprons, hoods -- provided by all plants on an
as-needed basis or on an assigned basis for high-exposure jobs in the

process area

gloves: cotton, asbestos, leather, rubber — variously available or

required in all plants for specific jobs.

gafety equipment is required for everyone entering the process areas of all
plants and includes safety glasses, safety shoes, long sleeves, and hardhats.

Earmuffs are usually available as well.

protection of workers from inhalation of potentially dangerous gases and air-
borne particulates is provided by disposable respirators and full-facse
respirators with acid gas/organic vapor cartridges; in addition, supplied-air
respirators include 5-minute, self-contained escape packs, and 30-minute,

préssure-demand. self-contained breathing apparatus (SCBA).

The purpose of the clean clothes programs is to minimize exposure to coal-
derived materials and prevent their spread outside the dirty areas of the
plant. Four of the five surveyed liquefaction plants provide daily changes of
clean coveralls for workers. These plants also provide laundry sérvice for
this clothing, either on the premises or at commercial laundries. Howéver,
there was no evidence of systematic programs in most of the plants for
cleaning nonlaunderable articles, such as gloves and rubber items. One plant
required nonlaunderable items to be disposed of when solled, or at the end of

the work day. Worker contact with heavily soiled articles of this nature was

noted frequently.
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only been done on an experimental basis. One plant uses UV fluorescence for
determination of tool contamination. No plant provides routine spot-checking

of this nature for monitoring the efficacy of personal hygiens programs.

Educational programs for employees of the coal liquefaction plants were

observed to contain various elements consisting mainly of:

orientation and training sessions including audiovisual presentations,
tours, discussions, and testing for understanding of job hazard and
health information;

health and safety brochures and manuals;

periodic continuing education sessions for refreshing and updating job
hazard and health information, and providing classes or courses in
specialized subjects such as CPR; and

posting of signs and labels to indicate hazardous gituations or to
encourage hygienic work habits.

All the plants provide training in the use of respirators.
Medical Surveillance and Epidemioloﬁical Studies

Routine medical surveillance protects the health of the individual by
detection of incipient health problems, and the health of all workers by the
provision of long-term health information which may identify plant and
industrial hazards requiring process or work practices modifications.
Effective programs include medical monitoring of individual workers for
immediate evaluation, and a system for continuous recording of both medical

and exposure data for future study.
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the skin by a nurse {(Plants A, B and C); charting of skin lesions (Plants
A,D,and B); color photography of the face and hands (Plant D); and semi-
quantitative estimations of a "black speck” index for later correlation with

pathology (Plant A). In additiem, cytological examinations of sputum and

urine are provided at Plant D.

Table 4-9. Medical Programs in Effect at Coal Liquafaétion Plants

PLANT A PLANT B PLANT C PLANT D PLANT B
%o. of Emplovees:? 184 a8’ 121 200-250 150°
MINIMAL WORK-UP
Preplacement History
and Physical ’ ’ / ’ d
Annual Follow-up 4 4 A / 7
Urinalysis v - v 7 -
Blood Count / - v ' -
ROUTINE WORK-UP
3lood Chemistries / - ' - '
AUXTLIARY TESTS
Chest X-ray a - - : 7 -
Pulmonary functions 'S - F J -
] - - - / -
| SPECTALIZED TESTS
AudiogTmm v - - v -
Sputum Cytology - - - v -
Urine Cytology - - - v -
Skin Examination / / / L /
MISCELLANEOUS
Medical Work-up hemoccult - - ongoing axpo- -
sure historiss
Epidemiological . / y
Program

5

a.
Not all tests given to all personnel. Process worksrs only.
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Table 4-10. Summary of Industrial Hygiene Monitoring Programs
at Coal Liquefaction Plants

Monitoring Program Plant A Plant B Plant C Plant D Plant B
A

Coa) Dust/Respirable / - /

Particulatas - -

Banzene
- 3anzene Banzane Banzene

romatic Hy :‘i:bl“/ solubles solubles solublaes
Gases " co, H28 - / .
Benzene, Toluene.

Xylena ’ - / / -
Phenolics Y - 4 Y -
Noise v v ) Y v/ -

An extensive industrial hygiene monitecring program is being conducted by the
contractor at one of the coal liquafaction pilot plants (Plaat A) (DCOE,
1980). Highlights of the program and results to date include:
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Pyrene none detected to 129
Benz(a)anthracene none detected to 8.8
Chrysene none detected to 14
Coronene none detected to 0.21
Benzo(e)anthracene none detected to 0.87
Dibenz{a,h)anthracene none detected
Acenaphthene none detected to 0.57
Fluorene none detected to 6.2
Phenanthrene none detected to 9.5
Benzo(b)fluoranthene none detected to 1695
1,2,4,5-Dibenzopyrene none detected to 2.8
Benzo(g,h,i)perylene none detected to 0.08

Overall, samples collected from the product solidification area showed
higher concentrations of these compounds than samples collected else-
where. Personal air sampling analyses have failed to detect these PNA

compounds because of the small volume of air collected.

Phenol and phenolic compounds have not been found in any sirborne

samples in concentrations above 0.01 ppm.

Carbon monoxide concentrations in the coal receiving and preparation

building have reached levels as high as 700 ppm at the coal feeder chute.

Noise surveys have revealed noise levels in excess of 90 4BA in the
following areas: c¢oal preparation, slurry preheating, solvent recovery
and recompression, product solidification, bio-unit, boiler house,
hydrogen generation, and Dowtherm unit. However, personal monitoring
with noise dosimeters has not indicated any noise exposures above 100

percent of the OSHA permissible levels.
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during upset conditions,
during activities that circumvent the closed system,
during equipment maintenance, and

as a result of catastrophic equipment or vessel failure.

supplemental engineering controls, such as local exhaust ventilation, have
been employed at entry and exit points to control emissions at these sites.
For upset conditions and for activities that circumvent the closed system,
work practices and personal protective clothing and equipment are relied upon

to provide workers with additional protection.

wWork Practices

The principal objectives of work practices found at the five coal liquefaction
plants were to.minimize skin contact with process constituents through the use
of protective clothing, and to minimize inhalation exposure through the use of
respiratory protection. This was accomplished through the development of work
praocedures that would reduce exposures to any constituents encountered during
upset conditions or in the performance of activities which circumvented the
closed system. The situations requiring special work procedures had been
identified by the plants as being mainly related to maintenance activities,

process stream sampling, and emergenciaes.

Chemical hazards which the plants had identified as the greatest hazards,
requiring special procedures, include PNAs and hydrogen sulfide. The PNAs

were selected because of the carcinogenic properties of a number of species in
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a vessel) or in emergency situations 1OVOLVIDE MEJUL PEUCUSS LeaKS.

Maintenance workers have duties which routinely involve contact with process
stream constituents. These workers often have a higher potential risgk of
being exposed to process materials relative to workers in other job categories
found_in liquefaction plants. These maintenance activities are related to
work on on-line equipment, such as breaking into process lines, repairing and

removing process equipment, and entering vessels.

work procedures in the liquefaction plants were designed to minimize worker
contact with process materials, espeéially the coal liquids (tars), and to
prevent the formation of an acute hazard condition from toxic gases such as
hydrogen sulfide. The key elements of these work practices are isolation of
the system, draining the system of process material, and cleaning of the work
site. Only Plant D has formalized these thfee eleménts within its safety
manual. Other facilities reportedly follow these procedures, but they did not

have written procedures available at the time of this study.

It was noted at the liquefaction facilities that the plant operators generally
perform the premaintenance activities of isolation, draining, and cleaning
because they are more familiar with the process design than are the
maintenance crews. This transfers some of the risk of exposure to process
materials from the maintenance crews to the operators. Protection of the
operators is accomplished by the development of formalized work procedures for
these three activities; by the use of a permit system to monitor these
procedures; and by the use of personal protective clothing and equipment.
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peing repaired; it is also the least reliable method of isolation because of
the possibility of valve failure. Valving is the most common technique being
gsed at all of the liquefaction facilities; however, Plant D uses blinds and
plugs whenever feasible when working on equipment and vessels. Blinds and
plugs are more reliable because they involve the actual removal of a segment

of piping, thereby physically isolating the vessel or equipment from the rest

of the process,
praining—-

Once the system is isolated, it is drained of process material to permit
maintenance work. Drained sclid or liquid materials are routed to
receptacles, such as covered containers or drains, for disposal; vapor and
gases are vented to the thermal oxidizers. Health and safety problems are
present in the draining of isolated systems that are under high temperatures
and pressures. Where pressurized or high—temppratute systems exigt, bleed

valves are used to reduce pressures to atmospheric level.

Cleaning--

Cleaning operations are used to remove surface contamination -- primarily coal
tars -- from work surfaces. Steam-cleaning is the most commonly used method
and was used in all of the liquefaction facilities. Hydroblasting and
industrial-strength caustic detergents are used in combination with
steam-cleaning at Plants D and E. Observations at these facilities indicated

that the use of detergents increases the efficiency of the cleaning operation.
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checking combustible gas and oxygen lavals,

measuring concentraticn of toxic gases, such as hydrogean sulfide, likely
to be present, and

employing a buddy system, whereby one person fully equipped with the
necessary protective clothing and equipment 13 stationed outside the
vessel to provide assistance in an emergancy.

Housekeeping—

pifferent approaches have been developed in the five liquefaction plants to
handle routine housekeeping duties. The technique most commonly employed is
to conduct cleanup activities on an as-needed basis. At Plant C, gpills are
cleaned as soon as possible by the persons responsible for the spill. Strict
adherence to this policy, especially the as-soon-as-posaible clause, at Plant

C has produced the cleanest work environment of the liquefaction facilities

vigited.

Plants D and E clean the process area on a daily basis with assigned
personnel. One unit process area is cleaned each day by the maintenance labor
force because plant size makes it impractical to clean the entire plant area
in a single day. This procedure permits tars time to solidify so that a more

rigorous procedure is needed to clean up the area.

Cleanup is conducted on an as-time-permits basis at Plants A and B. Responsi-
bility for cleanup was held by operators who had other assigned duties that
took precedence over cleanup. Under this setup, cleaning of areas in the

plants was intermittent, and as a result Plants A and B had the greatest

amount of visible tar deposition of all facilities visited.
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effective procedure observed for keeping the work area free of tar deposits.

At Plant B, spills were handled by simply flushing the area with water, with
the wastewater going to a wastewater treatment site. The area was cleaned
with stesm later when time permitted. Under this procedure, Plant B had one

of the highest levels of tar deposits of all facilities visited.

Hydroblasting, and a combination of hydroblasting and industrial-strength
caustic detergents, serve as alternates to steam-cleaning at Plants D and E.
It was noted during the surveys that this combination is very effective in
removing tar deposits. In plant A a jackhammer was used to loosen tar
deposits prior to steam-cleaning; however, this technique was not as effective
as hydroblasting and detergent cleaning noted at Plant D and E, where it was

done on a routine, scheduled basis.

Administrativé Controls

Most of the liquefaction plants surveyed in this project do not consider
administrative controls to be a significant method in controlling worker
exposures, preferring instead the use of protective clothing and equipment and
the use of safe work procedures. 1In the facilities where administrative

controls are used, they serve as supplements to the cther methods.

The most commonly used administrative coatrol observed was barricading,
whereby a person’s access to a restricted area is physically restricted by
barriers. Entry is permitted on the basis of formal training in recognizing
and handling hazards within the area. In temporary situations (where process

upsets or the performance of specific activities such as repair can create
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ar: in the facility: visitors entering the facillity must sign a'logbook,
aoting time of arrival; upon departure, visitors must sign out, logging time
of departure. While in the facility, visitors are provided with company
escorts who are familiar with the plant's safety policies. This procedure
provides an effactive means of monitoring vigsitors and their location in the
facility, and ensures that visitors are not endangered by accidental viclatioa
of safety procedures. At Plants D and E, all visitors planning to enter the
main process area must take part in a brief training program outlining the

basic safety prosram;
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divided into four major groups: all combined area samples {excluding plant
perimeter), and personal samples for: operators, maintenance personnel, and
laboratory technicians. The worker groups were selected on the basis of job
descriptions obtained at the individual plants and observations of worker
activities made at the time of the surveys. Selections were made to ensure
that the workers placed in each group had similar duties at all five facil-
ities. For each of the four groups, the geometric mean (GM), geometric
standard deviation (GSD), and 95% lower and upper confidence limits (LCL and
UCL) have been calculated (Table 5-1). Table 5-2 contains the breakdown of

the PNA results into common unit operations at each plant.

Statistical analysis of the geometric means of the four groups were per-
formed on an intraplant and an interplant basis using the Student's t-test.

The equation used assumes that the variances (32) of the groups being com~
pared are different (Sokal and Rohlf, 1969). The equation is:

log GM, - log GM,

1 - :
|ts I a“t11°3 \/iog s2 log S2

+
n, Iy
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At g e ad e —— = gy e

Operator Number of Samples Collected 13 12 4 17 9
(personal Samples) ) . . evic Mean (ug/m?) 5.8 || <0.2% ETY 96.9 18.7
Geomatric Standard Deviaticn 3.2 2.2 16.0 3.3 5.9

Lowar 95% Confidence Limit (ug/m}) 17.6 <0.2 <0.2 52.7 4.8
Upper 95% Confidence Limit (wg/m¥) || 73.0 0.2 257.8 §| 178.2 72.7

Maintenance Number of Samples Collacted 2 6 7 20 15
(Parsonal Samples)| ... eric Mean (Lg/m?) 103.8 | <o.2 13.4 8.8 12.6
Geomatric Standard Deviation 1.3 4.0 2.0 2.8 10.1

Lower 95% Confidence Limit (pg/m3) 4.1 <0.2 7.2 23.8 1.6
Upper 95% Confidence Limit (ug/m’)| 1,300 0.3 24.9 63.5 44.2

Laboratory Number of Samples Collected 3 [ 3 Q 4]
(Pulﬁfgxl_“) Geomatric Mean (ug/m’) 4.2 <0.2 12.4 N/P.b N/A
Geometric Standard Deviation 2.9 4.0 1.2 N/A /A

Lower 358 Confidence Limit (ug/m®)j <0.2 <0.2 0.7 N/A N/A

Upper 95% Confidenca Limit {(ug/m®)| 21l.1 0.2 222.4 N/A N/A

a

e indicaces value

below detection limit.

bn/a = not applicable.




and Dissolving h Tt T 2.2 Al
Solids Saparation 4 47.40 1.8 8.1 121.9-
Fractionation ] 52.6 1. 35.3 78,3
¢ cf“m} gi:g;i:‘i‘;;n' Slurrying, 2 0.3 4.0 0.13 0.7
Solids Separation 6 3.8 4.0 2.9 16.5
Fracticnation 5 11.7 2.3 4.2 32.8
D Coal gi:‘:;i:;‘;“' Slurzying, 5 161.2 1.0 4l.0 §34.5
Fractionation 22 155.7 11.} 52.9 457.7
Control Room 5 50.4 2.0 21.7 1l6.9
Perimetar 3 6.7 2.9 <0.1 9.4
B Coal ﬁ:‘;ﬁ;ﬁ;‘- 5}““71"?' 7 §9.2 1.9 8.9 123.1
Solids Separawion 3 135.4 3.7 1.3 372
Fractionation 11 24.5 1.9 lé.0 37.6
Control Room 3 6.2 13.5 <0.1 39.9
Parimeter 3 1.2 6.7 0.3 10.8

Number of samples collected.

JGecmetric standard deviation.
‘Uppc: 35% confidence limit of geomatric mean.

b

Geometric mean of concentrations.

Ince jndicatas valua balow detection limit.

B por om2 o 1, atafeom snd maxtum valus shows (net LCL and UCL)

dy cwer 95% confidenca limit of geametric mean.
fu/h = not applicabla.
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where "n-1" is the degrees of freedom.

Plant A

A compariszon of all area samples collected at Plant A (GM = 21.4 ug/m3;
Table 5-1) with the GM of each of the three worker groups shows a signifi-
cant difference (P:<0.01) in the mean concentrations of the worker groups
relative to the area samples (Figure 5-1). The maintenance group mean (GM =
103.8 u;/ma) ig five times the area mean, and the operator mean (GM =

35.8 ug/ma); 1.5 times higher. These results indicate an additional

source of exposure to these groups cther than average PNA levels present in
the process area environment. Observation of worker activities at Plant A
indicates that specific activities involving repair of process equipment are
a source of additional exposure. The operator levels are not as high as

those of maintenance because operators did not actively participate in most

repair activitiaes.
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Operator (13)

GM = 35.8

Maintenancs (2)

lllIIlIllllIllllllllIlll*lllllllllllllllllllllllll

GM = 103.8

Lahoratory Technician (3}

: “Numbérs in parencheses
< ' indicats ths numbar of

G = 4.2 samples collected.

= i 1 i 1 N | P

n 1
' . . + , , }
2 5 ) 20 sa 100 200 s00 1,000 2.000

Concentration of total FNAsS (ug/m?)

4

ol oz 0.5

Figure 5-1. Plant A Geometric Mean PMA Concentrations and 95% Confidence
Limits for Combined Area, Operator, Maintenance, and
Laboratory Technician Samplesg

The laboratory technicians have a geometric mean exposure of 4.2 ug/m3

which is 20% of the average PNA levels determined for the area samples. The
low exposure for the technician group is attributed to the fact that the
technicians' duty stations are outside of the process area. The technicians
at Plant A are not required toc enter the process area because their duties
primarily involve the preparation and analysis of process stream samples
which are collected by the operators. Since the technicians' work is per-
formed under laboratory hoods, lower PNA exposure is associated with this
group.

Significant differences (P <0.001) are evident among the three worker
groups, with the laboratory technician group having the lowest level of

expodure {(Table 5-1). The mean for the operator group is nine times that
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Figure 5-2 is a graphical presentation of the PNA results by unit operations
for Plant A. Statistical comparison is difficult because of the low number
of samples. However, no difference (P> 0.05) was observed between the mean
PNA levels of the dissolver/coal preparation ares (GM = 31.3 ug/m3) and
the fractionation (GM = 23.2 ug/m3) area despite the fact that the dis-
solver/coal preparation system is in an enclosed, three-story structure,

while the fractionation system is in an open structure.

Fractionation (2)*
(IlIlllllllllllllllIlllllllllllllllllllllllllrlllIlllllIIlllllllllllllllllllllllllll)

GM = 23.2

Salids Ssparation (1)
®
Concantration = 224.3

Coal Preparation/Slurrying/Dissolving (4)

*Numbers in parentheses
indicate ths number

of samples collected. GH = 31.2

3 ) e & 3 | i 3 L 4 & i
] Al H T T

0.1 9.2 0.5 1 2 s 10 20 50 100 200 500 1,600 2,000
Concentration of Total PNAs (ug/m?)

1

Figure 5-2. Plant A Geometric Mean PNA Concentrations and 95% Confidence
Limits for Major Unit Operations
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within this area.

plant B

A significant difference (P < 0.01) was observed between the combined area
gamples (GM = 50.6 us/m3) and the three worker groups (GM = 0.2 ug/m3

for each worker group) in Plant B (Figure 5-3). All three worker groups had
mean PNA levels below the limit of datection, indicating negligible expo-
gures to PNAs. It is apparent from observations made during the surveys
that most workers were not in the process area long enough to accumulate PNA
exposures equivalent to levels measured in the process area. Qbservations
made during the survey showed that the operators averaged 80 percent of
their time in the control room because frequent upset conditions during the
survey precluded their ccnduckting normal activities. The laboratory techni-
cians spent 100 percent of their time analyzing samples in the laboratory
which is well outside of the process area. Maintenance workers spent 80
percent of their time in the maintenance shop which is also located outside

of the process area.
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GM = €0.2

crato Technician (8)
L = *Mambers in parentheses
indicate the mumber of
GM = <0.2 . samples colliscted.

n 4 | b
¥

+ 'y ; : } - - 4 +
5 10 20 50 100 200 s00 1,000 2,000
Concentration of total PNAs (ug/md)

[ =
[ 2

7.1 0.2 0

Figure 5-3. Plant B Geometric Mean PNA Concentrations and 957 Confidence
Limits for Combined Area, Operator, Maintemance, and Labora—
tory Technician Samples

No significant differences (P> 0.05) were found between the mean concentra-—
tions of the major unit operations {(Table 5-2; Figure 5-4) at Plant B, indi-
cating uniform PNA levels throughout the facility. The major factor for the

uniformity in PNA levels is the close proxiﬁity of all unit operations to
one another.

Practionation (&)*

GM = 52.6

Solids Separaticon (4)

GM = 47.0Q
* Numbers in parentheses

indicate the of Coal Preparation/Slurrying/Dissolving (2)
samples collectad.

GM = 52.3

N L . - L . N 1 s . 1 "
. J.r 2 S 1'0 20 S0 150 200 500 1,600 2,000

Concentration of Total PNAs (ug/m3)

Figure 5-4. Plant B Geometric Mean PNA Concentrations and 95% Confidence
Limits for Major Unit Operatioms
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pecform minor repair activities (e.g., riXing & leaking vaive), it appaears

that such activities did not add significantly to the operators' overall

exposure.

Combined Area (13)*

llllllllll’lllllllll

M= 3.9

Operator (4)

t(IIIIIllllIllIllllIIIIIllIiIIlIIIIIlIIlIllliIIIlllllllllllllllllllllll

M = 3.1

Maintenance (7)

| *Numbers in parentiieses

GM = 13.4 i indicate the number of
samples collectad.

Laboratory Technician (3)

IIIIllIIllllIIIIIIIIIIl*IIIIIIIIIIIIIIIIIIIIIII

GM = 12.4
n L 1 I i i N 1 1 . L | .
T ™ \ T L T T Y T T Ly Y M
0. 9.2 0.5 1 2 S 10 20 30 1090 200 500 1,000 2,000
Concentration of total PNAs (ug/md)
Figure 5-5. Plant C Geometric Mean PNA Concentrations and 95%

Confidence Limits for Combined Area, Operator, Maintenance, and
Laboratory Technician Samples

No significant different (P> 0.05) existed between the means of the main-

tenance group (GM = 13.4 ug/ma) and the laboratory technician group (GM =

12.4 uglma), indicating that their duties result in similar levels of ex-

posure,

The Plant C laboratory technicians differ from those at the four

other plants, in that they collected their own process samples. Since the
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the maintenance and laboratory technician Eroups BOG LiY CUNULLGGY GLS® G
ples and operator groups (Table 5-1; Figure 5-3). The maintenance perscnnel
and laboratory technicians have PNA exposures which are about four times the
mean concentrations measured for the area samples and operator groups. This
indicates that the maintenance staff and laboratory technicians are exposed
o additional sources besides those of the general process area environ-

sent. Observations during the survey of Plant C indicate that thesae sources
are activity-related, with the technicians' exposure linked to process sam-

pling activities and maintenance workers' exposures related to repair of

on-line equipment. L

S
—

A comparison of means of the major unit operations at Plant C is shown in
rTable 5-2 and Figure 5-6. The fractionation area had the higheat laevel (GM =
11.7 uglms) with that of the solids separation area and the coal dissolving

area being significantly lower.

Practionation (5)*
M = 11.7
Solids Separation (§8) *Numpers in parentheses
indicate the number
of samples collectad.
G = 4.0
Coal Preparation/Slurrying/Dissolving (2)
< >
GM = 0.3
4 + y + ¥ 'y + $ + + . .
6.1 0.2 0.5 1 2 s 10 20 50 100 200 soc 1,000 2,000

Concentration of Total PNAs (ug/md)

Figure 5-6. Plant C Geometric Mean PNA Concentratons and 95% Confidence
Limits for Major Unit Operation Samples
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38.8 ug/m ).

Combined Area (34)

Illllll'lllllll

G = 133.8

Operator (17)

‘IIIII*IIIII

GH = 36,9

Maintenance (20)

*Numbers in parenthoeses +
indicate the number of

samples collacted. GM = 18.8

o s P ] 't 3 dn b

M ) & L
.1 0.2 0.5 L 2 M 10 20 56  1g0 200 500 1,000 2.000
Concentration of total PHAs (ug/m?)

Figure 5-7. Plant D Geometric Mean PNA Concentrations and 95% Confidence
Limits for Combined Area, Operator, and Maintenance Samples

The significantly lower levels of PNA exposures for the two worker groups is
an indication that they were not exposed to sources of PNAs other than that
found in the general work environment and were not in the process area long
enough to receive the full burden of PNAs from the process area enviroameat.
The operators were observed to spend only about 60 percent of their time in
the process area monitoring equipment, which would account for their lower
level of exposure relative to the concentration of PNAs in the area samples.
The maintenance crew did not work on onstream equipment during the survey
period; instead, their time in the field was minimal, primarily spent on
5-11
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This difference may be attributed to the absence of repair activities on

on-line process equipment during the survey pericd; in the other plants,
this type of activity was found to be a major contributor to the overall
exposure of the maintenance group workers. It is, therefore, expected that
sempling of maintenance worker; during shutdown when on-line equipment

repair activities are in progress would show higher PNA exposure levels.

A1l major unit operations had means significantly higher (P < 0.05) than
the perimeter (GM = 0.7 uglm?) (Tabla 5-2; Figure 5-8). The PNA level for
the control room (GM = 50.4 ug/ms) was 71 times, and the levels of the
dis- solver/coal preparation (GM = 161.2 ug/m;) and the fractionation (GM

= 155.7 uslm3) areas more than 220 times the perimeter PNA levals.

There was no significant difference (P > 0.05) between PNA levels for the
dissolver/coal preparation area and the fractionation area. However, these
two areas had means significantly higher (P < 0.05) than that of the
control room by a factor of 3. The control room at Plaat D is about 75
meters from the main process area, which may account for the lower levels

measured there relative to the process area.
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G = 155.7

Coal Preparation/§lusrying/Dissolving (5)

Mommbers in parantheses
indicate number of
samples collectad. GM = 161.2

L ! " - 1 re ' 1 L
5 10 20 50 160 200 500 1,000 2,000
Concentraticn of Total PNAs (ug/m?)
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T
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Figure 5-8. Plant D Geometric Mean PNA Concentrations and 95X Confidence
Limits for Major Unit Operations, Control Room, and Perimeter
Samples

Plant E—

Significant differences-(P< 0.05) exist between the mean PNA level in the
combined area samples and the individual worker groups (Table 5-1; Figure
5-9). The mean area PNA level (GM = 34.8 ug/m3)-was three times the mean
measured on maintemance workers (GM = 12.6 ug/m3) and two times that of

the operators (GM = 18.7 ug/m3). The significantly higher ambient PNA
levels of the process areas relative to the worker groups are an indication
that workers from these groups did not spend sufficient time in the process
areas during the survey to receive an equivalent time—weighted average

exposure to PNAs.
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GM = 18.7

Maintenance (13)

* |

aNumbers L parentheses oM ow 12.6
indicate the number of
samples collected.

3 1 s " . Il " 4
L T T Kl

\ : L

T ¥ M T v v T T
g.1 9.2 0.5 1 2 5 10 20 50 100 200 400 1,000 2,060
Concentration of total PNAs (ug/m3)

e

Figure 3-5. FPlant E Geometric Mean PNA Concentrations and 957 Confidence
Limits for Combined Area, Operator, and Maintenmance Samples

The operators at Plant E were observed to spend more than 50 percent of
their time in the control room. A comparison of means showed no significant
difference (P> 0.05) between operator and control room samples but a signi-
ficant difference between operator anc{ (P <0.05) other wnit operation
samples—-the operator mean being 50 te 750 percent loweir than that of the
areas (Tables 5-1 and 5-2). The results indicate that the operators' PNA
exposures were equivalent to ambient PNAs in the control room. Activities
performed by the operators during the survey of Plant E represented routine

operations.

Maintenance personnel in Plant E do not work on onstream equipment during
test runs unless upset conditiomns occur. Their normal workload during a
test run consists of work on support equipment, work on unit operatioms that
are down, new comstruction, remodeling, cleanup of the process area, and
making preparations for shutdown activities. There were no major process
upsets and all but one wmit operation were running during the survey of
Plant E; thus, maintenance activities were primarily in other work areas
which did not require extemsive time within the process area. 4n estimated
50 to 80 percent of maintenance staff time was spent In the maintenance

shops which are .outside of the process area.
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gurvey results at Flants A, B, 80G ¢ 1NG1CATEG CTOAC ACTLIVITIES 1OVOLviug wu—
{ine process equipment are the major source Jof PNA exposures for maintenance
workers; at Plant B, work on on-line equipment is scheduled for shutdown
pariods. It is expected that if sampling were conducted during shutdown it
would produce exposure results more in line with thaose noted at the other

liquefaction facilities.

The four major unit operations at Plant E had PNA concentrations ranging
from 50 to 100 times higher (P < 0.05) than the perimeter samples (GM =

1.2 ug/m3) (Table 5-2; Figure 5-10). Significant differences (P < 0.05)
also exist in PNA concentrations among the four major unit operations. The
control room had the lowesat level (GM = 6.2 ug/ma); the fractionation
gection was 400 percent higher (GM = 24.5 uglm?); the dissolver/coal
preparation area (GM = 69.2 ug/ms) was 400 perceutrhigher than the
fractionation area; and the solids separation section posted the highest
level (GM = 135.4 ug/ms) which was twice that of dissolver/coal

preparation area.

The solids separation section #s located 50 feet north of the fractionation
section and 20 feet west of the dissolver/coal preparation section. During
the survey, this was downwind of the fractionation and upwind of the dis-
solver/coal preparation area. Based on the ranking of these areas by PNA
concentrations, it appears that the solids separation area is a major source
of PNA emissions. Ambient PNA concentrations decrease with an increase in
distance from this section. The control room is located outside the process

area and had the lowest PNA levels.
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Salids Separation (3)

G = 135.4°
* qumbers in parsntheses Coal Preparation/Slurrying/Dissolving (7)
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sasples collected.
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Figure 5-10. Plant E Geometric Mean PNA Concentrations and 95% Confidence
Limits for Major Unit Operation, Perimeter, and Control
Room Samples

Interplant Comparison
Combined Area Samples——

Significant differences were found in the overall average total PNA con-
centrations measured in ares samples at the five coal liquefaction plants

(P < 0,05) (Table 5-1; Figure 5-11). These differences could not be
correlated with plant size or liquefaction process. Other factors ineluding
operating conditions at the time of the survey were felt to have a greater

influence on the values.
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Figure 5-11. Geometric Mean PNA Concentrations with 95% Confidence Limits
‘ for (combined) Area Samples from Five Liquefaction Facilities

Plants A and C are very similar in their operating specifications. Compari-
son of these two plants indicates that an increase in the size of the plant
does not necessarily lead to ﬁ corresponding increase in the ambient PNA
levels. This result suggests that extrapolation of PNA levels from these

pilot plants to larger facilities may not be justified.
Worker Groups-—-

The analyses of data from each of the five plants showed significant differ-
ences in the means of each of the three worker groups for all five plaats
(Figures 5-12, S-13, and 5-14). However, avidence of the existence aof a
relationship between plant size, or process type, and worker group exposure
wag not found (Tables 5-3 and 5-4). Exposure levels of the operator, main-
tenance, and laboratory technician groups were found to be dependent upon
time spent in the process area and upon the type of activity being performed.
These factors have no relationship to plant size and to the type of process

being used at each facility.
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Figure 5~13. Geometric Mean PNA Concentrations with 95Z Confidence Limits
for Maintenance Workers at Five Liquefaction Plants
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(3.1} (12.6) (12.4)

D 1 1 2 d
{36.9) (38.8)

E 2 3 3¢ d
(18.73 (13.4)

%Gecmetric mean concentration (ug/ml) given in parentheses.
bLimit of detection of apalytical proceduras,
“No significant diffarence between Plants C and ® (P >0.05) .

No sampling at these plants for laboratory technician group.

Table 5-4. Comparison of Coal Liquefaction Process Type
with Geometric Mean PNA Exposures for
Three Worker Groups
Rank by Group Geometric sean®
Process Type Plant
Operator | Maintenance ﬁ:g°:9t9§y
Donor Salvent D 1 2 b
(96.9} (38.8)
B 5 5 3
(<0.2)¢ (<¢.2)¢ (<0.2)°
Catalytic Hydrogenaticn E 3 3d b
(18.7) (13.4)
Noncatalytic Bydrogenation A 2 1 2
(35.8) (103.8) (4.2)
c 4 ad 1
3.1 (12.6) (12.4)

a
b
@
d
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No sampling conducted at these plants for laboratory technician group.
Limit of detection of analytical procedure.
Wo significant differance hetween Plants C and B (P > 0.05).




all three groups, while Plant E ranked in the middle of the five plants.

contamination of process equipment and tools with PNAs was detected by col-
lection and qualitative analysis of wipe samples (Table 4-3, page 4-7).
Most samples were found to contain PNAs with up to S-rings. Although no
quantitative exposure estimate is possible to this type of exposure, it is
apparent that continued dermal contact with contaminated equipment is
occurring at all plants. This emphasizes the need for an effective pro-
tective clothing program and periodic decontamination and cleaning of items

frequently contacted by plant employees.

The strongly suspected carcinogens phenanthrene and anthracene (coelutents)
appeared to serve as a reliable indicator of the presence of high molecular
weight PNAs in these wipe samples. They were present in all samples in

which PNAs with more than four rings were found.

In order to relate the PNA exposures measured in the five coal liquefaction
pilot plants to a familiar industry segment, Figure S5-15 was developed from
data obtained in two other NIOSH-sponsored studies conducted by Enviro
(Futagaki, 1981, and Cubit and Tanita, 1982). Figure 5-15 shows the results
(GM and 95% confidence limits) of personal sampling conducted in this study,
in nine petroleum refineries (fluid catalytic cracking ﬁnits and delayed
coking units), and in three coal gasification plants. The sampling and
analytical methods for PNAs were identical for each study. Since personnel
activities differ widely in the three industries, exact analogies are not
possible, but the data do show that the range of personal exposures in these
five coal liquefaction plants is equivalent to the exposure ranges found in
the nine petroleum refinaries.
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aromatic amines in the five coal liguefaction plants only 12 (13% of the
samples) had detectable quantities. Tables 4-4 and 4-5 show that the high-
est concentrations measured were all below 1 ms/m for the seven aromatic
amines. The results seem to indicate that employee exposure to simple
aromatic amines was not a frequent occurrence in themfive plants; however,
the sampling and analytical methods used were questionable. High humidity
and/or rain was present at all of the plants surveyed; the silica gel
sampling medium has been demonstrated to be unreliable under these
conditions. Thus, Ehese data cannot be used as evidence that polynuclear
aromatic amines (PAAs) are not present in the plant environments. PAA's

are, however, known to be present in the process streams.

The PAAs, as ;iscussed in Chapter 3 of this document, have been shown to be
associated with the mutagenic and carcinogenic activity of high boiling
peint fractions of coal-derived liquids. A suitable method for sampling
PAAs had not been validated by NIOSH, and the methods used in this study
(P&CAM 168 and 264) for the simple aromatic amines are not necessarily
applicable to PAAs.

OTHER ORGANICS

Over 200 area and personal samples were collected and analyzed for benzene,
toluene, xylene, phenols, cresols, and xylenols. All of the samples had
concentrations less than 1 ppm (Tables 4-6 and 4-7). Benzene was found in
35 of 208, toluene in 35, xylene in 25 of the 298 samples collected.
Phenols were found in only one of the 298 samples. Cresols and xylenols

were not detected in any of the personal or area samples.

The low airborne levels of these compounds found seem to indicate that they
Ray not be a significant health concern in these plants; however, the
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of fire, acclidents, explosions, and exposure to toxic chemicals. Programs
designed to minimize the first three hazards are modeled after industrial
programs in related industries, and they comply with industrial standards
and mandatory requirements. Unique programs to minimize exposure to toxic
chemicals specific to the coal liquefaction environment are being developed,

and they are the subject of this discussion.

The personal hygiene measures discussed in Chapter 4 provide some degree of
‘protection from pollutants; however, the following deficiencies have been

identified In most pilot plants:

moskt plants did not'attempt to identify optimal materiala for
protective clothing manufacture,

most plants lacked guidelines for discarding nonlauderable,

contaminated clothing including shoes, boots, gloves, slickers,
ete.,

most plants lack the provision Ffor clothing change before meals,
and

most plants lack a program for routinely determining the
effectiveness of the personal hygiene program by checking for
residual contamination of personnel before meals and after
showers, and of clothing after laundering, drycleaning, etec.

Educational programs generally depend upon initial and continuing verbal
instruction From plant supervisors supplemented by written and audiovisual
aids; this Format provides information and instruction to regular plant
employees. However, an active program to include all plant maintenange
workers employed by outside contractors needs to be developed in the

Plants. Only in this way will this high-exposure group of workers be kept
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tiple chemicals whose toxic effects cannot always bpe predicted. A more
complete screening program should include more specific heart and lung tests
(EKG, and FVC and FEV1 pulmonary function tests), as well as a standard-
jized battery of serum chemistry tests which can detect a broad spectrum of
organ dysfunctions, often before other signs and symptoms of disease become

apparent.

For the coal conversion industry, this "routine™ screening program may not
be adequate to protect the health of the worker. Preliminary epidemiologic
and toxicologic testing data have indicated an increased risk of cancer from
chronic exposure to some coal-derived materials. PFurthermore, these studies
have pinpointed the skin, lungs, and urinary tract as organs at special risk
from such exposure. For this reason, more extensive examination of these
targaet organs has been recommended and is being practiced in some cogl

liquefaction plants.

Urinary cytology is the most widely used and accepted screening test for
cancer of the bladder. Because early detection of the disease significantly
enhances survival, the routine use of this examination as a screening tool
in high-risk workers would seem obvious. However, from its institutiom in
1956 by Crabbe a3 a systematic gcreening tool among dyestuff workers in
Great Britain to the present, controversy has waxed and waned concerning its
record of positive correlation with proven bladder cancer. Difficulties
associated with the preparation of cells suspended in urine, as well as in
the interpretation of results have resulted in widely varying reports on its

efficacy in detecting bladder cancer.
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ogist (Ng, 1980). The most important factor determining the quality of the
results is the pathologist’s expertise, motivation, and interest. It must
pe recognized, however, that in a mass screening program economic comsider-
ations dictate that this material be screened by less highly trained pro-
fessionals {cytotechnologists) with only positive results being reviéwed by
the pathologist. Whether acceptable correlations of these results with

proven cancer can be obtained is unclear at this time.

The cytological diagnosis of cancer of the lung from sputum is a diagnostic
test with a correct detection of about 68 percemt (Springs, 1977). Its use
as a complement to chest X-ray in the detection of lung cancer would seem
desirable because thbse tumors most likely ta shed cells into the sputum are
often the most difficult to detect radiologically. However, while prelimi-
nary findings from early lung cancer datection programa supported by the NCIL
have tended to show that combined screening for lung cancer Sy annual gputum
cytology and chest X-ray is more effective than chest X-ray alone (Melamed
et al., 1977), they have not shown that this screening program significantly
influences lung cancer mortality (Fontana et al., 1975). The rationale for
the routine use of this test in hish—risk, asymptomatic workers would then
depend upon the identification of premalignant cells in sputum. Saccomanno
et al. (1965) described such a finding in 24 uranium miners who subsequently
developed lung cancer. Confirmation of these findings and the possible
institution of examinations aimed at detecting these sarly cell changes

represent an important avenue for research.
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malytical methods used. The PNA levels measured at Plant D may be the most
p;edictive of exposures in commercial plants because Plant D was the anly
plant to run continuously at normal operating conditions during the surveys;
the pilot facility processed 80,000 tons of coal during s 10,600 hour run.
the major PNAsS present in all plants were naphthalene and its methyl
derivatives. Air sampling data showed very low levels of 4— and 5-ring PNAs

present as particulate or vapor under the coanditions sampled.

plant size, design, unit process, and operating conditions could not always

pe related to the concentrations of PNAs found in area and personal samples.

gmployee activities were directly related to PNA exposure levels. Main-
tenance activities involving breaking into process equipment or handling
contaminated equipment resulted in higher exposures to airborne PNA concen-
tations. Routine plant operator activities usually did not result in PNA
exposures comparable to maintenance operations. Mean operator levels of
exposure were generally lower than the mean of area samples. This finding
was related to the fact that operators spend considerable amounts of time in

control rooms where PNA levels are generally lower than in process areas.

Dermal contact with process liquids is a potentially significant source of
chronic PNA and coal tar product exposure in these plants. This exposure is
not easily quantifiable but may represent a significant hazard in light of
the available health information concerning adverse effects of coal tar

derivatives.

Aggressive equipment cleaning and decontamination programs combined with
ippropriate personal protective equipment and personal hygiene programs are
6-1



roups of chemicals rarely showed measureable conceantraticns. There are,

&
some questions about the effectiveness of the sampling and

hoﬂevert
analytical methods at the conditions encountered during the surveys,

aspecially for the aromatic amines and the phenolic compounds.

the medical surveillance programs established by the plants reflect their
ganagement's awareness of the occupationsl hazards associated with the
facilities. Although no standard medical surveillance program or battery of
tes'l:s has been widely accepted for these types of facilities, the corporate
gedical officers have generally developed programs in accordance with many

of the NIOSH guidelines for similar industries.
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pational health hazard of long-term {nhalation exposure to low levels

of 2-, 3~, and 4-ring PNAs,

Standardized sampling methods should be developed for assessing
workplace dermal exposure to PNAs; this should be correlated with
health effects information, if possible,

Methods should be developed for cleaning or decontaminating coal tar

residues from equipment and protective clothing.
Additional studies should be conducted on the permeability and pro-
tection factor for PNAs afforded by various materials used in protec-

tive clothing, particularly gloves.

Improved, possibly less complex sampling and analytical methods for

.PNAs, or a FNA indexing system for selection of "proxy"” PNAs for

assessment of total PNA exposures need to be developed. The method
should be able to utilize amalytical instrumentation other than mass

spectrometry because of its high cost and inherent variability,

The feasibility of organic vapor sampling badges for light weight (2-—,
*
3-ring) PNAs should be investigated.

Improved sampling media and methods are needed for airborne phenolics

and aromatic amines.

Further research, leading to a standardized medical monitoring

protocol, needs to be done.
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PROCESS/FACILITY DESCRIPTIONS OF COAL LIQUEFACTION PILOT PLANTS



PROCESS DESCRIPTION

The Plant A process has two variations. 1In the first variation, (I), the
product is a solid material with an approximate melting point of 177-205°C
(350-400°F). In the second variation, (II), the product is a liquid
gpprOXim3£81Y of crude oil consistency.

A schematic showing the (II) process mode is presented in Figure A-1.

In the (I) mode, coal is ground to 100 percent minus 20 mesh, and 70 per-
cent minus 200 mesh; ther the pulverized coal is mixed with recycled coal-
derived solvent. Carbon dioxidg is available for use in the ceal storage
bin to prevent conditions which could lead to a fire The coal slurry is fed
through the Wilson-Snyder reciprocating pump to be pressurized to |
approximately 1,500-2,000 psig. High-pressure hydrogen gas is added to the
slurry. The three-phase stream is pumped through the preheater and heated
to approximately 400-425°C (750-800°F); then it flows from the preheater to
the disseclver, an upright cylinder with liquid feed in the bottom and total
stream takeoff at the top.

The gas, solvent, dissolved coal, and undissolved residue pass from the dis-
solver through a series of pressure letdown drums which separate the gas and
the slurry. The slurry is cooled to about 288°C (550°F), and the pressure
is reduced to approximately 500 psig. The hish—presgure gas recovered from
the letdown drums is passed to the high-pressure gas purification system
(diethanolamine unit). The purified gas is scrubbed to remove light
hydrocarbons, is recompressed, has fresh hydrogen added, and is returned to
the preheater inlet. The sour gas, primarily carbon dioxide and hydrogen

sulfide, is sent to the Stretford unit.
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rhe Filtrate is pumped to a vacuum-flash preheater, heated to approximately
316°C (600°F), and then flashed from 130 psig to approximately minus 11 psig.
The vacuum—-flashed liquid for this process contains approximately 10 to 20
percent solvent. This product is pumped onto a Sandvik belt (a continuous,
water-cooled, stainless steel belt), solidified, and then delivered either

to a waiting truck or to a storage pad.

the vacuum-flashed vapor is sent first to a distillation column for removal
of light ends. The heavier liquid is then sent to a second column for
recovery of the wash solvent and process solvent. The wash solvent is
returned to the filter section; the process solvent is recycled back to the
slurry mix tanks. Excess solvent or wash liquid generated during the pro-

cessing of the coal is stored to the west of the plant in storge tanks.

The (II) process is a slight modification of the (1) process. In the (1I)
process, a portion of the whole product from the dissolvers is cooled to
approximately 232°C (450°F) and recycled back to the slurry mix tanks. This
material, which contains solvent, dissolved coal, undissolved coal, and
undissolved mineral matter, is then used as the solvent to slurry the coal.

The slurry is sent through the preheater and back to the dissolvers.

Process (II) has a longer residence time at reactor conditions than does
(I), which results in further conversion. Also, during the first pass
through the dissolver, the pyrite (Fesz) undergoes reaction with the
hydrogen in the dissolver to form (FeS + st). Fesz is known to have
catalytic properties and apparently helps to catalyze the hydrogenation

reaction.



FACILITY DESCRIPTION

pilot Plant A is laid out as a rectangle with a panhandle (Figure A-2). A
railroad track is located along most of the southern boundary of the plant.

the railroad is used both to bring in coal and remove the final product.

the coal preparation section (0l Area) is located at the southeastern corner
of the plant rectangle. This totally enclosed unit is located about 30
meters from all other portions of the plant. The maintenance building is
located directly north and slightly to the east of the coal preparation
section; and the preheating and dissolution section (0Z Area) is located to
the north and to the west of the coal preparation unit. The coal pile is
located to the west of the ccal preparation area, within approximately 10
meters of it, and to the south of the coatrol building. The high-pressure
preheating and dissolution sections are separated from the remaining por-
tions of the plant, and most of the high-pressure work area is located in

this one section.

Directly west of and 10 to 15 meters away from the high-pressure area is the
mineral separation building (03 Area). The top floor of this building is
totally enclosed and includes filtration equipment; tanks and piping are on
the second floor; and tanks and pumps are on the bottom floor. The 03 Area
also includes all the equipment used to recover solvent from the filter

cake, The main kiln is located on the second floor of the building.

Directly west of the adjacent to the mineral separation building is the open

framework for solvent recovery {04 Area). The solvent recovery area has
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;nto the product pile are also located on the ground rloor. The product
pile is located to the west and slightly south of the product solidification

the utilities, including cooling tower, boiler, Stretford unit, and
satural-gas reformer for the production of hydrogen, are located north of

the 03, 04, and 08 Areas and adjacent to them.

the tank Farm, consisting of variously-sized tanks and the liquid nitrogen
tank, is located to the west of the 08 Area and some 30 meters from it.
This area is semi-isolated from the rest of the plant and is diked to

prevent spillage of product liquid into the adjacent areas.

The water treatment plant is located to the west of the tank farm, and some-
what downhill from it in the panhandle. The accumulation pond contains
water at a temperature above738‘c (100°F); the odor from this pond is quite
strong. Water from the pond goes through a biotreatment unit (Trickle-
filter type) which gives an effluent that can be returned to the local
streams. After biotreatment, the water can be passed through a sand filter

and through activated-carbon filters; the water effluent coming from the

biotreatment unit has no odor.



PROCESS DESCRIPTION

The Plant B Test Facility used a commercial process to produce low-sulfur
l1iquids of different boiling ranges. A simplified process gchematic is

pgesented in Figure A-3. The operating parameters of the process are shown

below:

Coal Feed: 20 tomns/day
Extractor Temperature: 385 to 450°C (725 to 850°F)

Extractor Pressure: 450 psig

Hydrogenation pressure: 3,000 to 3,500 psaig
Extractor Residence Time: 30 minutes

 Coal is trucked to the plant and deposited in either of two 10-ton bing
located below ground level. The coal is transferred from the unloading bins
to a bucket elevator which dumps the coal into a hammer mill for coarse

grinding.

Ground coal is conveyed with flue gas to a spinner separator and cyclone
where drying occurs. Ccal from the cyclone is sized and delivered to a
10-ton storage bin. The storage bin and conveyance systems are purged with

nitrogen to eliminate the danger of fire or explosion.

Coal is dropped from the storage bin through a rotary valve into a slurry
mix tank, where it is blended with recycle solvent and fresh hydrogenated
solvent. In the tank, the slurry is mixed with an agitator, and blended

from bottom to top with a centrifugal recycle pump; residence time in the

slurry mix tank is 30 minutes. The mixed slurry usually consists of from
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pottom of the vessel. The residence time in the vessel is normally

sufficient to complete all dissolution that will take place at the
Particular conditions of operation and thus stabilize the slurry.

pownstream from the extractor, the slurry flows through a knockout pot for
cemoval of agglomerated solids. After the knock-out pot removes the solids,
the slurry is passed through a flow control/pressure reduction valve, where

pressure is reduced to approximately 150 psig. This pressure reduction

pe
some solvent flashing.

rmits some of the dissolved gas to flash at the valve and may also cause

fydrocarbon vapors and noncondensable gases are formed as a result of thermsl
cracking and hydrogenation of the dissolved coal/solvent mixture in the ex-
tractor. This gas-vapor mixture includes methane, the higher hydrocarbons,
hydrogen sulfide, carbon monoxide, and carbon dioxide, and amounts of about

3 weight percent of the coal fed to the extractor on a moisture-/ash-free

basis. It also includes 2 to 5 percent water.

These gases, water vapor, and light hydrocarbon solvent vapors are exhausted
from the top of the reactor and cooled. The gases go to the Stretford unit,
and the condensed light oil and water form an emulsion which is sent to the

carbonization section.

The slurry from the extraction section flows to the feed surge tank in the
solids geparation section, where dissolved gas is separated from the slurry.
Slurry from the feed surge tank is fed to the 4,200-gallon settling tank.
The solids agglomerate as they settle, thus speeding the settling action.
Clear product, a mix of about 20 percent liquefied coal and 80 percent
solvent, containing less than 1 percent solids, is decanted from the

Overflow wair at the top of the vessel. This clear product flows
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nd then flashed across a pressure control valve into a flash still at minus
a

s inches of water pressure (14.5 psia). A part of the unflashed liquid, now
cich in dissolved coal, is recycled back to the flash still heater; and the

remainder is pumped to the catalytiec hydrogenation section.

¢lashed vapor is fed to a fractionator column where a light and middle
distillate are separated. Light distillate removed from the fractionator
top is sent to tankage. Middle distillate may be recycled to the slurry

pixing operation or sent to tankage and ultimstely blended into a fuel oil

produc t. -

unflashed liquid from the flash still is pumped through a preheater to a
catalytic hydrogenation system. The system employs two reactors: the first
is a noncatalytic preconditioner; and the second is an ebullated-bed, cobalt-
molybdenum catalytic reactor. Hydrogen is added at the first reactor, and
some hydrogenation occurs. Light ends are removed from this reactor, and

the remeining liquid continues on to the catalytic reactor. More light ends
are taken from the second reactor, combined with the first, and treated for
separation of gases and condensable hydrocarbons. Gases are subsequently

treated to remove hydrogen sulfide.

The primary liquid stream from the reactors is sent for final fractionation
into light-, middle-, and heavy-distillate cuts. Fractionation uses two

columns: the first column serves to stabilize the reaction product; and the
Second column separates the three distillate cuts. The light distillate is
stored in tankage. The remaining cuts may provide a portion of the recycle
solvent for slurry mixing, including donor solvent component. A portion of

these cuts also comprises the main fuel oil product of the process.
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of extract which rapidly pyrolyzes, leaving behind char particles.

glashed product gas and vapors pass through two internal cyclones and are
imediately quenched with condensate o0il, The gas is cooled further and
then separated from condensed light oil and water. The water is pumped to
process water cleanup, and the light o0il is returned to the settler in the
solids separation section. A portion of the off-gas, which contains car-
pon monoxide, carbon dioxide, nitrogen, and some hydrogen sulfide and sulfur
dioxide, i3 purged to the Stretford unit. Char is removed from the pro-

cags and disposed.
FACILITY DESCRIPTION

The Plant B Test Facility has a north-south, east-west orientation, with

the Administration Building at the south end of the plant and the holding
ponds for char, solvent refined coal, and sulfur at the north end. The

plant itself is divided roughly in half by a service road.

The primary or main control room is located to the north of the operations
area, and adjacent to the utilities and electrical control room. Coal stor-
age, coal preparation, solids separation, and solvent recovery areas are
located in the western half of the plant, to the south of the control build-
ing. Solvent distillation, extract hydrogenation, and hydrogenated product
distillation are located in the eastern half of tae plant, to the south of
the control room. Hydrogen recycle and hydrogen compression are located on
the east side of the plant, directly opposite the control room. Methane re-

formation to produce hydrogen, the utilities, cooling tower, and boiler
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egresated into two groups which are separated by the service road, which is

about 20 feet wide. The two sections are housed in open, multi-

1evel structures. The two sections are each approximately 150' x 120' in
area with vessels and superstructure about 60' high. Most process equipment
{s unenclosed; an exception is the third level of the 300' area which is
enclosed and contains the Ffiltration system (the filtration units were not

ip use at the time of the comprehensive survey).

the ground level of all units is constructed of concrete which simplifies
cleanup of spills; in addition, all flooring is diked to contain solvent
spills. Most of the pumps are located on the ground level which simplifies

monitoring and maintenance of the pumps.
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pilot plant C uses the (I) process to produce a low-sulfur, low-ash solid
fuel. A schematic of the (I) process ig presented in Figure A-S.

coal, which has been pulverized offsite so that 95 percent is smaller than
200 mesh (74 x 74 microns), is mixed in a slurry blend tank with process-
generated solvent which has a boiling range of 232-427°C (450-800°F).
ﬂydrogen-—rich feed gas is added to the coal slurry upstream of the slurry
preheater. The feed gas stream is composed of scrubbed recycle gas plus
fresh makeup hydrogen sufficient to bring the overall gas composition to 85

Petceﬂt hydrogen by volume.

The coal slurry and gas mixture leaving the slurry preheater flows upward
through the dissolver. The dissolver is 23 feet in height and 1 foot in
diameter. The dissolver operates at 427-454°C (800-850°F) and at 1,400 to
2,100 psig. Depending upon the dissolver outlet being used, the residence
time in the dissolver can vary from 10 to 60 minutes. The product from the
dissolver is cooled by the dissolver product cocler to 260-343°C (500-650°F).

The vapor and slurry phases are separated in the high-pressure separator.
Vapor from the separator is cooled to about 56°C (150°F) by the high-
pressure cooler and passed to the high-pressure vent separator. The water
and organic compounds condensed in the dissolver product cooler are fed
through the letdown valves to the flash tank, the flash condemnsor, and into
the solvent decanter. Gases from the high-pressure vent separator include

unreacted hydrocarbons, light hydrocarbons, hydrogen sulfide, and carbon

oxides,
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:it::cuum column. Recirculated liquid product is mixed with material from
the vacuum preheater surge drum. The vacuum column overhead pressure is
mintai“ed at 28 to 30 inches of Hg. vacuum. The material in the column is
soparated into liquid product and vapors in the overhead. The condensed

organic Vepors are pumped to the feed tank and then to the light solvent

recovery column.

Liquid product Erom the vacuum column is fed to the product cocler, which is
o water-cooled vibrating conveyor. The product golidifies into brittle

1/8- to 1/4-inch-thick sheets which shatter into small fragments upon
¢ibration; the fragmented product is drummed for storage. A portion of the

liquid product is fractionated and used as recycle solvent.

vapor from the high-pressure vent separator contains hydrogen, hydrocarbon
gases, hydrogen sulfide, and carbon dioxide. At Plant C, the hydrogen
sulfide and carbon dioxide are removed in the hydrogen scrubber by a dilute
solution of caustic soda. To provide a feed gas containing 85 percent
hydrogen, scrubbed recycle gas is blended with pure hydrogen. Pure hydrogen
from storage is compressed by the fresh hydrogen compressor, and flows to
the hydrogen recycle compressor which boosts the feed gas stream to the

inlet pressure of the slurry preheater.

PACILITY DESCRIPTION

A numerical identification system is used at the Plant C facility to
identify the individual equipment. This designation system is given in
Table A-1 and is used in Figure A-6 and A-7, the plant layout and the layout

of the main process areas, respectively.
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P110 A/B
P11l A/B
p116 A/B
P119 A/B
P125 A/B
139 A/B
p142 A/B/C
p143
P159 A/B
P178
P203
p205 A/B
p206

8102
B103
B203

c102
cio4

£102
£103
E107
£122

F103

Kill
X125

e e Wi W s wssey

Reclaim Tank Pumps

Filter Feed Pumps
Preheater Surge Drum Pumps
Liguid Coal Pumps

Filter Scrubber Pumps
Reflux Pumps

Preheat Tank Pumps

Wash Tank Circulating Pump
Wash Solvent Pumps

Sluice Pump

Flush Solvent Pump
Dowtherm Circulating Pumps
Dowtherm Surge Pump

Slurry Preheater
Distillation Column Preheater
Dowtherm Heater

Hydrogen Recycle Compressor
Fresh Hydrogen Compressar

Dissoiver Product Cooler
High-Pressure Cooler
Flash Condenser

Solvent Draw Cooler

Pressure Leaf Filter

Vacuum Jet
Progduct Cooler

Cig et W

T104
T108

V101
v103
V104
V105
V106
Y110
Vil
v120
viz3
viza
vi24
V129
Vi3l
V140
v141
V144
V147
V164
V170
vi’8
V206

A/B

Light Solvent Recovery Column
Fractionating Column

Slurry Blend Tanks
High-Pressure Separator
High-Pressure Vent Separator
Solvent Decanter

Recycle Hydrogen Water Scrubber
Flash Tank

Reclaim Tank

Vacuum Preheater Surge Drum
Process Solvent Storage Tank
{ight 0il Product Tank

Wash Solvent Storage Tank
Caustic Tank

Recovered Sclivent Tank
Precoat Makeup Tank

Wash Tank

High-Pressure Blowdown Tank
Precoat Tank

Feed Tank for T104

T104 Overhead Holding Tank
Wash Solvent Storage Tank
{Jawtherm

A-18




_—

Kerr McGee Unit

Frac:mnion 10s (under repair)
Product
Storage
Main Process Area O 8203
8102
-—-—.——l_ O g103
N
Stair
Nitrogen
K201 Storage
Main Contrel Room D 201
Mainterance Shop
Y126 Oﬁl»nzz
V1248~ COeyn
§.§ Warehouss Lab
5= vlzu--uO Oq-ms

Figure A-6. Plant C Layout
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pgocEsS DESCRIPTION

rhe Plant D system is a unique noncatalytic coal liquefaction process
stilizing prehydrogenated "donor™ solvent to facilitate hydrocracking of
cosl. The system uses crushed bituminous, subbituminous, or lignite coal
and reacts it with donor solvent and hydrogen at elevated temperature and
pressure. The donor solvent is a recycled digtillate of the 1ique£action
stream and is catalytically hydrogenated in a separate process. Several
1iquid fractions are produced by the Plant D process, as well as an

internally consumed fuel gas.

pilot Plant D was built to test equipment and the major process steps
involved in the system. A process schematic of the Plant D facility is
presented in Figure A-8. For discussion purposes, the facility may be

divided into the following process areas:

coal preparation
slurry drying
liquefaction

product recovery
solvent hydrogenation

support processes.

Coal Preparation

' Raw coal is delivered to Plant D by rail and stored on site in a 5,000-ton-
: apacity storage silo. Coel from the storage silo is fed to one of two coal
Préparation systems. The first system is a gas-swept roller mill, in which
the ¢oal is crushed to a size of minus 8 mesh to minus 30 mesh and dried to
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chanisms include: covers for all conveyors and for railcar unloading; a
me

Jater SPrey system for the railcar hopper and cosl preparation area; and
venturi scrubbers and bag filters for the drying gas streams. Explosion-

proof ing in the coal storage silo and bins is provided by a constant

nitrogen-inerting system.
slurry Mixing and Drying

rhe slurry drying drum (D-101) is located on the coal preparation block
Jhere it receives crushed coal from both mills and mixes it with hot donor
solvent from the liquefactions/distillation unit. Donor solvent recycled
from the solvent fractionator enters at approximately 230°C (450°F), and the
slurry drum operates at about 120°C (250°F) and at slightly positive pres-

sure (3 psig).

Coal from the impact mill is dried by the hot slurry, the moisture being re-
moved as vapor. The vapor containing some light organics is condensed and
separated, organics recycled to the slurry tank and water directed to sour

water treatment. Coal from the gas-swept roller mill does not require dry-

ing, and sour water is not produced from the slurry.

Liquefaction

The coal slurry is pumped via high-pressure slurry pumps {(P-102A&B) to the
reactor feed Furnace (F-102), where the slurry is heated to about 455°C
(850°F). Molecular hydrogen is added to the stream which continues to the
liquefaction reactors {R-101A to R-101D).
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plant 8T’
coal feed rate: 160 to 200 tonsg/day (dry coal)
Reactor temperature: 441 to 451°C (825 to 844°F)
Design temperature range: 427 to 460°C (800 to B60°F)
Reactor pressure: 2,000 to 2,200 psig
Design pressure range: 1,900 to 2,500 psig
Reactor residence time: Up to 80 minutes

B e e e ———— e oot .

geactor product consists of gas, vapor, liquefied coal, recycle solvent,
u;:reacted coal, and mineral matter. This stream is fed to the reactor
separator drum where it is split into a vapor stream and a slurry stream.
the vapor phase passés through hot and cold separator drums where con-
densable hydrocarbons, sour water, and unused hydrogen gas are separated.
condensed hydrocarbons reenter the slurry stream, and sour water is removed
for treatment. Unused hydrogen is recycled to the reactors after puri-
fication in gas scrubbers. The main slurry stream passes directly from the

reactor separator to distillation.
Distillation

Distillation occurs first in the atmospheric fractionator tower (T-201)
where the slurry stream is flashed and steam-stripped. Fractionator
temperatures of up to 345°C (650°F) are regulated by the input rate of
cooler ligquids from the drum separators. Flashed vapor consisting of neph-
the, sour water, and fuel gas is condensed and separated in a distillate

drum.
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Lo the yacuum sSctripper (1-.cva). 1lie Vacuudl Stripper yields an overnead
stresms two side streams, and a solids-containing bottoms residue. The
overh”d stream is condensed and separated into liquid hydrocarbons, sour
aters and fuel gas. Hydrocarbons are sent to the solvent hydrogenation

gection.
(LvGo) snd a heavy vacuum gas oil (HVGO). The HVGO can be withdrawn as

p:oduct or can be combined with the LVGO stream and pumped (P-207, P-208) to

The vacuum stripper side streams include a light wvacuum gas oil

the solvent hydrogenation section. Vacuum bottoms are pumped (P-210) to the
flaker belt where they are cooled and solidified on a stainless steel con-
veyor belt, and discharged into bins. Bottoms still contain potentially

yaluable hydrocarbon material and are presently stored in a building on gite.

the fumes from the cooling belt are completely withdrawn and sent through a
nigh-energy water venturi scrubber. In addition, the discharge end of the
conveyor, where the solidified bottoms are loaded into transport conveyors,

is enclosed with a hood that sends fines-containing air through a bag filter.

Solvent Hydrogenation

The solvent hydrogenation section serves to replenish the donor hydrogen in
the recycle solvent and to obtain the ‘proper boiling-range solvent. 1In
effect, solvent hydrogenation is a middle distillate hydrotreating plant.
The feed to solvent hydrogenation is normally comprised of the light and
heavy atmospheric gas oils and the light vacuum gas oil; however, the
distillate naphtha and heavy vacuum gas oil can also be inecluded. The
solvent is hydrogenated in fixed-bed, nickel-molybdate catalytic reactors

(R-301 to R-304).

The 1iquid feed is mixed with hydrogen gas and pumped {P-301) to the reactor
Preheat furnace (F-301) and to the reactor. The replenished solvent flows
A-26



digtillate drum wnere sour water, ruel gas, ana the naphtha product are

seP"“ted'
(p-306, p-307, P-308) to storage in the tank farm. Donor solvent possessing

Solvent comes directly off the fractionator and is pumped

the proper characteristics is cycled back to the liquefaction seetion and

pixed with coal in the slurry drier.

suppOl‘t Processes

Three ‘integral support processes are critical to Plant D operations:
nydrogen (Hz) recycle, fuel gas recovery and use, and sour water

disengaging. Certain of these processes are linked to a nearby refinery.

gydrogen is initially piped to Plant D from the refinery and is introduced
at both the liquefaction and the hydrogenation reactors. Hydrogen not
consumed in reactions is recovered from the separator drums after the
process stream leaves the reactors. The impure gas is scrubbed with water
and diethanolamine (DEA) to remove ammonia, hydrogen sulfide, and carbon
dioxide. Clean hydrogen is recompressed and recycled to the reactors along

with meke-up hydrogen from the refinery.

Fuel gas is similarly recovered from the separator drums which process dis-
tillate streams from the atmospheric tower, vacuum stripper, and solvent
fractionator. Fuel gas is composed of light hydrocarbons (C‘i and less)

end impurities. It is treated in a system similar to hydrogen scrubbing to
remove impurities, and is subsequently used for heating purposes. Fuel gas,
tlong with makeup natural gas, supplies fuel for the several preheat and

feed fyrnaces used in the process.

Sour water is removed from the process at various separator and distillate
dtums, and is also produced from water scrubbing of fuel gas and hydrogen.
A-27



- - T TTes— s s - s T T T T T w e am T mesrm Ay T YT m wwwd v L&A

finesy

the formation of elemental sulfur as a by-product.

plant D has 2 flush oil system to provide solids-free solvent for flushing
1ines, instrument taps, and solids-handling valves. Flush oil is provided
py high-pressure pumps (P113A and B, and P-105) and low-pressure pumps
(P-115A and B). This flush oil is a hydrogenated distillate. Solids-
handling pumps are externally flushed with process sidestreams. For
example, P-204 atmospheric bottoms pumps is flushed with light vaéuum gas

0il from the vacuum tower T-204.

The process yields five separate products: fuel gas, naphtha, solvent, gas
oil distillate, and bottoms residue. The major by-product of the process is

elemental sulfur; this is not produced on site at the plant D pilot

facility, however.

FACILITY DESCRIPTION

The Plant D Coal Liquefaction Pilot Plant is situated on level ground.
Directly south of the unit is a large petroleum refinery which provides
chemical feedstock and waste treatment services for the liquefaction process
by pipeline. The refinery was operating during the survey, and the wind

blew periodically from the direction of the refinery.

The facility is divided into several units containing equipment for
different phases of the process. A checklist of the process units and
agssociated equipment is presented in Table A-2. A diagram showing the lay-
out of the pilot plant is presented in Figure A-9; and the main process

units involved in liquefaction are detailed in Figure A-10.
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ilquelaction reacteors (R+-101A to R-101D); high-
presasure separation drum (D-103): reactor separator
pumps (P~106A&B)

| e
piquefaction/Distillation Unit #2 atmospheric fractionater (T=-20l); light gas/cil pumps
(LDU #2) (200 area) (P-202A&B) ; bottoms pumps (P-204A&B); vacuum preheat

furnace (F-20l); vacuum stripper tower (T-204); light
vacuum gas/oil pumps (P-207A&B): heavy vacuum gas/oil
pumps (P-208A&B); vacuum bottoms pump (P-210)

riquefaction/Distillation Unit #3
(LDU #3)

solids handling; flaker belt; Dowtharm facilities;
high~pressure flush oil pumps (P-113A&B); blowdown
érum (D-121)

solvent Hydrogenation Unit
(8HU)Y (300 area)

solvent feed pumps (P-301A&B); feed filter (D~308);
solvent preheat furnace (F-30l); solvent hydrogena~-
tion reactors (R-301 to R-304); solvent fractionator
preheaat furnace (F=302); solvent fractionator (T-303);
sour water -system; fuel gas scrubbing;  acid gas com-
pressors; hydrogen compressors

Coal Preparation Unit (CPU)

railcar unlcoading; coal conveyors; storage silc and
bins; impact mill; gas-gswept mill

Offsite and Utilities (OSU}

tank farm; cooling tower; wastewater systems; steam
supply; oily water sump; compressed air system; low-
pressure flush oil pumps

primary pipelines interconnecting the process areas are elevated above grade

level.

¢luding those which house the towers.

Several multilevel structures are present in the process area in-

and are open to the air.

These contain equipment and workspace,

The process sections containing equipment susceptible to liquid leakages

have concrete floors and are diked.

diked within the sections to further isolate any spills.

Specific equipment and subsections are

The tank farm area

is covered with crushed stone, and equipment is supported on concrete pads

or piers.

Most pumps are located on ground level within the diked areas.

Several units in the liquefaction and hydrogenation sections rise from grade
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grocess emissions.

coal is delivered by rail toc a building northeast of the process area, where
it is unloaded and mechanically conveyed to the 5,000-ton raw coal storage
sito. The process stream is initiated at the slurry drier in the coal
Preparation unit, and moves to the liquefaction and distillation gsection.
gecycle solvent hydrogenation occurs in the hydrogenation area. Productg
removed during distillation or solvent fractionation are stored in the tank
farm areas located east of the process area. A flaker belt for solidifying
yacuum bottoms residue is located in the liquefaction section. Solid bot-
toms product is collected and transported from there to a storage building

north of the process area.

The process is monitored and regulated from a main control house located
north of the compressor area. Employees pass through the control house
going to and from the process area, and it therefore receives heavy foot
teaffic. A secondary control room is located in the coal preparation area

and controls processes for this section; it receives little foot traffic.
Utility buildings used by maintenance personnel for various activities are

located on the extreme south side of the process area, and to the narth

outside of the area. These buildings receive fairly heavy use.
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PLANL &
pROCESS DESCRIPTION

the Plant E process is a catalytic coal liquefaction process capable of pro-
qucing either synthetic crude oil suitable for refining or heavy fuel oil.
the process can use either bituminous or subbituminous coals. Coal is
,wdrogenated and liquefied in a catalytic ebullated-bed resctor. The hydro-
liquefaction product ls then separated by distillation into liquid fractions
of different boiling temperatures. The process alsc produces a fuel gas

which is consumed onsite for heating purposes.

The Plant E facility was originally built to conduct experimental runs to
produce both syncrude and fuel oil. The fuel o0il mode of operation and its
associated deashing unit have never been used. The syncrude mode with its
greater hydrogen requirements and increased reactor residence time, on the
other hand, has produced several distillate cuts which can be blended into a

refinable oil. The syncrude mode is presented schematically in Figure A-11.
The process can be divided into the following component process units:

coal preparation

hydrogenation and liquefaction
primary separation

product recovery

support processes
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9oo_ton storage pins. 1Inh1s coal 15 removea wWitn & welgh reeder anda conveyed

through 2 dryer feed bin to a bowl mill where it is pulverized to minus 100

mBSh-

she pulverized coal is dried to 2 percent moisture and simultaneously con-
yeyed with hot flue gas to a cyclone where most of the coal i3 separated,
the dry coal then passes through a rotary gas lock to a screw conveyor where

it is distributed to two 250-ton bins.

a1l phases of coal preparation are protected sgainst dust emissions and
explosions. Baghouse filters are used at every step of the operation, with
recovered coal dust being recirculated to the coal stream. Variable height
poom conveyors are used to distribute coal to open piles and to reduce dust
at this stage. Nitrogen ("2) inerting and blowout panels are used in the

bins to prevent and control explosions.
Hydrogenation and Liquefaction

Prepared coal enters a slurry preparation drum via a weigh feeder, and is
mixed with recycled slurry oil. Slurry oil comes from the hydroclone over-
flow stream and additional product 0il from fractionation. The slurry is
pumped at approximately 3,000 psig to a gas-fired preheater where it is
heated to about 400°C (750°F). Hydrogen (HZ) is introduced as the stream
enters the preheater. The hot slurry is fed to the reactor bottom along

with additional preheated hydrogen.

The Plant E reactor utilizes a cobalt-molybdenum catalyst in an ebullated

bed. An ebullating pump recirculates the catalyst-free slurry from the top

of the reactor to the bottom and up through the catalyst bed. Bed expansion

is controlled by varying the circulation rate through the ebullating pump.
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primary Separation w

rhe reaction product is withdrawn from the top of the ebullating bed and
gepressurized in a series of flash vessels. Reactor effluent, consisting of
gaseous and liquid products, unconverted coal, and mineral matter, is
separated into a vapor phase and a solid/liquid phase in the reactor efflu-
ent separator. The vapor phage, containing unreacted hydrogen and gaseous
nydrocarbons, is cooled and the heavier hydrocarbons are condensed. Gaseous
pydrocarbons are absorbed in a lean oil scrubbing tower. The solid/liquid
phase is flashed in two steps from 3,000 psig to 50 psig. Flashed vapor is
condensed, sent to condensate storage, and ultimately delivered to the frac-
tionator. Some hydrogen is recovered from the flash vessels and is recycled.

Bottoms material from the flash steps is directed to a set of hydroeclones

{(liquid-phase cyclones).

Hydroclones are used to separate solids from the slurry stream and produce a
selids-free oil for recycling to slurry preparation. Recycling of this oil
containing unreacted coal (hydrocarbons boiling above 524°C, 975°F) improves
yield structure. Solids-free hydroclone overflow not used for recycling is
sent to fractionation. Hydroclone bottoms containing all the solids are
pumped into the atmospheric and vacuum strippers. Overhead from the vacuum

stripper is sent to fractionation.
Product Recovery

Process streams enter the fractionation unit at two points. The solid/
liquid slurry stream is pumped through a preheater furnace to the atmos-
Pheric stripper and the vacuum stripper. Condensed liquids from the flash
steps and hydroclone overhead move directly to the fractionator feed tank.
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saceacted coal, and mineral material, is delivered to the flaker solidifi-

e NG R

cation process. Here, a fully enclosed and ventilated belt cools the liquid
snd delivers the solidified material to storage piles. The flaker material

is later trucked offsite for disposal.

the combined liquids from the strippers and the flash steps are fed to the
fractionator through a preheater furnace. The process stream is partially
yaporized in the prehesater furnace before beihg introduced to the flash zone
of the fractionator. The overhead product from the fractionator is sent to
g stabilizer tower where the light ends ((.‘,‘| and lighter) are removed. The
light ends are suitable for use as fuel gas. The bottoms product is stabil-

ized naphtha. The Fractionator produces two other streams, light oil and

heavy oil.

Both streams are steam-stripped to remove light ends which are returned to
the fractionator. The heavy o0il stream is recycled with hydroclone overhead
to slurry preparation. A portion of this stream may be blended with the

other streams to produce a synthetic crude oil.

Support Processes

Three other processes are critical to operation of Plant B: hydrogen
recovery, fuel gas recovery and use, and sulfur removal. Fuel gas is

recovered and used onsite, while the other processes are linked to systems

in the nearby refinery.

Fuel gas, composed of gaseous hydrocarbons, is recovered from the process at

the last condensate storage tank and from the naphtha stabilizer. The gas
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sctor effluent separator and subsequent riasn steps. HYAdrogen 1s separated

from other gases and is recycled to the reactor.

——

Sulfur-containing contaminants are removed at several stages of the process. y
jydrogen sulfide is removed with the fuel gas stream and with the sour water |
pfoduced at various steps in primary separation and fractionation. Hydrogen
gulfide is removed from the fuel gas with diethanolamine (DER). The H,S

2
is then stripped from the DEA. The DEA is regenerated onsite. Sour water

is steam-stripped of its hydrogen sulfide. A concentrated stream of hydro-
gen sulfide from the fuel gas stream and sour water is piped to the nearhy
refinery, where a Claus sulfur recovery unit is used to convert the hydrogen

sulfide to elemental sulfur.

The Plant E process in the syncrude mode yields five products: fuel gas,
naphtha, light oil, heavy oil, and a sclid bottoms residue. The solid
bottoms material is a combination of unreacted carbon, ash, and residuum,
and is currently a waste product that must be shipped offsite for disposal.

The single major by-product of the process is slemental sulfur.
FACILITY DESCRIPTION

The Plant E pilot plant is sited alongside a river just north of an oil
refinery. Coal is delivered by rail, and hydrogen by pipeline from the
refinery. Process-produced hydrogen sulfide gas is piped back to the
refinery for sulfur recovery, and product oil for refining. Liquid wastes
are discharged into the river 2 miles upstream from its juncture with the
another river. A nearby interstate highway is used for trucking solid waste
offsite. Fog and variable winds are frequent weather conditions in this

low-lying valley.

A-38



the paaseTy 7m0 7 T s T - - T/ = - T T e L N - -

1muefact:icn area.

rhe coal preparation area is itself divided into three functional units.

coal receiving includes a covered hopper and conveyor system which delivers
coal to a tall transfer tower and then to open stockpiles on cement slabs.
un sbove-grade control shed located nearby is used to direct this operation.
coal reclaiming, including conveyers, s primary crusher, and large storage
pins, is housed in a tall, open structure. The pulverizer drying area,
dominated by the Raymond bowl mill, is housed in a gsemi-enclosed, circular
puilding. Catch basins around the perimeter of the area divert rain water
to a settling pond at its northern edge. Elaborate dust collectors keep the

area relatively free of dust and soot.

The hydrogenation/liquefaction ares, located roughly in the middle of the
Facility, contains the bulk of process and support equipment. As in the
other areas, the general flooring is crushed stone. Concrete pads support
major equipment. The atmospheric stripper and vacuum towers rise saveral
stories above the other equipment including the hydroclone, reactor, hydro-
gen compressor, seal oll pumps, and high-pressure slurry pumps. This equip-
ment is open to the air and connected by above-grade pipeline. Equipment
susceptible to liquid leakage is floored and diked with concrete. 0il

stains and spills are present in these isolated areas. Products removed
during fractionation are stored in the tank farm, which occupies the eastern

tip of the facility just inside the perimeter road.
The deashing area of the plant contains a nonoperational, partially dis-
mantled deashing unit. It is located immediately south of the hydrogenation

unit and adjacent to the stainless steel, water-cooled flaker belt. This
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Appendix B

RESULTS OF SAMPLING PROGRAMS
AT FIVE COAL LIQUEFACTION PLANTS
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Table

Table

Table

Table

Table

Table

Table

B-2.

B-3.

B=4.

B-3

Plant A Personal Sampling aAnalytical Results (ug/us) for
PMAs (Fabruary 7=L17, L1079 ) .ttt ittt et e e B=4

Plant A Area Sampling Analytical Results (ug/m?) for
Aromatic Amines (June 15—20, 1978)0p.r..’o;cv."'l'vtno.’d' B—s

Plant A Area Sampling Analytical Results (mg/ma) Eor

Aromatic Amines (Fabruary 11-17, L1979) .. it iinvenanans -B=7

Plant A Personal Sampling Analytical Results (mg/m?)

for Aromatic Amines (February 10-18, 1979) ... iienennen B-8

Plant A Area Sampling Analytical Results (ppm) for

Benzene, Toluene, and Xylene (June 15-20, 1978)............ B-9

Plant A Area Sampling Analytical Results (ppm) for

Benzene, Toluene, and Xylene (February 11-13, 1979)........ B-10

Plant A Personal Sampling Analytical Results {ppm) for

Benzene, Toluene, and Xylene (February 9-18, 1979%)......... B-11
B=-2




Table B-1.

Plant A Area Sampling Analytical Results (ug/m®) for PMAs (ie

bruacy
. 5501V Mineral | Fraction- \SSliaicic ) . 70T
Slurrying Dissolving Separalipn ation Cation Gun kecycld
BeLween High- Wash T
Location Sampled: | Between Crusher Slurry 9 ) aslt )
c ! A Pressure Siurry Salvent Samdvik (18
rusher & High- Hix Flash P S0t tutns
& Pumps Pressure Tank ump ot tainy belt Kutocme:
Prum Pump
Pumps
Sample Numbek: 006 007 alo 040 041} 025 426 1)
Sample Volume (R): 3,312 1,146 3,395 5,051 5,078 4,407 4,361 4,269
Sampling Tiwe: | 0820-1420 | 1230-1812 | 1306-1815 | 1827-0336 | 1820-034)1 | 0912-1711 | 0910-1704 | 1847-021
Batg Collected: § 2/8/79 2/9/73 1 273019 1 3/ung19 Y 2431479 1 273079 | 27107719 | /1277
Campound
{detection limit, Haén—‘la ]
Naphthalene (0.01) 5.7 0.3 5.2 5.3 8.9 10.6 0.8 ﬂb
l-Hethylnaphthalene ¢0.01) 1.0 0.7 0.6 0.3 1.1 6.7 0,z u.u2
2-Methylnaphthalene (0.01) 8.1 Q.2 4.6 2.0 34.9 10.5 6.6 -
Quinaline (0.01) 13.7 0.6 0.5 6.4 4.5 40.0 1.6 --
Acenaphthalene (0.01) 0.6 - -- - - 0.1 - -~
Acenaphthene (0.01) - 0.4 - 1.0 0.06 1.9 1.2 0.2 -
Fluocena {D.01) 4.4 4.0 2.6 0.6 8.5 3.6 0.4 0.1
Phenanthrena/Anthracene {0.01} 13.7 9.6 26.6 3.03 43.1 16.1 1.8 0.4
Acridine (0.01) 1.8 - e -— - - - ~-
' carbazole {0.01) 1.8 0.2 4.6 0.2 20.9 0.2 0.04 0.02
w Fluoranthene (D.0L) 1.7 0.5 2.7 0.2 3.0 0.6 0.07 0,02
Pyrene (0.01) 1.5 9.2 1.6 0.2 24.9 Q.1 0.1 0.42
Benzo({a) fluoxene/ . B
Benzo(b) fluorene {0.0L) 0.8 0.8 0.8 0.07 27.) 2.6 -
Benz {a)anthracens/Chrysena/ . . . . .
Triphenylene (0.01) 0.3 0.3 0.3 5.8
Benzo (e) pyrens/ . - . . 1.3 . _ _
Benzola)pyrene (0.01) M
Perylene (0.01) = -— - -= - - - -—
Dibenz (a,j}acxidine (0.01) - ~-= —-- -- - -- -~ =
Dibenz {a,i)carbazole (0.01) - -- - - - - - --
Indeno(l,2,3-cd)pyrena (0.01) -- -~ -- -- -= - -- -
Dibenz {a,h)anthracene (0.01) -- - ~-= -- -- - - -
Benzo(g,h,i)purylens (0.01) - - -- -~ - -- -- --
Anthanthrene (0.01) - - -- - - - -- --
Coronene (0.06) -- - - - -- - -- --
Dibenz (a,i)pyrene (0.06) - - - - —_ - - -
Dimethylbenz (a)anthracene {0.01) -- — - - - - - --
TOTAL 57.1 7.5 51.2 18.7 227.3 92.8 6.0 ¢.0

aAssuminq a sample volume of 4,000 liters. ¥~ lndicates not detected.



Table B-2. Plant A Personal Sawmpling Analytical Results (uglma) for PNAg
(February 7-17, 1979)

o

_OF_Arcu Pursonnel
Personnel Samploed Laburalery Yueclmicians wWulder Uperator 'Pec-hA ’1'.cc.h— Mechanie | operal
nichun nicadli
Sample Number: 053 054 055 003 011 012 020 073 103
Sawmple Volume (8): 304 251 450 220 352 245 243 __.la2 275
Sampling Time: 1828~ 0831~ 0830-, 0955~ 12?5- 1234- o821~ ObuL- D4 3°
1655 1653 1650 1318 1825 1824 1625 1400 1 131
Date collected: 1°2/12/79 | 2/12/79 | 2/12/79 N 2/2/79 | 2797719 1 279779 | 2710779 | 2714709 | 27177
Compound
Haphthalene -4 2.7 6.4 76.1 a.1 9.2 -- 6.0z 7.
l-Methylnaphthalene - 1.3 1.0 13.8 1.03 0.4 0.4 i.2 0.t
2-Methylnaphthalene -~ 13.1 0.8 2.3 9.4 31.7 -- 15.2 g,
Quinoline -- - - 4.9 3.6 0.2 0.2 - --
Acenaphthalene - - -- 3.9 2.6 0.02 - - ~-
Acenaphthene - Q0.4 - - a.07 1.7 0.07 2.4 1.1
Fluorene - 1.2 Q0.6 8.9 ¢.6 1.4 0.8 8.0 4.0
Phenanthrene/Anthracene 1.0 3.4 0.6 15.8 - 6.6 2.0 V1.8 --
Acridine -- 6.2 -- G6.06 u.0e 0.07 - 0.u4 6.1
Carbazole -- -- -- -- 0.1 - -- 1.0 --
Fluoranthene -- - - 0.9 1.3 0.1 - 0.4 --
Pyrene el 0.1 -- 0.2 -- 0.3 Q.07 2.2 .2
B e orene/ e e B i B N L
Cheysane/ T iphenytens - e |- - - - - 0.2
Benzo{e)pyrene/ . o i . o . . o .
Benzo{a}pyrene

Perylene -- -- - - - - - - -
Dibenz{a, j)acridine -- -- - -= -— -- - -- -
vibenz(a, {)carkbazole -- -- - - - - -~ - --
Indeno(},2,3-cd)pyrene -- - - -~ - - - -— --
Dibenz (a,h)anthracene - -- - -- L - - - --
Benzolq.h, L)perylens -- -— - - - -- - - -
Anthanthrene -- -- -- - -~ - -- — --
Coronena - R - - - - —— -- --
Dibenz{a,i}pyrene - - - - - - _—— .- —
Dimethylbenz (a)anthracene - - - - - - - - -
TOTAL 1.0 22.4 3.5 126.9 18.9 26.7 3.5 #4.1 FLN-
#--% jndicates not detecced. (continu
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Table B-2 {(eoncluded)

Pexsonnel Sampled:

04 Area Personnel

08 Area Personnel

03 Area Personnel
~

Operatbr

Operator | Operator } Gperator J Operator Operator f Operator | Operator | Operator
Sample Number: 033 [0 L:] 090 016 021 035 al3 022 034
| Sample Volume (i): 4319 242 418 2217 292 100 202 483 287
sy I i B e e el R e
ol
Date Collected: 2/ /791 2/15/79 1 2/16/79 R 2/9/19 2/10/79 2/11/79 2/9/79 2/10/79 2/11/79
Compound
Haphthalene 6.6 6.5 9.3 -9 14.6 19.5 -- 4.1 i8.9
1l-Methylnaphthalene 5.1 3.8 1.0 0.8 -- - 0.06 0.5 G.02
2-Methylnaphthalene - - 45.1 4.1 ¥1.9 61.1 - 48.2 i40.0
Quinoline a.1 0.04 0.2 - 0.2 0.3 -- 0.2 0.9
Acenaphthalene -- - -- - - - - - -—
Acenaphthene 0.0l 0.9 k.9 0.6 3.5 2.4 6.0} 1.9 6.4
Fluorene 6.2 0.3 4.4 2.5 5.9 3.2 -- 4.3 16.3
Phenanthrene/Anthracene 12.7 2.2 7.8 4.6 6.0 5.8 8.2 5.2 19.8
Acridine - - -- 0.04 0.02 -0.02 0.1 - -
Carbazole 0.08 -- - - - 0.04 0.4 0.09 -~
Fluoranthene 1.0 .- 0.3 0.06 - 0.5 1.0 0.1 -
Pyrene 0.6 -~ 0.2 0.4 0.09 -- 4.5 G.07 -~
B e hanrene/ I O N R e e IO O
2:2;;::1:;;::;:::;{(;"«: 1.0 o 0.2 - - 0.08 - 0.2 o
Bene (a)pvrans. - - . - - - - | e |-
Perylena - -- -- -- -- -— - - -
Dibenz (a,})acridine .- - -- -- -- -- - -- -
pibenz(a,i)}carbazole - - -- -- - -- -- -- -
Indeno(k,2,3-cd}pyrene - - - - - - -- -- -
pibenz (a,h)anthracene -- --= ~-- - ~- - -- -— --
Benzo{g.h,i}perylena -- -- - -- - -- - - -
Anthanthrene - - -- - - - - - —
Coronene - - - -- -- -- - -- s
Dibenz(a,i)pyrene -- -- -- -- -~ -- -- -- --
Dimethylbenz (a)anthracene - - -- -- -- -~ -- ¢.04 --
TOTAL 35.7 13.8 7%.2 13.3 88.2 95.1 17.7 15.0 264.3

e m indicates not detected.




Z:iv:::::s:g:: o010 12.3 | 14l0-1615 | &/15/78 - — -— —
Filter 007 | 25.8 |0943-1415| 6/15/78 - - - -
Filter 012 | 12.0 | 1420-1624 | 6/15/78 -— - - -
:"u:;:i:s::wu o19 | 18.0 |osss-zzsc| e/16/78 - - - -
g:;’;:i‘a‘:;ﬁmu 024 | 24.0 |1140-1515| 6/16/78 —_ - - -
Blanks (ug/sample) 036 6/20/78 -— -_— — 0.09

037 6/20/78 - - - 0.07
?aromatic amines: A = Aniline; B = N,N-Dimethylaniline; G = olAnisidine;

0 = p-Anisidine.

aumminq a sample voluma of 25

litars.

a

"e=" indicatas not detactad,




slurxy Mix Tank 097 47.5 0as57-~1651 2/16/73 —~- - — - -— —
33 Area Circulating :
sump for Filter Feed 084 47.7 0843-1641 2/13/79 -— - - -— _— —
surge /essel ;
04 Area Hot Well i
108 49.5 0853-1643 2/17/79 | -— — -— — —_— —_—
Tank Puxnp s /174 ‘
sandvik Jelt 117 49.8 0823-1644 2/11/79 1 — — - -— -— —
i
i
08 Area Sandvik Belt| 058 a7.1 | 0842-1634 ] 2/12/79 | -— -— -— -_ — -—
[
]
]
08 Area Sandvik Belt gas 48.2 0832-1635 2/15/79 ; -— — - — —, -—
Slanks {(ug/sample) 028 2/11/79 — — -— —_ — _—
o8a 2/14/79 — —-— - -— -— —

Iﬁ.rmzi.c amines: A = Aniline;

F = 2.4-Dimsthylaniline.

:’Assmnmq a 3jample volume of 50

B » N,N-Oimethylaniline;

litars.

e

C = o-Anisidine:

0 = p-Anisidines

"-=" indicates not datected.

E = o-Toluidine;




raboratory Technician 075 47.7 §0914=-1721| 2/14/79 - -- - - - —
Laboratory Technician 076 47.5 0925-1721 2/14/79 - - - -~ _— _——
0l Area Oparator 056 48.7 | 0834-1642 | 2/12/79 - -- - - —_— -
g;ﬁc Araa Techalcian/ 060 | 47.0 | 0832-1623| 2/12/73 . -- -- - - -
41 Area Mechanic 072 30.4 0855=-1400 2/14/79 bt -~ - - -— -—
0l Arsa Cperator 093 47.1 0844-15633 2/16/79 e - — - - —
Ol Area Operator lle 48.35 0836=-1640 2/18/79 — —-— -— - - -
03 Area Foreman 018 48.7 | 0B13-1821 | 2/10/79% - -- - - _— 0.1
03 Area Operator al1e 47.2 0835-1630 2/10/79 - - - - - Q.2
03 Area Operator 045 54.5 1901-0404 2/11/79 e - -— -— -— -
03 Area Technician 057 47.4 0839-1636 2/15/79 -— -— - —— - 0.1
03 Area Technician 105 30.0 0831-1650 2/171/79 -_— - - - - 0.1
04 Area Oparator 061 42.1 | 0932-1630| 2/12/79 — - — - - -
04 Area Cparator 085 47.8 0839=-1834 1 2/15/79 0.1 Q.1 — - - 0.1
04 Area Operator 092 48.3 | cs41-184S | 2/18/79 -- - -- - - -
gie:i::;fmm"‘”/ ose | 6.7 | 0sa6-1632| 2/12/79 - - - - - —
08 Area Operator 091 48.4 0839-1644 2/16/79 - - - - -— -
Blanks (ug/sample) 028 2/1L/79 -— - P - — —_—
080 2/14/7¢ - - -- -— - -—

aAromatic amined: A = Aniline; 3 = N,N-Dimethylaniline; C = o-Anisidine; D = p-Anisidine; E = g=-Toluidina:

F = 2,4-Dimethylaniline.

b
Assuming a sample voiume of 50

liters.

]

“-=" indicates not detected.




D ket we v rhea ey EE s - e e b Ay QT
srade Level

reeder Line o

siurzy ix Tank., 313 18.5 1410-1615 §/15/78 - - -
1st Level

rilter 008 26.4 0943-1415 6/15/78 - - —
rilter oLl 12.0 1420-1524 6/15/78 — - —
Solvent Bottoms o017 17.1 0836-2328 6/16/78 - - —
2ump

Cperator's - - _ -
D unicacion Booth 018 16.3 0836-2328 6/16/78

Operator's - — -— -—
. eation Beath 023 21.4 1125-1500 6/16/78

Solvent Bottoms 022 20.9 1130-15C0 6/16/78 - - -
pump

Downwind of

Sirqe Resezveir 020 16.4 0855-2333 6/16/78 - - -
Downwind of 025 21.9 1140-1515 6/16/78 - - —

surge Raservoir

w

aunm.i.ng a sample volume of 25 liters.

"=s" indicates not datected.

Blanks (ug/sampls) 034 68/20/78 9 15 -
Q35 §/20/78 9 18 -
2




SLUrry Mix Tank 042 55.1 1842-0355 2/11/79 g.0z 0.03 5.03

ecycle Frocess 283 47.9 | 084a-lg42 | 2/15/79 || 0.ca

Hater Tank . /3779 - a.03 3.6

04 Area Light Ends

Column Reflux Pump 066 42.5 1918-0224 2/12/79 0.02 0.08 Q.12

Sandvik Belt 117 47.3 0846~1638 /1179 -7 -~ —

8lanks (ug/sample) Q27 2/11/79 -— - —
o8l 2/14/79 —_ - —

zAssum:‘.ng a sample volume of 50 liters. Tt indicates not detected.
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taporatory Technician 070 48.9 0827-1630 2/13/79 -— -— -
—

Laboratery Technician q74 48.6 0915-1720 2/14/73 -— - -

01 Unit Cperator 043 53.4 0825-1532 2/11/79 0.02 Q.06 Q.04

OL area 026 $3.3 | L909-0400 | 2/11,79 - —_ -

Technician/Specialist *

3d1 Unit Qperator 062 41l.3 1905-5200 2/712/79 - 3.322 Q.04

Q3 Unit Operacor 014 33.3 1248-1820 2/9/79 _— 0.0e -—

03 Unit Operator. o -7 43.9 1908-0226 2/12/79 -— 0.01 —-—

Q3 Unit Operator L15 48.3 0839-1643 2/18/79 - -— —-—

mm

3lanks (ug/sample) Q27 2/11/79 - - -
081 2/14/79 -~ - _—

a )

Assuming a sample volume of 50 litars. "e=" indicates not dataectad.
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Table B-9. Plant B Area Sampling Analytical Results (pg/m3) for PNAs (May 14-2

Solvent

Solida

Solvent

Location Sampled: Extraction Separation Ca‘ral:)o‘;n::u;on Hecovery tv;—ac.;]tuionut ion Uydra
{200 Azca) {300 Acea) #a {500 Acea) (700 hrea) (o0t
Sample Number 100 118 119 120 121 122 097 123 0% 124 L4
Sample Volume (£): 2,187 2,257 2,499 2,487 2,310 2,539 2,812 2,320 2,870 2,182 2,740
ling Time 0826~ 0900~ 0901~ Qa907-~ 0910- 0915- 0813~ 0927- 0816~ 0934~ 0755~
Sampling ‘1 2100 2256 2256 2256 2255 2254 2320 2247 2118 2248 2329
Date Collected: § 5/23/791 5/24/79 | 5/24/79 1 5/24/79 1 5/24/79 1 5/24/79 ) 5723729 | 5724779 V' 5/23/79 | 5724779 § 571577
Compound a
’detaction linitl Hﬂé‘al
Naphthalene (0.01) 4.0 16.2 14.4 10.7 14.2 12.8 22.9 11.1 19.& 7.4 11.5
1-Methylnaphthalene (0.01) 10.3 21.2 21.0 002 13.2 10.0 - 14.0 1.5 9.0 28.7
2-Methylnaphthalene (0.01) 42.6 - 8.4 0.09 42.5 21.9 35.6 42.4 12.2 19.0 25,0
Quinoline (0.01) 0.4 1.4 0.6 2.4 1.3 0.2 3.9 0.5 1.4 0.7 0,2
Acenaphthalene (0.01) 0.3 Q.05 0.3 1.0 0.} 0.05 1.0 0.1 0.2 0.06 a.1
Acenaphthene (0,01} 0.8 1.9 0.7 2.5 0.3 - 0.2 2.9 0.4 0.6 6.2 0.4
Fluorene (0.01) 0.5 1.2 0.4 1.6 9.2 0.1 1.0 0.2 0.4 0.3 0.2
Phenanthrene/anthracena (0.01) 0.3 a.6 0.3 1.2 6.} a.08 0.6 0.2 0.4 6.2 0.2
Acridine (0.01) has 0.08 -- -= - -= - - 0.6 -- —-
Carbazale (0.01) - 0.03 0.02 -—- - —-- ¢.0l1 ~-- -- 0.2 -~
Fluoranthens {0.01) -- Q.01 0.03 0.07 -— - a.07 - 0.09 0.03 ~-
Pyrene (0.01) a.1 0.3 0.3 0.7 0.07 0.01 0.5 0,04 0.6 0.2 0.8
Benzo (a) fluorene/ __ . . .
Benzo (b) flucxena (0.01) 0,02 0.04 G.04 0.2 0.03 0.02 0.2 0.03
Benz {a) anthracene/Chryaene/ . o . . . . .
Triphenylene (0.01) 0.02 Q.02 Q.05 0.04
,Benzo(ae)pyrene/ . . o . - . . L . . o
Benzo (a)pyrene {0.01)
Perylene (G.01) - -— -- - - - - - - -- -
bibenz (a, })acridine (0.01) - - -- - s - - — - - -
Dibenz {a,l)carbazole {0.0l} - -— -— -- - - - -— -- - -—
Indano(l,2,3~cd)pyrene {0.0Q1) -- - -- -- - -- - - -- -- --
Dibenz (a,h)anthracene (0,01} - - -- -- - - - -- - -- --
Benzo(g,h,i)perylene {0.01) -- -- -- -— - - - - - -- --
Anthanthrene (0.01) - - - - - - - -= -- - -
Coronene (0.06) - -= -- - - - - - -- -- -
Dibenz (a,1)pyrena (0.06) - == - -- -- = - - -- -- --
Dimethylbenz (a)anthracene {0.01) - o -- - - -- - -- - -~ --
TOTAL 63.3 43.3 2.9 20.5 72.0 45.4 01.2 68.9 &7.4 7.4 63.1

aAsuuang a sample volume of approximately 2,500 liters.

b

"--" indicates not detected.
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Table B~10. Plant B Personal Sampling Analytical Results (ug/m®) for PNas (April
May 14--25, 1979)

Personnal Sampled:

Oper ators

200 Area

300/800 Area

500/700 Area

€00/900 Arua

Sample Number :

a50

096

112

105

113

074 094

131

a16

(147

131

Sample Volume (R):

862

620

654

538

553

660 602

74)

1.120

a7l

611

Sampling Time:

0744-
1455

6002-
1455

0828-
1450

1541-
2215

0820-
1455

0735~ 0804 -
1455 1420

Q717-
1500

0735-
1508

0ul-
1522

a724-
1455

Date CD%!ectsgg

5/14/79

5/23/719

5/24/1%

542]479

Compound

Naphthalene
1-Methylnaphthalene
2-Methylnaphthalene
Quinoline
Acenaphthalene
Acenaphthene
Fluorene
vhenanthrene/Anthracene
Acridine

Carbazole
Fluoranthene

Pyrene

senzo (a) fluorene/
Benzo(b) fluorene

Benz (a)anthracene/
Chrysena/Triphenylene

Benzo(e}pyrene/
Benzo(a) pyrene

Perylene
pibenz{a,j)acridine
Dikenz ta, i)carbazole
Indeno(l,2,3-cd)pyrene
Dibenz (a,h)anthracene
Benzolg,h,i)perylene-
Anthanthrene

Coronene
Dibenz {a, 1) pyrene

Dimethylbenz (a)anthracene

0.03
0.05
0.09

g.05
0.07
0.1

5728773

2/15/79§ 5/23/1315/25779

4/18/79

5723779

572577

0.04
0.1
0.06

0.02 0.08
-0.03 Q.07
0.06 0.1

0,02
.03
O, 06

TOTAL

a

“--* ipdicates not detected.
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Tapble B-10 (concluded)

“~--" indicates not detected.

Personnel Sampled: mu“:‘;;;;:z"""ce Workera FIooTiiters T Labarator Horker:ud“dcm“
Sample Numbek : 005 012 020 023 002 010 Q08 052 116 009 Ul9
sample Volume (2): 622 Bl0 13 598 323 16 621 494 603 255 533
sempiing rimee] " | \00i | 50§ veas | iaas | user | soe | 1avs | teer | vees | vt
Date Collected: § 4/17/79 ] 4/17/79 1 4/18/70 1 4/18/7914/17/79 1 4/17/79 R4/17/79 | 5/14/79 | 5/24/75 4/18/79 1 5/14/79
Compound
Naphthalene 0.01 0.04 0.1 0.03 --a - -- 0.05 -- 0.1 --
1-Methylnaphthalene 0.01 0.03 0.1 0.02 - - e a.04 - 0.08 -
2-Methylnaphthalene 0.03 . 0.08 0.2 0,05 0.01 Q.01 0.02 0.08 0.0} 0.1 d.02
Quinoline - 0.02 Q.01 -- - - - - - - -
Acenaphthalene - - - - — - - —- - - _
acenaphthene - - - - - - - - . - —
Flucrene — - - e - - - - — - .
FPhenanthrene/Anthracerie - - - - - - - - —-— _- _-
Acridine - - - -- - - ~— - - - _—
Carbazole - —-— - - - -— - -— - - __
Fluoranthene - - -- - - - - - - — _—
Pyrene -- -- - -— - - - - - — —
Benzo{a)fluorens/ . o . . . - . . i L .
Benzo(b) flucrene
Benz (a)anthracene/ . . i . . . - . _ _ _
Chrysene/Triphenylene
Benzo(e)pyrene/ . . . . . . . . . » _
Benzo(a)pyrene
Perylene -- -= - | - - - - - - — -
Dibenz (a, j)acridinae — -— - - - —— — - - - -
_leenzla,l)carbazole - - -— - - . . . - - -
Indeno(l,2,3-cd)pyrene - -- -— - - - . - - . -
Dibenz {a,h)anthracene - - - - - - - - _ _— .
Benzo{g,h,i)perylene - - - - - _- — - _— _— -
Anthanthrene - - -- -—- P - - - - - -
Coronene -- - - - - . - - . - -
Dibenz (a, i) pyrene -- - - - - - — -- - - -
Dimethylbenz (a)anthxacene e - - - -- - - - - - -
TOTAL 0.05 0.2 0.4 0.1 0.01 0.02 0.02 0.2 a.ol1 0.3 1.0/
a




[solvent Exzraction| L35 j 13 [9730-1300) ss2s/79 | =-=% | -= - -— _—

:solids 3eparation 054 32 |0819-1603| 5/13/79 j - _— - _— —

’ 100 79 |0830-1330] 3/23/79 | -= - - _— —
: . .

lcarbonization 053 46 |0821-160Ll] 3/14/79 - - —— — -—

099 41 [0834=1530| 5/23/79 - -_— - - _—

solvent Recovery 108 47 1600-2319| 5/23/7¢9 - — -— —-— -—

‘ . 117 60 }0920-1545] 5/24/79 - -_— -— — -—

;prac:mnat:on 055 44 |0825-1604! 5/14/79 l -— - - -— —

lyydrogenation al4 45 |0853-1620} 4/17/79 —_] - -— —_ -—

082 45 | 1538-2326| 5/15/7% - - -— -— _—

rank Farm 91s 44 | 0500-1626] 4/17/79 | == _— - - -—

gavirconmental Areal 056 46 0829~1630| 5/14/7% - - - -— -—

slanks (mg/sample)| 087-1 5/23/7%9 — — -— -— _—

Ld4 5/25/79 | == - _—] - —

143 5/25/7% || = | == -— — -

146 5/25/7% || — — - -— —

*sromatic aminas: A = Aniline; B = N,N-Dimethylaniline; C = 2,4-Dimethylaniline;
D = p-Nitroaniline; E = o-Toluidina; F = o-Aniaidine; G = p-Anisidine.
‘assuming a sample of approximately 80 liters. “mewr indicates not detected.

’
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! 134 44 |9733-1455| 5/25/79 | -- - -- -— - - -

J—-"_ K

{300/800 Area 045 49  10742-1448| 3/14/79 | -- -— - - i _— - _—

I

| 045 89 |0743-1502| 5/14/79 | == -— - -— - — _—

i 257 51 |1528-2357| 5/14/79 § ~- - 0.6 - _— - _—

3007700 Area Tos | 34 |is4z-2248| 372379 | — | — | — | — 1 -1 =] —=
114 318 [0817-1448| 5/24/79 - -— - - - - -
138 75 |1610-2258| 5/25/79 - - - - - - -—

Enmmm————

§00/900 Area 008 88 |0740-1506| 4/17/79 -— -—— -— -~ -— - -_—
D44 82 |Q740-1330| 5/14/79 - - - — — _— _—
101 91 |1523-2300| 5/23/79 - -— -— -— -— - _—
lo9 57 |1603-2318| 5/23/79 - - - - -— - _—

1100/1200 Area 033 48 1620-2306] $/13/79 - - - - - . -
034 40 |1625-2313| 5/13/79 -— - - -_— - -— _—
047 45 [0750-1448] 5/14/79 - - C.6 - - - -
104 41 |1547-2252| 5/23/79 - - - - - -— —_—

Supervisors

Operations 0ll 68 |0925-1510] 4/17/79 - — - -— — -— —_—
048 43 }0750-1555| 5/14/79 -— - 0.4 - - - -

jshift 061 84 11554-235%| 5/14/79 - — 0.3 - - _— -

1Mamtenance Workers

}:-Iinwriqnc 026 48 |0837-1535| 4/18/79 - - _— - -— — _—

Insulators a2l 40 0903-1530Q| 4/18/79 — - - -— - -— -
022 37 |Q9L0-1530] 4/18/79 - - -— -— _— _— _—

Pipefitters 024 75 0%15-1543] 4/18/79 -— - - - - —_— -—
025 62 0916=1543| 4/18/79 —-— - —_— - -— —-— -

Laboratory Workers .

Chemists 075 82 |a@81lG6=-1550| S/15/79 -— —_ - - - - _—
098 47 [0847-1547| 5/23/79 - - - - - - _—
138 42 [0800-1543] 5/25/79 - -— -— - - - -

Technicians 017 83 |o0soo-1500| a/18/79 - - — - -— _— —
018 80 |0809-1501| 4/18/79 - - - - -— - -_—
049 41 | 0804-1504| 5/14/79 -— - -— - -— - -
062 46 [1546-2300| 5/14/79 -— - -_— - - - -—

Blanks (mg/sample) | 087-1 5/23/79 - -— -— -— - - -
144 5/25/79 | -- - -— - - a— -
145 5/25/79 - - - -— _— -— -
146 5/25/79 - -_— - - - - -

“Ar.mtic amines:
D = p-Nitroaniline;

Assguming a sample volume of approximately 30 liters.

A = Aniline;
E = o-Toluidine:;

B = N, N-Dimethylaniline;

B-17

F = o=Anisidine:

C = 2,4-Dimethylaniline;
G = p-Anisidine

c"-—"

indicatas not detected.




- — Fm | ww e ewemw EF A A

g ——— e

Tractionation 084 47 1547~-2327 5/15/79 - 0.93 -
; i .
i Parsonnel Sampled
Laboratory Tachnician 064 37 155G-230¢C 5/14/79 - 0.02 -
a7¢ 85 0740-1448 5/15/79 - 0.08 -
077 46 0742-1447 5/15/79 -— 73.03 —
3lanks (mg/sampla) 041 S/L4/79 -— -_— -—
ngs S/23/79 -— -_— -~

-]

“Assuming a sample volume of 40 liters. "—=" indicates not datected.

Table B-1l4. Plant B Area and Personal Sampling Analytical Results (mg/m?)
for Phenolic Compounds (April 18, 1979; May 14-25, 1979)

sample . Phenolic Compounds<
Sample Sampling Date ; PR 1, B
Volume : (detection limit, mg/m-)
Number (%) Time Collected | 3 5 = = T T
Location Sampled
Carbonization 099 41 0834-1530 3/23/79 S IRV N N S R R e
Eavironmental Area 256 46 0829~1630 S/L4/79 el B I A T e A el i
Laboratory 062 48 1546-23040 5/14/79 Ll A L B
Perscnnel Sampled
Qperators:
600/900 Area 109 57 1603~2318 §/23/79 | em | cm | =] ea ] e | am | e ] e
1100/1200 Area 034 40 1625-2315 S/13/79 el Bt Bl il Bl Bt B B S
Maintsnance: .
Millwright 0246 48 0937-1535 4/18/79 LN B B T B B B
Blanks (mg/sampla) 040 5/14/79 | va | ] e | e | e | wn | = oaw
087 5/23/79 R I A e el B B
145 3/25/79 —f mm [ mm | e[ = | wm | em | = e

%phenclic compounds: A = Phencl; B = o-Ethylphencl; C = p-Ethylphenol: D = o-Cresol;
E = m~Crasol; F = p=Crascl; G = 2,3~Xylenol; H = 2,5-Xylenol; I = 3,5-Xylencl.

b&ssuming a sample volume of 45 litars. Gmew* indicates not detected.
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12-17, 1879) cenvenen- e e o eeeaaaeaaeean 3-23
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Table B-15. Plant C Areca Sampling Analytical Results e/md) for PNAs
(November 12-17, 1979)

Sample Location: Eésng" skng 'l;lt};g S[):Lsz,:‘[ S[é:l"éélé" RS&:{X Léﬁgéb :)‘[J‘Tm SF tt"'l:;v TILTER ‘R:\\ﬂllu(:“ S:-jwi);:l

P78 | P11 P110 VALVE| pute | F103 | cotuMn | pume

F143 Sl o mes | pies f T P119 as | ko3 | ] TIo5 | P20

Sample Nuamber:§ 017 02) | 022 035 _.03e 037 044 | 048 [ 05) 058 | “ow o6y T

Sawple Volume (t): [T 253171 737" T 488 {1,000 | "1 488 | 7,308 | 1,180°| 1,326 | i, 248 [ 1,507°| 3,206 | T 4us
At RAL A AR B A A R R

1510 22131

COMPOUND
Naphthalene 2.4 3.8 2.7 1.6 0.9 9.02 4.5 b -- -- 1.2 6.8
Quinaline 0.05 | 0.02 0.1 -~ 0.02 .1 0.1 -- -- -- - 0.0%
2-Methylnaphthaiene 6.6 2.9 4.08 1.0 1.3 7.6 1.6 -- -- -- 1.0 5.6
I-Methylnaphthalene 1.4 0.4 0.8 0.2 0.2 1.09 1.1 - - -- 6.2 1.1
Acenaphthalene 0.06 -- 0.02 - -- -~ 0.03 - - - - 0.01
Acenaphthene 0.9 { 0.1 0.5 0.06 0.06 6.3 1.4 = 0.02 -- 0.04 0.%
Fluorene 0.5 0.2 0.3 0.06 0.04 0.2 0.9 -- 0.06 -- 0.04 0.3
Phenanthrene/Anthracene 1.4 0.5 1.1 0.3 0.1 0.8 1.6 -- 0.5 0.2 v.2 0.8
Acridine -- - 0.01 -- 0.01 .- o.02| -- -- -- -- --
Carbazole -- - 0.02 -- -- .03 0.03 -- -- -- - --
Fluoranthene 0.2 0.06 0.2 0.05 0.03 0.2 0.2 -- 0.06 0.06 -- .09
Pyrene 0.08 0.64 0.1 0.05 0.01 0.2 0.00 .- 0.04 0.05 -- 0.0h
Benzo(a}fluorene -- - -- - - -- - .- - - - .-
Benza(b)fluorene - - - -- -- - - - .- — - .
Benz(a)anthracene - - - .- - - — - - - - .-
Chrysene/Triphenylene .- -- -- .- - - .- - - . - -
Dimethylbenz(a)anthracene - -- -- - —- -- - - - - .- .-
Benzo{e}pyrene -- - -- - -- - -—- - - - - -
Benzo(a)pyrene -- -- - -- - - - - _- .- - .
Perylene -- -- - .- - - - - - e . -
Dibenz(a,j)acridine -- - -- . - - - —— - - .- .-
Dibenz(a,i)carbazole -- -- - - - -- - . _ . - .
Indena(1,2,3-cd)pyrene - -- - - - .- _ _— a — .- -
Dibenznthracene -- -~ -~ - - . - - - - - -
Benzo(g,h,1)perylene -- -- -- - —- - - - - - - _
Anthanthrene - -- -- -- -- - - - . . - .
Coronene - - - -- .- -- -- - - - - -
Dibenzpyrene -- -- -~ -- - -- . - _ - .- -
TOTAL 13.6 B.02 9.9 1.3 2.7 19.% 17.6 -- 0.7 0.3 2.7 15.3

4 Blanks measured in pg/sample.

b o

-" indicates compound was not detected.
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Table B-16.

Plant C Personal Sawpling Analytical Resulis Cufwmdy

(November 12-17, 1979) or
carote Locat OPERATOR HALNTENANCE T T Chsurniony
on:
I I I BT O o et e o 0 Y
Sampie Number: ] 038 053 W 054 006 007 008 (1Y 2 ol1 01} 04} 0t
Sample Volume {&£):} 828 720 610 519 611 014 620 192 744 554 643 720 | _ e
Sample Time: 1435- | 0635- | 1431--| 0646- | 0720- | 072)- | 0723- | 0729- | 0700- | 0728- | 0700- 1440- 14
2215 | 1405 | 2220 | 1415 15610 1613 ] 1520 | 1515 1616 1510 1508 2210 Z2
COMPOUND
Naphthalene 9.5 b 2.6 2.2 4.8 9.5 | 2.9 1.8 2.5 1.5 1.4 0.8 19.
Quinoline 0.05 -- 0.04 | 0.04 0.1 0.2 0.09 | 0.01 0.09 0.3 0.07 0.04 0
2-Methylnaphthalene 9.3 -- 3.3 5.2 12.09 § 13,1 | 6.6 1.9 5.9 11.2 1.9 L4 17
1-Methylnaphthalene 1.4 -- 0.8 0.9 1.9 3.0 1.06 | 0.4 1.0 2.1 0.7 0.3 3
Acenaphthalene 0.01 -- -- - 0.01] o0.0] -- -- 0.05 0.03 -- -- 0
Acenaphthene 0.4 -- 0.3 | 0.5 ¢.8 1.1} 0.4 0.1 0.4 0.7 0.3 6.1 1
Fluorene 0.2 - 0.2 0.2 0.4 0.7 | 0.2 0.09 | 0.9 0.5 6.2 0.9 0
Phenanthrene/Anthracene 0.5 0.05 | 0.8 6.8 1.2 1.4 1 0.7 0.3 0.6 I.0 1.0 0.4 1
Acridine -- -- -- -- - -- -- - -- 0.0l -- -- i
Carbazole -- -- -- -- -- -- -- -- -- - - -
Fluoranthene 0.02 .- 0.1 0.06 0.1 0.08] 0.05 | 0.07 0.07 0.07 | 0.09 .04
Pyrene 0.01 - 0.09 1 0.02 ) 0.09§ 0.09] 0.04 | 0.04 0.04 0.06 | 0.06 6.0%
Benzola)fluorene -- -- - - -- -- -- -- -- -- -- -
Benzo(b)fluarene -~ -- -- -- -- -- -- -- -- -- -- -
Benz(a}anthracene -- .- - -- -- -- -- -- -- -- -- -
Chrysene/Triphenylene -- -- - - -- -- -- -- -- -- -~ --
Dimethytbenz{a)anthracene§ -- -- -- -- - -- -- -- -- -- -- -
Benzo(e}pyrene -- -- -- -~ -- -- -- -- -- -- -- .-
Benzala jpyrene -- -- -- -- - -- -- -- -- -- -- --
Perylene -- - -- - - -- -- -- -- -- -- --
Dibenz{a,j)acridine -- - -- -- -- .- - - -- -- -- --
Dibenz{a,i)carbazole -- -- - - -- .- - - -- - - -~
Indeno(1,2,3-cd)pyrene -~ -- - -- -- -- -- -- - .- - --
Dibenzanthracene -- .- - -~ -- -- - - -- -~ -- --
Benzo(y,h,1)perylene -- - .. -- -- -- -- -- -- -- - --
Anthanthrene -- -- - -- -- -- - -- -- -- -~ .-
Coronene -- -- -- -= -- -- -- -- -- -- .- --
Dibenzpyrene -- -- -- -- -~ .- -- -- -- -- -- --
TOTAL 21.4 | 0.05 | 8.2 9.9 2k.6 1 29.2111.04| 4.7 11.2 27.% 7.7 4.4 LN
b

% Blanks measured in ng/sample.

--" indicates compound not detected.
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(HPQUND.

i
2t

;lpaimethy!aniline

3.2 ‘
;24-gimethyianillne
1.2}

1

[
i

{troaniline
3)

: o_joluidiﬂ!
{(0.22
:,.Anisiéine
10,3}
!.antsidine
‘(&3‘

| 1-¥aphthylamine
110.4)

L

jp:ﬂ
0.

-

-

-

-—

-

-

-

-—

-

Q.3

-—

-

-

AREA

SAMPLE

—

sample Location:

Sample Number:
! Sample Volume (2):

Sample Time:

|
|
|
i

8LEND
TANK
1174

FEED
PUMP
P111

SLUICE
PUMP
?178

WASH
SOLVENT
PUMP
Ple9

FLUSH
SOLVENT
PUMP
P203

REFLUX
PUMP.
P139

CIRCU-
LATION
PUMP
P143

LET-

DOWN
VALVE

415

FILTER
SCRUBBER
PUMP
P125

FILTER
F103

FRACTION-
ATING
COLUMN
Ti05

BLANKS

{mg/sample)

1G4

46l

101

K]

018

062

102

L
!

P

106

093

103

Jz3 1 340

G3d

20

107

53

43

4y

1]

123

Q/Ql-
1504

0708-
1511

0653~
1503

0250~
1032

G243+
1030

Jed5-
1505

031~
1433

0700~
1308

Oo40-
1343

Us50-
1455

0625-
1425

COMPOUND
Aniline
(0.2}

N, N-Oimethylaniline
{0.2)

2,4-Dimethylaniline
(0.2}
p-Nitroaniline
{0.3)

0-Toluyidine
(0.2}

a-Anisidine
(0.3)

p-Anisidine

I-Naghthy1amine
(0.4

--

-

-—

-n

-

-

-

-

2 Number in parenthesis indicates detectfon limit in mg/m’ and
-" indicates compound was not detacted.

B

5-22

assuneg a sample volume of

about 45 litars,




A T ¥ lapight weignt o Teat - T : i
Srple Wumber: | 023 | 065 | 032 | 040 ; 063 | 084 631 | oss | 036 | o092 | az6 | osz | 091 |
Cgpole olume (2):| 48 [ 109 | a3 L o4z | a9 1 45 TR Y 108 | 1 | |
o ‘ ‘T |
| <yrole Time: | 0836- | 1423- | 0640- | 1825~ | 0703- | 070a- ¢ 0705- | 0630- | ced2- | 1a25. | l !
| sampie TWMES 1415 1 2215y 1350 | 2215 | 1803 | 1514 | 1484 ! 131& | 1313 | 2218 '1 ; |
= : - \
j CCMPOUND
senzene (0.01)° e R A -- - -- - -- - 0.004| C.004 | 0.004
roluene {0.01)% - - =] - -- - -- - -- -- 0.002| 9.002} 0.002
tylene (0.01)7 S IR B B -- -- -- - - -- 0.002] 0.002 o.oozi
. i J
g AREA SAMPLES
- -
Eﬁ%}G! FEED | BLEND | SLUICE | VACUUM| SOLVENT | LETOOWN| [, rep| SCRUBBER| "Raci1O%=0 soLvent
sample Laocation: PUM'P PUMP TANK PUMP PUMP PUMP VALVE £103 PYMP pUME PUMP
P11 | viol | P78 | T102 | P203 415 P125 P169
P143 P151
sample Numper: | 045 | 086 | 097 | o071 | ova 043 028 030 Q39 100 10§
sample Volume (2):) 47 | 47 | 48 a7 a7 13 46 46 48 116 44
samle Time: | 1483- | 1456~ | 0635- | 1442- | 0641-| 1446~ | 0643- | 06d6- | 0840- 0628- | 0643-
P 12245 | 2245 | 1435 | 2234 | 1435 | 2245 | 1425 | 1422 | 1443 1427 1445
COMPOUND
3enzene {0.01)% S OO -- -- -- - -- -- -- --
Toluene (0.01)F -- - - -- - - - - .- . --
tylene (0.01)% -~ - | .- - -- - - -- -- -- -~
? Detaction limit in gpm.
7 uiln indicates compound was not detected.

B-23



li P106 | (NG adip i
Sample Number: Il 020 ! 070 527 [ 051
Samole Volume {£}: i 43 ! 13 i
Sample Time: | ol | |
COMPOUND
b

Phenot (0.3)%
g-Crasol (0.3)
m-Cresol (0.3)
p-Cresol (0.3)
o;Ethylphenol (0.7)
p-Ethyiphenol (0.7)
2,3-Xylenol {0.7)
2,4-Xylenal (0.7)

-

-

-

-

-

% Number in parenthesis indicates detection limit in mg/m3.
-" indicates compound was not datected.

b

B-24




s =T

~sple B-21.
1able B-22.
rable B-23.
Table B-24.
Table B=235.
Tabie 3-26.
Table B-27.
Table B;ZB.

Table B-29.

PNAS (May 18=23, LIBL)ereurvreunnrnroneneeennss e 3-25

Plant D Personal Sampling Analytical Results (pg/nd)
for PMas (May 18-23, 1%98L)....... e res e caa et B=29

Plant D Blanks Sampling Analytical Results (ug/sample)
fOT.' PNAS (May 18—23, 1981).."I..IOII.Q...’.OI‘OO'I'Q-l'l B-3l

Plant D Wipe Sampling Analytical Results for PNAs
(May 23, L198L) iuuiriivinronesosnsinscatssroesssosssossnannnos B-32

Plant D Bulk Sampling Analytical Results for PY¥As
(May 23, 198L) .. ceiieenetuernnerocnneoaccsnsocnanannens B-33

Plant D Area Sampling Analytical Results (mg/m3) for
Aromatic Amines (May 18-23, 1981).......0c.0vne e .... B=34

Plant D Personal Sampling Apalytical Resulets (mg/m?)
for Aromatic AminES (May 18_23, 1981)!-‘0000'00..QI'0l!l"! 3_35

Plant D Area Sampling Analytical Results (ppm) for
Benzene, Toluene, and Xylene (May 18-23, 1981l)........... B-36

Plant D Personal Sampling Amalytical Results (ppm)
for Benzene, Tolusne, and Xylene (May 18-23, 1981l)....... B-37

Plant D Area and Personal Sampling Analytical Results
(mg/ms) for Phenolic Compounds (May 19-23, 1981)......... B-38

B-25
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Table B-20. Plant D Area Sampling Analytical Results (ug/m?) for YHAs (May YB-23
¥

R . . High~Pressure Slurry Food ‘ [ AT AR R VR v
Cont <y ¢ Phiet v
Location Sampled: Hatn cS”;t:o: o ' ‘:['“Iul Hoom Pump P-102 Separalur ramp Lhaglel 100/
ite 2 - ) !
Site 3 P-10G site 4 4
Sample Number: | 4-027 4-104 | 4-182 | 4-004 4-200 | 4-060+] 4-0904] a-149+¢] 4-021 A-taas | Ta-nof T
Sample Volume {t): 1,218 1,098 1,310 1,327 1,157 1,247 1,381 1,229 1,157 1,253 | 4,20
Sampling Time: | 0933 0730- 0846~ 1626~ 2043~ 2117~ 0840~ 2014- 6905~ ouat - [TAEEN
. wpling P} 1652 1700 1752 gl4l 0445 0548 1810 9518 1659 g2} 0204
Date Collected: 15/19/81] 5/20/81 ) 5/22/81] s/18/81] s723/81 | 5719781 |'s5720/81 | 5721781 | 5708781 | 5721 /081 [ S71u/i01 {5
Compound {detection 2
limit, yg/m’)
Naphthalene (0.2} 7. 8.7 2.7 16.1) 211 59.4 267.9 223.1 31.13 1684 137.4
1-Methylnaphthalene (0.2} 2.9 1.8 6.7 14.3 3.1 48 .6 54.5 4.4 . 44,3
2-Methylnaphthalene (0.2) .6 9.2 39.9 35.7 51.6 50.5 172.2 162.4 25.6 7.0 152.4
Quinoline (0.2) b - -- - -- - - - -- - -
Acenaphthalene (0.2} -- -- -- -- 0.5 0.6 2.5 i.6 .- 0.3 -
Acenaphthene {0.2) 1.3 1.6 2.7 2.3 4.1 3.0 10.4 6.4 1.6 1.5 1%.1
Fluorene (0.2) 2.0 1.9 4.6 ~-- 5.9 6.0 18.6 12.% 2.2 3.3 1t.9
Phenanthrene/Anthracens (0.2) -~ 1.1 1.9 3.9 2-4 1.0 6.0 10.7 1.8 3.1 14.7
Acridine (0.2) - a.6 - - - -— 1.1 -- - -- 0.7
Carbazole (0.2) - -- - -- - - - 0.2 - -- -
Fluoranthene {0.2) - - - -— - -— 0.2 0.4 -- u.u
Pyrene {0,2) - - -- -- - 0.2 0.5 0.5 -- 0.3 1.4
Benzo(a) fluorene/ . __ o . . . . . o - 1.2
Senzo{b) fluorene (0.2) -°
Benz {a)anthracene/Chrysene/ . . . . o . __ . . . .
Triphenylene (0.2)
Benzo(j) fluoranthene/
Benzo (b) flucranthene/ - - - - . - - - - . -
Penzo (k) fluoranthene (0.2}
Benzo{e)pyreng/ . . . . o . . - . . .
Benzo(a)pyrene (0.2)
Parylene {(0.2) -- -- -- - - -- - -- -- -— -
Dibenz {a,j)acridine (0.2) -- -- - -~ — - - - - -- -
Dibenz (a,i)carbazole (0.2} - -- - - - - - —— -- - - -
Indenc(},2,3-cd)pyrene (0.2) -- -- -~ - - - - - - .-
Dibenz {a,h)anthracene {0.2) -- - - — - - -— - - -
Benzolg,h,i}perylene (0.2} - - -- - - -- - - - -- --
Coronene (0.8) - —- - - - -— - - - -
Dibenz (a,i)pyrene {0.8) - - —_— —_ . - . - - -- -
Pimethylbenz (a)anthracena (0,2) - -- ~- - - —_— - - - - -
3-Methylcholanthrene (0.2) - . - . - - _— . - - -
6,13-Dimethylbenz (a,b)- . . .
anthracene (0.2} -= - - - - . - .
TOTAL 23.13 26.0 82.6 - 64.9 99.9 135.8 528.0 414,17 6.9 48. % gz.?
b

aAssuming a samplie volume of 1,200 liters.

"--" jndicates pot detected.

tMethyltetralins, which co-elute with naphthalene, detected in sample.
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Table

B-20 {continued)

a
Assuming a sample volume of 1,200 liturs.

"--" indicates not detected,

*Hcethyltetralins, which co-elute with naphithalene, detected in sawple.

Atmospheric Fractionator Vacuum Stripper Vacumn SUeipper o
location Sampled: Bottoms Pump P-204 Light Gas/0il pPump P-207 Heavy Gas/0LL Pump P-2040
Site 6 site 7 Site 8 .
Sample Number: 4-062+ 4-141# 4-198 4-025 4-106» 4-1384 4-061 4-184 4-225 ) -
Sample Volume (L): 1,252 1,262 1,174 1,188 1,098 1,270 1,249 1,267 1,010 i
Sampling Time: 21)0- 0934- 2101- 0848- 1350- 0928~ 2101~ 0859- 0726 i
l 9 0541 1820 0510 1655 0520 1817 0533 1747 1416 .
Date Collected: | 5/19/81 5/21/81 5/22/81 SJILQ:MB) 5/31/81 3/19/8) | 5/32/81 | 5/23/81 ] 5,
Compound {detection
Limit, ng/md)d
Naphthalene (0.2) 351.4 830.7 79.0 2.0 1.,261.1] 1,822.9 _b 10.0 2.4
1-#ethylnaphthalene (0.2) 162.5 639.6 47.5 0.5 406.17 368.0 -- 4.3 2.1
2-Mathylnaphthalene (0.2) 249.7 219.7 104.4 1.4 },771.0} 1,115.6 -- a.1 4.2
Quinoline (0.2) - - -- -- - - -- -- -
Acenaphthalene (0.2) a.8 18. 6 1.6 - 0.5 5.9 - 0.3 --
Acenaphthene {0.2) 25.8 24.4 24.8 -— 61.8 54.6 - 1.8 0.9
Fluorens (0.2) 21.9 .l 21.0 0.3 1.5 43.0 - 2.4 1.6
phenanthrene/Anthracene (0.2) 152.6 il.a 41.1 0.9 123.0 28.1 -= 3.9 2.7
Acridine (0.2) - 0.6 4.3 - 9.1 2.7 - -- --
Carbazole (0.2) -- 0.6 0.9 - - - - - --
Fluoranthene (0,2) 0.8 2.5 13.1 - 11.17 1.3 - 0.2 .2
Pyrene (0.2) 1.5 4.9 22.5 - 14.3 1.8 - 0.4 0.4
Benzo(a) fluorene/ o - i . . .
Benzo {b) fluorene (0.2) a.e V.7 1.0 6.2
Benz (a}anthracene/Chrysene/ __ - 2.6 . . o . . __
Triphenylene (0.2) !
Benzo (j) fluoranthene/
Benzo(b) fluoranthene/ - -~ 0.3 -- - - ~- -- -
Benzo(k) fluoranthene (0.2}
Benzo (e)pyrene/ . . 0.5 - . . e o o
Benzo(a)pyrene {0.2) )
Perylene {0.2) - - - -- - -- - -— --
Dibenz (a, j)acridine (0.2) -- - - - - -- - - -
Dibenz{a,i)carbazole (0.2} -- -= - - g.5 - -= - -
Indeno(l,2,3-cd)pyrene (0.2) -- -~ - - - - - _— -
bibenz (a,h)anthracene {(0.2) -- -~ ~= -- -- -- - - -~
Benzolg,bh,i)perylene (0.2} - -— - -- - - - - --
Coronene [0.8) - - -- - - -~ -- -- --
Dibenz (a,i)pyrene (0.8) -- - .- - -- - - - --
Dimethylbenz (a)anthracene (032} -- - - - -— —-- - - --
i-Mechylcholanthrene (0.2} - - 0.4 —_—— —_— . - —— -
6,13-Dimethylbenz (a,h) - - . . o _ .
anthracene (0.2) - - - -
TOTAL 838.0 2.412.1 idl.e 5.1 3,7368.2] 3,444.6 - 3l.4 14.5
L
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Tabhle B-20 (concluded)

Solvent Fraction-
atoxr Side Stream
Pumps P-306,
P-307 sSite 10

Solvent Fractionator
BoLLOmS Pump -31G8
Site 11

Location Sampled:

High-Pressure
Flush Qil Puwmp
F-113 Site 12

OLly Wabow
Sump
Sive B

Ui ol

aAssunlng a sampla voluma of 1,200 liters.

“Methyltetralins, which co-elute with naphthalene, detected In sample.

Moo lnqicatas wot dekected.

Sample Number: 4-026 4-150* 4-008* 4-107 4-197 4-1135 4-224 4-061 4-14t¢ 4-043
Sample Voluma (t): 166 1,272 1,176 , 100 1,200 1,308 1,198 1,247 1,291 1,304
~f oese~ I 2035- ] "163e- 935- 1 2054- | o91e- | or2a- | 2123- [ 2041 | ovos- |
Sampling Time: § | o0 0515 0210 0506 as14 1815 1540 0554 0523 1824
Ete Oollected: 5/19/81 4 5/21/811 S/18/81 | $/20/81 5/wﬂl 5/21/81 ) 5/23/81 | 5/19/81 ] S/2) /ui ] S5/200081 H
Compound {detection '
limit, pg/nd)@ _
Naphthalene (0.2) 14.) 1,6)8.0 5531.0 4.1 2.3 22.0 13.7 lO.dl 79,1 —-b
1-Methylnaphthalene (0D.2) 12.13 246.7 32.4 4.7 1.4 5.5 5.3 2.6 Ug.6 --
2-Mathylnaphthalena (0.2} 24.4 1,099.6 211.7 11.9 6.7 14.2 15.6 12.6 291.4 —=
Quinolina (0.2) - -— -- —-— - - - - - -
Acenaphthalene (0.1) 1.2 0.7 1.5 - - 0.8 0.4 - 1.3 --
Acenaphthena (0.2) 2.3 4.0 1.9 1.5 0.8 4.9 1.2 1.1 T.4 --
Fluorene (0.2} 8.7 6.2 a.7 2.2 2.3 10.4 2.7 1.0 6.7 -
Phenanthrene/Anthracenes {(0.2) 8.0 1.3 9.1 2.2 2.4 12.8 2.8 0.3 3.4 --
Acridine (0.2} 1.8 - Q.59 - -- 0.6 -- -- —- --
Carbdzola (0.2) - -— - -- - 0.3 0.3 - -- -
Flucranthene (0.2) 0.4 -- 1.0 - - 1.1 Q.3 -— - -
Pyrene (0.2) 0.3 0.2 2.} Q.4 0.2 1.6 0.4 - 0.4 -
Benza (a) Eluorene/ . . __ 1.0 o . 0.4 . .
Benza (b) fluorene (0.2) ' . o 0T
Benz (a) anthracene/Chrysene/ __ 0.3 . . . . . ~
Triphenylene (0.2) . - - h
Benzo(j) fluoranthene/
Benzo (b} flucranthene/ - —-- 0.7 -— - - - - - .
Benzo (k) fluoranthene (0. 2)
Benzo (e)pyrene/ _ . 0.3 .
Benzo (a) pyrene (0.2) . - - - o o o
Perylene (0.2) - -— - - -— - - - -- --
Dibenz {(a, jjacridine {(0.2) -- -— - - - - . . _— -
Dibenz (a, i}carbazole {0.2) -— - - - — — . - _— -
Indenc{l, 2,3-cd}pyrene {0.2) - - - —- - _— - —— - —
Dibenz (a,h}anthracena {0.2) - - -— - - -- - - -— --
Benzo{g,h,i)perylene (0.2) - -~ -- - - - - -- - --
Coronene (0.8) - - . - - - - - - -
Dibenz (a,i}pyrene (0.0} - - - - - - - - - -
Dimethylbenz (a}anthracene (0.2) - -- 0.9 - - -— - - -- -
3-Methylcholanthrene (0. 2) - -— - . - _— _— _— - -
6,13-Dimethyldibenz (a, h)- _ __ N )
anthracene (0.2) o - o o o o -
TOTAL 73.5 2,999.0 825.8 47.0 16.1 5.1 42.7 27 .4 1,190,0 --
b

RRSRRESS
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Table B-21. Plant D Personal Sampling Apalytical Results (ug/md) for PNAs (May

Process Techniclans (Operators)

anssuminq a sample volume of 700 liters.

“-=* indicates pot detected.

*Methyltetraling, which co-elute with naphthalene, detected in sawple,

Personnel Sampled: Liguefaction-Distillation Unit Solvant Hiydrogenation Coal pr.
11 'H (K] unit v
Sample Number: § 4-116 ] 4-171] 4-210) 4-101"] 4-117] 4-211") 4-011 ) 4-049} 4-133 4-059*] 4-134] 4-219] 4-118] 4-
Sample Volume (f): 776 159 508 714 660 030 132 723 771 676 184 560 136 f
2137~ | 0855~} 0945~ | 0948~ | 2016- | 0940-| 201)- | 2033~ | 0925- 1004- 0925-]1 0719~ 2201-] 2!
‘ Sampling Time: § o614 | o521 | 1645 | 1749 | 0530 | 1640 | 0a1a 1835 {1750 | os3s | 1nos | 133 | worz | o
Date (1981) Collected: ] 5720 | 5/232 | 5/22 5/20 | 5/20 } 5/22 1 5/18 5/19 1 5/21 S/19 | s/20 1 s/23 | s/20 ) S
Compound {detecktion o
Limit, ug/m)?
Naphthalene (0.4) 15.4 29.1} 15.2 163.0] 20.2 § 136.2 10.9 3.6 45.2 895.1 i1le.6}] 23.13 17.9 3
1-Methylnaphthalena (0.4) 3.6 | 25.8 7.3 63.6 4.9 53.4 5.0 L.2 3.0 121.6 33.0] 1.8 5.0 .
2-Methyinaphthalene (0.4) 12.8 | 71.4 ] 31.8 | 188.4| 15.9 | 251.4{ 25.6 1.9 42.3 408 .1 11,01 27,61 16.9| 1
Quinoline (0.4) -b -- - -= - - - -- - - -- -- .-
Acenaphthalene (0.4) - 0.5 - 2.6 - 0.5 0.4 - 1.6 0.8 1.0 0.5 -~
Acenaphthaene (0.4) 1.6 2.9 2.6 18.6 1.6 10.8 2.7 0.5 6.4 11.6 5.9 4.1 1.7
Fluoxene (0.4) 2.2 4.4 2.4 20.0 2.0 9.5 5.9 0.8 9.0 11.2 9.2 4.6 1.8
Phenanthrens/Anthracene {0.4) 1.0 3.4 2.5 10.2 2.0 0.9 1.4 -- 1.1 4.2 5.9 4.5 0.9
Acxidine (0.4) - - - 3.0 - - -— -- -- 0.4 - - 0.6
Carbazole (0.4) - - - -- -~ -- = - - -- - - -
Fluoranthene (0.4) - -- -— 0.5 -- -- - -- - -— - -- --
pyrene (0.4) - -- - 0.8 - 0.5 -- -- -- - 0.6 - —
Benzo{a) fluorene/ _— . __ 0.6 . . . - _ . __ _ R
Benzo(b) fluoxena (0.4) . -
Benz (a) anthracene/Chrysene/ . __ . __ - _ . . - . B L
Tr lphanylene (0.4) - T
Benzo({j) fluoranthene,
Banzo (b) fluoranthene/ - - - - -- -- -- - - -= -- -- -=
Benzo (k) fluoranthene (0.4)
Benzo {e)pyrene/ . o = . . . . R . o __ - .
Benzo{a)pyrena {0.4)
Perylene (0.4) -- - e - -= -- -— - - - - -- --
Dibenz {a, J)acridine (0.4) - -- - -- - - - - - - -- -- -
pibenz {a,i)carbazole (0.4} - - - - - - - - -— - - - —
Indeno{l,2,3~cd)pyrena (0.4) -— - . - - - - - - .- - —_ -
Dibenz {a,h)anthracene (0.4) -- .- - - - - -- - - - -- - -
Benzolg,h,i)perylene (0.4) - - -— - - - - - - - - - -
Coronene (1.6) —-- — - - - - _— - —— - - - -
Dibenz {a,1)pyrene (1.6) -— -- ~= - - - - - - -~ -- - --
Dimathylbenz (a)anthracene (0.4) -— -- -— -- - - -— -- -- -- - -— --
3-Methylcholanthrene (0.4) - -— - -- -- - - - -- - - -- --
6,13-Dimethyldibenz(a, h)- __ __ - . . . _ ~ . .
anthracane (0.4) - o o o -
- e i f=
TOTAL 36.6 | 137.5) 61.8 | 471.3| 46.6 | 469.2] %3.9 10.0 | 319.6 | L,453.0] 242.6] 76.4 44.8 [
b
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Table B-21 (concluded)

Maintenance Persounel

personnal Sampled:

Walders

L]

illwrights Pipefitters

Insulators

Elec-
tEicions

Lusd
o

Sample Number:

4-0167

4-127

4-164

4-015

4-096[ a-125*] 4-c01 Ja-077

4-162"

4-147

4-021

4-078

4-024

4-1G3

4-022 14

Sample Volume (1):

726

684

729

548

645 619 720 154 627

659

359

612

iy

126

sampling Time:

0745-
1549

0731~

1507

0743-
1549

0005~
0610

1545-] 0734-
2255 | 1540

1545-
2146

0825-

1648 [1853

1155~

1622-

2344

0729~
1527

0818 -
1644

0732~
1547

0720~
1532

OF50- Jun
ibs4 1

Date {1981) Collected;
Compound (detecgion

‘ limit, yq/md)

HNaphthalena (0.4)
1-Methylnaphthalene (0.4)
2-Methylnaphthalene (0.4)
CQuinoline (0.4)
Acenaphthalene {G.4)

Acenaphihene (0.4}

Fluorene {0.4)
Phenanthrene/Anthracene (0.4)
Acridine (0.4)

Carbazole {0.4)

Fluoranthene (0.4}

Pyrene (0.4}

Benzoi{a} fluorene/
Benzo (b} fluorene (0.4)

Benz(a)anthracene/Chrysene/
Triphenylene {0.4)

Benzo{j) fluoranthene/
Benzo (b} fluoranthena/
Benzo (k) fluoranthene (0.4)

fBenzo{e)pyrene/
genzo (a)pyrene {0.4)

Perylene (0.4)

Dibenz (a,j)acridine {0.4)
Dibenz{a,f)carbazale (0.4)
Indeno(l,2,3-cd)pyrens (0.4)
Dibenz (a,h)anthracena (0.4)
Benzo(g,h,i)perylene (0.4)
Coronene (1.6)
Dibenz{a,t)pyrene (1.6}
Dimethylbenz {a}anthracepe (0.4)
3-Methylcholanthrene (0.4)

6,13-pimethyldibenz (a,h)-
anthracene {0.4)

Fg{lg

5721

5/22

5719

5/20 | 5721 5718 | 5721 | 5721

5/2

1

5/19

5/20

5/19

5722

ETAEA

2.0
2.7

11.3
4.6
29.3

1.0
3.5
5.8
5.0

37.1
7.9
28.5

€93.0
138.4
448.1

18.6
6.8

231.7
4.1
16.7

15.6
3.8
34.2 20.3
0.4
2.6
3.3
2.0

1.0
22.13
12.2

1.6

4.1
2.8
5.5

11.3

1.1
13.3

1.6
5.8
20.9

0.6
1.4
2.0
2.0

TOTAL

25.0

19.

3

8.0

60.5

83.4

1,322.8 49.1

46.

2

8.3

45.8

18.0 | ;
6.1
21.2 )¢

ahssumlnq a sample volume of 700 liters.

b

"--* indicates pot detected.

sMethyltetralins, which co-elute with naphthalene, detected in sample.




[ yaghcralene 5,01 .34 1.50 a.64 3.23 a.63 0.23 s.15 o4 0.43
1-Methylaaphtiialens L.40 2.12 Q.27 a.07 0.02 d.41 g.1¢ 0.08 .02 Q.06
2-Machylnaphthalene 3.36 0.20 0.73 9.23 0.07 0.41 0.09 0.12 -2 0.10
uiscline - - - - - - - - - -
Azmsnaphthalane -— -— 0.01 - -_ -— bl 0.03 - a.aL
Acanaphthena 0.13 g.05 G.03 g.Ql - g.11 — G.0L -—_ -
Fluorane 3.16 0.17 .05 J.04 — Q.13 g.13 0.0 -— Q.01
Phenanthrene/Anthracane Q.66 1.10 Q.07 —_ — 3.64 -— -_— - -—
Acridine -— _— Q.08 -— 2.07 _— — 0.14 -— -
Carbazole - - - e -— -— -— G.10 - _—
Flucranthene 9.02 3.02 Q.01 bt -~ ad.02 - 9.02 -— —
Pyrens Q.0L 0.QL Q.03 Q.01 Q.0L Q.31 - Q.02 -— -
pesse (0 thoomss S I DU I R G e R
é::::;:‘;;:;:ﬁ;{m. 0.01 - 0.04 - - - - 0.03 - -
Senzo (§) fluoranthene/
fenzo (b) flucranthane/ _— _— — - — -— - —— — -—
sanzo (k) flucranthens
HSenzo (a) pyrena/ — - — - - — — - _ -
3enzo (1) pyrane
Serylans — - -— —_ - — -— - -— —
Oibenz(a,jlacridine - -— — —-_— —_— -— - - - —
Dibenz(a.i)carbazole — - — -— - -— - -— — —
Indena(l,2,3-cd)pyrene —-— -— -— - —-— - - -— -— -
pibenz(a.h) anthracane -— - — - - - - - - -
Benzo{g,h,i)parylane -— -— —-— — -— — — -— — -
Coronene — -— -— - — — — _— - -
Dibenz (a.i) pyrene o — - —_ - -— -~ -— -_— -—
Dimsthylbanz (a) anthracans —-— -— — — — — —_ _— -— -—
l-Mathylcholanthrene -— -— —-— - -— — — — — -—
8,13-0Oimethyldibenz (a b}~ - — — — - — - 0.04 - —
anthracene )

TOTAL 10.76 2.01 2.88 1.00 9.40 2.36 0.55 0.83 a.086 0.61

-4

"e=® indicates not detected.
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Table B-23. Plant D Wipe Sampling Analytical Resultrs for PNAs (May 23,

[4%"

wrench Control Contral Instrument Valve nandle  Horth Flake
Location Sampled: Handie House liouse Cover F2048 L iredt
Door Handle Lunch Table -2 200 Growd Luv
Samle Eumber: 4-244 4-245 4-250 4-254 4-256 4-258
Compound
Naphthalene I L ] ® fb
1-Methylnaphthalene * . -
2-Methylnaphthalene [ ] L ) [ 3 -~
Quinoline -- - - [ ] . --
Acenaphthalenes -- - - 9 -- --
Acenaphthene L 9 ' . ] .
Fluorene L] [ ] [ ] [ *
fhenanthrene/Anthracene [ ] » . ]
Acridine -- [ ] -- . L] .
Carbazole - * -- L] * ®
Fluoranthene [ ] . [ 4 L] [} ]
Pyrene * [} L] .
peree ) hsocene/ . ’ . . . .
Benz{a)anthracene/ . . , . ¢ .

Chrysene/Triphanylene

Benzo{j)fluoranthena/
Benzo (b} fluoranthena/ [ ] 9 - [ ] [ ) *
Benzo (k) fluoranthene

Benzo{e)pyrene/

Banza{a}pyrene . . - ’ L .
Perylene -- . - " . ¢ .
Pibenz{a,j)acridine -- - - . - .
Dibenz {a,i)carbazcle - - - _— - .
Indeno{l,2,3-cd)pyrene - - - ° . .
Dibenz {a,h)anthracena -- -- - - - -
Benzo(g,h, i)perylene - — - ‘o . ° .
Coronene - -— - - - -
Dibenz{(a, i)pyrene - - -- . - -
Dimethylbenz (a)anthracene - -- - [ - -
3-Methylcholanthrene -- -- ! - » __

6,13-Dimethyldibenz (a,})-
anthracene

13 - S S— S

a .
*o* indicates compound detected. == ndicates compound ol detected.



cundc

~
“om

Ml

Naphthalene
l-Metnylrnaphthalene
2-Methvlaaghthalens
Quinoline
Acenapnhthalene
Acenaphthene

Fluorene
Shenanthrane/Anthracene
Acridine

Carbazole

Fluoranthene

Pyrene

Benzo{a) fluorene/Benzo(b) flucrene

Benz {(a)anthracene/Chrysene/
Triphenylene

Senzo (j) fluoranthene/Benzo(b) -
fluoranthene/Benzo (k) £lvoranthene

Benzo(e)pvyrene/Benzo(a)pyrene
Perylene

Dibeaz(a,j)acridine

Dikenz (a,i)carbazole
Indeno(l,2,3~cd) pyrene

Dikenz (a,h)anthracene
Benzo(g,h,i)perylene

Coronene

Dibenz(a,l)pyrene
Dimethylbenz (a) anthracene
3-Methylcholanthrene
6,13-Dimethyldibenz (a, h) anthracene

. .
‘-:—" ‘
-~ .
- .
-— '
. »
. .
- .
- .
. .
- .
- .
- .

]
|
® & © ¢ © ¢ O 9 9 P & 0

o

%re" indicates compound detected.

B-33

.- indicates compound not

detected.




L P - | -5 IO R - L) 3 ewr P - - - ! - - -— -— - -
11 [1a2s-ziic) 513781 - E I T T
3% |104B-C4+3} 3/22,8L - - - . - — 3 - <
ii: o fariT-oasis]| ssl3sl I D e
113 |o846-i3Ll| 3/20/3L -- - - - - - 2 = 2
feactor Jeparator +-338 35 {0905-1633¢ 5/1%/31 -~ —_— -— -— - - = = a
7ump, o138, Site 4 | 146 | o4 [0943-1824| 5/21/8L | - | = | == | == | o= | = | = | = | -
At=csphneric Tras- 4=307 111 |1650-0203) 3/18/91 - - -— - - - = 2 z
tionatar Ligat Sas/ -
341 Pump, 20352, 4-175 | 134 [0908-1744] 5/22/3L | = | = | == | == | == | = | ew | am | -
SLce 3 !
Atmos. Frac. 3cticms| 4=-143 | 105 |0938-1321) 5/21/8L | 2.4 — | e.L§ -- - - - — -
Pump, 2-204, 3ite 8 ) . 00| 37 |2103-0510) ss22/81 ] ee | = | o= | e= ] = | = | 2 2 z
Jaguum Stzicper 4-933 I8 [I847~1635| 3/19/81 | — -_ —~— - — - z x 2
Light Sas/0il Pump, - . i — - —_ - — -
5-207. Site 7 4=113 89 |1954-0521} S/20/8L . T z a
4-139| 106 |0929-1813} 5/21/81 | 0.4 | 0.1 | -— } 9.3 — ! 0.6 | -= - -
Jacuum Stripser 4-05C | 102 (2101-0%33} 5/13/81 - - - -— -— -— z 2 z
Heavy Gas/0il Pump, - - \ - __‘ . — . — - - o
2-208, Sice 3 4=1791 Ll06 {0900-L743| 5/22/81 !
Vacuum Stripper 4-337 | 11s [csac-1m0s| ss20081 | - -— -—_ - — -— 2 o P
dease Pump, 2=210, |, a5yl 95 |2114-05C7) 5/22/81 | == | == | == | == | = | - | = 2 2
4-232 97 |0740-1%45| 5/23/31 | - -— il i - -— - - -
Solvent Tractionacor| 4-032 26 |08s5~-1636; 5/19/81 J - -— - ( - - -- H 2 a
3ide Straam Pumps, _ . ; - - - __ - __
2-306.8-307, 3ice 19| 4-15%| 1os 2023-0515] 3/21/81 i 2 B 2
4-231 98 l0734-1545| 5/23/8L | -- - - — - -— _— — -
jolvent fractionator| 4-010) 112 11650-0210f $/13/81 | 0.3 - -— - - - - - -—
gottems Pump, =308, s _— _— a— _— -—
sies 11 4-110 90 l1937-0s07! s/20/81 2 2 2
4-205 | 100 {2053-0S5l4{ 5/22/8L - - - -— - -— a 2 2
High-Pressure Flush | 4-137 98 |1644-00%3| 5/21/81 | -- -— . . -— _— _— - -—
OLl Pump, P-li3, 4-233 | 100 |0721-1540] 5/23/81 | == | == | o= | = | e= | -= | @ | a2 | 3
Sise 12 j
Qily Water sump, 4-068 | 102 32123-0554| 5/19/81 j - - - - - - -— - -
Sita 13 4-156 | 104 [2043-0524| 5/2L/8L | —= | == | == | == | == | == | & | 3 | =
Upwind Perimecar 4-161 | 104 |2050-0%29| s/21/81 -— - -— -— -— - - -— -
4=181 | 102 [0909~1739| S$/22/81 — - - - - - 2 a a
Blanks 4=086 5/20/81 -— -— - - - - - - -
4-191 5/22/81 -— - - - - - = a P
4-238 §/23/81 - - - - - — -— -— -
4-241 5/23/81 -— - — -— - - - - -

a . i1 . : .
Aromatic Amines: A = apniline: 8 = N,N-dimethylaniline: ¢ = o-toluidine; D = 2,d-dimechylaniline;
E = g-anisidine; F = peanisidine; G = l-napghthylamine; H = 2-naphthylamine; I = p-nitroaniline.

c

Assuting a sample volume of 100 liters. “-=" indicates compound not detacted.

3" indicates samolas not analyzed for thesa compounds.
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LI LA LBame T Tl 4=222 O JUIABSLI4L | 2 LS/ oa —

Liguefaction/ 4-069 | 30 |2203-0613% 5,/139/81 - =l =} =] =] = a a a
sistillation Unit 83|, 595 | 99 (2107-0525] s5/20/81 —_ =] =] =] =] =] a a =
4-220 | 90 |0735-1535| 5/23/81 - e -} -] =~ - =~ - -
solvent Hydroge= 4-119 26 |2147-0602| 5/20/81 — — -— -— — — a ] I
pacion Uait 4-172§ 84 |(2056-0510) 5/22/8BL | — | — | — | — | —| =] —| — | -
offsite & Utilities | 4-054 | 39 [2153-060S| S/13/81 | e | | | | = -~ =] -
4-097 | 97 |2100-0532) 5/20/81 - =] | - =] - - a =
vajintenance ~Orksrs
dalders 4019 | 35 |0742-1547| S/l9/8L —_ | = = =] = - - a "
4-079 | 167 [0759-1543 | 5/20/81 —_ ] = | =] =] - a a g
Millwrighes 4-124 | 76 |0012-0728| 5/21/81 ORI RIS VI I IURE . a a .
4=-131 88 |[1530-2302| 5/21/81L - — - — —_— - -— —_— _—
4-195 | 20 [2104-0537 | S/22/81 SV RIS B B U U SR e .
Pipefittars 4-055 | 97 |L538-2341| 5/19/81 —_ ] = = | = =] = = -] -
4-102 | 79 |1802-2344 | 5/20/8L - = = =] =] = a 3 3

4=-169 74 |0753-1533| 5/22/81 -— — -— -— -— e —-— - -—

Iastrument 4=Q75% 83 |0007T-~Q710| 5/20/81 -— — -~ — -— — — — —
Technicians 4-196 | 89 [1605-2335 | 5/22/81 _ ) =] e = = = = -] -
taborars 4-017 | 72 |ooro-o706 ! s/19s81 - = =] - - - 2 a a
4-056 | 97 |1540-234% | 5/19/81 SURE R D RO RS DR RO B S
Blanks 4-037 5/19/81 —_ =] e | = | == | == | = a a
4-188 s/22/81 — | = - - = =] =] =1 =
4-239 s/23/81 | — | — | — | - | - - s & | =

% promatic Amines: A = aniline; 3 = N,N-dimsthylaniline; C = o-toluidine; D = 2,4{-dimethylaniline:
E = o-anisidine; [ = p-anisidine; G = l-naphthylamine; H = 2-naphthylamine; I = penitroaniline.

Assuling a sampls volume of 100 liters. Cun indicates compourki not datscted.

"o" indicates samples not analyzed for thass compounds.
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Nk’ bt bl B ke e Sewa W W -y ——— -
Sire 2 4-208 o6 | 2045-0aas | ss22/81 | - - -
f
High-Pressure SluzTy 4=065 102 2117-05423 5/19/81 -— - -
;i:ﬁ Fump. B-i0Z, 4=091 | 113 | os4e-181Ll| 3/20/81 — - .02
4-154 | 105 |} 2034-0520 | 5/21/81 .04 - -
Reactor Separator Pump, | 4-035 95 | 0905-1655| 5/19/8L - - -
P-108, sSica ¢ 4-145 | 104 | 0942-1823| s5/21/81 - - -
Armospheric Fraction- 4-006 114 1636~0204 | S/18/81 — - -—
ator Light Gas/0il .
0z siee s 4v114 90 | 1958-0527| 5/20/8L 0.03 0.06 a.21
4-178 | 104 | 0908-1744| 5/22/81 — - -
Atmospheric Fracticn- | 4-052 | 103 | 2101-0533] 5/19/61 - — 0.02
ator Bottoms Pump, - - - - -
st dpniah 4-142 | 105 | 0935-1820| 5/21/81
4-204 97 | 2103-0510| 5/22/81 — . -
Vacuum Stripper Light | 4-031 | 100 | 0834-1655] 5/15/81 - 0.02 0.02
Gas/Otl pump, P-207, 4-112 | 90 | 1es2-osaL| ss20/81 0.12 0.14 0.26
4-140 | 108. | 0929-1818 | s5/21/81 0.13 - -
Vacuum Stripper Heavy | 4-051 | 102 | 2101-0533| S/19/81 - - -
g:::o;l Pump, P-208, 4=174 | 106 | 0900-1748 | 5/22/81 - -— —
) 4-229 33 | o726-1542] s/23/81 - 0.22 6.06
vacmum Stripper Dottoms | ¢-089 | 114 | 0812-18031| s/20/81 - - -
Pump, P-210, Site 4-202 95 | 2134-0507 | s5/22/81 - - -
Solvent Fractionator 4=034 96 0855-1656 S/19/81 — — -
Side Stream Pumps, 4 — — —
306, Do307. Site 10 | 4-155 | 106 | 2028-0815| s/21/81
4-227 98 | 0734-1545 | 5/23/61 - 0.03 .17
Solvant Fractionator 4-009 | 113 | 16470210 s/18/81 - - -
SocToms Fump, Po308. 4-111 | 90 | 1937-0504 | $/20/81 2.04 0.04 0.08
4-206 | 100 | zos3-osie| s/22/81 - 0.03 Q.11
High-Pressura Flush Oil | 4-136 as | os1s-1sal| s/21/81 0.04 0.08 .52
Pump. P-il3, sice 12 4-158 98 | 1644-0052| s5/21/81 - . -
4-229 | 100 | 0721-1540] S5/23/6L - - -
Oily Watar Sump, 4-067 | 102 | 2123-0554 | 5/19/81 - - -
Size 13 4-153 | 104 | 2045-0824 | ss21/81 0.32 0.54 6.85
Dpwind Perimecar 4-094 | 112 | 0oos-1826 | s5/20/81 - - -
4-152 | 103 | 2081-0839 | s/21/81 - - 0.02
a-130 | 102 | osos-1739 | s/22/81 - - -
Blanks 4-038 5/18/81 -_— — -_—
4-085 5720781 . - -
4-189 5/22/81 - - -
4-237 5/23/81 - — -
[

aulnning 4 sample volume of S0 liters.

"e=" ipndicates

B-36
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4-2135 46 | 0T14-1534] 35/23/81 5.14 - .02
Srocess Technicians, 4~045 25 1028-1842 5/19/31 - 3.02 -
f':‘f‘j‘i;c“"“‘g”“u"m“ 1-071 35 | z200-0612 | S/19/81 - - -
4-215 | 1oL | O716-1541| $/23/81 - 5.02 -
?rocass Technicians, 4-070 113 2203-0613 5/13/81 2.0z — 0.92
LiguafactionDistillacion | 4io0 | 11 | o0907-1725 | s/20/81 0.13 - -
4-217 35 | 0735-1535 | $/23/81 - - -
process Technicians, 3-120 15 | 2147-0601 | ss20/81 - - -
Solvent dydrogenaction URif | , 144 66 | o08s8-171c| ss22/81 - - -
4-212 30 | 2151-0445| ss22/81 9.03 .05 -
Process Tachnicians, 4-053 98 2152-060S 5/19/81 -— — —
offsite & Utilities 4-c99 | 103 | 0%00-1732| S/20/81 5.13 - -
4-209 47 | 2150-0450 5/22/81 - 9.05 0.04
Maintenance Personned, 4-Q20 30 0743-1547 5/19/81 Q.02 -~ -
delders 4057 76 | 1s38-2341} s/19/81 0.34 - -
4-080 as | 0759-1543 | s/20/81 9.03 - -
a-o82 36 | caco-Ls40! ss20/81 —_ - -
Maintapance Parsomnal, 4-123 84 | 0012-0727 | S/2L/B1 a.07 a.10 0.05
Mrllwrights 4-128 86 | 1s30-2308 | s,21/81 - - -
4-194 82 | 1s57-2338 | S/22/81 5.05 .02 -
Maintmnance Personnel, 4-103 35 | 1602-2344 | 5/20/81 - g.02 -
Pipefittezs a-122 §7 | o0015-0720| s/21/81 - - -
4-167 40 | r952-0328 | ss22/01 - - -
Maintenance Perscnnel, 4=074 89 C006-0710 5/20/81 - -— —
Instnuzment Technicians 4-166 38 | a73s-1s23| ss22/81 - - -
4-193 97 | 1605-2235 | 5/22/81 - - -
Maincenance Personnel. 4-016 65 | 0010-0706 | S/l9/81 - - -
faborers a-058 | 83 | 1540-2345| s/19/81 - -~ -
4+129 a1 | 1547-2320| $/210/81 - - -
Blanks 4-038 5/18/81 - - -
4-040 5/19/81 -— - -
4-085 5/20/81 - — -
a-130 5/22/81 - - -
4~240 5/23/81 -— -— _—
_ 4-242 $/23/81 - - -
aumd.nq a samples volune of 90 liters. bo__- indicates not detectsd.
B=-37




Table B-29, Plant D Area and Personal Sampling Analytical Results (mg/m3) tor Pl
(May 19-23, 1981)

3e-C

tect | i WA
Sample Sample Sampl ing Date Compound (detection Limit, wi/n’)
Numbey | YOLume Tine Collected Phenol o-cresol m—Cres?l/ okthyl- | I-xyleawl
ie) 10.02) (0.02) p-Cresol plienol (0.02)
- " ) (0.02) (0.02) R
Location Sampled
Site #3 41-160 105 2034-0520 5/21/61 '—b - - - --
Site 45 4-115 90 1957-0527 9/20/81 - - - - -—
Site #6 4-064 103 2110-0543 5/19/81 - -- -— - --
Site #8 4-234 99 0725-1%42] 5/23/61 - - - -- --
Upwind Perimeter 4-095 i 0912-1B26 5/20/81 - - - -— -
Blank 4-041 5/19/81 - - - -- -
Personnel Sampled
]
Process Techniaoian
- - a —_— - - - -
U #l 4-221 97 0714-1534 $/23/41
Process Technician
- 0l -~ . _ _— _— -
Lnu 82 4-072 a5 2201-06])2 5/19/81
Troceas Techniclan | 4,14 69 | 09s0-leds | ss22/81 - . - - -
;;:““ Techniclan | 4 53 19 | 09s0-1650 | s/22/81 - -- -- - --
Maintenance Worker/] . g, 82 | osoo-1540| ss20/81 - - -- -- -~
Welder
Maintenance Worker/
Pipefitter 4-121 a5 0015-0720 S/21/81
Maintenance Worker/
Instrument Tech. 4-168 79 0735-1529 5/22/81 -
Maintenance Worker/ - ' —
Laborer 4-130 118 1547-2318 5/21/81 -
Blank 4-239 8/23/61 -- - - - -
anssnming a sample volume of 100 liters. ba__. indicates compound not detected.

onocesa technician location keys LDU = liguefaction/distillation unit; SW = salvent hydrogenation unit; OSU = uffsite &
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Table B-30. Plant E Area Sampling Analytical Results (ug/m3) for PHNAs (August 10-1¢

Slurxy
Preparation

tocation Sampled: I

keactor liydroclone Vacuam Power
N N H

Plant statusd; R N N R R N N N [ w R N
Sample Number:| 015 148 203 046 027 124 125 126 144 109 | o022 147 | 207 | on
Sapple Volume (%):]1.250] 1,130] 1,020] 8go |1,25001,160] 1,140 1,200 1,150 726 [1,130] 1,150| 1,090 i,ta
Sampling Time: | 2306~ [ 1527~ 0740- [ 0844-1 2305 1'1122- | 1523- T T115- (1513~ [ G935- | 1418 | 1504- [ 0712 | Lazs-
0835 | 2436 | 1503 | 1450 | oe3a | 1926 | 2337 } 1937 {2315 | 1438 | 2208 | 2305 | 1445 | 2211
Date (1901) Collecteds § 8/11 1 8733 1 B/l 1 0710 1 600 1 s/lat e/aad ezl B/l a/i2 ) sy ] 8/13 [ 6714 | 6770
Compound (detection o

limit, pg/md)

Naphthalena {0.2) 14.2 10.8 24.6 0.7 14.6 16.] 7.4 3.3 28.1 61.9 1.7 2.2 2.6 2.2
1-Msthylnaphthalene (0.2} 5.7 13.3 34.4 2.0 9.3 16.4 10.9 3.5 3l.8 { 59.7 3.4 3.4 4.9 2.6
2-Hethylnpahthalene (0.2} 17.6 44.3 | 116.3 12.5 319.7 89.3 34.7 9.4 105.8 | 204.1 22.1 9.7 14.5 7.4
Quinoline (0.2} - - - - - -- - - -— - - -- -- -
Acenaphthalena {(0.2) - 0.8 2.0 1.8 0.4 1.3 0.6 0.9 a.5 3.8 1.6 0.8 0.7 2
Acenaphthens {0.2) 0.4 1.9 4.8 3.6 2.0 - it 1.7 14.7 8.7 3.4 - -- 0.5
Fluoxene (0.2) - 1.5 4.6 9.3 1.0 3.6 1.4 3.2 15.4 10.7 5.4 2.8 1.6 0.7
Phenanthrens/Anthracene (0.32) -- -- C-- -- -— -- -- 1.4 7.4 1.6 -- - -- --
Acridine (0.12) - - - 0.4 - -— - -- - - - - - -~
Carbazole {0.2) - - - - - - - 0.3 0.3 -~ - - 0.6 --
Fluoxanthene (0.2) - - - - .- - - 0.8 6.3 - - - a.5 --
Pyrene (G.2) - 0.3 0.4 0.7 -- 0.3 0.2 4.7 2.1 1.5 0.8 0.6 5.3 1.1

Benzo(a)fluorens/
Benzo (b) fluoxene (0.2)

Benz (a)anthracene/Chrysense/
Triphenylene (0.2)

Benzo (i) fluoranthene/
Benzo(b) £luoranthena/ -- - -- -- - - -- - - - -- -- -- --
Renzo(k)fluoranthene {0.2) .

Benzo(e)pyrene/ o . — __ __ _— _— _ _— _— - _— _— —
Benzo{a)pyrene (0.2}

Perylena (0.2) -- - - - - - —_— - - _— - - - —.
Dibenz {(a,j)acridine {0.2) - - - — - _— — _ - - — _— - -
Dibenz {a,i)carbazola (0.2) -— - - - - - - - - - - - - -
Indeno{l,2,3-cd)pyrene (0.12) - - - - - - . - - — — - - .
Dibenz {a,h)anthracene (0.2) - - - - - - - - — — - . _— o

Benzo{g,h,i)perylene (0.2) -- -- - _— - - - - - - -~ -- - e

Coronene (0.8} - - - - - - - _— - _— —— - - -
Dibenz{a,l)pyrene (0.€) -- -— . - - e - _— - —— - - - -
Dimethylbenz (a}anthracene {0.2) - -- -- - - - - -- —_— _— - - - -
3-Methyicholanthrene {0,2) -- - -— - - - - - - — . - — __

6,13-dimethyldibenz (a,h} -~
anthracene (0.2)

TOTAL 37.9 72.9 1 187.1] 31.0} 67.6 | 127.0] 55.2 3.3 ] 213.0}372.0} 44.6 19.8 34.2 15.2

aPlant atatus: N = normal coperating conditions; R = recirculating oil. bAsauminq a sampla volume of 1,000 liters.

Su__w indicates not detected.
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Table B-30 (concluded)

location Sampled:

Fractionator

Waste 0il Recovery Control Room

Scal 01l Pump

Paiub oy

Plant Statusd:

N N R N N R R N R N N i N
Sample Humber: 128 145 0lé 146 208 045 017 172 056 127 204 1ub 114 |
sample Volume (R):11,090]1,15011,390]1,23001,070]1,060[1,08071,120]1,140]1,180] 970 J1,0u6 081,150
s ling Time: 1105~ [ 1508~ | 2317- ] 1541- | 0720~ ] 0831~ | 2301- J 1530~ J 1436- | 1111- ] 0735- | 0720~ 1147-
anp 9 M BLIE] 2108 0855 2131 1445 1554 0828 2318 2230 1923 1455 L44u 1947
Date (198]1) Collected: 1 8713 1 8713 1 8711 [ 8/13 1 8/14 | 8731 Y 8711 Y 8713 | e/10 | 8713 [ 6714 BA12 1 8/1)
Compound (det.ecz on I W A+ I
limie, Hg‘n’l
Naphthalene (0.2) 21.9 6.6 13.7 1.9 14.1 - 6.0 5.9 1.0 1.8 5.2 5.1 -
1-Methylnaphthalena (0.2) 12.7 4.2 13.3 1.2 9.2 -- 4.4 8.3 0.9 4.6 3.8 -- -
2-Methylnaphthalena (0.2) 19.9 12.0 52.0 3.1 49.1 - 16.0 4.7 9.6 15.5 4.7 5.7 0.3
Quinoline (0.2) - - - - - -- - - - -- - - -
Acenaphthalene (0.2) 1.9 1.0 1.2 - 2.9 -= 0.4 0.3 1.2 1.7 Q0.5 - --
Acenaphthene (0.2) - -- 3.9 0.3 - - 1.1 0.7 - 5.4 ~-- - --
Fluorene (G.2) 4.7 3.3 3.2 - 5.2 -- 1.2 -~ 3.1 6.6 2.4 - --
Phenanthrensa/Anthracene (0.2) - - - - 0.3 - -— -— - 1.2 - -- -
Acridine (0.2) - -- -- - 0.3 -= - - 0.1 0.5 -- - -~
Carbazole (0.2) - - - -— 0.5 - - - - 0.3 -= - --
Fluoranthene (0.2) - -- -= - - - -- -- - 0.3 - - -=
Pyrene (0.2) - 0.8 0.6 0.2 1.7 - -- - 0.5 2.0 0.6 -~ -
Benzo(a) fluorene/ . . . . . - . -
Benzo (b) fluorena (0.2) a.3 0.2 0.1 0.3 0.6
Benz (a) anthracene/Chrysene/ . . . - . . . - . - . . .
Triphenylene (0.2)
Benzo{j) flnoranthens/
Benzo(b) fluoranthena/ -- -- -- -= -- -- -- -= - -- -- -- ==
Benzo (k) fluoranthene (0.2)
Benzo(e) pyrene/ _ o 0.3 . . _ . - . ;. . . .
Benzo(a)pyrene (0.2) )
Parylene {0.2) - -- -- - - - -- - -- - - -- --
Dibenz(a,j)acridine (0,2) - - -- -- - - -- -- -- - - -~ -
Pibenz{a,i)carbazole (0.2) - -= - -- - - -- - -- -- - - --
Indeno(l,2,3-cd)pyrene (0,2) -- - - - - -— - -- - - -— -- --
bDibenz(a,h)anthracene (0.2) -— - - - - -= -- -- -- -- -- -- -
Benzo{g,h,i)perylene (0.2) -- -- - -~ -- -- -—- -~ -- -- == i --
Caronene (0.8} : - -— - -- -— - -- - - - - -- --
Bibenz (a,i)pyrene (0.8) - - - - - - -— - - -- - e --
Dimethylbenz {a)anthracena (0.2} - -- -- - -- - -~ -- -- - - - --
3-Methylcholanthrene (0.2) - - - - - - 0.2 — . - __ __ _-
6,13-Dimethyldibenz (a,h)- . R R .
anthracene (0.2} - o N T T o n T - o .
TOTAL 18.1 28.2 88.4 6.7 84.0 ] 29.3 19.9 16.9 40.2 2.2 10.8 0.1

a
Plant status; N = normal operating condlcions; R = recirculating oil.

Cu__n Indicates pot detected.

Assuming a sample voluwe of 1,000 liters.



Sampling Time: 0948~ | 1135- | 1833- | 1304~ | 2633~ | 1300- 1 1509~ 1 2710~ | 2323~
P I “ 1430 1810 244 0245 1430 0250 2240 L1230 2650
Datms (1981l) Collected: i 8/11 8/13 SLL_J 3/11 3/12 3/14 3/10 3/L1 3/12
Compound (de:ecg:i.on
Limit, pg/md)
Naphthalene (0.4) -l 31.7] 29 | 7.8 ) a3 | 16| a.a i a2 | o201
1-Methylnaphthalane (0.4) - 37.6 1.4 4.5 3.0 5.8 3.7 4.2 18.4
2-Mathylnaphthalena (C.4) - 85.8 3.0 11.8 9.1 2L.9 3.1 10.5 84.6
Quinoline (3.4) - - - - -— - - -- -
Acenaphthalana (0.4) - 2.0 -_— 0.7 0.5 0.6 - - 1.3
Acenaphthena (0.4} - 4.7 Q.3 1.7 0.8 -— - 9.5 3.5
Fluorena (G.4) - 3.9 - 2.3 1.1 1.8 - - 4.4
fhenanthrene/Anthracena (0.4} - - -_— _— - L.9 - - -—
Acridine (C.4) - - - - - =-—- - - -
Carbazola (0.4) — 0.6 - -— -— - - - -
Fluyoranthens {0.4) -— — - e -- - - — -
Pyrene {0.4) - 9.9 - 0.5 -— - - - -
Benzao{a) fluorens/ - — — _— — — — — -
Benzo (b) flucrene (0.4)
Benz (a) anthracene/Chrysene/ - __ - - o o — . o
Triphenylene {0.4)
Banzo(j) fluoranthene/
Benzo (b) flucranthene/ - - - - - - -- - -
Benzo (k) flucranchene {0.4)
Benzo {e) pyranea/ _— — — — - — - . .
peanzo (a)pyrene (0.4)
Perylane (0.4) -— - - - .- - - - -
Oibenz{a,j)acridine (0.4) - - - - -— - - -— -
Dibenz (a,i)carbazole (0.4) - - - - - -— -— - -
Indeno{l,2,3~cd)pyrena (0.4) - — - -— - -— - - -
Dibenz (a,h}anthracene (0.4) - - - -— - - - - -
Benzoe(g.h,i}parylana (0.4) - - - - - - - - -
Coronene (1.6) -— -— - -— - - -_— - -
Dibenz (a,i)pyrene (1.6} - - - - -— — - - -—
Dimethylbenz (a}anthracens (0.4} - - - - -— -~ - - -
3-Methylcholanthrene (0.4) -— - - - - - - - -
6,L3-Dimethyldibens (a.h} - - — - —- . _— — . —
anthracene (0.4)
TOTAL ¢} 171.1 7.6 29.3 18.8 44.6 8.8 20.1 | 112.3
(continued)

a
Plant status:

N = normal operating conditions:

Assuming a sample volume of 6525 liters.

B-42

S

R = recirculating oil.

-=" indicates not detected.
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Table B-31 (concluded)

Mainblenawce Pegsonnel
Personnel Sampled: Pipefittecrs/Welders Machinists Insulaloysy
Plant Statusd; N N R R N R R N N N R
Sample Number : ala 019 037 030 123 059 015 150 122 209 036
Sample Volume (R): 654 652 518 645 483 633 571 683 400 144 446 1
s 1L Tl L604- ) 1603~ 1 0864~ | 2347 1008- | 0755~ | 0831~ ]| 1545-] 1010- [ u750- ] o806~ | Leod- [ unod- | vhqq
ampling Timo: §oy20 | 2220 L1430 | o6sy | 1s10 | uses Jis20 ) 2320 3530 fasas | asso Jauso Lassy: {avs
pate (1981} Collectea; B 8/10 | 8710 | 6/11 [ 8/13 [ 8713 ¥ 8711 [ 6/11 | 8/13 [ 8713 [ 8714 | e/1L [ 0711 | 8712 [ u/1s
Compound (detacsion L 7 af e
Mimit, pg/md)
naphthalene (0.4) 3.7 1.2 - 315.0 2} .0 - -- 6.3 43.2 10.9 9.2 5.7 4. -
1-Methylnaphthalene {0.4) 2.7 1.3 - 24.9 15.6 - - 7.2 50.6 9.6 1.1 0.3 -- -
2-Methylnaphthalena (0.4) 4.7 2.9 - a7.3 3a.o -- 0.5 16.6 | 1314.4] 16.4 4.0 13.2 12.2 --
Quinoline (0.4) - - - -- - -- - - - -- - - -- .-
acenaphthalene (0.4) - - - 0.9 1.2 - - - 2.6 (V3 a.8 0.4 0.5 --
Acenaphthene (0.4) - - - 2.5 3.0 - - 0.7 1.2 1.2 -- 1.2 L.2 -
Fluorene (0.4) 0.7 0.4 -- 2.3 2.4 -- = -- 6.2 0.7 2.3 b.2 1.1 --
phenanthrene/Anthracene (0.4} - - -— - - - -- -- 0.5 - - - - --
Accidine (0.4) - - - - -= - b - - -- - -- - --
Carbazole (0.4} -- == -- - -= -- -= -- -- -- -- - - --
Fluocranthene {0.4) -- - -- -- - -- -- -- a.5 ~- - -- -- --
Pyrene (0.4) . - -- - —-- - -- - - 2.2 -- -= -~ -- -
Benzo {a) fluoxena/ . . - . . . . - 0.8 . - o . -
Benzo (b) fluorena (0.4)
Benz {a) anthracene/Chrysene/ . - . . - . . . . . . . - o
Teiphenylene (0.4)
Benzo{j) fluoranthene/
Benzo (b) fluarant hene/ - - - -- -- -~ - - -- -- -= - -- --
Benzo (k) fluoranthene (0.4)
Benzo {e) pyrene/ - . - . . . . . o . - . . .
Benzola)pyrene {(0.4)
perylene (0.4) -- - - -- -- - - - -- -- -— -- -- -
Dibenz (a,j)acridine (0.4) - -1 - -- -- - - -- - - - - - --
Dibenz {(a,1)carbazole (0.4} - -- -- -- - -— -- —- - - -- -~ -- --
Indeno(l,2,3-cd)pyxene (0.4) - -- -- -~ -- -- - - - -- - -- - -
Dibenz (a,h)anthracene (0.4) -- ~-= -- - -~ -- - - -- - - -- -- ==
Benzolig,h,i)perylene (0.4} - - - - - - - - -— - = -- - - -
Cozranene (1.6) - P - - - - - - - - — - - R
Dibenz(a,i)pyrene (1.6} -- -- -- -- -- - - - - - .- -- -- -
Dimethylbenz (a)anthracene (0.4) -- -= - - -- -- - - ~- -- -= -- - -
3-Methylcholanthrene (0.4) -- -- -- -- ~- - -— - - - -- -- -- -=
6,13-Dimethyidibenz (a,h} - - _ __ __ . . . . . - . - . .
anthracene [0.4})
TOTAL 11.8 5.8 [H] 152.9] 81.2 a 0.% 30.8 248.2 59.1 59.4 24.0 19.7 [*]
aPlAnt statua: N = normal operating conditions; R = recirculating ail. bnssumiug a sample volume of 625 bitces.

"--* indicates not detected.



Jcompound

Naghthalene
i-Mexnylnaphthalene
2-Mechylnaphthalene
Quinoline
Acenaphthalene
Acenaphthene
Tlucrene
Phenantirene/Anthracene
Acridine

Carbazole
Fluoranthene

Pyrene

Banzo (a) fluorene/
Benzo (b) fluorene

Benz {a)anthracens/
chrysene/Triphenylens

Benzo (i) flucranthene/
Benzo(b) fluoranthane/
Senzo (k) flucranthene

Benzo (a) pyrane/
Benzo(a)pyrene

Pervlene

Dibenz (a,j)acridine
Dibenz (a,i)carbazole
Indeno{l,2,3~-cd)pyrene
Ribenz (a,h)anthracene
Benzo(g,h,i)perylena
Coronens
Dibanz{a,i)pyrene
Dimethylbenz (a)anthracene
3-Mathylcholanthrens

6,13-Dimethyldibenz (a, h)~
anthracene

L]
. [ ]
] L
[ L 4
® [ ]
[ ] L
[ ] ]
L J [ 3
* *
L] ]
[ 4 *
* L
L] [ ]
[ ] L 2
[ 2 [
[ ]
[ L)
[ 3 -
L ] L 2
[ 4

-— L J
o -
* L

a"o" indicates compound detectad.

o
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"-=" jndicates compound not detected.




134 21 2740-1303 a/14/81 !I —-— -— - -~ - - -— -—
Reactor 022 38 1309-2206 3/10/81 - - - - - - — -—
Lol 108 1524=2250 3/13/81 — - - -— -— - -— —_—
133 3% 1123-13226 as/Li/el | -- -~ — - - —-— - -
Hydroclons J62 82 1251-2227 3/11/91 — - - — - — - -
182 104 1515-2315 8/13/81 — - — - - -— - -
136 100 2315~-0737 8/13/91 - -— - —-— - - — _—
pR-1- 88 Q730-1450 a/14/81 - — -— - — — -— -—
Vacyum Tower Qo0e a5 1417-2208 8/10/81 - - -— _— —-— -— -— -
Q97 3l 0715-1442 | 8/12/81 -— - - —_— -— -— - -—
164 96 1505-2305| 8/13/91 — - -~ - — -— -— -—
188 839 Q712-1445 8/14/81 -— - -— -— -— — _— -—
Tlaker Zelt 050 75 0850-1437 3/11/81 -— — - - - - - -
028 114 2314-0846 | a/1il/8l -— — — - - — - -
168 102 1456=-2300 8/13/81 — - - - -— -— _— —
192 93 Q700-144S 8/14/81 — — — -— — -_— - -—
Fractionator 065 105 1430-2229| 8/11/81 -— — — - — -— — -—
081 a8 Q720-1428| 8/12/81 .§ — -— - -— - - - -
096 38 0720-1428 8/12/81 —_— -_— -_— e — -_— f— -—
187 36 1508~-2308 | a/13/81 - - - - -— -— - —
191 39 Q720-1445 8/14/81 - — — — — -— - —
waste 0il Racovery 253 68 0900-1442 8/11/81 -— —-— -— -— — -— - —
137 29 1100~-1916 | 8/13/91 - - - - - -— - -
129 94 1543-2331 8/13/81 _— — - -— -— - — -
195 33 0750~-1140 | 8/14/81 - - - - - - — -
Zontrol Room 130 97 1132-1935 8/13/a1 -_— - - -— — -— - -
134 93 1532-2313% 8/13/81 - — -— - -_— -— - .
183 96 Q708~1500 8/14/81 -— -— - - -— -— - -
Seal Qil Pump Q52 74 Q915-1437| 8/11/8L - -— - -~ -— -— -_— -—
o82 87 2323-0637 8/11/81 —-— -— — - -— —_— — -—
188 a8 0735-1455| 3/14/81 -— - -— — -— — -— -
Parimeter 107 90 0720-1448 | 3/12/81 -— — — _— -— —_— — —
131 96 1145-1947 | 8/13/81 — - - -— -~ -— -— -
181 36 0718-1515| 8/14/81 — -— -— — — - -— —
8lanks (ng/sample) 078 8/11/81 — -— -— -— -— -— - -
179 as13/8l1 - - - -~ -— -— -— .-
“jromatic amines: A = Aniline: B = N,N-Dimethylaniline; C = 2,d-Dimsthylaniline; D = o-Toluidine;

E = o=Anigidine;
-]

F = p-Anisidine;

Assuming a sample volume of 30 lirers.

G = L-Naphthylamine;
“~=" indicates not detscted.

=]
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E = 2-Naphthylamine.
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Table B-34. Plant E Personal Sampling Analytical Results (ug/ma) for Aromatic
(August 10-14, 1981)
Compouind {detection 1iwit, uu/m’l“
Sample . S
. Sample Sampling bate N,N- 2,4~ _ _
Personnal Sampled Numbex voluue Time Collected | aniline | pimethyl- | Liwethyl- o ° Be Hay
(L) Toluidine | Aulsidine | Aulsidine

{30) aniline anliline 21) (24 a

39} {53) ¢ N L

|_Operators M
#3 Operator 025 9% a711- 6/10/81 --b - - —— - -
117 48 ¥135-1530 8/13/81 - - -— . - -
5 Qperator 119 75 0955~ 8/13/61 - -- - - - -
153 23 0645~1446 8/13/81 - - - . - -
215 89 a700-1450( 8/14/81 - — -- - - -
¥8 cperator 040 21 0740-2440| a/1is81 - - - - - -
032 90 2330-06501 8/11/8}1 — - -— - - .
#10 Operator 104 97 0659-1430 8/12/81 -— - - _ . e
#11 Operator 026 26 1506-2241] 8/10/81 - - - - - -
049 %4 2315~ 8/11/81 - — - - _— .
091 87 8/11/81 - - - -— - -

{ Maintenance Personnel -
pipafitter 044 69 0845-14130 8/11/81 -— - —- - —_— -
101 51 0900-1335( a/12/81 - . - -- - -
120 60 1008-1528 8/13/81 -- -~ - - - .
158 19 1540-2317 | 8/13/81 - - _— - - -
201 89 0755-1515 8/14/81 - - - - - -
Machiniak 154 150 £45-2320( 6/13/81 - - - - - -
214 89 0755-1520 8/14/81* - - - - - -
Instrument/ 066 a3 1601-2250] 8/11/8) —_— - — - _— -
Electrician 090 91 | 11as- 8/11/81 - - -- - - -
Insulator 118 54 1010-1530| @/13/81 - - - - - -
Laborer 042 13 0806-1330| @/11/81 -— - - - - --
041 17 1603-2250| 8/11/81 - — —_— _— - -
159 102 1540-23213 8/13/81 -— - -— - - -
213 51 0745-1402 | 8/14/81 -- - - . - -
Blanks (pg/sample) 014 8/11/61 - . - _— - .
223 8/14/81 -- - -- - - -

aAssumtng a sample volume of 80 liters. b"--" indicates not detected.



JiWL LY FLEDALATLON Jiu 40 LIVYD=UBID g7LL/78L0 U.J4 DFRONS .o
Reactor 047 72 C844-1450 8,/11/81 - - --
01l 106 2309-0830 g/11/81 Q.03 0.01 Q.01
13¢ 26 2322-0723 8/13/81 0.02 G.0L -
Hydroclone 08s 88 2305-0626 8/11/81 - - -
084 85 0725-1430 8/12/81 - 0.41 -
151 96 1515-2315 8/13/81 - - -
200 100 0730-1450 8/14/81 - - -
Vacuyum Tower a08 35 1417-2208 8/10/81 a.01 0.01 0.01
069 98 1441-2230 8/11/81 Q.01 — -
083 9Q 0715-1443 8/12/8L - - -
152 a8 1505-2305 8/13/81 - - -
Flaker Belt (empty) 003 93 1424-2211 8/10/81 -— — -—
153 a5 1456-2300 8/13/81 — et -
197 105 0700-1445% 8/14/81 0.01 0.01 -
Fractionator 068 93 1431-2224 8/11/81 - - -
138 99 1105-1919 8/13/81 - - -
198 56 0720-1445 8/14/81 Q.06 Q.02 0.01
Waste Qil Recovery co9 116 2317-Caseé 8/11/81 - - -
048 68 0900~1442 8/11/81 -— - -
140 39 1100-1916 8/13/81 -— Q.02 —
Contrel Room 012 97 2301-0850 8/11/81 0.02 Q.01 -—
G049 89 0831-1554 8/11/81 — - -
1lle 96 1135-~1935 8/12/81 - — -
Seal 0Oil Pump 070 97 1436-2230 8/11/81 - - -
Parimetar 108 90 0720=-1448 8/12/81 — - -—
143 96 1145-1947 8/13/81 - - -
219 125 0715-151S 8/14/81 0.03 -— -
Blanks (ug/sample) Q76 8/11/81 0.003 - -
178 8/13/81 -— — -
222 B/14/81 -— -— -

aAssuming a sample volume of 100 liters.
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-=-" indicates not datected.




i |
: Raaczoz 001 35 1409-2406 | 8/10/81 - — - - -~ -
l 133 36 [ 1123-1926 | 8/13/81 - - - - . -
| svdrosione 064 105 | 1426-2227 | 8/11/81L - - - - - -
: 151 96 | 1515-2315 | 8/13,81 - -- - - - -
% 190 88 Q730-1450 8/14/81 — - - - —_— -
Vacuum Tower 007 98 1417-2208 8/10/81 -— -— - -—— -— -—
» 095 9Q 0715-1443 8/12,81 _— - -— - - _—
169 105 1505-2305 | 8/13/81 - — - - - -
187 gl 0712-1443 8/14/81 -_— — — — -— -—
rlaxez Belt {emmty) os1 0850-1435 8/11/81 -— -— -— —— = —
029 114 2314-0846 8/11/81 —— -— -— - - _—
193 %6 Q700=-1445 | 8/14/81 - -~ - -— — -—
Fractionator 063 128 1436-2229 8/11/81 _— -— - - -— —_
079 86 2331-063¢% 8/11/81 — -— — -— -~ -—
132 130 1105~-1919 | 8/13/81 ~ - - — -— -— —
17¢ S8 1508-2308 8/13/81 -— -— -— -— — _—
189 _85 0720-1445 8/14,41 - -— - — — —
Waste Qil Recovery 166 34 1541-2331| 8/13/81 -— -— — - -— -—
199 22 0755=-1508 | 8/14/81 -— -— - - -— -—
Seal Oil Pump 080 az 2323-0637 8/11/81 -_— e — —_— -— -—
Control Room 160 107 1532-2319! 8/13/81 — — — -~ — —_—
184 96 Q708=-15001 8/14/81 - - - -— — -
Parimecar 106 9Q 0720=-1448 | 8/12/81 — — — - -~— —
141 96 1145-~1947 §| 8/13/81 - -— —_— -— — -
182 96 Q717-1515 ] 8/14/81 - - - - —_ -—
Blanks (mg/sampls) Q75 8/11/81 —— -~ -— -— — —
180 8/13sa1 -— -~ -— - -— -
224 8/14/81 — -— — -— — _—
Persconnel s.mglud ]
Cperacors
#3 Qperator Q24 104 o711-1412 8/10/81 -— -— - -— -— -
48 Operater 043 101 | 0740-1440| 8/11/81 - - -= — - -—
#8 Opsrator Q33 74 2330~0650| 8/11/81 -— -— _— -— — _—
#10 Cpexator 102 51 0655-1430| &/12/81 — -— -— -— -— -—
#11 Operator 023 100 1506-2242 | 8/10/81 -— - - - - -
Maintenance Personnel
Instrument/Electrician 067 85 1602-2250 9/11/81 - e -— - -— -
034 a9 2350-0655| 8/11/81 -— - -~ -— -~ -—
Laborer 092 92 2330-0705 | 8/1l/81 - - - -— -— -
Q83 77 2330-0705 as/11/81 -_— - -— -— — -—
103 77 0803-1507 8/12/81 — -— -— — - -~
Blanks (mg/sample) 075 8/11/81 -— - — -— — —
180 8/13/81 - - - -— -—_ -
224 8/14/81 -— - -— - -— -

a

"—=" indicates not detected.

R4
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Table B-37.

Plant E Area Sampling Analytical Results for Metals (ug) and Mctal Carbo
(August 10-14, 1981)

. sample Meta1§ Motel ¢
location Sample Volume Sampling Date {detection limit, ug) (detection
Sampled Number (1) Time Collected Cobalt Molybdenum Nickel Cobalt Moly

(0.04) (0.15) (0.20) (4) o
Reactor 014 713 1411-2206 8/10/81 P -- - -
142 725 1123-1926 8/13/81 -- - - -
173 661 1523-23156 8/13/8) - - - -
217 690 0735-1500 8/14/81 - - -- "
237 668 0735-1500 8/14/81 n n n --
Hydroclone 071 720 1426-2227 8/11/81 - -- - -
086 638 0725-1430 8/12/81 - - - -
Vacuum Tower ($] &] 702 1420-2208 8/10/41 - -- - -
Flaker Belt 055 521 084B-1435 8/11/81 - - - .
i74 728 1422-2300 8/13/81 - - - —
216 705 0700-1445 8/14/81 - -- - 4
212 698 | 0700-1445 | 8/14/81 " n n --
Blanks 077 B8/11/81 _— —_— - a
176 8/13/81 - - . u
225 8/14/81 o n o --
226 B/14/81 A n R -
b

ahssuming a sample volume of 600 liters.

indicates pat detected.

a :
""" ipndicatues

sample nat an






