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DISCLAIMER

The contents of this report are reproduced herein as received from
the contractor, and have completed the external peer review process,
and were subsequently edited by NIOSH. The opinions, findings, and
conclusions expressed herein are not necessarily those of the
National Institute for Occupational Safety and Health, nor does
mention of company names or products constitute endorsement by the
National Institute for Occupational Safety and Health.

NIOSH Project Officer: Michael J. Keane
Dynamac Project Manager: Dewey A Cubit
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liqueraCClon piiOC piancs. Air sampilng was carrlea out tor pOlynuclear

aromatics (including polycyclic aromatic hydrocarbons, aromatic ~ines, 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 perfo~ed 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 exposures 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 only

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

below current health standards.

Nonquantitative wipe sampling for PNAs ~evealed the presence of up to 5-ring

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

highe~ ring PNAs may be a health hazard.

iii



\j (
;:) ('
p.. (

U)

,.,
~ t
cr l
III ,
(1)

~
6=
(1)

/

::J
CT
t-'

&<

(1)

~ t
~.

(T
(1)

Q.

a-
~

2:
H
0

....

en

<:

=



2. BACKGROUND
General Coal Liquefaction Process Description . . . . . . .
Work Force Activities .
Health Effects of Exposure to Coal Liquefaction Materials
Other Relevant Studies . . • . . . . . . . . . . . . . . . .

· 2-1
· 2-12

2-14
· 2-15

3. METHODS OF STUDY
Walk-Through Surveys . . . . . . . . . • .
Refinement of Project Scope
Sampling and Analytical Methods . . . . . . . .
Data Analysis .•.. . . . . . .

~

. . . . . . . 3-3
· 3-3

....... 3-9
.. 3-16

4. RESULTS
Results of Area and Personal Sampling . • . . . • . . . . . . 4-1
Review of Industrial Hygiene and Medical Progr~s .. . . . . 4-12
Work Practices and Controls . . . . . . . . . . . . . . . . . 4-19

5. ANALYSIS AND DISCUSSION OF RESULTS
Polynuclear Aromatic Hydrocarbons (PNAs) .
Aromatic Amines . . . . . . . . . . . . .
Other Organics . • • . . . . . . . . . .
Medical and Industrial Hygiene Programs

· 5-1
· 5-22
· 5-22

. . . . . 5-24

.••.• B-1
. C-1. Volume 2

6.

7.

8.

CONCLUSIONS

RECOMMENDATIONS

REFERENCES

APPENDICES
A. Process Descriptions of Coal Liquefaction Plants
B. Results of Sampling Progr~s at Five Coal

Liquefaction Plants . . . . • . . • . .
c. Health Effects of Coal-Derived Haterials .

· 6-1

· 7-1

.. 8-1

· A-I

;t-,~

v



~-J.

3-4.
3-5.
3-6.
4-1.

4-2 ·

4-3.

4-4.

4-5.

4-6.

4-7.

4-8.

4-9.
4-10.

5-1.

5-2.

5-3.

5-4.

-

Walk-Through Surveys at Two coaL 1"l.que~tI.\,;,",~""" ••u..... _ • • _ _

PNAs Routinely Quantitated by CG/HS in Comprehensive Surveys . . 3-6
Types of S~ples Collected at Coal Liquefaction Plants . . . . . 3-7
Chromosorb 102 Cleanup Protocol . . . . . . . . . . . . . . . . . 3-10
Total PNA Concentrations for Area S~ples at Coal Liquefaction
Pilot Plants & Percent Distribution of PNAs by Ring Number . . . 4-2
Total PNA Concentrations for Personal Samples at Coal
Liquefaction Pilot Plants & Percent Distribution
of PNAs by Ring Number . . . . . . • . . • . . • . . . . . . . . 4-4
Wipe Sample Qualitative Results for PNAs at Pour Coal Lique-
facti~n Pilot Plants (no wipe s~ples collected at Plant C) . . ~ 4-1
Keasur~d Concentrations (mg/m3 ) of Aromatic Amines Heasured
in Area Samples at Coal Liquefaction'Pilot Plants ...•.... 4-8
Kaximwm Concentrations (mg/m3 ) of Aromatic Amines Measured
in Personal Samples at Coal Liquefaction Pilot Plants . . . . . . 4-9
Maximum Concentrations (ppm) of Organic Compounds Heasured
in Area Samples at Coal Liquefaction Pilot Plants . . . . . . . . 4-10
Maximwm Concentrations (ppm) of Organic Compounds Heasured
In Personal Samples at Coal Liquefaction Pilot Plants . . . . . . 4-11
Industrial Hygiene and Occupational Medicine
P~ograms at Coal Liquefaction Pilot Plants' . . . . . . . . . . . 4-13
Medical Progr~s in Effect at Coal Liquefaction Plants . . . . . 4-16
Summary of Industrial Hygiene Monitoring Progr~s

at Coal Liquefaction Plants . . . . . . . . . . . . . . . . . . . 4-17
Geometric Hean PNA Concentrations and -9S~ Confidence Limits for
Major Sample Groups at Pive Coal Liquefaction Pilot Plants . . . 5-2
Total PNA Concent~ations at Process Areas of
Five Coal Liquefaction Plants . . . . . . . . . . . . . . . . . . 5-3
Comparison of Plant Size with Geometric Hean
PNA Exposures for Three Worker Groups . . . . . . . . . . . . . . 5-20
Comparison of Coal Liquefaction Proeess with
Geometric Hean PNA Exposures for Three Worker Groups .. . . . . 5-20

vi



~- ......
5-1.

5-2.

5-3.

5-4.

5-5.

5-6.

5-7.

5-8.

5-9.

5-10.

5-11.

5-12.

5-13.

5-14.

5-15.

Plant A Geometric Hean PNA ConcencraClons ana ~~M ~OnrlQenCe

Limits for Combined Area, Operator, Maintenance,
and Laboratory Technician Samples . . . . . . . . . . . . . . . . 5-5
Plant A ~eometric Hean PNA Concentrations and 95~ Confidence
Limits for Major Unit Operations 0. · 5-6
Plant B Geometric Mean PNA Concentrations and 95~ Confidence
Limits for Combined Area, Operator, Maintenance, and Labora-
tory technician Samples . . . . · . . . . . . . . . . . . . . . . 5-8
Plant B Geometric Hean PNA Concentrations and 95~ Confidence
Limits for Major Unit Operations .. . . . . . . . . . . . . . . 5-8
Plant C Geometric Mean PNA Concentrations and 95~ Confidence
Limits for Combined Area, Operator, Maintenance, and,Laboratory
technic i an Samples ... . . . . • . . .'. . . . . . . . . . . . 5-9
Plant C Geometric Hean PNA Con~~ntratons and 95~ Confidence
Limits for Major Unit Operation ~amp~es 5-10
Plant D Geometric Hean PNA Concentrattdlrs and 95~ Confidence
Limits for Combined Area, Operator, and Kaintenance Samples ... 5-11
Plant D Geometric MeanPNA Concentrations and 95~ Confidence
Limits for Major Unit Operations, Control Room, and'Perimeter
Samples . . . . . . . . . . . . .. • . . . . . . . '. . . . . . . . 5-13
Plant E Geometric Mean PNA Concentrations and 95~ Confidence
Limits for Combined Area, Operator, and Maintenance Samples . . . 5-14
Plant E Geometric Hean PNA Concentrations and 95~

Confidence Limi~s for Major Unit Operation, Perimeter,
and Control Room S~ples . . . . . . . . . . . . . . . . . . . . 5-16
Geometric Hean PNA Concentrations with 95~ Confidence Limits for
(combined) Area Samples from Five Liquefaction Facilities . . . . 5-17
Geometric Hean PNA Concentrations and 95~ Confidence Limits
for Operators at Five Liquefaction Plants . . . . . . . . . . . . 5-18
Geometric Mean PNA Concentrations with 95~ Confidence Limits
for Maintenance Workers at Five Liquefaction Plants . . . . . . . 5-18
Geometric Hean PNA Concentrations with 95~ Confidence Limits
for Laboratory Technicians at Five Liquefaction Plants . . . . . 5-19
Geometric Hean PNA Concentrations with 95~ Confidence Limits
for Personal Samples Collected at Coal Liquefaction and Coal
Gasification Plants and Petroleum Refineries . . . . . . . . . . 5-22

vii





8II.ENIl.QH

AS NOTED IN THE NTIS ANNOUNCEMENT) PORTIONS
OF THIS REPORT ARE NOT LEGIBLE. HOWEVER} IT
IS THE BEST REPRODUCTION AVAILABLE FROM THE
COpy SENT TO NTIS.

)

/



I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I
I



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 Nat.ional Inst.itut.e for Occupational

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 t.he Department of Labor. The Act

provides for research, info~ational progr~s, education, and training in the

field of occupational safety and health and authorizes the, enforcement of

standards.

NIOSH bas 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)(1) 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. For 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 petrolewm supplies from sources other than those then currently

supplying the bulk of petroleum imports. Dr~aticallJ increased prices of oil

from all sources provided further impetus to identify and secure petroleum

products from less expensive sources.
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.~s mandate to conduct studies to assess health effects in industry, NIOSH
In 1~

initiated a program in 1977 to study coal liquefaction workplace hazards. The

strategy in this project was to characterize the various coal liquefaction

technoloS i es while the industry as a whole was in the developmental stage.

Epidemiological 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 plant,s had been in

operation for several years during the 19308 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,I 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 At

Plant B, and Plant c. Two other plants, -Plant Dt and Plant E, c~e on line

later and were included in the study group.

The objectlves of the study were:

to identify hazardous chemical and physical agents in the work
environment which are generated in the liquefaction process;

to dete~ine employee exposures to the agents which were identified;

to identify work practices and controls which would reduce exposures to
the agents; and

1-2



to determine toe compQ::»~~~UIl UI. I:'L-U\oA~"''- ClItU"'Io 1J3t'.v~~_v _v .. _~••_, v_ --------41
process areas that may present high exposure potentials, to dete~ine whether

selected 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 progr~s implemented

at coal liquefaction plants.

No ~atisfactory method for sampling individual polynuclear aromatic compounds

(PNAS) existed which was compatible with the requirements for personal

sampling. Conventional colleetion devices using large packed columns of solid

sorbent had been used in environmental studies, but these devices required

powerful vacuum pwmps with non-portable electrie motors. A s~pling device

for PNAs was developed for this study which could be adapted to standard,

battery-operated personal sampling pumps.

Walk-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 PRASe Sampling during the walkthrough surveys also included

simple aromatics, phenolics, anilines, toxic gases, toxic metals, and physical
J

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.

1-3
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IntrodUCC10U

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

naphtha.

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

lowered 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 the~al-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.

2-1
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figure 2-1. Simplified Coal Liquefaction Process Schematic

Cou liquefaction always requires the crushing and pulverization of coal to

small mesh size to facilitate contact between the coal and the reaction

process. Typically, coal is crushed and milled, and then mixed with a

solvent mediWB. Liquefaction plants normally use bituminous and

sub-bituminous coal. Coal preparation creates safety problems with dust,

and liquefaction plants use techniques' c01llllon to other coal preparation

industries such as closed conveyance systems and baghouse filters.

Prepared coal is mixed with solvent which is a recycled product of the

process. The solvent-coal slurrJ is the fo~ in which the coal is reacted.

Primary liquefaction is achieved bJ three processes: solvent extraction,

thermal-crackins, and hydrocrackins_ Extraction causes some of the coal to

simpl, dissolve in the solvent; however, the macromolecular fo~ comprising

2-2



HydroCracking increases the hydrogen-to-carbon ratio by saturating some of

the unsaturated bonds in the molecular structure. A catalyst is sometimes

d to enhance the cracking reaction.use

After the liquefaction reaction, the liquid coal stre~ is directed to unit

processes which distill the liquid into different boiling ranges. The stream

contains a heterogeneous mixture of light and heavy hydrocarbons, as well as

ash, unreacted coal, and unconsumed hydrogen. The high-pressure stre~ is

usually flashed to successively lower pressures, which pe~its ~ecovery 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 water present in the process stre~ is also separated from the other

compounds by flashing. This water contains a significant ~ount of the

sulfur from the process and requires sour water treatment. Sulfur, present

as hydrogen sulfide, also contaminates the hydrogen gas stre~ and is

removed with water and diethanol~ine (DEA) scrubbers. Treatment of sulfur­

containing wastes yields elemental sulfur by use of systems such as a

stretford unit.

Continued flashing produces a naphtha or light distillate product which is

taken as product. To further 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

2-3
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bottoms stre~ may be further processed by vacuwm stripping at below

atmosphe~ic pressure. This enhances the distillation of heavier

hydrocarbons and uses steam to increase the production of clean liquid

frac t ions ·

The bottoms stre~ from the vacuwm 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 utility ..

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 react~d 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 previously described.

A checklist of process units used in the five liquefaction plants surveyed

in this study is presented in Table 2-1. The major operating par~eters,

specific to each plant, are presented in Table 2-2. Complete process

schema~ics and descriptions are presented in Appendix A.
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~i PLAH'l' A PLAN'! B n.JUIT C PLAI1'r D PLAH'r E

~SIZE I so ton/day 20 ton/clay 6 toD/day 250 t=/day 200 ton/clay

I (renmped) (sY'ftCZ'Wie nJade)

- SOlvent ex=a~oa./ SOlveat ex=aetion/ SOLveae axczaet:i.oD./ Solvent: ut:ac1:i.on/ Solvent: extrac:1:ion/pRXISS
Nonc:a1:&1yti.c: coal C4talytJ.c: c:oal NoDc:atalytic coal CAtalytic solvent CA1:&lyti.c coal
hydrOCJca1:i.o1l h.yc:oqeoaei.on h.yd:oqua,t:ion hYdzoqea.atiOll/ b.yd:rOCJeD&t.i.an

NoDc:atalyti.c coal
h~oqcat1OD

rEED COALS I
Subbi.tum.i.Dous/ IJ.qDj.t:e/ Subbit:umn01d/ Subb1t:um1Doua/ tJ.qnj.te/

:SED ai1:l.1Zll.i.Dowl Su.bb1tuaiDou Bi~ Bi.t=lLi.DGua SUbbit:wli.ncua/
S11:W11i.noua

RUCmA

type VuUcal tuJ:Nlu St1=ed-taDk vert:1cal tubu.l.1z 'l'Ub.tlar plWI flow E!Nllate4-bed.
pluq flow ext:ac1:Or/ plug tlow

EtW.1a1:ed-bed
c:a1:&1yti.c
h~eaat:=

r.p., ·c 425-450 400-450· .. 425-475 450 450
(e,) (800-850) (150-850) (800-875) (850) (850)

Pr..s=a, 1500-2050 450 - ex=ae:toz' 2500 2000+ up to 3000
pl1q 3000-3500 -

h~"1:Or

Reli4enc:. 60 1'IlJ.nut•• 30 mionut... - 10 to 60 Dli.nuu. 80 DLi.nut:•• no information
tiu ex=ae:tor

I
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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 stre~ is heated in the preheater, and

then pwmped to the dissolver where extraction and liquefaction occur. The

gas, solvent. dissolved coal. and undissolved residue pass from the

dissolver through a series of flash drums which separate the gas from the

slurry. 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

removed is sent to the Stretford unit for treabment.

The liquid is further flashed and subsequently filtered to remove ash and

unreacted coal. The filtrate is pumped to a vacuum-flash preheater and then

flashed to below atmospheric pressure. The (I) product is 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 s~e 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

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

-2-6
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for app~oximately one-half hour of residence time .. The slurry is
~olwme

depressurized and flashed to remove hydrocarbon vapors and
th8n

ondensab1e gases which are formed as a result of thermal-cracking and
none
hydrogenation of the dissolved coal/solvent mixture in the extractor.

The remaining slurry is pwmped to a solids separation unit which produces a

clean liquid stream and a thickened slurry. The clean liquid stream -­

composed of solvent and coal extract -- is sent through a second flash step

which yields light and heavy distillate stre~s. The thickened slurry is

pumped to a carbonization unit which removes solvent from the slurry ~nd

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

~d withdrawn as part of the recyle solvent stre~ and as a product. Treat­

ment of the heavy stream yields further reacted liquids which can be removed

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

recycle.

Process Specifics of Plant c--

Plant C uses the (I) process; it is very similar to that described for Plant

A. In this process, pulverized coal is mixed wi~h process-derived solvent

in a slurry blend tank. The slurry is combined with hydrogen-rich (8S~)

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.
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the low-boiling (below l11°C) organics, recycle process solvent, and filter

wasb solvent.

Plant C has a maximum coal feed rate of 6 tons per day. The plant does not

have a coal preparation plant oosite. Coal of desired size and moisture

content is purchased and transported to the facility-

ProcesS Specifics of Plant D--

Plant D uses a noncatalytic coal liquefaction process utilizing prehydroge­

nated "donor" ~olvent to facilitate the hydrocracking the coal. The donor

solvent is a recycled distillate of the liquefaction stre~, and is

catalytically hydrogenated in a separate process. Several ·liquid fractions,

as well as an inter~ally 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 drying. 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 pwmped 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,

unreac~ed coal, and mineral matter. This stre~ is fed to the reactor

separa~or drwm where it is split into a vapor stream and a slurry stre~.
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striPPIng-d bottoms. Both gas oils are pumped to the donor solvent hydrogena-
oil, an ..-t Naphtha may be blended wlth the gas 011 stream or taken as prod-
t ioD unl ·

Bottoms are sent to the vacuum stripper.
uct -

te
d bottoms are pumped to the vacuum stripper where an overhead stream

prebea '
-de streams, and a solids-containing bottoms residue are -produced. The

tva '1
be

ad stream is condensed and separated into liquid hydrocarbons, sour
over --
vater, and fuel gas. Hydrocarbons are sent to the solvent hydrogenation

.ection. The vacuum stripper side streams inelu~e a light vacuum gas oil
~~C_

(LVGO) and a heavy vacuum gas oil (HVGO). The HVGOcaD..~withdrawn as

product, or can be combined with the LVGO stream and pumped to the solvent

hydrogenation section. Vacuum bottoms are pumped to a stainless steel belt

wh~re they are cooled and solidified.

ne solvent hydrogenation section replenishes the donor hydrogen in the re­

cycle solvent. In effect, solvent hydrogenation is a middle distillate

hJdrotreating plant. The replenished solvent flows through separator drums

where unconsumed hydrogen is recovered, and sour water and organic vapors

are condensed and removed. Hydrocarbons from the separator drums and the

solvent stre~ are combined and sent to a second fractionation system. the

fractionation process separates the hydrogenation products into three

streams: fuel gas, naphtha, and recycle donor solvent. Donor solvent

~lles~ing 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 is pulverized, dried, and delivered to a slurry preparation drum where

it is mixed with recycled slurry oil. Slurry oil comes from the hydroclone

(liquid-phase cyclones) overflow stream and from additional product oil from

fractionation. The slurry is pumped at approximately 3,000 psig to a gas­

fired preheater where it is heated to about 400·C (7S0·F). Hydrogen (H2)

is introduced a. the stre~ enters the preheater. The hot slurry is fed to

the reacto~ along with additional preheated hydrogen. Plant Ets reactor

utilizes a cobalt-molybdenwm 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

gaseous and liquid products, unconverted coal, ~nd mineral matter, is

separated into a vapor phase and a solid/liquid phase in the reactor effluent

separator. The vapor phase, containing unreacted hydrogen and gaseous hydro­

carbons, is cooled and the heavier hydrocarbons are condensed. The solid/

liquid phase is flashed in two steps from 3,000 psig to SO 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 stre~ 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 pwmped to the atmospheric and vacuum strippers.
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and are J, .a.u.--- - ~

, t'ng of a residuum of unreacted coal and mineral material are delivered
cons1S 1

f laker solidification process.
to a

The combined liquids from the stripper and the flash steps are fed to the

fractionator through a preheat furnace. The process stream is partially

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

ot the fractionator,. The overhead product from the fractionator is sent to

a stabilizer tower where the gases (C4 and lighter) are removed~ The

bottoms product from this tower is stabilized naphtha. The fractionator

produces ~wo other stre~s -- light oil and heavy oil.

Both streams are ste~-stripped to remove light ends which are returned to

the fractionator. The heavy oil stre~ is recycled with hydroclone overhead

to slurry preparation. A portion of this stre~may be blended with the

other streams to produce a synthetic crude oil.

Health Implications of Coal Liquefaetion Processes

Coal liquefaction processes present several health concerns. The exact

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

cat,sories: operators or process technicians, maintenance personnel, and

laboratory technicians. Job assisnments within these catesories are not

studardized, and some variations of the general descriptions that follow

occur.

1 total of about 800 workers were employed in the five coal liquefaction

pldts surveyed durins this industrial hysiene study- In the future, a

sinsle commercial plant producinS 50,000 barrels of oil per day is expected

to require about 1,000 to 2,000 workers. Based on data coneernins job

assignments and work descriptions obtained from the pilot plants, it is

projected that between SO and 80 percent of these workers will have the

potential for significant exposure to coal-derived materials.

Hydroqen sulfide: mercaptans, ammonia: noise

Hydroqen sulfide; phenolics; aromatic amines:
ammonia

I:~"~'" , ..... ""...-'-..- -----, ...~.- .....-.-., -------- r --~ -----.
phenolics

PNAs~ aromatic amines: boenzene, toluene, xylene:
phenolics

PNAs; aromatic amines: partic:\llates ; noiseBottoms solidification

BydrOqen Recovery

wastewater Treatment

solvent Recovery

~Rl FORCE ACTIVITIES

oistillation



clearly deflnea ana lnc~uue a ~l~n~L~~~U~ ~luun~ U~ ~~me ~pen~ In re~a~~v~~J

routine activities su~h as ~eading gauges, checking valve positions, and

monitoring process operating par~eters. During no~al plant operations, up

to 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 invo~vedt extended periods (up to a full shift) may be

required in the process area where exposure potentials are greater. These

operations involve the perfo~ance of routine acti~ities such as blowing

down vessels, taking process stre~ 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 pwmp 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 perfo~ed by the maintenance

personnel and the areas of the plant frequented vary unpredictably on a day­

to-day basis. In a commercial facility, exposur~s 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
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"atory technicians analyze process stre~ s~ples; however. job respon­

La or
slblllties vary widely. In one plant, these technicians are also responsible

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

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

laboratory technicians are responsible only for determining the physical

properties of the samples, and consequently do not experience any

slsnlficant in-plant exposure. In most plants, exposure to process

materials and to ~olvents used in the analytical procedures occurs during

sample preparation and analysis.

UltimatelYt analysi.s of work force activities and correlation with sampling

data can be used to develop industrywide, unifo~ 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/o~ solid products and wastes. Acute exposure to

high levels of these same materials can also occur during maintenance and

repair 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, coal 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·P). Correlation of these

high-boiling materials with positive results from mutagenicity and/or

carci~ogenicitJ testing suggests a high potential for carcin~genicity and

perhaps teratogenicity following exposure (MObile, 1976; Pelroy and Wilson,

1981). In additi~n, lighter, lower boiling oil fractions (31S-42S·C;

600-800·F) from coal that exhibit minimal direct carcinogenic activity have

been 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,

represent a potential for adverse health effects.

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

rials is presented in Appendix C, Volume 2.
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contractor at the Fort Lewis pilot Plant (DOE, 1980).

Individual 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 lS

selected-PNAs in random samples has shown a wide variability ranging from

nondetectable to 1,200 ug/m
3

. The product solidification area showed the

highest PNA concentrations.

~'~her conclusions of the progr~ 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.

H2S 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 associated 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.

2-16
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In both studies, the lighter molecular weight 2- and 3-ring PNAs were found

in the highest concentrations, with only minimal ~ounts of the heavier 4-,

5-, 6-, and 7-ring compounds detected. In 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

environmental conditions during s~pling.

In a closely related study conducted by Enviro in three coal gasification

plants, personal and area s~pling 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 litera~ure (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

studies is not possible. However, in this study of eight PNAs, the mean

concentrations of the measured PNAs decreased in the following order:

fluoraothene, benz(a)pyrene = benz(a)anthracene, pyrene, chrysene, and

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

Safety and H$alth Standards and Guidelines

Th& National Institute fo~ 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 similar document for a recommended standard for coal liquefaction plants

is not available. Instead, an occupational hazard assessment of the

industry 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.

2-18



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

P ducted at Plants A and B durinc the first year of the project. Sampling
con

C
onducted for the purpose. of: (1) testing the PRA sampling assembly;

waS
(2) evaluating PRA analytical protocols: (3) identifying chemical hazards by

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

the comprehensive surveJs.

In 1979, two additional coal liquefaction pilot plants, Pilot Plants D and K

wre brousht aD line. All pilot processes are va~iations of the same

technololl for producins either a liquid or solid fuel product. The project

scope included comprehensive surveys at all five pilot plant facilities.

PiSure 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

surve,s.

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

Plant: Walk-through Surveys Comprehensive Sur~eys

A June 1918 February 1979

B October 1918 April 1979

C none November 1979

0 none May 1981

E none Auqust 1981

3-1
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Tables 3-2. and 3-3 show the results of the screening for PHAs and other

organic compounds conducted on area samples taken during the walk-through

ourveys at Plants A and B.

In addition to air samples collected for GC/KS analysis, bulk samples of

process stream and by-product streams were collected for qualitative analysis

of PNAs and aromatic amines, and wipe s~ples were taken from surfaces of

equipment, work areas, tools, and protective clothing for PHA analysis. 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 4ND ANALY~IS

Based on data obtained in the walk-through surveys, it was decided to delete

~ome 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 s~pling and ana­

lytical protocols, or because the concentrations were far below levels con­

sidered to have health implications.

The qualitative work done with the GC/HS showed the presence of many PHA

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

quantitated routinely in subsequent sampling was based on three requirements:

3-2
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Tab~e 3-3. Other Organic Compounds and Gases Screened 1.n Wdlk-~'hrouqh Surv~y~ at 'l"wu COd.

PlAnt. A I a~l. TYpe. AIR WIPE IBUU' ~lR

eo_pouDd Mln- 801- Product 601- Pro-
Coal 1 SOl141 &01- 1

Carbon-'s
eoal eral vent 80114-

Water Solvent.1 ., WiLocation: vent cess ventPrep Sepa- Re- iflca- Treat-
Me- 501- Dry- Extrac- Sepa- tret- Tr

ae- 1&atlon fordration covery tlon .ent covery Ing tlon ration •vent covery
Benzene .a • • __ b

Substituted benzenea.
l,l-oxybis • • • • •one group •two groups •three groups • • •four groups
nitriles •carboxylic acids • • •Toluene • • • •Xylene • • • • • •Hexanes • • • •Higher straight chain hydrocarbons •Indene •Substituted indenes
dihydrodimethyls • •dihydrotrt.8thyla •Tetrahydronaphthalene • • • • • • •Substituted tetrahydronaphthalenea • • • •*>noaethyls • •

W
d1aethyls • •I Substituted tetrahydroquinones • •

~ Phenylenes
Biphenylene -- •Biphenyl • • • • •Substituted biphenyls • • • • •Terphenyl •Xanthine •Phthalate ester • • --
Bipyrazole •substituted thiazoles •Thiophene •Pentyloxirane •OCtacosane •Triphenyl ester •bulene •
Phenol
Substituted phenols •Cresol
p-Ethylphenol
o-Ethylphenol
2,]-Xylenol
3,5-Xylenol •Aniline • • •N,N-Dimethylaniline •o-Anisidine • •p-Anisidine • •Carbon monoxideo •Hydrogen sulfideO
Sulfur dioxideo
Ammoni.o

a..... indicates compound detected.
b

H
__ ..

indicAtes detected.
0

identified by detector tube.compount not Gases



originally, 29 compounds with available reference standards were identified

and quantitatively determined in air and bulk sampling. Five more were added

during the course of this study as standards bec~e available, making a total
~

of 34 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 ~hemical Substances (NIOSH, 1980) as

suspected neoplastic or carcinogenic agents; others are considered equivocal

neoplastic or carcinogenic agents.

Five nitrogen-containing heterocyclic compounds were included because of

toxicological evidence showing carcinogenic 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-naphthyl~ines are also PNAs; thus it is actually 36 PNAs

that were measured in this study.
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3

4

5

6

7

*8

9

10

11

12

*13
*14

*15
*16
17
18

19

20

21
22

23

24

2S

26

27

2-Methylnaphthalene

Ouinoline
Ac:enaphthalene

Ac:enaphthene

Fluorene
Phenanthrene/Anthracene

Acridine
Carbazole
Pluoran~ene

pyrena

BeDzo(a)fluorene/Benzo(b) fluorene
Benz (a) anthracene/Chrysene/Triphenylene
Benzo(j) fluoranthene/Benzo(b) fluoranthene/Benzo'(k) fluoranthene

Benzo (e) pyrene/Benzo (a)pyrene

perylene

Dibenz(a,j)acridine
Dibenz(a,i)carbazole
Indeno(1,2,3-ed)pyrene

Dibenz(a,h)anthracene
Benzo(q,h,i)perylene

Caronene
Dibenz(a,i)pyrene
Dimethylbenz (a) anthracene
3-Methylcholanthrene
6,l3-Dimethyldibenz (a,h) anthracene

*Compounds not separated. with 6' 3' OV-17 column.

3-6

~
-~



'---

- PLANT A PLANT B PLANT EPLANT C PLANT 0
SAMPLES wrl% CSb W'1' CS i CS CS CS

-
A11l SAMPLES

Orqanics

PNAs .; .; .; .; .; .; .;

Aromatic aminas I .; I .; I , .;

Phenolic. .; - .; .; I , ,
Benzene/Toluene/Xylene I .; , I .; , ,
Hexane I .; .; - - - -
~

Carbon JDanoxid. (CO) , .; , - - - ,
HydrOCJen sulfide (~S) I .; , - - - ,
Sulfur dioxide (SOt) I I I - - - -
AllllDcmia - - I - - - -
Me~ carbonyl. - - - - - - .;a'

Trace Metals - ~ - ~ - - ,a

BULX SAMPLES

Orqanics

P1IA8 .; .; .; - - .; -
Trace Metals - - - ~ - - -

WIPE SAMPLES

Organics

PNAa - .; .; - - .; I

awr • walk-1:hrouqh sw:vey. bes • caaprehem.ive survey. aeobal~, molybdenum, nickel.

dAr• anic , berylliWl, cadmima, copper, ~, manqane•• , nickel, S1:rOntium, eellurium,
maqne.iwa.
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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 S~pling and

Analysis of Polynuclear Aromatic Hydrocarbons in Coal Conversion Plants and

petrolewm Refineries" (Dyn~ac, 1983).

Prior to the survey, all sampling pwmps were calibrated to a primary standard

with the appropriate s~pling train in line. Correct s~pling rates were

confirmed by periodic checks with a precision rot~eter throughout the

oampling period. S~pling devices were checked periodically for overloading

of sampling media, pwmp perfo~ance, and functioning of the s~pling train.

Each sample was given a unique identification number at the start of the

sampling period. Sample data sheets wer~ prepare~ for each s~ple 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 stre~t the sampling progr~s were resumed.

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

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

3-8

~



u~der refrigeration. Filters, charcoal tubes, silica gel tubes, and bulk

samples were packed in separate containers with styrofo~ packing material t~

prevent breakage.

polynuclear Aromatic Compounds (PNAs)

The S8neral principle for collection of airborne PNAs and their aza-analogs

involves the, use of a samplins device eonsistins of a 37-mm silver-membrane

fi'lter with a solid adsorbent backup. The silver-membrane filter is onlJ able

to trap particulate-phase PHASe . The C-102 backup captures the vapor-phase

PHAse The two basic assemblies used in this studJ are shown in Figures 3-2

~d3~.

SllW1: Mulbrm.
. Sea1Dl... St••l Scne11

37-..
Polyc:amouate

_I CM[,
~rfl~
JL

Ce1lul08. S"'Oft Pad
Ch~om 102

Figure 3-2. Area Monitoring Device for PNAs
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I ~i~. ~;11l1 " U .-J I
Chromo.orb 102 c:::.....=:J • I~

Cellulose Gaaket--l I l.-cellulose Gasket

Sllvar Melllbrane

Pieur. 3-3. Personal Monitorial Device for PNAs

sampliuS for airborne PNAs was p.rfo~ed by drawiDS air through the two­

stase sampling unit consistins of & silver-membrane filter followed by

Chromosorb 102 (C-I02). a porous pol~.r adsorbent. The commercially avail­

abl~ C-I02 used for this study was cont~inated aDd required preextraction

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

Table 3-6. Chromosorb 102 Cleanup Protocol

Solven1:

Methylene chloride
Methanol
Methylene chloride/methanol
(1:1; v/v)

No. of
Solven1:
Chanqes

4

2

2

Soxhlet
Extraction
Time (hr)

48

24

48

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

4 gram. of C-102 sandwiched in the middle section of a three-piece cassette.

1 modified sampling unit was used for personal monitoring_ Approximately 150

me of C-102 was packed in a glas8 tube following the silver-memhrane-
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Atter collection of personal or area samples. the s~pling assemblies were

covered with foil and stored at -20·C in the dark until analyzed.

the C-102 solid sorbent and the silver~embrane filter were extracted

separately. After extraction and concentration, the extracts were either

~alyzed separately or combined. The extraction procedure is shown in Figure

3-4.

SAMPLING CASSETTE

Ultrasonic extraction
3 x 15 minutes
Cyclohexane

Filter and
concentrate to 1 m1

I
I
I
I
I
I
I

optional

I
I
I

Analyze
separately

Recombine
and

analyze

1

Chromosorb 102
Stainless Steel

Screen

Soxhlet extraction
22 hours

1:1 MeC12!MeOH

~ilter and
concentrate to 1 m1

I
I
I
I
I
I
I

optional

I
1

I
Analyze

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&CAK 217 (MIOSH, 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

Sranosonic 52 bath for 15 minutes with 5 ml of glass-distilled cyclohexane..

The extracts were then placed in a 15-ml centrifuge tube. The process 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 t~e use of_ two internal standards,

d10-anthracene and d12-chrysene. All GC analyses of the referenced PNA

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

cont~ination. Desorption efficiencies were dete~ined on each batch of

Chromosorb 102.

The GC/HS parameters used for the separations and quantitation of PMAs were as

follows:

3-12

......



MS Ionizer Block Temperature: 250·C

KS Electron Multiplier Voltage: 1800 V

KS Electron Energy: 70 eV

KS Emission Current: 500 rnA

The isomers not resolved by this GC column (i.e., numbers 8, 13, 14, 15, and

16 in Table 3-4) but found to be present in quantifiable ~ounts 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 t~ separate isomers not resolved with the

6-ft 3~ QV-17 column.

The capillary GC parameters are as follows:

GC Equipment: Varian Hodel 3700 equipped with an auto-integrator and
dual fl~e-ionization detectors

GC Column: 15 m x O.2495-mm i.d. glass capillary column packed with
O.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

3-13
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separate samples collected on 800-mg silica gel tubes were analyzed for the

two groups of aromatic amines listed below: ~
Anilines:

Naphthylamines:

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

l-naphthy1amine
2-naphthy1amine

Analyses followed recommended NIOSH (1977) procedures described in P&CAH 168

for aromatic amines and P&CAH 264 for the naphthy1amines.

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

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 less 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, a-cresol,

m-cresol, p-cresol, o-ethylphenol, p-ethylphenol, 2,3-xyleno1, and 2,4­

xy1eno1. Sinee silica gel is also the sampling mediwm 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 s~pling and real-time monitoring were preferred because

full-shift personal s~pling 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. charcoal 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 followi~g statistical method:

Logno~al distribution of the measured concentrations in the s~ples was
assumed (NIOSH. 1977).

The geometric mean (GK) and the geometric standard deviation (GSD) were
determined using the fo~ulas:

D

Gal • antilol110 I~ 10<110 Xi .
1-1

Ii

GSD • antil~qla
11 1:10111 0xt. -(I:10(110 Xi ) 1

n(n--l)
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LCL :I antiloglQ [lOC;J10GM - t.os lOqlOGSD]

n 1/ 2

t.os was chosen from the standard table.

(n-l) t.OS
1 12.7
2 4-.3--"
3 3.2 -'- ,-
5 2.6 ---

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
r

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

analJsis for PHAse
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collected and analyzed for up to 36 individual PHAs, or groups of PNAs. In

order to present the data in an understandable format, "total PRAtt values are

reported. The total PHA concentrations represent the sum of the individual

pNA concenerations determined for each sample. Individual s~ple results and

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

in APpendix B.

One of the objects of the study was to dete~ine 'which unit processes or

process areas contributed most to worker exposure or had the highest fugitive

emissions. To accomplish this,. area s~ples were collected adjacent to

equipment in each of the process areas that were expected to be the source of

bieh.st emissions. Sampling data from these sites were then combined for

comparison to other process area data and personal sampling results (Table

4-1). Similarly, personal s~pling data representing similar job responsi­

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

When grouped data are pooled, geometric means (GK) 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 value. are shown, rather than the LCL and UCL.

In most PNA samples, the 2-riD& PNAs, primarily naphthalene and its methyl

derivative., comprised the lars_st contributiDI mass to the total concentra­

tions. In order to include this info~atioD, the percent distribution of PNAs

by riDS Dumber is also given (Tables 4-1 and 4-2).
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Residua Separation 1 6.1 N/A N/A N/A 66.0 31.7 2.3 0 0 0

~ ITOtal In-Plant a 22.7 6.3 4.7 lOS.3 59.2 36.2 4.5 0.1 'J 0

~ Oi• .clvinq (Bx1:ac1:i.oIl) 2 52.3 1.3 43.3 63.3 98.5 1.2 0.4 0 0 0
S

OUti..ll&ti.oD (Fracti.onatica) 2 50.3 1.5 37.4 67.9 97.6 1.7 0.8 0 a 0

solvent ~av.ZT 2 68.0 1.0 67.2 68.9 99.0 0.7 0.4 0 0 a

solicl8 s~ati01l 2 38.7 2.5 20.5 72.9 96.9 3.0 1.0 0 0 0

CU"DoDizatioD 2 57.2 1.4 45.4 72 99.7 0.2 0.1 a 0 0

ayd.J::Oqaa&tioll 2 42.5 1.7 28.9 63.1 97.0 1.9 1.2 0 0 0

TOtal ID-Pl&Dt 1.2 50.6 1.5 38.9 65.8 98.1 1.5 1.3 0 0 a

-
c SlU=Y M.1si.Dq. 1 0.7 NIA lilA MIA u.& 80.0 5.7 0 0 0

DU801vi.Dq 1 <0.1 RIA MIA MIA 0 a 0 0 0 0

Dis1:i.ll&ti.on 1 2.7 lilA MIA NIA 92.6 7.4 0 0 0 a
soli.c:ls Sepua1:1on 6 3.•& 4.0 0.9 16.5 88.0 ll.2 0.9 a a 0

product soJJ.4UicatioD 3 17.4 1.:1 1S.3 19.5 93.5 14.8 1.7 a 0 a
Seal au Pump 1 15.3 lilA lilA NIA 94.0 5.& 0.3 0 a a

T01:&1 ID-PlADC 13 3.9 5.5 1.3 10.9 74.0 23.8 1.7 0 a 0

0 Sluny Mix1Dq (Feed Pump) 3 322.6 2.1 13S.8 475 98.0 1.9 0.1 0 a 0

Ousolvinq (RMe:toJ: PwIp) 2 57.0 1.3 48.5 66.9 95.5 4.2 0.3 0 0 0

Dut.1llad.oll

Atmospheric: Frae:t:i.oD&1:Or

L.1qht Gu/OU Pump 3 554.5 1.4 382. 622 97.5 2.4 0.1 0 0 0

aot~ Pump 3 917.1 2.5 382 2412 95.5 3.6 0.9 0.1 0 0

Vac:uua Stripper

IJ.qht Gu/Oil Pump 3 403.5 44.1 S.l 3740 97.3 2.5 0.2 0.1 a a
B_vy Gu/Oil Pump 3 4.5 15.2 <0.1 31.4 83.0 15.3 1.7 a a 0

Re.i.c1ue Separati.on

V&CUua aoe-tea PwIp 3 169.5 1.9 114 357 70.6 27.3 2.0 0 0 0

SOlvent Frac:1aonaUcn 5 169.0 8.7 lJ..3 2.5)C 103 99.1 0.8 0.1 0.1 0 a
seal 011 Pump 2 56.6 1.5 42.7 75.1 82.5 15.& 1.7 0 0 0

COauol Ree- (Mai.n) 3 36.8 2.0 23.3 82.6 97.3 2.7 a a 0 f'I
'oJ

CoDt.:ol Roca (CPO) 2 90.5 1.4 69.9 99.9 97.4 2.6 a a 0 0

011y Watu Suap 2 180.6 14.4 27.4 1190 99.7 0.1 0.1 0 0 0

Pu~ter 3 0.7 2.9 <0.1 1.3 100 0 0 0 0 a

TOtal In-Plant 34 133.8 7.9 65.8 ~71.8 93.3 6.1 0.5 a 0 a

CZNullDer of sample. collectc. "Geometric --.n of concu1:ration.. a~tric standard deviation. (cont.LnUeci)

dLowr 95' c:onti.dence limi.t of q...1:J:i.c MUl. ·o~Z' 95' confic!ence liJait of qeom.tric mean•

.t N/ A • not a.PPliC~l.. g"<" indicat•• value below detection l.imit.
j for .2 or 3 ezw.a aDd ma1_ val. .~ (not La. aDd uct)
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Residue Separa.tion I I
F1aker Sele (empty) j 3 11.6 1.4 8.0 1'.2 95.6 1.4 3.1 0 0 0

wut. all R8covuy 3 36.8 4.4 0.7 81.4 97.3 1.1 1.4 0.2 0 0

control ROOID 3 6.1 19.5 <0.1 39.9 99.7 0 0.3 0 0 0

Seal all Pump 3 26.4 1.5 16.9 40.2 92.2 4.2 3.7 0 0 0

perimeter 3 1.Z 6.7 0.3 10.8 100 0 0 0 0 0

TOtal In-P1mt 27 34.8 4.1 19.7 61.2 96.9 1.4 1.7 0 0 0

<%NUZDber of sample. co11ee:ted. °Geo.ea-i.c m.an of concentration.. <'Geometric standard deviAtion.

dLQwer 95' confi.cience l.iai.e of q....t:ric MAIl. "opper 95' confi.d.eDc. 1iaie of qeometric me&l1.

f ,,<. indicate. value ~low detec:1:ion limit.
j f~ .2 or 3~ aa4 uxiua value SDcNa (DOt: La. aDd Ucr..)
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---- -- ------,. - ._.... ..... -- ... .-. --- - ;;r•• 1J o.~ \J.~ 0 0 0

Prod.W:1: So~icU.lic:a1:· n 3 70.5 3.9 17.7 264 87.9 10.8 1.3 0 0 0

Tec:hni.cian Spec1.&llat 1 56.7 K/A·t KIA N/A 87.6 11.9 0.5 a a a

TOtal 13 35.8 3.2 17.6 73.0 85.3 13.8 1.1 0 0 a

MAIN'I'DAHCE PERSONNEL

Mec:haAi.c 1 84.9 MIA trIA MIA 74.0 23.4 2.7 0 0 0

welder 1 126.8 MIA MIA MIA 86.7 13.2 0.1. 0 a a
TOtal 2 103.8 1.3 8.1 1.3)( 101 80.3 18.3 1.4 0 a 0

LABORAmRr 't'ECBHIc:IAHS 3 4.2 4.9 <o.~ 2U.l 79.7 19.5 0.8 0 0 0

B OPERATORS

ExtraC:1:i.cn. 3 0.2 1 O~l 0.1 100 0 0 '0 a a
Fracti.onat1oD/ 3 <0.2 2.5 0.0' 0.3 100 0 0 0 0 0SOlveD-e bc:oVuy

Solida Separatioft! 3 <0.2 1.5 0.1 0.1 100 0 0 0 0 a
carboni.zat:ion.

Hydroqana1:i.oD/
J <0.2 3.9 0.1 0.3 100 0 0 0 0 0

tJt.i.lld...

Total 12 <0.2 ·2..2 <0.2 0.2 100 0 0 0 0 0

MAIH'l'ENAHCE PERSONNEL

Mil1wri.qh~ 4 <0.2 2.4 <0.2 0.6 100 a a 0 0 0

Pipefitur 2 <0.2 1.6 0.01 0.01 100 0 0 0 0 a
To1:al 6 <0.2 4.0 <0.2 0.3 100 a 0 0 0 0

LABORATORY PDSONNEL

Cheist 3 <0.2 4.8 0.01 0.1 lQO 0 0 0 0 0

Techni.ciaA 3 <0.2 3.9
- 0.3 100 0 0 0 0 00.01

Tot:&l 6 <0.2 4.0 <0.2 0.2 100 0 a 0 a 0

SHIn' SOPERVISOR 2 <0.2 1.9 <0.2 42.6 100 0 0 a a a

c OPERATORS

"C· 2 1.0 72.6 0.05 21.4 97.3 2.7 0.05 a a a
"0· 2 9.0 1.1 8.% 9.9 89.9 9.7 0.6 a 0 0

'l'o1:&1 4 3.1 16.0 <0.2 257.8 93.6 6.2 0.3 0 a a

MAIH'D:IIMICE PDSONNEL

P1pef1t1:U' 1 21.5 MIA MIA MIA 93.5 6.1 0.4 0 0 0

Inaula1:Os- 2 18.0 2.0 11.0 29.% 94.1 5.5 0.3 0 0 0

011.. 1 4.7 MIA MIA N/A 91.5 7.9 0.9 0 0 0

Ina'tZ'WDeD1:/MachaDic: 1 11.2 N/A RIA KIA 93.2 6.0 0.4 0 0 0

Millvriq.b1: 2 14.6 2.5 7.7 27.S 93.5 6.2 0.3 a a a
'l'Ot:a1 7 13.4 2.0 7.2 24.9 93.2 6.3 0.5 0 0 0

LABORA'l'OU PERSONNEL

Ch-.:i.aU 3 12.4 3.2 4.4 43.6 95.4 4.5 0.2 a a 0
- --

~ of sample. collec:tc. - Geometric meaD of ccmceDua't.1on.. - Geoaetric standard deviat1.On.

dLower 95' confidence limJ.t of qeomatric Mall. -upper 95' confidence li.mi.t of q801lMltric mean.

f~/A • not applicable. i.<. iD41cate. value below de-eeceioa l~t.
jfott .2 O~ 3~ ad 1Iai_ value sbCNll (DOC LCL aad UCL>
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solvent HydrocJeaati.aD 3 299.7 4.4 76.4 1453 99.2 0.8 0 0 0 0

offsi~e , Utiliti•• 2 88.3 1.6 62.3 17~ 97.0 2.9 0 0 0 0

rota1 17 96.9 3.3 52.7 178.2 97.1 2.8 0 0 0 0

MAIH'l'DWIC! PDSCHHEL

Weld.u 3 15.7 1.8 8.0 15 87.6 12.4 a 0 a a-
Millwriqht 3 188.3 5.5 60.5 1313 98.9 1.1 0.03 a a 0

P1pefit:t:c 4 51.1 1.2 "7.2 70.1 98.2 1.8 0 a a 0

t.a.mJ.ato~ 2 24.5 1.9 1'.7 31.3 96.3 3.7 0 a a 0

Elec1::Lci..aA 2 34.3 1.5 25.7 45 •• 92.6 6.6 0.8 0 0 a

tna=u.mt ~hzUciaA 3 41.5 2.1 17~ 67.6 98.6 1.4 0 0 a 0
-

LaDoru 3 19.0 1.4 13.6 17.1 96.6 3.4 0 0 0 a

To1:a.l 20 38.8 2.8 23.8 63.5 96.3 3.6 0.01 0 0 0

E· OPUA'1'ORS

Liquefae:t:ian (dia-
3 8.0 20.6 <0.2 171 99.1 0.3 0.5 0 0 0

solviDq)

FractioDatj.,gn 3 29.1 1.5 11.8 44.6 97.4 2.1 0 0 a 0

SOl.i.c!a Sepaz:ad.on 1 9.6 N/,! MIA N/A lOa a 0 a a a
w••tewatu 'r:eatment 2 47.5 3.4 20.1 111.3 100 a 0 a a 0

Tot&l 9 18.7 5.9 4.8 72.7 99.1 0.6 0.1 a a 0

MAIN'l'DAHCE PERSONNEL

Pipefittu/Weldu 5 12.8 lO.6 0.7 244.2 100 . a a a 0 a
Mac:hi.Di.at 3 1.8 u.s <0.2 30.1 100 0 a a 0 0

Insul.1:O~ 2 121.3 2.8 5'.3 248 98.7 0.6 0.7 O. 0 a

LADO~u 5 15.9 8 .. 4 1.1 230.4 -98.2 1.3 0.3 a 0 0

Total 15 12.6 10.1 3.6 44.2 99.2 0.5 0.3 a 0 a

~ of sample. col1ect-.i. -a.o-a:i.c Mall of coacentrationa. -Geometric ~ard cteviAtJ.On.

dLcWU' 95' confidence limit of qeometric meaD. 4aopper 95' confidence limi.t of qecmetric mean.

f MIA • not appli.cable. g "<,, i.Dd.ic:ate. value below d.etec:ti.on li.lait.
j'. . - -

for u-Z or 3 m1D1DIua and UX1ua value shova (noc LeI. and Ocr.)
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Proce.. solvent • • • • • r:I

D wrench handle • • • • - -
Instrument cover • • • • - --
Valve handle • • • • - -
COntrol house door handle • • • • - -
canuol house lunchroom • • • - - -
North f.laker staircase - qrOW¥1 • • • • - -
Bench aD!! lockers/dirty chang. • • • • - --roCllll

E SJ.=ry pump • • • • • -
Seal oil pump • • • • - •
Centrol room • • • - - --

1"'1 ;.,
"... indicat•• compound detectecl. -"-" indicate. compound not detected.

a"a" iDdicat•• sample not analyzed for this qrgup of PDs.
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D ~w."_.. ------- .. I - , - . .. - a

Solids Separaeion 2 : -- -- ~ a - ~

SOlvent R8covery 2 - - zz zz - zz

CU.bonJ.za1:i.oD 1 - - a II - zz

_au Treatmmlt 1 - - II II - a

stretfom Un.i.t: 2 - - II ir - IS

- 1C Sluc:y Blead - - - - - a

R.eAc:tOr 1 - - - - - zz

SoJJ..c!8 Separa1:i.on 6 - - - - - II

Ot.UlUd.an 1 - - - - - IS

Seal Oil Pu1Ip 1 - - - - - a

Product SOllc!1fic&tioD 1 - - - - - a

0 COn'tZOl~ 5 - - - - - -
Sluay Peed. 2 - - - - - -
Reactor 2 - - - - - -
Atmaphci.c: St::1.ppu 4 0.4 - - 0.1 - -
Vacuua St2:i.ppu 8 0.4 0.1 0.3 - 0.6 -
SOlvent !'racU.onatioD 6 0.3 - - - - -
Fluah Oll Pu1Ip 2 - - - - - -
Oily Water Sump 2 - - - - - -

E COn=ol Rae. • 3 - - - - - -
Slufty Pu1Ip 4 - - - - - -
Reac1:Cr 3 - - - - - -
SOlvent~ 4 - - - - - -
O:1.sUlUt:J.on 9 - - - - _. -
~.1due S.puat:.i.oA 4 - - - - - -
waau Oil Recovery 4 - - - - -- -
Seal Oil Pu1Ip 3 - - - -- - -

Number of sa.pl•• c:ollec::ted. -IDc:lud.. 0- aDd p-aniai.d.1De. -Inc:lur:i•• 1- and 2-naphthyl.ami.ne.

d"_,, indJ.c:ac.. c:QIIPO\1Dd not detec1:ed. -"a- iDcU.c:aU8 s..-ple not &D&1yzed for thia c:cmpowxl.
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.1UI:I.,I,Qu.a ~a1:'&I;a.~u ·1 -- - -
,...-

B COal. pJ:'eparat.'lon 1 -- - - - - -
SOUds separation 11 - - - - - -
Solven~ ExtJ:'ae:tion 13 - - - - - -
SOlveD~ Recovuy 6 - - - 0.1 - -
CArboDization 7 - - - - - -
Pract1aD&ti.on 2 - 0.03 - - - -
BydzocJuatian 2 - 0.06 - - - -
Str.~foJ:'d anit 2 II a II - - -

C Slurry Blend. 2 - - - a a a

Ruc1:O% 1 - - - a a a

SOlids Separation 6 - - - a a a

Distillati.on 1 - - - a a a

Seal Oil Pump 1 - - - a a a

caustic Pump 1 II II II - - -
Bo~ Well 1 a a II - -- -

0 COntrol Rooms 5 0.19 O.ll a a a

Sluny Feed 4 0.04 - 0.02 - - -
Raac:tor 2 - - - a a II

At:maspheric Frae:tiaD. 6 0.03 0.06 0.21 - - -
Vac:uua St:ipper 8 0.13 0.14 - 0.26 - - -
SolveD~ Prac:1:ionaticm 6 0.04 0.04 0.17 a II a

Plush Oil Pump 3 0.. 04 0.08 0.52 a It a

Oily Water sump 2 0.32 0.54 0.85 a a a

B Control Room 5 0.02 0.01 - -- -- -
Sluny Preparati.on 4 0.01 0.01 0.01 - - --
RMc:tcz 5 0.03 0.01 0.01 - -- --
Solvent~ 7 - 0.01 - - - -
DatUlaticm 8 0.06 0.02 0.01 - -- --
~idue Separation 6 0.01 0.01 - - - -
W&8te Oil· Racovuy 5 - 0.02 - - - -
Seal Oil Pump 2 - - - - - -

"
,.,

~

NwIber of .aaple. collected. -Include. 0- and p-ethylphenol. -Include. 0-, tIl-, and p-cresol.

dInc1ude• 2,3- aDd 3,S-xylenol. s"a" indicate. sample not analyzed. for thi.s canpound.

f"_,, indicate. compound not detected.
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B Laboratory 'l'echnician 31 - 0.08 -- IS 1:1 a

-
C Un!t Operator 4 - - - a a 1:1

Laboratory 'rechzUc:ian 3 - - - a· a 1:1

Maintenance Personnel 3 - - - a a a

D Unit OpeJ:atar lS 0.13 0.05 0.18 - - -
MainteDal1ce Personnel 16 0.34 0.10 0.05 -- - -

E Unit Operator S 1:1 a a - - -
Maintenance Personnel S a a a - - --

1"1 h "Number of sample. c:ollectecl. -Includ.e. 0- ancl p-ethylph8D01. -Include. 0-, a-, and p-eresol.

dInClwie. 2,3- aDd l,S-xylenel. 9"11" indicate. sample· not analyzed for thi.s ccmpound.'n_" indicat•• compound not detected.
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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 i~ 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 Progr~s

Recommended personal hygiene procedures designed to protect the coal conver­

SiOD worker against de~al, inhalational, and ingestive exposures to hazardous

chemicals include four majo~ elements:

protective clothinc/equipaent prosr~s

clean clothing programs

shower facilities with clean/dirtJ area separatioD

barrier cr8a.1 and cleansing asents
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gloves ,I I I I I

safety qlasses - .; , .; .;

hardhats .; .; , .; .;

eanauffs - - - - -
respira1:ars .; .; .; , ,

Clean Clotbinq Proqram
clean coveralls daily daily daily daily .;

protect:ive sho•• I - - .; .;

clean under-rear daily - - , -
ayqiene Facilities (Shower Roam) .; .; - .; , .;

sinqle locker - .; - - -
dual lockers - - l , -
clean/dirty separation ,--- ....... - - .; -
barrier creams/aqent3 .; '-- .; , ,

~'--

EDUCATIONAL PROGRAM

Prejob traininq , .; , , -
Brochures/manuals .; .; .; .; -
Continuinq education .; - .; .; -
Pos'ted siqns , - - .; -
Respirator traininq , .; .; .; .;

WOB PRAC'l'ICES AND PEBMIT SYSTEM I .; .; .; .;

INDUSTRIAL HYGIENE MONITORING

Informal schedule - .; - - -
Onifo%Dl proqram .; - I .; .;

MEDICAL SURVEILLANCE

Clinical monitorinq .; .; .; , ,
Epidemioloqical proqram , - - , -
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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: cottOD, asbestos, leather. rubber -- variously available or
required in all plants for specific jobs.

safety equipment is required for everyone entering the process areas of all

plants and include. safety glasses, safety shoes, lons sleeves, and hardhats.

Earmuffs are usuallJ available as well.

Protection of workers from inhalation of potentially dangerous gases and air­

borne particulates is provided bJ disposable respirators and full-face

respirators with acid~gas/organic vapor cartridges; in addition, supplied-air

respirators include 5-minute, self-contained escape packs, and 30-minute,

pressure-demand, self-contained breathing apparatus (SCBA).

The purpose of the clean clothes progr~s is to minimize exposure to coal­

derived materials and prevent their spread outside the dirt1 areas of the

plant. Pour of the five surveJed liquefaction plants provide daily changes of

clean coveralls ~or workers. Th.s~ plants also provide laundry service for

this clothins. either OD the premises or at commercial laundries. However,

there was DO evidence of systematic programs in most of the plants for

cleaning Donlaunderable article., such as gloves and rubber items. One plant

required nonlaunderable items to be disposed of when soiled, 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

dete~inatioD of tool cont~inatioD. No plant provides routine spot-checking

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

Educational programs for employees of the coal liquefaction plants were

observed to contain various elements consisting mainlJ of:

orientation and training sessions includins audiovisual presentations,
tours, discussions, and testing for understanding of job hazard and
health info~tioD;

health and safety brochures and manuals;

periodic continuins education sessions for refreshing and updating job
hazard and health info~ation, and providing classes or courses in
specialized subjects such as CPR; and.

postiDs of sisns and labels to indicate hazardous situations or to
encourage hysienic work habits.

All the plants provide trainins in the use of respirators.

Kedical Surveillance and Bpidemiological Studies

Routine medical surveillance protects the health of the individual bJ

detection of incipient health problema, and the health of all workers bJ the

provision of lonc-te~ health info~atioD which m&J identify plant and

industrial hazards requirins process or work practices modifications.

Effective prosr~. include medical monitorins 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 e); chartins of skin lesions (Plants

A,D,and E); color photosraphy of the face and hands (Plant D); and seai­

quantitative estimations of a "black speck" index for later correlation with

patholoSJ (Plant A). In addition, cytolosical ex~inations of sputum and

urine are provided at Plant D.

Table 4-9. 'Kedical Prosrams in Effect at Coal Liquefaction Plants

PI.MI'f A pLlft B p~c PI.MI'f D PLABr E

INO. of !:IIployee. zq. 184 sab 121 200-Z50 lS0b

MDtIMAL ~R1t-oP

Pr.plac~t EU.story .; .; .; .; ,
aM Physical

Almual rollow-up .; .; .,I .; .;

ori.Dalysi.a .; - .; .; -
Blood cowre .; - .; .; -
ROtJ'rID ~.-{J1t

S1coc1 Ch-.i.at:ia. .; - .; - .;

AOXILIARY TZSTS

Chest X-ray .; - - .; -
p~ FuDc:1:i.ona .; - .; .; -
!KG - - - .; -
SPEeD! xZII) TESTS

Aud1oqz"- .; - - .; -
Spg=- Cy1:o1ocJY - - - .; -.
O~:I.n. Cy1:o1ocJY - - - .; -
SJdA IXalliDat1cll .; .; -I .; .;.

KISCIU.AIIZOOS

Medical WO~k-up h.-:tecult: - - OIlC)Oinq .Ul»- -SUZ'. h.ia1:Cri••
Epi.d..u.oloqi.cal .; .;
proq:aa

'%Not all t ••ts qiven to all pcsonnel. bproc:••• '-'O~k.~s only.
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Table 4-10. Summary of Industrial Hygiene Monitoring Programs
at Coal Liquefaction Plants

MOnitoring ProcJraa Plant A PlaAt B PLmt C Plant 0 Plant B

COal Dua't/Respirable I IParticulat•• - - -
Benzene BeDzeneAromatic BydrocarboDs 501=1••/ - Beazene· Benzene

PHJW
solw:ue. solubl•• soluble.

Gue. I co, ElaS - .; -
Benzene, Toluene, I .; ,
Xylene

_. -
Phenolics .; - I I -
Noise I I I .; -

An extensive industrial hYliene monitoring progr~ is being conducted by the

contractor at one of the coal liquefaction pilot plants (Plant A) (DOE,

1980). Highlights of the pro&r~ 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 0.81
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 165
l,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 volwme of air collected.

Phenol and phenolic compounds have not been found in any airborne

s~ples 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 dBA in the

following areas: coal 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 pe~issible levels.
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during upset COnGlel0nS,

during activities that circumvent the closed systam,

durinl equipment maintenance, and

as a result of catastrophic equipment or vessel failure.

Supplemental enlineering 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 acti~ities that circumvent the closed system,

work practices and personal protective clothing and equipment are relied upon

to provide workers with additional protection.

Work 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

procedures that would reduce exposures to any constituents encountered during

upset conditions or in the perfo~ce of activities which circumvented the

closed system. The situations requiring special work procedures had been

identified bJ the plants a. being mainlJ related to maintenance activities,

process stre~ s~pling, and e.ergencies.

Chemical hazards which the plants had identified al the greatest hazards,

requirins special procedures, include PNAs and hJdrogen sulfide. The PHAs

were selected because of th~ carcinogenic properties of a number of species in
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a vessel) or in emergency situatlons lnVOLV1 D5 maJor p~g~8aa ~e&£a.

Maintenance workers have duties which routinely involve contact with process

stre~ constituents. These workers often have a higher potential risk 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 breakinl into process lines, repairing and

~emoving process equipment, and entering vessels.

work procedures in the liquefaction plants were designed to minimize worker
~. .

'~cantact with process materials, espe~ialll the coal liquids (tars), and to

prevent the fo~atioD 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 wort
- -

site. Onli Plant D has formalized these three elements within its safecJ

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

perfo~ the premaintenance activities of isolation, draining, and cleaning

because the, are more f~iliar with the process design than are the

maintenance ere... This transfers soae of the risk of exposure to process

material. fro. the maintenance crews to the operators. Protection of the

operators is accomplished bJ the development of fo~alized work procedures for

these three activities; by the use of a pe~it s1stem to monitor these

procedures; and by tbe use of personal protective clothing and equipment.
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beins repaired; it is also the least reliable method of isolation because of

the possibility of valve failure. Valving is the most common technique being

used at all of the liquefaction facilities; however, Plant D uses blinds and

plugs whenever feasible when working aD equipment and vessels. Blinds and

plugs are more reliable because the, involve the actual removal of a segment

of piping, thereby physically isolating the vessel or equipment fro. the rest

of the process.

Draining--

Once the system is isolated, it is drained of process material to pe~it

maintenance work. Drained solid or liquid materials are routed to

receptacles, such as covered containers or drains, for disposal; vapor and

gases are vented to the the~al oxidizers. Health and safety problems are

p~es.nt in the draining of isolated systems that are under high temperatures

and pressures. Where pressurized or high-temperature systems exist, bleed

valves are used to reduce pressures to abBospheric level.

CleaniDg--

Cleanins operations are used to remove surface cont~ination -- primarily coal

tars -- from work surfaces. Ste~cleaninl is the most commonly used method

and was used in all of the liquefaction facilities. HydroblastiDI and

industrial-strength caustic detergents are used in combination with

steaa-cleaning at Plants D and I. Observations at these facilities indicated

that the use of detersents increases the efficiencl of the cleaning operation.
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checking combustible gas and oxygen ~eve~St

measuring concentration of toxic gases, such as hydrogen sulfide, likely
to be present, and

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

HousekeepiDg-

Different approaches have been developed in the five liquefactioD plants to

handle routine housekeepins duties. The technique most commonly employed is

to conduct cleanup activities aD aD as-needed basis. At Plant C, spills are

cleaned as soon as possible by the perSODS responsible for the spill. strict

adherence to this policy, especially the as-soon-as-possiblo clause, at Plant

C has produced the cleanest work environment of the-liquefaction facilities

visited.

Plants D and E clean the process area aD 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 pe~itl 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

bilitJ for cleanup was held by operators who had other assigned duties that

took precedence over cleanup. Under this setup, cleaning of are•• in the

plants was inte~ittent, 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 flushins the area with water, with

the wastewater gains to a wastewater treacment site. The area was cleaned

with st.~ later when tim. pe~itted. 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 ste~cleanins at Plants D and E.

It vas noted during the surveys that this combination is very effective in

removing tar deposits. In plant A a jackh~er was used to loosen tar

deposits prior to steaB-cleaning; however, this technique was not as effective

as hydroblasting and det,ergent cleanins noted at Plant 0 and I, where it was

done OD a routine, scheduled basis.

Administrative 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 us. of protective clothing and equipment and

the use of safe work procedures. In the facilities where administrative

controls are used, the, serve as supplements to the other methods.

The most commonlJ used administrative control observed was barricading,

vherebJ a person's access to a restricted area is physically restricted bJ

barriers. Entry is p.~itted aD the basis of formaltrainins 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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are in the facility: visitors entering the facility must sign a "logbook,

notins time of arrival; upon departure, visitors must sign out, logging time

of departure. While in the facility, visitors are provided with eompanJ

escorts who are f~iliar with the plant's safety policies. This procedure

provides an effective means of monitoring visitors and their locatioD in the

facilit,. and ensures that visitors are not endangered by accidental violation

of safety procedures. At Plants D and E, all visitors planning to enter the

main process area must take part in a brief training progr~ outlining the

basic safety progr~.
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PNA swmp~es co~~ec~ea ac eacn or ~ne ~lve ~~que~ac~10n ~&C~~l~les were

divided into four major groups: all combined area s~ples (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 (GK). geo~etric

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-tese.

The equa~ioD used assumes ~hat ~he variances (S2) of the groups being com­

pared are ~iffereDt (Sakal and Rohlf. 1969). The equation is:

01 n2
---+---

log S~log S~

log GM 1 -. log GM2

It~ I=& antilog
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operator Number of Samples COl.lected 13 U 4 li 9
(pusonal Sample.) Gealletric MeaD (l!q/m3) ~S.8 <0.2a. 3.1 96.9 18.7

Geomeuic St:al2d.ard Deviation 3.2 2.2 16.0 3.3 5.9

Lawer 9S' Confidence Limit (l1q/m3 ) 17.6 <0.2 <0.2 52.7 4.8

Upper 9S' COnfidence Limit (~q/m3) 73.0 0.2 257.8 178.2 72.7

Maintenance Number of Samples COllected 2 6 7 20 lS
(pusan&! Samples) Geo..tric Mean (llq/m3 ) 103.8 <0.2 13.4 38.8 12.6

Geallet%ic St:az1dard Deviation 1.3 '4.0 2.0 2.8 10.1

Lower 95' COnfidence LiDLit (~q/m3) 8.1 <0.2 7.2 23.8 3.6

Upper 9S' COnfidence Limit (llq/m3 ) 1,300 0.3 24.9 63.5 44.2

Lataoratory Number of Samples Collected 3 6 3 0 0
Tec:muciaD Geomet%"ic Mean (llq/m3 ) 4.2 <0.2 . 12.4 N/A

b
N/A

(Pusonal Samples)
Geometric StaMa.rd Oeviation 4.9 4.0 3.2 N/A N/A

Lower 9S' COnfidence Limit (~q/m3) <0.2 <0.2 0.7 N/A N/A

Opper 95' COnfidence LiDLit (\.1q/m3 ) 211.1 0.2 222.4 N/A N/A

an <" indicates value below detection limit.

5-2
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and Dissolvinq - ---- --- 6f~.~ \JJ.~

ISolids Separat~on

I

4 47.0 1.9 18.1 121.9'
Fractionation 6 52.6 1.5- 35.3 78.3

C Coal Preparation, Slu:ryinq, 2 0.3 4.0 0.13 0.7and. Dissolvinq

Solids Separation 6 3.8 4.0 0.9 16.5

Fractionation 5 11.7 2.3 4.2 32.8

D Coal P~epa:ation, Slu:ryinq, 5 161.2 3.0 41.0 634.5&Dei D1••o1vinq

rractioDatioD 22 155.7 U.l 52.9 451.7
Con1::ol Roaa 5 50.4 2.0 21.7 116.9
Perimeter 3 0.7 2.9 <O~l 9.4

B Coal Preparation, Slu:ryinq, 7 69.2 1.9 38.9 123.1and Disso1vinq

Solids Sepa:at:ioD 3 135.4 3.7 1.3 372

Practionat;on II 24.5 1.9 16.0 37.6

Cant::o1 Roca 3 6.2 19.5 <0.1 39.9

Puimater 3 1.2 6.7 0.3 10.8

~umber of samples collected.. bGeomeuic mean of concantrationa.
~Geametric standara deviation. dLower 95' confidence l~it of qeame~ic mean.
·Opper 95' confidence l~t of qeo..~ic mean. f N/A • not appliCable.
1"<,, indicates value below d.tec:~oft limit.
h few .2 en- J,au- ... ..a.ua ft1u .... (DOC teL aad ~CL)
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+­n 1 n 2

where "n-1" is the degrees of freedom.

Plant A

A compari30n of all area samples collected at Plant A (GK • 21.4 ug/m3
i

table 5-1) with the GK of each of the three worker groups sho~ a signifi­

cant difference (P:<O.Ol) in the mean concentrations of the worker groups

relative to the area samples (Figure 5-1). The maintenance group mean (GK ~

103.8 ug/m
3

) is fi~e times the area mean, ~d the operator mean (GK ~
35.8 ug/m

3
), 1.5 times higher. These results indicate an additional

source of exposure to these groups other than average PHA 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 activitie••
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o~erator (13)

-+-GIl • 35.8

!olaintenance (2)

--------1-------­
GIl • 103.8

Laboratory Technician (3)

< 1_-----------
GIl • 4.%

~ers in parentheses
indicate the n~er of
saaple. collected.

0.1 0.2 0.5 1 2 5 10 20 SO 100 200

Concentration of total PNAs (~q/m3)

500 1,000 2,000

Figure 5-1. Plant A Geometric Hean PMA Concentrations and 95~ Confidence
Limits for Combined Area, Operator, Maintenance, and
Laboratory technician Samples

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

which is 2~ of the avera,_ PMA levels d8te~ined 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 to enter the process area because their duties

primarily involve the preparation and analysis of process stre~ s~ples

which are collected by the operators. Since the technicians' work is per­

fo~ed under laboratory hoods, lower PHA 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

exposure (Table 5-1). The mean for the operator group is nine times that
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Figure 5-2 is & 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>O.05) was observed between the mean·

PIA levels of the dissolver/coal preparation area (GK • 31.3 ug/m3, and

the fractionation (GK • 23.2 ug/m
3

, 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)*

<1 I )
GIl • 23.2

Solids separation (1)

•
Cozw:em:ration • 224.3

*Numbers in paren1:hese.
indicate the number
of s&mple. collected..

Coal Preparation/Slurryinq/Oissolvinq (4)---1---GIl • 31.3

0.1 0.2 0.5 1 2 5 10 20 50 100 200

Conc.ntra~ion of Total PNAs (~q/m3)

sao 1,000 2,000

FIgure 5-2. Plant A Geometric Mean PNA Concentrations and 95~ Confidence
Limits for Kajor Unit Operations
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within this area.

Plant B

A sisnificant difference (P < 0.01) was observed between the combined area
3 3

samples (GK • 50.6 ug/m ) and the three worker groups (GK ~ 0.2 ug/.

for each worker sroup) in Plant B <Figure 5-3). All three worker groups had

meaD PNA levels below the limit of detection, indicating negligibl~ expo­

sures to PHASe 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. Observations

made during the surveJ showed that the operators averaged 80 percent of

their time in the control room because ,frequent upset conditions during the

survey precluded their conducting 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. KainteDance workers spent 80

percent of their time in the maintenance shop which is also located outside

of the process area.
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G1-t • <0.2

Laboratory Technician (6)

GM • <0.2

~. in parentheses
indicate the nuIIIJ:)er ot
~les collected.

0.1 0.2 0.. 5 1 2 5 10 20 50 100 200

Concentration of total PNAs (lJq/m3 )

500 1 , aa0 2 , 000

Figure 5-3. ~lant B Geometric Mean PNA Concentrations and 95% Confidence
Limits for Combined Area, Operator, Maintenance, and La.bora~

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 proximity of all unit operations to

one another.

Practionation (6)'·

-+-
GIl • 52.6

Solids Separation (4)

. 1---
GIl • 41.0

* Nullbc's in ~enthe.e.

indicate the numbeJ: of
sample. collectllCl.

Coal Preparation/Slurryinq/Dissolvinq (2)------1-----­
GIl • 52.3

0.1 0.2 0.5 1 2 5 10 20 50 100 200

Concentration of Total PNAs (lJCJ/m3 )

500 1 , 0aa 2 , 000

Figure 5-4. Plant B Geometric Mean PNA Concentrations and 95% Confidence
Limits for Major Uni t Operations
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perform minor repair activities (e.g., rlxlng a ~e~lng V&4V81, lC appears

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

exposure.

CCIIlbined Area (13)*--I-­GIl • 3.9

Operat.or (4)

< 1-----------GIl • 3.1

Maintenance (7)

-+-
GIl a 13.4

*Numbers in parentheses
indicaee the number of
~l•• collected.

Laborat:ary Technician (3)-------1------­GIl • 12.4

0.1 0.2 0.5 1 2 5 lO 20 SO 100 200

Concentration of total PNAs (\lq/m3 )

sao 1, 000 2,000

Figure 5-5. Plant C Geometric Hean PRA Concentrations and 95~

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

No significant different (P>O.05) existed between the means of the main­

tenance group (GK • 13.4 ug/m3, and the laboratorl technician group (GK •

12.4 ug/m
3

" 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
5-9
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the maintenaDCe and l&boratory technlCl&D sroup. &DQ ~u. ~~~~u.~ •• v_ ~~­

ple' and operator groups (Table 5-1; Figure 5-5'. The maintenance personnel

&ad laboratory technicians have PHA exposures which are about four times the

••an concentrations measured for the ar~a saaple. and operator croups. This

indicate. that the maintenance staft and laboratory technicians are'exposed

to additional source. beside. tho.e of the seneral process area enviroD-

..at. Observations durins the surv., of Plant C indicate that the.e sources

are activity-related, with the t.chni~i&D.' exposure linked to process S~

pliDI activities and maintenance workers' exposures related to repair of

oa-lin8 equipment.
~ --

A comparison of .eans of the major unit operations at Plant C is ShOWD 111

table 5-2 and. rieure 5-6. The fractionation area had the highest level (GK a

11.7 Ug/1Il3, with that o·t the solids separation area and the coal dissolving

&rea beiDS signiticantlJ lower.

r:a~1aD&tioD (5)*---1---­
GIl • U.7

Solid. S.para~aD (6)-----1----­
GIl • 4.0

*NuJlbus in parenth••••
ind1c&1:. the n~
of SUlPl.. c:cllec1:.t.

Caal Prepuat.ioft/SllU:Yinq/Di••olvinq (2)

<I I >
GIl • 0.3

0.1 o.~ 0.5 1 2 5 10 20 SO 100 200

Canc8Dtr.~ion of Toul PHAs (uq/m3 )

500 l, 000 2,000

Fieur. 5-6. Plant C Geometric X.an PHA Concentratons and 95~ Confidence
Limits for Kajar Unit Operation S~pl.s
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3
38. 8 ug/m ).

Combined Area (34)

-+-
GIl • 133.8

operator (17)

-+-
GIl • 96.9

*Num.bers in parentheses
indicate the number of
samples col~ected.

Maintenance (20)

-J-
GIl • 38.8

0.1 0.2 0.5 1 2 5 10 20 SO _100 200

Concen~a~ioD of total p~ (~qlm3)

500 1,000 2,000

Figure 5-7. Plant D Geometric Hean PHA Concentrations and 95~ Confidence
Limits for Combined Area, Operator, and Maintenance Samples

The significantly lower levels of PHA exposures for the two worker groups is

an indication that theJ were not exposed to sources of PHAs 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 environment.

The operators were observed to spend only about 60 percent of their time in

~he process area monitoring equipment, which would account for their lower

level of exposure relative to the concentration of PNAs in the area samples.

Th. maintenance crew did not work on onstream equipment during the surveJ

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 durin; ths survey period; in the other plants,

this tipe of activity was found to be a major contributor to the overall

exposure of the maintenance group workers. It is, therefore, expected that

sampling of maintenance worker~ during shutdown when on-line equipment

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

.All major unit operations had means significantly higher (P < 0.05) than

the perimeter (GK • 0.7 us'a3) (Table 5-2; risure 5-8). The PRA level for

the control rooa (GH z 50 •• uS/a3) was 71 tiaes, and the levels of the

dis- solverlcoal preparation (GH z 161.2 uS/a
3

) and the fractionation (GH

~ 155.7 uS/a3) areas more than 220 times the perimeter PRA levels.

There was no significant difference (P > 0.05) between PHA 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 Plant D is about 75

meters from the main process area, which ma1 account for the lower levels

measured there relative to the process area.

5-12
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*N\=berS in paZ'~the•••
i:¥1icate number of
sampl.. collected.

~~~~~~un~~~uu \~~I

, 1-'--
QI • 155.7

Coal Prepar.tioD/I~~inq/Dissolvinq(5)------1-----
GIl - 161.4

0.1 0.2 0.5 1 2 5 to 20 50 100 200

Concentration of 'rotal PNAa (uq/m3 )

500 1,000 2,000

Figure 5-8.

Plant E--

Plant D Geometric Mean PNA Concentrations and 95% Confidence
Limits' for Major Unit Operations, Control Room, and Perimeter
Samples

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
35-9). The mean area PNA level (GM • 34.8 ug/m ). was three times the mean

3measured on maintenance workers (GM - 12.6 ug/m -) 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

expoSltre to PNAs.

5-13
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GM • 18.7

~1a.intenance (1.5)

-----1-----
*NumDers in parentheses
indicate the n~er of
samples collected.

GM • 12.6

0.1 0.2 0.5 1 2 5 10 20 50 100 200

Concentration of total PNAs (~q/m3)

400 1,000 2,000

Figure 5-9. Plant E Geometric Mean PNA Concentrations and 95% Confidence
Limits for Combined Area, Operator, and Maintenance 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 and (P< 0.05) other unit operation

samples--the operator mean being 50 to 750 percent lower 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 nms unless upset conditions occur. Their normal workload during a

test nm consists of work on support equipment, work. on unit operations that

are down, new construction, remodeling, cleanup of the process area, and

making preparations for shutdown activities. There were no major process

upsets and all but one unit operation were running during the survey of

Plant E; thus, main tenance activi ties were primarily in other work areas

Which did not require extensive time within the process area. An estimated

60 to 80 percent of maintenance staff time was spent in the maintenance

shops which are.outside of the process area.

5-14
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Survey results at Plants A, 8, an~ C lnQ1C&~ea ~na~ &C~~y~~~es lDVg~V~U& uu­

line process equipment are the major source ~f PNA exposures for maintenance

workers; at Plant B, work aD on-line equipment is scheduled for shutdown

periods. It is expected that if sampling were conducted during shutdown it

would produce exposure results more in line with those noted at the other

liquefaction facilities.

The four major unit operations at Plant! had PHA concentrations ~anging

from 50 to 100 time. higher <P < 0.05) than the perimeter s..ples (GK a

1.2 Ug/.3) (Table 5-2; rigure 5-10). Significant differences (P < 0.05)

also exist in PHA concentrations among the four major unit operations~ The

control room had the lowest level (GK • 6.2 ug/a3); the fractionation

section was 400 percent higher (GK • 24.5 ug/a3); the dissolver/coal

preparation area (GK • 69.2 ug/a3) was 400 percent higher than the

fractionation area; and the solids separation section posted the highest

level (GK • 135.4 ug/m3) which was twice that of dissolver/coal

preparation area.

The solids separation section is located 50 feet north of the fractionation

section and 20 feet west of the dissolver/coal preparation section. During

the surve" this was downwind of the fractionation and upwind of the dis­

solver/coal preparation area. Based on the 'ranking of these areas bJ PNA

concentratioDs, it appears that the solids separation area is a major source

of PHA emissions. Ambient PNA concentrations decrease with an increase in

distance from this sectioD. The control room is located outside the process

area and had the lowest PNA levels.
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* NUJl,bers in par.nth••••
indicat. the number of
saapl.. c:ollected.

•
GIl • 24.5

Sol1ds Separation (3)-----------1 )
GIl • 135.4·

Coal prep&J:'atioD/Slur~inq/Ois.olvinq(7)

-+-
GIl • 69.2

0.1 0.2 0.5 1 2 5 10 20 SO 100 200

Concen1:ration of 'l'otal PNAs (lolq/m3 )

500 1,000 2,000

rieur. 5-10. Plant B Geometric Hean ~NA Concentrations and 9S~ Confidence
Limits for Kajar 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 area s~ples 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 including

operatins conditions at the time of the surveJ were felt to have a greater

influence aD the valu•••
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~J.Cln~ \,; \J.~J----1--­
GIl • 3.9

Plant:D (3'4)

--+-
GIl • 133.8

*NUmbers in parenthes••
i11&:Ucaee th8 nWlLber
of sacl•• collec:tecl.

Plant: E (27)

-f-
GIl • 34.8

0.1 0.2 0.5 1 2 5 10 20 SO 100 200

Concentrat:ion of Total PNAs (~q/m3)

500 1, 600 2,000

I
I

·.··1

FiSure 5-11. Geometric Mean PNA Concentrations with 9S~ Confidence Limits
for .(combined) Area Samples from Pive Liquefaction Facilities

Plants A an~ C are very similar in their operating specifications. Compari­

son of these two plants indicates that aD increase in the size of the plant

does not necessarily lead to a correspondin~ increase in the ~bient PNA

levels. this result susgests that extrapolation of PHA levels from these

pilot plants to larger facilities mal not be justified.

Worker Groups--

The analyses of data from each of the five plants showed significant differ­

ence. in the means of each of the three worker group. for all five plants

<Plaure. 5-12. 5-13. and 5-14). Rowever, evidence of the ezistence of a

relationship between plant siz., or process typ., and worker sroup exposure

was not found (Tables 5-3 and 5-4). Bxposure levels of the operator, main­

tenance, and laboratory technician croups 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

beine used at each facility.
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plant C (4)

1
I< GM • 3.1

Plant.Q ,,17)

-+-GIl • 96~9

-NUll.bers in parenth••••
indicate the number o~

sample. collected.

Plant E (8)----1----­
GIl • 18.7

0.1 0.2 0.5 1 2 5 10 20 SO 100 200

Concen~ation of Total PNAs (~q/m3)

500 1, 000 2,000

Figure 5-12. Geometric Mean PNA Concentrations and 95% Confidence Limits
for Operators at Five Liquefaction Plants

Plant A (2) * 1 _

GIl • 103.8

Plant B (6)

<-
GH • <0.2

Plan1: C (7)

--+-GIl • 13.4

Plant 0 (20)

-t-
GIl • 'l8.8

*Number. in paruth••••
indicae. the number o~

sampl.. col_lec:ted..

Plant E (15)-----1---­
GIl • U.6

0-.1 0.2 0.5 1 2 5 10 20 SO 100 200

Concen~ation of Total PNAs (~q/m3)

500 1, 000 2,000

'"-",---

Figure 5-13. Geometric Mean PNA Concentrations with 95% Confidence Limits
for Maintenance Workers at Five Liquefaction Plants
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<-
GH • <0.2

Plant C (3)

-------1-------­
GIl • U.4

~s in parentheses
indicAt. the number of
saapl.. collec1:eci •

0.1 0.2 0.5 1 2 5 10 20 50 100

Concentration of total PNAs (llq/m3 )

200 sao 1,000 2,000

Fi8'1re 5-14. Geometric Mean PNA Concentrations with 95% Confidence Limits
for Laboratory Technicians at Three Liquefaction Plants
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(3.1) (12.6) (12.4)

0 1 1 2 d
(96.9) (38.8)

E 2 3 3" d
(18.7) (13.4)

aGeometric mean concentration (~q/m3) qiven in parentheses.
bLimit of detection of analytical procedure.
cNo siqnificant difference between Plants C and E (P >0.05).
~o samplinq 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 Meancz
Process Type Plant Labora.toryOperator Maintenance Technician

Donor Solvent 0 1 2 b
(96.9) (38.8)

B 5 a «0~2)a 3 a
«0.2) « 0 .2)

Catalytic Hydroqenation E 3 3d b
(18.7) (13.4)

Noncatalytic Bydroqanation A 2 1 2
(35.8) (lO3.8) (4.2)

C 4 .4d 1
(3.1) (12.6) (12.4)

CZGeometric mean concentration (~q/m3) qiven in parentheses.
bNO samplinq conducted at these plants for laboratory technician group_
°Limit of detection of analytica.l procedure.
dNa siqnificant difference between Plants C and E (P > o. OS).
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all three groups, while Plant E ranked in the middle of the five plants.

cODt~iDation of process equipment and tools with PHAs was detected by col­

lection and qualitative analysis of wipe s~ples (Table 4-3, page 4-7).

Host s~ples were found to contain PNAs with up to 5-rings. Although no

quantitative exposure estimate is possible to this type of exposure, it is

apparent that continued de~al contact with cont~inated equipment is

occurring at all plants. this emphasizes the need for an effective pro­

tective clothing prosr~ and periodic decont~ination and cleaning of items

fr~quently 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 PRA exposures measured in the five coal liquefaction

pilot plants to a f~iliar industry segment, Figure 5-15 was developed from

data obtained in two other KIOSK-sponsored studies conducted by Enviro

(rutagaki, 1981, and Cubit and Tanita, 1982). Figure 5-15 shows the results

(GK and 9S~ confidence limits) of personal saBpling conducted in this study,

in nine petrolewa refineries (fluid catalytic cracking units and delayed

coking units), and in three coal sasification plants. The sampling and

analytical methods for PHAs 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

~he nine petrolewa refineries.
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---r--- ?lan~ A.

--t-- Plant a----I Plant: C

rE'!ROW:TJ~M:--~?.Ei~-~....r,I~N~E~R~I~E~S~~-~iJ~E~L.\~'i~E~D~C~a~iU:~R~UN~.~I~'!'P.S~----------------"--"'~ ----+-- aefinery A-+-- Refin~ B

aefi.l1ery C

--+- Refin~ 0
____..1_, aefinery F

~ Refinery G

..... Ref1J1ery !

~--PETROLEUM ~INERUS - FLOIt) CA1'AL:lTIC CRACKER CJNITS--- -------- ••-----

+aefinery A

~Refinery B-+-- Refinery C

-t--Refin~ 0

-+--- aefinuy E:

-+- Retin~ r-r-- aefinery G

+Retin~ II---+--- Refinery I

O~l 0.2 0.5 l 5 lO %0 50 lOa 200

ConCeDua1:10n of 1.'01:&1 PNA. (\lq/mJ )

sao l, 000 2,000

Figure 5-15. Geometric Mean PNA Concentrations- with 95%
Confidence Limits for' Personal Samples
Collected at Coal Liquefaction and Coal
Gasification Plants, and Petroleum Refineries
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aromatic ~ines in the five coal 'liquefaction 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/m3 for the seven aromatic

amines. The results seem to indicate that employee exposure to simple

aromatic amines was not a frequent occurrence in the five 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 mediwa has been demonstrated to be unreliable under these

conditions. Thus, these data cannot be' used as evidence that polynuclear

aromatic ~ines (PAAs) are not present in the"plant environments. PAA·~

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

the PAAs, as discussed in Chapter 3 of this document, have been shown to be

associated with the mutagenic and carcinogenic activity of high boiling

point fractions of coal-derived liquids. A suitable-method for sampling

PAls had not been validated bJ NIOSH, and the methods used in this study

(P&CAK 168 and 264) for the simple aromatic ~ines are not necessarilJ

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 (~ables 4-6 and 4-7). Benzene was found in

35 of 208, toluene in 35, xilene in 25 of the 298 samples collected.

Phenols were found in onli one of the 298 samples. Cresols and xl1enols

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

the low airborne levels of these compounds found seem to indicate that thei

maJ not be a significant health concern in the.e plants; however, the
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of fire, accidents, explosions. and exposure to toxic chemicals. Progr~s

designed to minimize the first three hazards are modeled after industrial

pro5r~s 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:

most plants did not attempt to-identify optimal materials for
protective clothing manufacture,

most plants lacked guidelines for discarding nonlauderable,
cont~inated clothing including shoes, boots, gloves, slickers,
etc.,

most plants lack the provision for clothing change before meals,
~d

most plants lack a progr~ for routinely dete~ining the
effectiveness of the personal hysiene progr~ by checking for
residual contamination of personnel before meals and after
showers. and of clothing after launderins. drycleaning. etc.

Educational programs senerally depend upon initial and continuing verbal

instruction from plant supervisors supplemented by written and audiovisual

aids; this format provides info~ation and instruction to resular plant

employees. However. an active progr~ to include all plant maintenance

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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induserla~ exposures, lnc~ualn5 ~nOBe lD cga~ conVer~lgn p4an~s, are ~c mu~­

tiple chemicals whose toxic effects cannot always be predicted. A more

complete screening procr~ should include more specific heart and lung tests

(BlG. and FVC and rEVI pulmonary function tests). as well as a standard­

ized battery of serum chemistry tests which can detect a broad spectrum of

organ dysfunctions, often before other signs and symptoms of disease becoma

apparent.

For the coal conversion industry. this "routine" screening progr~ may not

be adequate to protect the health of the worker. Preliminary epidemio'logic

and toxicologic testing data have indicated an increased risk of cancsr fra.

chronic exposure to some coal-derived materials. Furthermore. these studies

have pinpointed the skin. lungs, and urinary tract as organs at special risk

from such exposure. For this reaSOD. more extensive ex~ination of these

target organs has been recommended and is being practiced in some coal

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 see. obvious. However, from its institution in

1956 by Crabbe as a systematic screening 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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o,is t (Ng, 1980). The most important factor dete~ining the quality of the

results is the pathololist's expertise, motivation, and interest. It must

be recognized, however, that in a mass screening progr~ econemic consider­

ations dictate that this material be screened by less highly trained pro­

fessionals (cytotechnolosists) with only positive results being reviewed by

the patholosist. Whether acceptable correlations of these results with

proven-cancer can be obtained is unclear at this time.

The cJtoloSical diagnosis of cancer of the lung from sputWD is a diagnostic

test with a correct detection of about 68 percent (Springs, 1977). Its use

as a complement to chest X-raJ in the detection of luns cancer would seem

desirable because those tumors most like11 to shed cells into the sputWD are

often the most difficult to detect radiolosicallJ. However, while prelimi­

nary findings from earlf lUDg cancer detection programs supported bJ the BeL

have tended to show that combined screening for lung cancer by annual sputum

cytology and chest X-raJ is more effective than chest X-ra1 alone (Hel~ed

et al., 1977), they have not shown that this screenins prosr~ significantly

influences lUDS cancer mortality (Fontana et al., 1975). The rationale for

the routine use of this test in high-risk, aSJmptomatic workers would then

depend upon the identification of premalisnant cells in sputum. Saccomanno

et ale (1965) described such a finding in 24 uraniwa miners who subsequently

developed lUDS cancer. Confi~tion of these findings and the possible

institution of eXaBinatioDs aimed at detecting these early cell changes

represent an important avenue for research.

'I
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~a11tical methods used. The PNA levels measured at Plant 0 may be the most

p~edictive of exposures in commercial plants because Plant D was the onlJ

plant to run continuouslJ at normal operatins conditions durins the surveJs;

the pilot facility processed 80,000 tons of coal during a 10,600 hour run.

The major PHAs present in all plants were naphthalene and its methyl

derivatives. Air saBplinS data showed very low levels of 4- and 5-ring PNAs

preseDt as particulate or vapor under the conditions sampled.

Plant size, desiSD, unit process, and operating conditions could not always

be related to the concentrations of PHAs found in area and personal s~ples.

Employee activities were directly related to PHA exposure levels. Main­

tenance activi~ies involv~ng breaking into process equipment or handling

contaminated equipment resulted in higher exposares to airborne PNA conceD­

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 meaD of area s~ples. This finding

was related to the fact that operators spend considerable ~ounts of time in

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

Denul contact with process liquids is a potentiallJ significant source of

chronic PNA and coal tar product exp08ure in these plants. This exposure is

not easily quantifiable but may represent a significant hazard in light of

the available health info~atioD concerning adverse effects of coal tar

derivatives.

Agsressive equipment cleanins and decontaaination programs combined with

appropriate personal protective equipment and personal hygiene programs are
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grOUPS of chemicals rarely showed measureable concentrations. There are,

however, some questions about the effectiveness of the samplins and

~a11tical methods at the conditions encountered during the survefs,

especially for the aromatic ~ines and the phenolic compounds.

the medical surveillance programs established by the plants reflect their

mdasement's awareness ~f the occupational hazards associated with the

facilities. Althoush no standard medical surveillance progr~ or battery of

tests has beeD widelJ accepted for these types of facilities, the corporate

medical officers have generallJ developed programs in accordance with manJ

of the NIOSK guidelines for similar industries.
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pational health hazard of long-term inhalation exposur~ to low levels

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

o Standardized aampling methods should be developed for assessing

workplace dermal exposure to PNAs; this should be correlated with

health effects information, if possible.

o Methods should be developed for cleaning or decontaminating coal tar

residues from equipment and protective clothing.

o 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.

o Improved, possibly less complex sampling and analytical methods for

PNAs, or a PNA indexing system for selection of "proxy" PNAs for

assessment of total PNA exposures need to be developed. The method

should be able to utilize analytical instrumentation other than mass

spectrometry because of its high cost and inherent variability.

o The feasibility of organic vapor sampling badges for light weight (2-,
•3-ring) PNAs ~hou1d be investigated.

o Improved sampling me~ia and methods are needed for airborne phenolics

and aromatic amines.

o Further research, leading to a standardized medical monitoring

protocol, needs to be done.
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PROCESS DESCRIPTION

the Plant A process has two variations. In the first variation, (I), the

product is a solid material with an approximate melting point of 177-20S o C

(350-400•P). In the second variation, (II), the product is a liquid

app~oximately of crude oil consistency.

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

In the (I) modeJ coal is ground to 100 percent minus 20 mesh, and 70 per­

cent minus 200 mesh; then the pulverized coal is mixed with recycled coal­

derived solvent. Carbon dioxide is available for use in the coal 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

app~oximately 1,500-2,000 psig. High-pressure hydrogen gas is added to the

slurry. the three-phase stre~ is pumped through the preheater and heated

to approximately 400-425°C (750-800·F); then it flows from the preheater to

the dissolver, 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 high-pressure gas recovered from

the letdown drums is passed to the high-pressure gas purification system

(diethanol~ine 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 t~e Stretford unit.
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plant by truck.

The filtrate is pumped to a vacuum-flash preheater, heated to approximately

3160C (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 (I) process. In the (II)

p~ocess, a portion of the whole product from the dissolvers is cooled to

approximately 232°C (450°') 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 (FeS
2

) undergoes reaction with the

hydrogen in the dissolver to form (PeS + H
2
S). FeS

2
is known to have

catalytic properties and apparently helps to catalyze the hydrogenation

reaction.
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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 (01 Area) is located at the southeastern corner

of the plant rectangle. This totally enclosed unit is located abou.t 30

meters. from all other portions of the plant. The maintenance building is

located directly north and slightly to the ~ast of the coal preparation

section; and the preheating and dissolution section (02 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 coal preparation area, within approximately 10

meters of it, and to the south of the control 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-pres.sure 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

eake. 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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06
07

08.1
08.2

09.1
09.2
09.3
09.4
09.5

09.6
09.7
09.8
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10.0
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Coal preparation area
Preh.ater and di••olver area
Hineral .eparation area
Solvent recovery area
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Proce.a w••tewater disposal system
Tank fara
Cooling water
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Hydrogen/synthe.i. ga. and inert C)a.
generation and d••ulfurization unit.
Control building
Shop and warehouae building
Dowthexw syat_
Dry ch.-ical .to~.ge building

De••hiDCj unit

Figure A-2. Plant A Plant Layout
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t the product pile are also located on the ground tloor. Ine producton 0

pile is located to the west and slightly south of the product solidification

section.

The utilities, including cooling tower, boiler, stretford unit, and

natural-gas refo~er for the production of hydrogen, are located north of

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

The tank fa~, 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 above 3S·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 thrQugh activated-carbon filters; the water effluent coming from the

biotreatment unit has no odor.
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PROCESS DESCRIPTION

The Plant B Test Facility used a commercial process to produce low-sulfur

liquids of different boiling ranges. A simplified process schematic is

presented in Figure A-3. The operating par~eters of the process are shown

below:

Coal Feed: 20 tons/day

Extractor Temperature: 385 to 450·C (725 to S50·F)

Extractor Pressure: 450 psig

Hydrogenation pressure: 3,000 to 3,500 psiS

Extractor Residence Time: 30 minutes

Coal is trucked to the plant and deposited in either of two 10-ton bins

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. Coal from the cyclone is sized and delivered to a

70-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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bottom 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.

Downstream from the ex.tractor, the slurry flows through a knockout pot for

removal 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

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

some solvent flashing.

Hydrocarbon vapors and ~oncondensable gases are fo~ed as a result of the~al

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 ~ounts of about

3 weight percent of the coal fed to the extractor on a moisture-lash-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 separation 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 p~oduct, a mix of about 20 percent liquefied coal and 80 percent

Solvent, containing less than 1 percent solids, is-decanted from the

overflow weir at the top of the vessel. This clear product flows

A-10
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d then flashed across a pressure control valve into a flash still at minus
an
5 inches of water pressure (14.5 psia). A part of the unflashed liquid, now

. b in dissolved coal, is recycled back to the flash still heater; and the
rlC

remainder is pumped to the catalytic hydrogenation section.

Flashed 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. Kiddle distillate may be recycled to the slurry

mixing operation or sent to tankage and ultimately blended into a fuel oil

product.

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 preeonditioner; 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 remaining liquid continues on to the catalytic reactor. Hore light ends

are taken from the second reactor, combined with the first, and treated for

separation of gases and condensable hydrocarbons. Gases are subsequentlJ

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.

Flashed product gas and vapors pass through two internal cyclones and are

immediately quenched with condensate oil. 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 oil is returned to the settler in the

solids separation section. A portion of the off-gas, which contains car­

bon monoxide, carbon dioxide, nitrogen, and some hydrogen sulfide and sulfur

dioxide, is purged to the stretford unit. Char is removed from the pro-

cesS and disposed.

FACILITY DESCRIPTION

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

the Administration B~ilding 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 t~e 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

A-12
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segregated into two groups which are separated by the service road, which is

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

level structures. The two sections are each approximately 150' x 120' in

area with vessels and superstructure about 60' high. Most process equipment

is unenclosed; an exception is the third level of the 300' area which is

enclosed and contains the filtration system (the filtration units were not

in use at the time of the comprehensive surve,).

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. Host of the pumps are located on the ground level which simplifies

monitoring and maintenance of the pumps.
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'1 t Plant C uses the (I) process to produce a low-sulfur, low-ash solid
P1 0

1 A schematic of the (I) process is presented in Figure A-S.
fUS '

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).

Hydrogen-rich feed gas is added to the coal slurry upstre~ 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

percent 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 cooler 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 condensor, 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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C
uum column. Recirculated liquid product is mixed with material from

the va
acuum preheater surge drum. The vacuum column overhead pressure is

the v
. tained at 28 to 30 inches of Hg. vacuum. The material in the column is

malD
rated into liquid product and vapors in the overhead. The condensed

sepa

an ic vapors are pumped to the feed tank and then to the light solventorg
recovery column.

Liquid product from the vacuum column is fed to the product cooler, which is

& water-cooled vibrating conveyor. The product solidifies into brittle

1/8- to 1/4-inch-thick sheets which shatter into small fragments upon

vibration; 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.

FACILITY DESCRIPTIOH

A numerical identification system is used at the Plant C facility to

identify the individual equipment. This designation system is given in

Table A-l 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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PlIO AlB
PIll AlB
PI16 AlB
P1l9 AlB
P125 AlB
PI39 AlB
P142 AlBIC
PI43
PI69 AlB
PI78
P203
P20S AlB
P206

8102
8103
8203

CI02
CI04

EI02
El03
E107
E122

......... _.... V I' ,. ........ 'I'~ • Wi ...... ""'~ ......... ,. ...

Reclaim Tank Pumps
Filter Feed Pumps
Preheater Surge Drum Pumps
Liquid Coal Pumps
Filter Scrubber Pumps
Reflux Pumps
Preheat Tank Pumps
Wash Tank Circulating Pump
Wash Solvent Pumps
Sluice Pump
Flush Solvent Pump
DowtheMm Circulating Pumps
Dowtherm Surge Pump

Slurry Preheater
Distillation Column Preheater
Dowthenn Heater

Hydrogen Recycle Compressor
Fresh Hydrogen Compressor

Dissolver Product Cooler
High-Pressure Cooler
Flash Condenser
Solvent Draw Cooler

T104
TI0S

VIOl AlB
VI03
VI04
VIOS
V106
VIIO
VIII

VI20
VIZ3
Vl24 A
V124 8
V129
V13I
V140
Vl41
VI44
V147
VI64

Vl70
V17a
V206

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
Light Oil Product Tank
Wash Solvent Storage Tank
Caustic Tank
Recovered Solvent Tank
Precoat Makeup Tank
Wash Tank
High-Pressure 8lowdown Tank
Preeoat Tank
Feed Tank for TI04
TI04 Overhead Holding Tank
Wash Solvent Storage Tank
Dowthenn

,". :'--

FI03 Pressure leaf Filter

KIll Vacuum Jet
K12S Product Cooler
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Figure A-6. Plant C Layout
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r ade level floor of the process structure is constructed of concrete
rhe g

. h simplifies cleanup procedures. The flooring is diked to contain major
~hlC

'lls Most of the pumps and equipment prone to leakage are located at
Spl •

this level~
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PROCESS DESCRIPTION

~e Plant D system is a unique noncatalytic coal liquefaction process

utilizing prehydrogenated "donor" solvent to facilitate hydrocracking of

1 The system uses crushed bituminous, subbituminous, or lignite coal
coa ·
~d reacts it with donor solvent and hydrogen at elevated temperature and

pressure. The donor solvent is a recycled distillate of the liquefaction

stream and is catalytically hydrogenated in a separate process. Several

liquid 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 pr-eparatioD

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,OOO-ton­

capacity storage silo. Coal from the storage silo is fed to one of two coal

preparation systems. The first system is a gas-swept roller mill, in which

the coal is crushed to a size of minus 8 mesh to minus 30 mesh and dried to
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h nisms include: covers for all conveyors and for railcar unloading; a
IDee a
~ater spray system for the railcar hopper and coal preparation area; and

venturi scrubbers and bag filters for the drying gas stre~s. Explosion­

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

nitrogen-inerting system.

slurry Mixing and Drying

~e slurry drying drum (D-101) is located on the coal preparation block

where it receives crushed coal from both mills and mixes it with hot donor

solvent from the liquefaction/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

(8S0°F). Molecular hydrogen is added to the stre~ which continues to the

liquefaction reactors (R-10lA to R-101D).
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coal feed rate:

Reactor temperature:

Design temperature range:

Reactor pressure:

Design pressure range:

Reactor residence time:

160 to 200 tons/day (dry coal)

441 to 4S1°C (82S to 844°F)

427 to 460°C (800 to 860°F)

2,000 to 2,200 psig

1,900 to 2,600 psig

Up to 80 minutes

Reactor product consists of gas, vapor, liquefied coal, recycle solvent,

unreacted coal, and mineral matter. this stre~ is fed to the reactor

separator drum where it is split into a vapor stre~ and a slurry stre~.

ne vapor phase passes through hot and cold separator drums where con­

densable hydrocarbons, sour water, and unused hydrogen gas are separated.

Condensed hydrocarbons reenter ~he slurry stre~, and sour water is removed

for treatment. Unused hydrogen is recycled to the reactors after puri­

fication in gas scrubbers. The main slurry stre~ 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 ste~-stripped. Fractionator

temperatures of up to 34SoC (650°F) are regulated by the input rate of

cooler liquids from the drum separators. Flashed vapor consisting of naph­

tha, sour water, and fuel gas is condensed and separated in a distillate

drum.
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h vacuum strlpper \I-~U4}. ~ne vacuum scrlpper YleiCs an overhead
to t e

~~ two side streams, and a solids-containing bottoms residue. The
stre~Pt

head stre~ is condensed and separated into liquid hydrocarbons, sour
o~er

t r and fuel gas. Hydrocarbons are sent to the solvent hydrogenation
~a e ,

tl·On The vacuwm stripper side stre~s include a light vacuum gas oil
seC •
(LVGO) and a heavy vacuwm gas oil (HVGO). The HVGO can be withdrawn as

product or can be combined with the LVGO stream and pumped <P-207, P-208) to

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

v~uable hydrocarbon material and are presently stored ina building on site.

The fumes from the cooling belt are completely withdrawn and sent through a

high-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. In

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 included. the

solvent is hydrogenated in fixed-bed, nickel-molybdate catalytic reactors

(R-301 to R-304).

The liquid feed is mixed with hydrogen gas and pumped (P-301) to the reactor

preheat furnace (P-301) and to the reactor. The replenished solvent flows
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distillate arum wnere sour wacer, rue~ gas, anQ tne naphtha product are

rated. Solvent comes directly off the fractionator and is pumpedsepa
(p-306, P-307, P-308) to storage in the tank farm. Donor solvent possessing

the proper characteristics is cycled back to the liquefaction section and

mixed with coal in the slurry drier.

support Processes

Three "integral support processes are critical to Plant 0 operations:

hydrogen (H2) recycle, fuel gas recovery and use, and sour water

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

Hydrogen is initially piped to Plant 0 from the refinery and is introduced

at both the liquefaction and the hydrogenation reactors. Hydrogen not

consumed in reactions is recovered from the separator dr~ after the

process stre~ leaves the reactors. The impure gas is scrubbed with water

and diethanol~ine (OEA) to remove ~onia, hydrogen ·sulfide, and carbon

dioxide. Clean hydrogen is recompressed and recycled to the reactors along

with make-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 (C4 and less)

and impurities. It is treated in a system similar to hydrogen scrubbing to

remove impurities, and is subsequently used for heating purposes. Fuel gas,

along with makeup natural gas, supplies fuel for the several preheat and

feed furnaces used in the process.

Sour water is removed from the process at various separator and distillate

drums, and is also produced from water scrubbing of fuel gas and hydrogen.
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the formation of elemental sulfur as a by-produce.

plant 0 has a flush oil system to provide solids-free solvent for flushing

lines, instrument taps, and solids-handling valves. Flush oil is provided

by high-pressure pumps (Pl13A and B, and P-lOS) and low-pressure pumps

(p-115A and B). This flush oil is a hydrogenated distillate. Solids­

h~dling pumps are externally flushed with process sidestreams. For

example, P-204 atmospheric bottoms pumps is flushed with light vacuum gas

oil 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 0 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

associated equipment is presented in Table A-2. A diagr~ 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-lO.
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Liquefaction/Distillation Unit #2
(LOU #2) (200 area)

Liquefaction/Distillation Unit #3
(LOU #3)

solvent Hydroqenation Unit
(SHU) (300 area)

Coal Preparation Unit (CPU)

Offsite and Utilities (OSU)

~~quetact~on reactors (R-10lA to R-101D); high­
pressure separation drum (0-103); reactor separator
pumps (P-106A&B)

atmospheric fractionator (T-201); light gas/oil pumps
(P-202A&B)i bottoms pumps (P-204A&B)i vacuum preheat
furnace (F-20l)i vacuum stripper tower (T-204); light
vacuum gas/oil pumps (P-207A&B)i heavy vacuum gas/oil
pumps (P-208A&B)i vacuum bottoms pump (P-210)

solids handling; flaker belt; Dowtherm facilities;
hiqh-pressure flush oil pumps (P-ll3A&B); blowdown
drum (0-121)

solvent feed pumps (P-30lA&B): feed filter (0-308);
solvent preheat furnace (F-301); solvent hydrogena­
tion reactors (R-301 to R-304); solvent fractionator
preheat furnace (F-302): solvent fractionator (T-303);
sour·--water··syst1llD1 fuel- qas scrubbingr acid gas com­
pressors; hydrogen compressors

railcar unloading; coal conveyors; storaqe silo and
bins; impact mill: gas-swept mill

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. Several multilevel structures are present in the process area in­

cluding those which house the towers. These contain equipment and workspace,

and are open to the air.

The process sections containing equipment susceptible to liquid leakages

I have concrete floors and are diked. Specific equipment and subsections are

·f diked within the sections to further isolate any spills. The tank farm area
II is covered with crushed stone, and equipment is supported on concrete pads

i or piers. Host 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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coal is delivered by rail to a building northeast of the process area, where

it is unloaded and mechanically conveyed to the 5,OOO-ton raw coal storage

silo. The process stre~ is initiated at the slurry drier in the coal

preparation unit, and moves to the liquefaction and distillation section.

Recycle solvent hydrogenation occurs in the hydrogenation area. Products

removed during distillation or solvent fractionation are stored in the tank

farm areas located east of the process area. A flaker belt for solidifying

vacuum 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

traffic. 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 north

outside of the area. These buildings receive fairly heavy use.
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PROCESS DESCRIPTION

tbe Plant E process is a catalytic coal liquefaction proces~ capable of pro­

ducing either. synthetic crude oil suitable for refining or heavy fuel oil.

~e process can use either bituminous or subbitwminous coals. Coal is

hydrogenated and liquefied in a catalytic ebullated-bed reactor. The hydro­

liquefaction product is then separated by distillation into liquid fractions

of different boiling temperatures. The process also 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 oil 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 Pigure A-ll.

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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900- ton storage Dlns. rnlS coa~ 1S removea Wlen a we1gn reeaer ana conveyed

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

~esb.

the pulverized coal is dried to 2 percent moisture and simultaneously con­

veyed with hot flue gas to a cyclone where most of the coal is separated.

the dry coal then passes through a rotary gas lock to a screw conveyor where

it is distributed to two 250-ton bins.

All phases of coal preparation are protected against dust emissions and

explosions. Baghouse filters are used at every step of the operation, with

recovered coal dust being recirculated to the coal stre~. Variable height

boom conveyors are used to distribute coal to open piles and to reduce dust

at this stage. Nitrogen (N
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

mi'xed with recycled slurry oil. Slurry oil comes from the hydroclone over­

flow stre~ and additional product oil 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·P). Hydrogen (H2) 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 Separat.ion

the reaction product is withdrawn from the top of the ebullating bed and

depressurized 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 phase, containing unreacted hydrogen and gaseous

hydrocarbons, is cooled and the heavier hydrocarbons are condensed. Gaseous

hydrocarbons 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 ~ydrogen is recovered from the flash vessels and is recycled.

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

(liquid-phase cyclones).

Hydroclones are used to separate solids from the slurry stream and produce a

solids-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 stre~s enter the fractionation unit at two points. The solidI

liquid slurry stre~ 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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unreacted coal, and mineral material, is delivered to the flaker solidifi­

cation process. Here, a fully enclosed and ventilated belt cools the liquid

and delivers the solidified material to storage piles. the flaker material

is later trucked offsite for disposal.

The eombined liquids from the strippers and the flash steps are fed to the

fractionator through a preheater furnace. the process stre~ is partially

vaporized in the preheater furnace before being introduced to the flash zone

of the fractionator. the overhead product from the fractionator is sent to

a stabilizer tower where the light ends (C4 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 ste~-stripped to remove light ends which are returned to

the fractionator. The heavy oil stre~ is recycled with hydroclone overhead

to slurry preparation. A portion of this stre~ may be blended with the

other streams to produce a synthetic crude oil.

Support Processes

Three other processes are critical to operation of Plant E: 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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actor effluenc separator ana sUDsequene r~asn steps. Hyarogen 1S separatec

from other gases and is recycled to the reactor.

Sulfur-containing cont~inants are removed at several stages of the process.

Hydrogen sulfide is removed with the fuel gas stream and with the sour water

produced at various steps in primary separation and fractionation. Hydrogen

sulfide is removed from the fuel gas with diethanol~ine (DEA). The H
2
S

is then stripped from the DEA. The DEA is regenerated onsi te. Sour water

is steam-stripped of its hydrogen sulfide. A concentrated stre~ of hydro­

gen sulfide from the fuel gas stre~ and sour water is piped to the nearby

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 solid 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 elemental 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.
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liquefaction area.

the 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.

~ above-grade control shed located nearby is used to direct this operation.

coal reclaiming, including conveyers, a primary crusher, and large storage

bins. is housed in a tall, open structure. The pulverizer drying area,

dominated by the Raymond bowl mill, is housed in a semi-enclosed, circular

building. 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 area, 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 several

stories above the other equipment including the hydroclone, reactor, hydro­

gen compressor, seal oil 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. Oil

stains and spills are present in these isolated areas. Products removed

during fractionation are stored in the tank fa~, which occupies the eastern

tip of the facility just inside the perimeter road.

The deashing area of the plant contains a nonoperational, partially dis­

mutled 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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a
ces S wastewater from foul water stripping are processed here, before be­

pf
• tl discharged into the river.
lno

~e control house. from which the major parameters of the liquefaction pro­

ceSs are monitored and regulated. is located in the southwest corner of the

coal preparation area. It is a self-contained, concrete block building, and

it houses a large control room. a lunchroom. bathrooms, and individual

offices.
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Table B-I. Plant A Area Sampling Analyt.ical ltesult.s (\-lg/m3 ) for PNAs (Ve\)l"Uac'j

Between
Crusht:r
, Pu.aps

Slurryin',J

Between
Crutaher

. , lIiCjh­
PrtHi~ure

Pwaps

SlUl-Cy
Mix

'J'auk

Uiyh­
Pct:ssure

Flatih
Dcum

Slurry
PWlap

Wdtih
Solv~ut

8ottoUlb
l)wup

Sdul.1vik
lh:lt

1-_....:s:;.;aa:;;;;;;llp,;;.;;:.1;.;:e;.....;;;"':.;;;WIW;;;;be:;,~r~;~_--:;:.0.;;..06~_.. ...;..00~7~_f 01~0:-=-_t---::-0~4~0-:--_t---::::-0~4.~1-:---1t----..,;0;..;;2;.;:5:..-----l.------..:;0;.;:2:.::6~--I O~6

.......,:;S.;;;aa;;;j'p..:l;;.;;e;......;;v...;;;;o~1.;.;;WI;;;;;.e~(~r~t.:.)..;.;_.---.,;)~,~)~1~2_...-:~1~,~14-i-6~:-f.-:-:-~1~,3-:9-:5~-t-~~S~0_S~1~:-t~:-5~0~7~8--:--I__4~4;..;;0;..;.1_-f---=4~,~3~6~1_-I_._.....:..4 , 269
Sa.pling T~e; 0820-1420 1230-1812 1306-1815 1821-0336 1829-0341 0912-1111 0910-1704 1847-02]

I---Da..;;.;;;,;te;;;;L.;;;c-o~11~e.....c-t-ed;;..;:;....·--..;;..;;..;2.L~18-~~1.;.,;;9;;..;;._--I-~2L-:-:9-~~·?--9--t......;_--.. 2-~L~'li--=-?~~+-O-'2.L~1-:-1L~1~9--'_ ~--2_l~I~1~:l~I9~.~_ -I-"';'.21~10--:::L~I~9~~_":;"_~L~1:;""QL~19;;;-";.~_ I-----~;.;:~..:L!Y?~

Ca.poun4
(detection liait ~gIIIl3}a

t:P
I

w

Naphthalene (0.01)

I-Methylnaphthalene (0.01)

2-Methylnaphthalene (0.01)

QuinOline (0.01)

Acenaphthalene (0.01)

Acenaphthene (0.01)

Fluorene (0.01)

Phenanthrene/Anthracene (0.01)

Acridine (0.01)

carbazole (0.01)

Fluoranthene (0.01)

Pyrene (0.01)

Benzo(a) fluorene/
Benzo(b)fluorene (0.01)

Benz (a)anthracene/Cbrysene/
Trlphenylene (0.01)

Benzo(e)pyrene/
Benzo(a)pycene (0.01)

Pel"ylene (0.01)

Dibenz(a,j)acri4in8 (0.01)

Dibenz(a,i)carbazole (0.01)

Indeno(l,2,1-cd)pycene (0.01)

Dlbenz(a,h)anthcacene (0.01)

Benzo(g,h,i)pecylene (0.01)

Anthanthl"ene (0.01)

COl"onene (0.06)

Dibenz(a,l)pyrene (0.06)

Dimethy1benz(a)anthracene (0.01)

5.1

1.0

8.1

13.7

0.6

4.4

ll.7

1.0

3.8

1.1

1.5

0.8

0.3

O.l

0.1

0.2

0.6

0.4

4.0

9.6

0.2

0.5

0.2

0.8

5.:l

0.6

4.6

0.5

1.0

2.0

:lo.o

4.0

2.1

1.6

0.8

0.4

5.1

0.3

2.0

6.4

0.00

0.6

l.Ol

0.2

0.2

0.2

0.01

0.1

8.9

1.1

34.9

14.5

4.9

8.5

41.l

2U.9

23.0

24.9

21.3

5.8

1.3

10.6

6.1

10.5

40.0

0.1

1.2

3.6

10.1

0.2

0.6

0.7

2.0

0.8

O.:l

0.0

1.U

0.2

0.4

l.tI

0.04

0.07

0.1

0.1

0.4

0.02

0.02

0.02

I==~===-===a:=.....~;;a;;g;====-f-;;:==-==+=====J-=====t=====-==--+==-=--===-~- ~==;;";';"';;'-'=I='-=-=-- =.==-=1-----'-
TOTAL 57.1 17.5 51.2 18.1 227.3 92.8 6.0 0.6

b.. __ n indicate» not 4~tecte4.
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Table B-2. Plant A Personal Salnpling AnalytIcal Results (\1 g 11n3 ) foe PNL\s
(February 7-17, ]919)

01 A(~~ Personnol
Pecsonnel SCimpled wlJoralory '!'cdmi(; idU~

Welder ullc r",t.or Tech- Tcch-
H'..:(.;la..1&11(.;.. ici..a .. nici...u 01J\;l'..al

Sample Nwaoor; 053 054 055 003 011 012 020 01 j
---
~!

Saaple Volwae (t) ; 304 251 450 220 352 245 243 ._!!!~- ~15

Sampling 'l'ilDt:;
0028- 0031- 0830-, 0955- 1235- 1234- 0821- OU~L- ---OU-fj
1655 1653 1650 1335 1825 1U24 1625 J4UU 1) 1~

Date Collected: .. 2L!2L19 . 2.L12L79 __ ~L12L79 . .2.1.7L79.. _.2L9L79 .._~L9/?9_ 2/l0i1~. . ~t!4/?~
r-----

,. ~/171

COIIIPOUnd
--

Naphthalene
a

2.1 0.4 16.1 0.1 8.2-- -- 36.02 7. ]

l-Hethylnaphtba1ene -- 1.3 1.0 13.8 1.Ol 0.4 0.4 1.2 O.~

~-Hethylnaphtbalena -- 13.1 0.8 2.l 9.4 31.1 -- 15.~ ItL ~

Quinoline -- -- -- 4.9 3.6 0.2 0.2 --
Acenaphtbalene -- -- -- 3.9 2.6 0.02 -- -- --
Acenaphthene -- 0.4 -- -- 0.01 1'.7 0.07 2.4 1.]

Fluocene -- 1.2 0.0 8.9 0.6 1.4 0.8 8.0 4.0

phenanthrene/Anthracene 1.0 l.4 0.6 15.8 -- 6.6 2.0 i"I.U --
Accid1ne -- 0.2 -- 0.06 0.06 0.01 -- 0.04 6.1

CArbazole -- -- -- -- 0.1 -- -- 1.0 --t;g
I Fluoranthene -- -- -- 0.9 1.l 0.1 -- o.~ --.po

Pyrene -- 0.1 -- 0.2 -- O.l 0.01 ~.2 U.2

Benzo(a) fluorene/ -- -- -- 0.04 0.1 -- -- o ') - -Benzo(b) fluorene

Benz (a)anthcacene/ -- -- 0.09 -- -- -- -- -- O.~Chrysene/Triphenylene

Benzo(e)pyrene/ -- -- -- -- -- -- -- -- --Benzo(a)pyrene

Perylene -- -- -- -- -- -- -- -_. --,

Dibenz(a,i)accidine -- -- -- -- -- -- -- -- --

Oibenz(a,i)carbazole -- -- -- -- -- -- -- -- --
Indeno(1,2,l-cd)~yrene -- -- -- -- -- -- -- -- --

Dibenz(a,h)anthracene -- -- -- -- -- -- -- -- --
Penzo(g,h,i)perylene -- -- -- -- -- -- -- _.- --
Anthanthr~n~ -- -- -- -- -- -- -- _.- --

Coronene -- ~- -- -- -- -- -- - - --

Dibenz(a,i)pyren~ -- -- -- -- -- -- -- -- --
Dimethylbenz(a)anthcac~ne -- -- -- -- -- -- -- -- --

... - ~. -- ---- .- ---_ .. _- - -- --_. -_.

TOTAL 1.0 22.4 l.5 126.9 16.9 56.1 l.5 U4.1 Ju .t
----"__ " indicates not d~tt:ctt:d.

(conliuut
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Table B-2 (concluded)

0] Area Personnel 04 Area Personnel 08 Area Personnel
Peraonnel Samfleda Operator Operator Operator Operator Operator Operator Operator O(icrator °lH~catoc

Saap1e Number: 0]3 000 090 016 021 0]5 01] 022 034
sup1e Volwae (t) : 439 242 4]0 227 292 ]00 202 483 287

Sa.-p1ing TiJae:
0816- 0834- 0830- 1303- 0824- 0014- 1246- 0023- 0011-
1624 1637 1645 1821 16]0 16]4 1822 1626 1615

Date Collected: 2/11/79 2/15/79 2/16/79 2/9/79 2/10/79 2/11/79 2/9/79 2/10/79 2/11/79

eo.pound

Naphthalene 6.6 6.5 9.3 --a
14.6 19.5 14.1-- 38.9

1-Hethylnaphtha1ene 5.1 3.8 1.0 0.8 -- -- 0.06 0.5 0.02

2-Hethylnaphthalene -- -- 45.1 4.3 57.9 63.3 -- 48.2 IHO.O

Quinoline 0.1 0.04 0.2 -- 0.2 0.1 -- 0.2 0.9

Acenaphtha1ene -- -- -- -- -- -- -- --- --
Acenaphthene 0.01 0.9 1.9 0.6 3.5 2.4 0.01 1.9 0.4

Fluorene 6.2 0.1 4.4 2.5 5.9· 1.2 -- 4.1 16.3

Phenanthrene/Anthracene 12.1 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 --
F1uoranthene 1.0 -- 0.1 0.06 -- 0.5 1.0 0.1 --
Pyrene 0.6 -- 0.2 0.4 0.09 -- 4.5 0.07 --
Benzo(a) fluorene/ 2.] 0.1 0.8 -- -- -- ].4 0.1 --
Benzo(b) fluorene

Benz (a) anthracene/ 1.0 -- 0.2 -- -- 0.08 -- 0.2 --
Chrysene/Triphenylene

Benz (e)pyrene/ -- -- -- -- -- -- -- 0.01 --
Benz (a)pyrene

Perylene -- -- -- -- -- -- -- -- --
Dibenz(a,j)acridine -- -- -- -- -- -- -- -- --
Dibenz (a, i) carbazole -- -- -- -- -- -- -- -- --
Indeno(1,2,3-cd)pyrene -- -- -- -- -- -- -- -- --
Dibenz(a,h)anthracene -- -- -- -- -- -- -- -- --

Benzo(g~h,i)perylene -- -- -- -- -- -- -- -- --

Anthanthrene -- -- -- -- -- -- -- -- --
Coronene -- -- -- -- -- -- -- -- --
Dibenz(a,i)pyrene -- -- -- -- -- -- -- -- --

Dimethy1benz(a)anthraccne -- -- -- -- -- -- -- 0.04 --

TOTAL 35.7 11.8 11.2 13.3 88.2 95.1 11.1 75.0 264.3

a" __ M indicates not detected.

. F
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I I

Pulverizer Recycle
010 12.3 141Q-1615 6/15/78 - -- -- --Gas Nater Scrubber

Filter 007 25.8 0943-1415 6/15/78 - - -- --

Filter OU 12.0 1420-1624 6/15/78 -- - - -

Downwind ot
019 18.0 0855-2340 6/16/79 - - - -Surqe Resermir

Downwind of
024 24.0 1~40-1515 6/16/78 - - - --Surqe Reservoir

Blanks (~q/sample) 036 6/20/78 -- - - 0.09

037 6/20/78 - - - 0.07

~Aromatic: amines: A a Aniline, a aN,N-Oi.methylan.i.l.ine : C a o':'Anisidine1

o :a p-Anisidine.

°Assuminq a sample volume of 2S titers. a,,_" indicates not detected.

B-6
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slurry :1ix Tank 097 47.5 0857-1651 2/16/79 --- -- -- -- -- --
03 Aru CiJ:'cuJ.atinq
?u=p for Filter Feed 084 47.7 0845-1641 2/15/79 -- -- -- - -- --
surqe 'lessel

04 AreA aot tol.U 108 49.5 0853-1643 2/17/79 - - -Tank pump - -- -

Sandvik S.l t 117 49.8 0823-l640 2/ll/79 - - -- -- - --

OS Area Sandvik Selt 058 47.1 084~-l634 2/12/79 - - - - -- -

08 Area Sandvik Belt 086 48.2 0832-1635 2/15/79 - - - - - --

Blanks (uq/sample) 028 2/ll/79 - - - - - -
080 2/14/79 - - - - - --

'~tU"omatic: amine.: A· Anlline: B· N,N-oimethylani.l.i.ne: C· o-Aftisicli.ne: O· p-Anisi.dine: E. o-Tolu.i..dine;
F • 2, 4-0imethy l.aniJJ.ne.

';ASsumi.nq a. sample volume of 50 li.ters. a"_If incii.cate8 not detected..

B-7
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Laboratory Technician 075 47.7 0914-1721 2/14/79 - -- -- -- -- -

Laboratory Technician 076 47.5 0925-1721 2/14/79 -- -- -- -- -- --

01 Area Operator 056 48.7 0834-1642 2/12/79 -- -- -- -- -- --
01 Area Technician/ 060 47.0 0832-1623 2/12/79 - -- -- -- --specialist --
01 Area Mechanic 072 30.4 0855-1400 2/14/79 - -- -- -- -- --
01 Area Operator 093 47.1 0844-1638 2/16/79 -- -- -- -- -- -
01 Area Operator 116 48.5 0836-1640 2/18/79 -- -- -- -- -- --
03 Area. Foreman 018 48.7 0813-1621 2/10/79 -- -- -- -- -- 0.1...
03 Area Operator 019 47.2 0835-1630 2/10/79 -- -- -- -- -- 0.2.

03 Area Opera.tor 045 54.5 1901-0404 2/11/79· -- -- -- -- -- --

03 Area Technician 057 47.4 0839-1636 2/15/79 -- -- -- -- -- 0.1

03 Area Technician 105 50.0 0831-1650 2/17/79 I - -- -- -- -- 0.1

04 Area Operator 061 42.1 0932-1630 2/12/79 I - -- -- -- -- --
04 Area Operator 085 47 .. 6 0839-1634 2/15/79 0.1 0.1 - -- -- 0.1

04 Area Operator 092 48.3 0841-1645 2/16/79 -- -- -- -- -- --
I

08 Area Technician/
059 46.7 0846-1632 2/12/79

I -- -- -- -- -- --Specialist

08 Area Operator 091 48.4 0839-1644 2/16/79 -- -- -- -- -- --

Blanks (uq/sample) 028 2/11/79 -- -- -- -- -- --
080 2/14/79 - -- -- -- -- --

aAromatic amines: A:8 Aniline; B. N,N-Oimethy1aniline, C:8 o-Anisidine; 0:8 p-Anisidine: E:8 a-Toluidine:
F :8 2,4-Dimethylaniline.

°AsSuminq a sample volume of 50 liters. "" __ ,, indicates not detected.

B-8



,;).- ... .l ••_- ............ , VV\J

/

_Jew ..JJ_OJ- ... ,,,,,,, ""'I ...~I 10 -- -- --
Grade Level

:eeder ~ine to I
Slurry :·tix Tank, 'Jl3 18.5 1410-1615 6/15/78 -- -- --
1st Level

Filter 008 26.4 0943-1415 6/15/78 -- -- -

Filter 011 12.0 1420-1624 6/15/78 - -- -

solvent Bottoms 017 17.1 0836-2328 6/16/78 - -- -Pump

operator's
018 16.3 0836-2328 6/16/78 -- - -Communication Booth

operator's 023 21.4 112S-1500 6/16/78 _. -- -communication Booth

solvent Bottoms
022 20.9 1130-1500 6/16/78Pump -- - --

Downwind of
020 16.4 0855-2333 6/16/78

Surqe Rese.rvoir - -- --

Downwind of
025 21.9 1140-1515 6/16/78Surqe Reservoir - - -

Blanks (lJ.q/sample) 034 6/20/78 9 15 --
035 6/20/78 9 16 --

Assuminq a sample volume of 25 liters.

B-9

" __It indica1:es not detected.



s~urry :1i..x Tank 042 55.1 1842-0355 2/11/79
!

0.02 0.03 0.03

~ecycle Process 083 47.9 0844-1642 2/15/79
i

0.04 0.09 O.J6'ilater Tank
I

04 Area Light Ends
066 42.5 1918-0224 2/12/79 0.02 0.08 0.12COlumn Reflux Pump

Sandvikaelt 111 47.3 0846-1638 2/ll/79
b - -

I

Blanks (\.Lq/sample) 027 2/1l./79 - -- -
081 2/14/79 - -- -

~Assuminq a sample vo~e of 50 liters.

B-IO

0,, __,. indicates not detected.
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I , I

~aboraeory Technician 070 48.9 0827-1630 2/13/79 - -- --

ta.boratory Technician 074 48.6 0915-1720 2/14/79

I
- - --

01 Unit Operator 043 53.4 0825-1532 2/11/79 0.02 0.06 0.04

01 Area
046 53.3 1909-0400 2/11/79 -Technician/Specialist -- -

01 Uni.t operator 062 41.3 1905-0200 2/12/79 -- 0.02 0.04

03 Unit Operator 014 33.3 1248-1820 2/9/79 - 0.06
_.

.-

03 Unit Operator. 064 43.9 1908-0226 2/12/79 - 0.01 -

03 Unit operator 115 48.3 0839-1643 2/18/79 - - -

31ar~s (~q/sample) 027 2/11/79 -- -- -
081 2/14/79 - -- -

Assuminq a sample volume of 50 liters.

B-ll

"--" indicates not detected.
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Table B-9. Plant B Area Sampling Analytical Results (~g/m3) for PNAs (May 14-2

" __ M indicate~ not det~cted.As~u.in9 A aamp1e volume of a~proximately 2,500 liter~.

Solvent Solids
Carbonization Solvent

Location sa.pl~1 Extraction S~pdration Hecovery .'ract iOUd Lion UydLu

(200 Area) (300 Area) (800 Area)
(500 Area) (700 Arc~) (bO(

Sample Nullberl 100 118 119 120 121 122 097 123 098 124 u7U
Sample Vo1U118 (I.» I 2 187 2 257 2 499 2 487 2 310 2 539 2 812 2 320 2 870 2,302 2,790

sampling Tiae&
0826- 0900- 090]- '0907- 0910- 0915- 0813- 0927- 0816- 0934- 0755-
2100 2256 2256 2256 2255 2254 2320 2247 2318 224U 2325

Date Collected I 5/2]/79 5/24/79 5/24/79 5/24/79 5/24/79 5/24/79 5/23/79 5/24/79 5/23/79 5/24/79 5/15/7~
Coapound

Uq/.3)a(detection 1i.it

Naphthalene (0.01) 8.0 16.2 14.4 10.7 14.2 12.8 22.9 11.1 19.6 7.4 11.5
I-Methylnaphthalene (0.01) 10.3 21.2 21.0 0.02 1.3.2 10.0 -- 14.0 31.5 'J.O 28.1

2-Hethylnaphthalene (0.01) 42.6 -- 28.8 0.09 42.5 21.9 35.6 42.4 12.2 19.0 21.0

Quinoline (0.01) 0.4 1.4 0.6 2.4 1.3 0.2 3.5 0.5 1.4 0.1 0.2

Acenaphthalene (0.01) 0.1 0.05 0.3 1.0 0.1 0.05 1.0 0.1- 0.2 0.06 0.1

Acenaphthene (0.01) 0.8 1.9 0.7 2.5 O.l . 0.2 2.0 0.4 0.6 0.2 0.4

Fluorene (0.01) 0.5 1.2 0.4 1.6 0.2 0.1 1.0 0.2 0.4 0.3 0.2

Phenanthrene/Anthracene (0.01) 0.1 0.8 0.3 1.2 0.1 0.08 0.6 0.2 0.4 0.2 0.2

Acridine (0.01) -- 0.08 -- -- -- -- -- -- 0.6 -- --
Carbazole (0.01) -- 0.01 0.02 -- -- -- 0.01 -- -- 0.2 --
Fluoranthene (0.01) 0.01 O.Ol 0.07 -- -- 0.01 -- 0.09 O.UJ --
Pyrene (0.01) 0.1 0.3 0.3 0.7 0.01 0.01 0.5 0.04 0.6 0.2 0.8

Benzo(a) fluorene/
0.02 0.04 0.04 0.2 0.03 -- 0.02 -- 0.2 O.OJ --Denzo(b) fluorene (0.01).

Denz(a)anthracene/Cbryaene/ -- -- -- 0.02 0.02 -- -- -- 0.05 -- 0.04Tripbenylene (0.01)

. Denzo (e) pyrene/ -- -- -- -- -- -- -- -- -- -- --Denzo(a)pyrene (0.01)

Perylene (0.01) -- -- -- -- -- -- -- -- -- -- --
Oibenz(a,j)acridine (0.01) -- -- -- -- -- -- -- -- -- -- --
Oibenz(a,i)carbazole (0.01) -- -- -- -- -- -- -- -- -- -- --
Indeno(1,2,3-cd)pyrene (0.01) -- -- -- -- -- -- -- -- -- -- --
Dibenz(a,h)antbracene (0.01) -- -- -- -- -- -- -- -- -- -- --
Denzo(g,h,i)perylene (0.01) -- -- -- -- -- -- -- -- -- -- --
Anthanthrene (0.01) -- -- -- -- -- -- -- -- -- -- --
Coronene (0.06) -- -- -- -- -- -- -- -- -- -- --
Dibenz(a,l)pyrene (0.06) -- -- -- -- -- -- -- -- -- -- --
Di.ethylbenz(a)anthracene (0.01) -- -- -- -- -- -- -- -- -- -- --

'lX>TAL 6l.3 43.3 72.9 20.5 12.0 45.4 67.2 t)8.9 67.'J 37.4 63.1

a b
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Table B-lO. Plant B Personal Sampling Analytical Results (\lg/lU'3 ) for PNl\s (Apri.l
Hay 14-25, 1979)

Personnel Sampled: Operators
200 Area 300/800 Area 500/100 Area 600/~H}O ACC<l

Sample Numberz 050 096 112 105 113 074 094 131 016 01)7 1]]

Sa.ple VolWDe (1) z 862 620 654 538 553 660 602 741 1,120 571 6]1

SaMPling TilDe:
0144- 0802- 0828- 1541- 0820- 0135- 0804- 0111- 0135- OUCj]- '0124-
1455 1455 1450 2235 1455 1455 1420 1500 1508 I~L2 1455

Date Collected; 5/14/19 5/23/19 5/24/79 5L23J79 5/24/79 5/15/79 5/23L19 5/25119 4/18/79 5/21/79 5/25/7

eo.pound

Naphthalene Q.05 O.Ol 0'.05 0.02 0.04 0.02 0.08 0.05 -_Q 0.U2

I-Hethylnaphthalene 0.05 0.05 0.07 0.03 0.1 '0.03 0.01 u.o) 0.2

2-Methylnaphthalene 0.03 0.09 0.1 0.06 0.06 0.06 0.1 0.02 0.06 U.OO

Quinoline 0.01 0.01

Acenaphthalene

Acenaphthene

Fluorene

Phenanthrene/Anthracene

Acridine

ttl Carbazole
I
~ Fluoranthene
.p-

Pyrene

penzo(a) fluorene/
Benzo(b) fluorene

Benz (a) anthracene/
Chrysene/Triphenylene

Benzo(e)pyrene/
Benzo(a)pyrene

perylene

Oibenz(a,j)acridine

Dibenz(a,i)carbazole

Indeno(1,2,3-cd)pyrene

Dibenz(a,h)anthracene

Benzo(g,h,l)perylene-

Anthanthrene

Coronene

Dibenz(a,i)pyrene

Dimethylbenz(a)anthracene

TOTAL 0.1 0.2 0.2 0.1 0.2 0.1 0.3 0.05 0.02 0.1 U. j

a ..--" indicates not detected.



Table B-lO (concluded)

Personnel. Sa.pleda Maintenance Workers Laboratorv Worker~

Mil1w ights Pipefitters Cheillists 'J'cc tau ic ia II
Sample Nwaberl 005 012 020 023 002 010 008 052 116 009 019

Sa_pie Volwae (1) I 622 810 313 598 323 316 621 494 603 255 533
Saap1ing T1aea 0918- 0851- 0921- 0900- 0905- 0806- 0806- 0830- 0155- OUl1-

1603 1510 1515 1135 1521 1500 1515 1541 1500 1~01
Date Collected: 4/17/79 4717719 4/18/19 4/18/79 4/17/19 4/17/79 4/17/79 5/14/79 5/24}79 _4L18j19. ~/J~/79.

Coll(lOund

Naphthalene 0.01 0.04 0.1 0.03
__a

0.05 O·l
l-Hethylnaphtha1ene 0.01 0.03 0.1 0.02 0.04 0.08
2~"ethylnaphthalene 0.01 0.08 0.2 0.05 0.01 0.01 0.02 0.08 0.01 0.1 0.02
Quinoline 0.02 0.01

Acenaphthalene

Acenaphthene

Fluorene

Phenanthrene/Anthracene

Acridine

tJ:J
CArbazole

I Fluoranthene
~
lJ1 Pyrene

Benzo(a) fluorene/
Benzo(b) fluorene

Benz (a)antbracene/
Chrysene/Triphenylene

Benzo(e)pyrene/
Benzo(a)pyrene

Perylene

Dibenz(a,j)acridine

Dibenz(a,i)carbazole

Indeno(1,2,3~cd)pyrene

Dibenz(a,h)anthracene

Benzo(g,h,i)perylene

Anthanthrene

Coronene

Dibenz(a,i)pyrene

DL.ethylbenz(a)anthracene

-----
TOTAL 0.05 0.2 0.4 0.1 0.01 0.02 0.02 0.2 0.01 0.3 o.o!

a N __ N indicates not detected.



~

! 1°730-1300
1

c:
!solvent Ext.=3.ction 135 ~3 5/25/79 -- -- -- -- -- -- --
~idS Separation 05-l I 32 '0819-1603\ 5/14/79 -- -- -- -- -- -- --

lOa 79 0830-1530; 5/23/79 -- -- -- -- -- -- -- I
~

:Carbonization 053 46 0821-1601 5/14/79 I -- -- -- -- -- -- --
099 41 0834-1530 5/23/79 I -- -- -- -- -- -- --

~

solvent Recove~l 108 47 1600-2319 5/23/79 -- -- - -- -- -- -
I 117 60 0920-1545 5/24/79 I -- -- -- -- -- -- --

!-;;-actiOnation 055 44 0825-1604 5/14/79 ~ -- -- - -- -- -- -
l-
Hydroqenation 014 4S 0853-1620 4/17/79 I - -- - - - -- --

082 45 1538-2326 5/15/79 I -- -- - - - -- --
~

4/17/79 ITank Farm 015 44 0900-1626 -- - -- - - -- --
Environmental Area 056 46 0829-1630 5/14/79 I - -- -- -- -- - -

I

Blanks (mq/sample) 087-1 5/23/79 -- - -- -- - -- --
144 5/25/79 -- - -- - - -- --
145 5/25/79

_. - -- - - -- --
146 5/25/79 - - -- -- - -- --

~Aromatic amines: A a Aniline: B a N,N-Oimethylaniline: C =- 2,4-oimethylaniline:'
o s p-Nitroaniline; E a o-Toluidine: F a o-Anisidine; G a p-Anisidine.

;ASsuminq a sample of approx~tely 80 liters. ~"--" indicates not detected.
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I I 134 44 9733-1455 5/25/79 : -- -- -- -- I -- I -- I -- II
I

~oo Area 045 49 0742-1448 5/14/79 i -- -- -- -- I -- -- -- I
0743-1502 5/14/79 1

I jI 046 89 -- -- -- -- I -- -- --
I !
i 057 61 1528-2357 5/14/79 i -- -- 0.6 -- -- -- --
500/100 Area 103 84 1542-2248 3/23/79 -- -- - -- -- -- --

114 38 0817-1448 5/24/79 -- -- -- -- -- -- --
138 75 1610-2258 5/25/79 -- -- -- -- -- -- --

~

006 88 0740-1506 4/17/79 i600/900 Area -- - -- -- -- -- --
044 82 0740-1530 5/14/79 -- -- -- -- -- -- --
101 91 1523-2300 5/23/79 -- -- -- -- -- -- --
109 57 1603-2318 5/23/79 -- -- -- -- -- -- --

1100/1200 Area 033 48 1620-2306 5/13/79 -- -- -- -- -- -- --
034 40 1625-2315 5/13/79 -- -- -- - -- -- --
047 4S 0750-1448 5/14/79 -- - 0.6 -- -- -- --
104 41 1547-2252 5/23/79 -- -- -- -- -- -- --

Supervisors

operations all 68 0925-1510 4/11/79 -- -- - -- - -- --
048 43 0750-1555 5/14/79 -- -- 0.4 -- -- -- --

Shift 061 84 1554-2359 5/14/79 -- - 0.3 -- -- -- --
Maintenance Workers

:-lillwright 026 48 0937-1535 . 4/18/79 -- -- -- -- -- -- --
Insulators 021 40 0903-1530 4/18/79 -- -- -- -- -- - --

022 37 0910-1530 4/18/79 -- -- -- -- -- -- --
Pipefitters 024 75 0915-1543 4/18/79 -- -- -- -- -- -- --

025 62 0916-1543 4/18/79 -- -- -- -- -- -- --
Laboratory Workers .
Chemists 075 82 0810-1550 5/15/79 - - -- -- -- -- -

098 47 0847-1547 5/23/79 -- -- -- -- -- -- --
136 42 0800-1543 5/25/79 -- - -- -- -- -- -

Technicians 017 83 0800-1500 4/18/79 -- -- -- -- -- -- --
018 80 0809-1501 4/18/79 -- -- -- -- -- -- --
049 41 0804-1504 5/14/79 - -- - -- -- -- --
062 46 1546-2300 5/14/79 -- -- -- -- -- -- --

L-..-

Blanks (mq/sample) 087-1 5/23/79 -- - -- -- -- -- --
144 5/25/79 -- - - -- -- -- --
145 5/25/79 -- -- -- - -- -- --
146 5/25/79 -- - -- -- -- -- --

I-...-.

aAramatic ~n.s: A. Aniline: B. N,N-Otmethylani1ineJ
o • p-Nitroaniline: !. o-Toluidine: F. o-Anisidine:

bAsauminq a sample volume of approzimately 80 liters.

B-17

C • 2,4-0imethy1aniline:
G • p-Anisidine
c" __" indicates not detected.
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I
--.-
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." J. I I I ;;T

I

-- V.VO --
:ractionation 084 47 5/15/79 -- 0.03 --

I Personnel Sampled I
I II I

Laboratory Techn~cian 064 57 1550-2300 5/14/79 I -- 0.02 --
076 85 0740-1448 5/15/79 -- 0.08 --
077 46 0742-1447 5/15/79 -- 0.03 --

31anks (mq/sample) 041 5/14/79 -- - --
088 5/23/79 -- - --

aAssum~q a sample volume of 40 liters. 0" __ " indicates not detected.

,
" i
.:".~
.~:'.~~

Table B-14. Plant B Area and Personal Sampling Analytical Results (mg/m3 )

for Phenolic Compounds (April 18, 1979; May 14-25, 1979)

Sample Sample Samplinq Date I PhenC?ll.C ~O~OUnd.s\4J b
Numb Volume Time Collected I (detect1.on 1U1J.t, mq/m )

er (~) ! A. 9 C 0 C' E' I G a I

Location Sampled

Carbonization 099 41 0834-1530 5/23/79 a -- -- -- -- -- - -- -

Environmental Area 056 46 0829-1630 5/14/79 -- -- -- -- -- -- -- -- --

Laboratory 062 46 1546-2300 5/14/79 I -- -- -- -- -- -- -- -- --

Personnel Sampled I

Operators:

600/900 Area. 109 57 1603-2318 5/23/79 -- -- -- -- -- -- -- -- --

1100/1200 Area 034 40 1625-2315 5/13/79 -- -- -- -- -- -- -- -- --

Maintenance:

Millwriqht 026 48 0937-1535 4/18/79 -- -- -- -- -- -- -- -- --

Blanks (mq/sample) 040 5/14/79 -- -- -- -- -- -- -- -- --

087 5/23/79 -- -- -- -- -- -- -- -- -

145 5/25/79 -- -- -- -- -- -- -- -- --

aphenolic compounds: A. Phenol; B. o-Ethylphenol; C. p-!thylphenol: o. o-Cresol;
E • m-cr••ol; p. p-Crasol; G. 2,3-Xylenol; S. 2,5-Xylenol: I. 3,S-Xylenol.

bAsSuminq a sample volume of 4S liters. a~ indicate. no~ detected.
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Table B-l5. Plant C Area Sanlpling Analytical Results (\lg/U\3) [or \)Nl\s

(November 12-17. 1979)

tQ
I

No

CIRCU- SLUICE fEED
WAstl--· -nLY£I(

REflUX LIQUID --rET-=- ·slUihtf--- -rRAli lut": --FUI~)'I-

San,ple locat ion: lAIIOH PUMP PUMP SOlVENf SCRU8DEI( PUHP COAL DOWN fEtU fiLlER A-liNt, SOlVlN
PUMP PUMP PlI1P PUMP VALVE PUMP flOl COLUMN I·UI~P
P14l PI78 Pill Pl6Y P125 P139 Pl19 415 PI03 1105 1'2U]

Sample Huaaber:
~~

~O21 ofi-- ---03"5--- -O:W- 037-1--
044 048 057- ~O58- -1)5-~f ---- ---069-

Sa_pIe Volume (1): rl4nr -lSa88 "lt03O- r--lt488
~~RiI4O- ltl25 r-1-24ff t-l-sor -f~20!J'-- _=J~1U!(

San,pleT tIDe : i1~ ;~ I 1- O~ -0 SO:- SO:- l 03- rot~5:- f- ()1oo:- -o7oif..----· 1431-
2230 2233 2232 1506 1505 1507 2245 2240 1504 1506 1510 22Jl

----.;..._-

Cm4POUNO
Naphthalene 2.4 3.8 2.7 1.-6 0.9 9.02 4.5 --b -- -- 1.2 6.B
Quinoline 0.05 0.02 0.1 -- 0.02 0.1 0.1 -- -- -- -- 0.05
2-Methylnaphthalene 6.6 2.9 4.08 1.0 1.3 7.6 7.6 -- -- -- 1.0 5.6
l-Methylnaphthalene 1.4 0.4 0.8 0.2 0.2 1.09 1.1 -- -- -- 0.2 1.1
Acenaphthalene 0.06 -- 0.02 -- -- -- 0.03 -- -- -- -- 0.03
kenaphthene 0.9 0.1 0.5 0.06 0.06 0.3 1.4 -- 0.02 -- o.ou 0.5

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 0.2 o.n
kr1dine -- -- 0.01 -- 0.01 -- 0.02 -- -- -- -- --
Carbazole -- -- 0.02 -- -- 0.03 0.03 -- -- -- -- --
fluoranthene 0.2 0.06 0.2 0.05 0.03 0.2 0.2 -- 0.06 0.06 -- 0.U9
pyrene 0.00 0.04 0.1 0.05 0.01 0.2 0.08 -- 0.04 0.05 -- 0.05
8enzo(a)fluorene -- -- -- -- -- -- -- -- -- -- -- --
Oenzo(b)fluorene -- -- -- -- -- -- -- -- -- -- -- --
Benz(a)anthracene -- -- -- -- -- -- -- -- -- -- -- --
Chrysene/Tr1phenylene -- -- -- -- -- -- -- -- -- -- -- --
P1n~thylbenz(a)anthracene -- -- -- -- -- -- -- -- -- -- -- --
Oenzo(e)pyrene -- -- -- -- -- -- -- -- -- -- -- --
Oenzo(a)pyrene -- -- -- -- -- -- -- -- -- -- - -
Perylene -- -- -- -- -- -- -- -- -- -- -- --
Pibenz(a.j)acridine -- -- -- -- -- -- -- -- -- -- -- - -
Pibenz(a.1)carbazole -- -- -- -- -- -- -- -- -- -- -- - -
Indeno(1.2.3-cd)pyrene -- -- -- -- -- -- -- -- -- -- -- --

01benznthracene -- -- -- -- -- -- -- -- - - -- - - - -

8enzo(9.h.1)perylene -- -- -- -- -- -- -- -- -- -- - - --
Anthanthrene -- -- -- -- -- -- -- -- -- -- -- --
Coronene -- -- -- -- -- -- -- -- -- -- -- - -

01benzpyrene -- -- -- - - -- -- -- -- -- -- -- - -
t------ .-

TOTAL 13.6 8.02 9.9 3.3 2.7 19.5 17.6 -- 0.7 0.3 '1...7 15.3
"-----

a 8lanks medsured in lJ9/sample.
b ,- __ " indicates compound was not detected.



f~"--------------------....~--~. '----
Tab1e B-16. P l.ant. C Persona~ Salnp l.lng A.1~al.y t..1-caL R~oul.tti <"\l~1 \\\.~) \.O\: \

(November 12-11, 1979)

OPERATOR HA1NIEW\NCE -- --'--l-I\U~)\H\-\ ,-)\t~'
Sample location:

Pllle- Insu- Insu- lostru- Mi 11- Mi 11-C C 0 0 fitter lator lator Oller
wricaht wriyht Chemisl Chen

Sample Humber: 038 053 014 054 006 007 008 012 082 011 OUI 0'11 Of
t-Salnple VOlwie (1): 828 720 610 539 611 614 620 192 744 554 6U3 720 !j~

1440~---
---

Sample Time: 1435- 0635- 1431-' 0646- 0720- 0721- 0723- 0729- 0700- 0720- 0700- 14:
2215 1405 2220 1415 1510 1513 1520 1515 1516 '510 1508 2210 22

t--
c(JtPOUNO

Naphthalene 9.5 b 2.6 2.2 4.8 9.5 2.9 1.8 2.5 11.5 1.4 O.B 19.--
Quinoline 0.05 -- 0.04 0.04 0.1 0.2 0.09 0.01 0.09 0.3 0.01 0.04 0

2-Methylnaphthalene 9.3 -- 3.l 5.2 12.09 13.1 5.6 1.9 5.9 11.2 J.9 I.U 11
I-Hethylnaphthalene 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 0.01 -- -- 0.05 0.03 -- - - 0

Acenaphthene 0.4 -- O.l 0.5 0.8 1.1 0.4 0.1 0.4 0.7 0.3 0.1 1

Fluorene 0.2 -- 0.2 0.2 0.4 0.7 0.2 0.09 0.5 0.5 0.2 0.9 ()

Phenanthrene/Anthracene 0.5 0.05 0.8 0.8 1.2 1.4 0.7 0.3 0.6 1.0 1.0 0.'1 1
Acridine -- -- -- -- -- -- -- -- -- O.(ll -- - - ()

Carbazole -- -- -- -- -- -- -- -- -- - - -- - -
Fluoranthene 0.02 -~ 0.1 0.06 0.1 0.08 0.05 0.01 0.01 0.07 0.09 O.O!j 0
Pyrene 0.01 -- 0.09 0.02 0.09 0.09 0.04 0.04 0.04 0.06 0.06 0.05 0
8enzo(a)fluorene -- -- -- -- -- -- -- -- -- -- -- --
Benzo(b)fluorene -- -- -- -- -- -- -- -- -- -- -- --
Benz(a)anthracene -- -- -- -- -- -- -- -- -- -- -- --
Chrysene/Triphenylene -- -- -- -- -- -- -- -- -- -- -- --
Dlmethylbenz(a)anthracene -- -- -- -- -- -- -- -- -- -- -- - -
8enzo(e)pyreoe -- -- -- -- -- -- -- -- -- -- -- --
8enzo(a)pyrene -- -- -- -- -- -- -- -- -- -- -- - -

Perylene -- -- -- -- -- -- -- -- -- -- -- - -
Dlbenz(a,j)acr1dine -- -- -- -- -- -- -- -- -- -- -- --
Otbenz(a.i)carbazole -- -- -- -- -- -- -- -- -- -- -- - -
Indeno(I.2.3-cd)pyrene -- -- -- -- - - -- -- -- -- -- -- --
Dibenzanthracene -- -- -- -- -- -- -- -- -- -- - - --
8enzo(y,h.t)perylene -- -- -- -- -- -- -- -- - - -- -- - -
Anthanthrene -- -- -- -- -- -- -- -- -- -- -- - -

Coronene -- -- -- -- -- -- -- -- -- -- -- --
Dtbenzpyrene -- -- -- -- -- -- -- -- -- - - -- --

---
TOTAL 21.4 0.05 8.2 9.9 21.5 29.2 11.04 4.1 11.2 27.5 7.7 4.4 4:

- -~

I

l

a 8lanks measured tn lJ9/ sample. b II II ind iea tes compound not delec ted.



~Ol@1.

I:n1: ~ rt~ --~ -- -- -- -- -- -- -- - -- -- --
'J.Z} -
\~,:I.Oimethyl ani 1ine - - -- - - -- -- -- 0.3 0.4- - --
(O.Z)

; ~.D;methyl ani 1i ne - - - -- - -- -- - - -- -- --
I ?' z', :,0. t

: p.,'~ f traan i 1i ne - - -- - -- -- -- -- - -- -- --
: \0.3)

I! o. To 1uid;ne -- - -- -- - -- -- -- -- -- -- --
! (0. 21
o·Anisidine· - - _. - - -- - -- -- -- - --
(0.3~

o.Ani s;di ne -- 0.8 -- -- -- -- - -- - -- -- --
(0.3'

i l_Naphthylamine -- -- -- -- _. -- - - -- -- -- -
I (0.41
I- A. REA SAM P L E S'
,-.

WASH FLUSH CIRCU- LET- FILTER FRACTION- I

BlENQ FEED SLUICE RErLUX I
TANK PUMP PUMP SOLVENT SOLVENT PUMP, LATION DOWN SCRUBBER FILTER ATING BLANKS I

Sampl e Location: PIOl PIll P178 PUMP PUMP P139 PUMP VALVE PUMP FI03 COLUMN
I (mq/sample)P169 P203 P14J 415 PI25 TIOS

Sample Number: 104 060 I 101 019 018 062 102 061 106 098 103 j 023 I 040 094 '
Samole Volume (t): 49 49 50 47 107 53 48 49 50 49 125

Sample Time: 0701- 0708- 06:;8- 0250- 0243- 0645- 0631- 0700- 0640- 0650- 0625-
1504 1511 1503 1032 1030 1505 1433 1308 1443 1455 1425

COMPOUND

Aniline -- -- -- - -- -- -- -- -- -- - -- -- --(0.2)

N,N-Oimethylaniline -- -- -- -- -- -- -- -- -- -- -- -- -- --(0.2)
I

2,4-0imethylaniline -- -- -- -- -- -- -- - -- -- -- -- -- --(0.2)
p-Nitroaniline -- -- -- -- -- -- -- -- -- -- -- -- -- --(0.3)

a-Toluidine -- -- - -- -- -- -- -- -- -- -- -- -- --(O.Z)

a-Anis1dine- -- -- -- -- -- -- -- -- --(0.3) -- -- -- -- --
p-Anisidine -- -- -- -- - -- -- -- -- -- -- -- -- --(0.3)
I-N4)hthYlami ne -- -- -- -- - -- -- -- -- -- -- -- -- --(0.4

a Number in parenthesis indicates detection limit in mg/~~ and assumes a sample volume of about 45 liters.
b ,, __ It indicates compound was not detected.

B-22



... i \,oJ ...' ','I"'; ght : I,'J'" ight; :-:ent

Samp 1e Number: I 029 066 I 032 040 C63 I 064 I C3l

I
I I

: samo 1e '/01 urne (1.):. ~6 109 I 43 47 49 ~lj I 47

.,.. ! 0636- '11423- 0640- I 1425- I 0703- 0704- I 0705-
Sample 11me:: 1415 ' 2215 I 1350 ; 2215 I· :503 1514 I 1454

I' ,

~

055 I 056

45 ~6

0650- i C642-
14.16 i ~'+13

092

108

1425­
2215

026 052 091

I COMPOUND

3enzene (0. Ol)~

ioluene (0.01)~

;(y1ene (0. 01 r;
~.---

__ b

A R E'A SAMPLES

0.00410.004 0.004

0.002 0.002 0.002
I

III 0.002l 0.002 I 0.002\

,,-.--

Sample Location:
CIRCU- I I' I FRACTION-lLATING I' FEED BLEND SLUICE VACUUM SOLVENT LEiDOWN FILTER I SCRUBBER ATING I SOLVENT

PUMP PUMP TANK PUMP PUMP PUMP VALVE F103 PUMP PUMP I pur~p
P143 P1ll VIOl PI78 T102 P203 415 . P125 PIS1 I P169

Sample Number: I 045 046 097 071 078 043 028 030 099 loa 105

Samp1e Va 1ume (2.): 47 I 47 I 48 47 47 I 43 46 I 46 48 I 110 44

1453· 11456-1 0635­
2245 2245 1435Sample Time:

~

Benzene (0. 01)<:1

ioluene (0.01)-I

Xylene (0.01)<:1

_.0 . -- I

1442­
2234

-- I

0641-1 1446-
1435 2245

0643- I' 0646-
1425 1422

0640- I
1443 I

0628­
1427 I 0643-

I 1445

~ Detection limit in ppm.
b 11 __ " indicates compound was not detected.
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1

I
f

I
/
I
f
I

I
i
I

i
!

I

J

,

I

I

PI06 I
- -

II \m9/,;)c1I1l~I~1 I

Sample Number: 020 I 070 I 027 051
Sample Volume (t): 48 48 I i

Sample Time: 1452- I 1434-
I

I

2234 2232 I
COMPOUND

Pheno1 (0.3) a --b -- -- --
a-Cresol (0.3) -- -- -- --
m-Cresol (0.3) -- -- -- --
p-Cresol (0.3) -- -- -- --
o-Ethylphenol (0.7) -- -- -- --
p-Ethylphenol (0.7) -- -- -- --
2,3-Xylenol (0.7)' -- -- -- --
2,4-Xylenol (0.7) -- -- -- --

a Number in parenthesis indicates detection limit in mg/m 3 •

b II \I indicates compound was not detected.
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(mg/m3 ) for Phenolic Compounds (May 19-23,1981) B-38

B-25



Tabl.e B-20. Pl.anc D Area Samp1i.ng Ana.lyt.i.cal. l{e~ul-t:.~ (\!g/m-~) for ¥NA~ tKa:y \.~-·.L~ ~

Location Sampledz Main Contcol lIoust!
site 1

Cl)U <:ont ro1 klon'
Site 2

UilJh-l\rc~surc Slurry "'(~,--d , l\ea~\ lIr----- -, - '" ~,,\,--_-.'.\I'.I

Pump P-I02 Separatur "HUll' 1.\'.'" ""I:.

Site 1 P-106 ~i t(! '\ ------ ---- -.

1-_-=S:;;allP~:1=.;e~Nu::;:;IRbe~~r;..;:~--=4:...-~0~2~7-1_4~-....;1~0:-4~1-~4~-~1~8~2_tr-~4_-,,:",,00,,:,":4~+-,""",,:4~-~2~0:-::0~t-~4~-~0~6~0_·-t-_4~-_O.;,-9:...0:...·-+--.,;4=--...;:1~4~()_·-+-~4_-0~2:=.l-l_"~--=-11~ ---!=~)U~)__
J-,:S=a=-:;.IIlP=.:1=e_V.:.;o=.;1:.::u:::Ia8=-_(I,;;I~)~:~-.;:;I;.:.,-=2.;;1~8-J_:=.1 ~0;;..9;;..;8~1-...;1~,...;)...;1~0--tf--~1~, ~l;;;.27~+-.....;1~1~5~7_1-...;1..:.,..;;;;2...;4~7--t~;;.1~, 3;;.9:...1~-I-~1:.J,~2:..:2:":~:..-.-jI-.::.l~1 ~51":'--I-.-:1:...!.., 2 5 j 1 , .~·w

08))- 07)0- 0846- 162U- 204)- 2117- 0840- 2034- 0905- O~).1"I-=- ~.

Sampling Ti.e: 1652 1700 1152 0141 0445 0548 1010 0518 1659 10L 1 0201

Date Collected: 5/19/81 ~L.~Ol _2118201_ 5/22/81 5/19/81 5/20/01 ,.5/21/81 5/19/81 5/2~i!~1 5/u~i~i- ~
COllPOund (detection

li.it Uq/.3)4

Naphthalene (0.2)

l-Hethylnaphthalene (0.2)

2-Hethylnaphthalene (0.2)

Quinoline (0.2)

Acenaphtha1ene (0.2)

Acenaphthene (0.2)

Fluorene (0.2)

Phenanthrene/Anthracene (0.2)

Acridine (0.2)

Carbazole (0.2)

Fluoranthene (0.2)

Pyrene (0.2)

Benzo(a) fluorene/
Benzo(b)fluorene (0.2)

Benz (a)anthracene/Chrysene/
Tciphenylene (0.2)

Benzo(j)fluoranthene/
Benzo(b)fluoranthenel
Benzo(k)f1upranthene (0.2)

Benzo(e)pyrene/
Benzo(a)pyrene (0.2)

Perylene (0.2)

Dibenz(a,j)Acrldine (0.2)

Dibenz(a,i)carbazole (0.2)

Indeno(l,2,]-cd)pyrene (0.2)

Dibenz(a,h)anthracene (0.2)

Benzo(g,h,i)pery1ene (0.2)

Coronene (0.0)

Dibenz(a,i)pyrene (0.8)

Dimethylbenz(a)anthracene (0.2)

)-Hethylcholanthrene (0.2)

6,ll-Dimethylbenz(a,h)­
anthracene (0.2)

TOTAL

7.9

2.5

9.6
__b

1.)

2.0

2).3

8.7

2.9

9.2

1.6

1.9

1.1

0.6

26.0

21.1

11.8

39.9

2.7

4.6

1.9

82.6

18.)

6.7

35.1

2.3

1.9

-64.9

21:1

14.3

51.6

0.5

4.1

5.9

2.4

99.9

59.~

13.1

50.5

0.6

).0

6.0

).0

0.2

135.8

267.9

48.6

112.2

2.5

10.4

16.6

6.0

1.1

0.2

0.5

520.0

223.1

54.5

162.4

1.6

0.8

12.5

10.1

0.2

0.4

0.5

4"14.1

31.3

4.4

25.6

1.6

2.2

1.8

66.9

lH.U

4.2

11.0

o. J

1.5

3.3

3.1

o. ]

40.~

1]}.4

4b.3

152.4

15.3

11 . lJ

14.7

0.7

u"~

1.4

1.2

302. !

aAssuming a sample volume of 1,100 liters. 1).. __ 11 iul1icatcs Hot detected.

*Hethyltetcalins, which co-elute with navhthalenc, dt:tccted in bdmple.



Location sampled:

'--------------~~--_..,-_._~_._--_._-----

Table B-20 (continued)

Atmospheric Fractionator Vacuum 5tr ipv~r , VaCUWR St.I" ll)l)(~( -~

Bottoms Pump P-204 Light Gas/Oil Puml) P-201 Ueavy Gas/Oi.l lJwnp P-20ll 1
Site 6 Site 7 Site 8

Sample Number: 4-062* 4-141* 4-198 4-025 4-106* 4-138* 4-061 4-184 4-21;---~
I--s-a.-lP-';~l~e~V"';o~I;""WQ8';';';;;;~(I~);"':~~I-,~2~52~+-~1-,~2~6~2-+--:1-,~1"::'7~4-f~I~,~1~8~8--tr--:l~,"";0~9~8--it--l~,2;:"':1;';:;0~1--";'1-,2;:;";4:"':9~1-"";'1-,'=';26=-1:"-'-1-"':'1-,='=01() - J

Samplinn Ti.e: 2110- 0914- 2101- 0848- 1950- 0928- 2101- 0059- 0726-· I
~ 0541 1820 0510 1655 0520 1817 OS)) 1741 1436 J

Date Collected: 5/19/81 5/21/81 5/22/81 5/19/81 5/20/81 5/21/81 5119781 5/22/81 5/2]/Ul 5)
ca.pound (detection

Ii.it Uq/.1)a

11.1 1.3

14.3 1.8

1,261.1 1,822.9

406.1 ]68.0

1,111.0 1,115.6

0.5 5.9

61.8 54.6

011.5 41.0

123.0 28.1

9.1 2.1

Naphthalene (0.2)

I-Methylnaphthalene (0.2)

2-Hethylnaphthalene (0.2)

Quinoline (0.2)

Acenaphthalene (0.2)

Acenaphthene (0.2)

Fluorene (0.2)

Phenanthrene/Anthracene (0.2)

Acr!dine (O.~)

Carbazole (0.2)

Fluoranthene (0.2)

pyrene (0.2)

Benzo(a) fluorene/
Benzo(b)fluorene (0.2)

Benz(a)anthracene/C~Y8ene/

Triphenylene (0.2)

Benzo(j)fluoranthene/
Benzo(b)fluoranthene/
Benzo(k)fluoranthene (0.2)

Benzo(e)pyrene/
Benzo(a)pyrene (0.2)

Perylene (0.2)

Dibenz(a,j)acridine (0.2)

Dibenz(a,i)carbazole (0.2)

Indeno(I,2,)-cd)pyrene (0.2)

Dibenz(a,h)anthracene (0.2)

8enzo(g,h,i)perylene (0.2)

Coronene (0.8)

Dibenz(a,i)pyrene (O.P)

Dimethylbenz(a)anthracene (0:2)

]-Hethylcholanthrene (0.2)

6,13-Dimethylbenz(a,h)­
anthracene (0.2)

351.4

162.5

249.7

8.8

25.8

21.9

15.6

0.8

1.5

830.1

639.6

819.1

18.6

24.4

38.1

31.6

0.6

0.6

2.5

4.9

0.8

79.0

41.5

104.4

1.6

24.6

21.0

41.1

4.3

0.9

1].1

22.5

11.1

2.5

0.]

0.5

0.4

2.0

0.5

1.4

0.3

0.9

1.0

0.5

0.1

10.0

4.]

8.1

0.]

1.8

2.4

l.9

0.2

0.4

2.4

2.1

4.2

0.9

l.b

2.7

0.2

0.4

~=============-==.I====j===:.=a:-,-;:-=--=-=-~-:=I====I--===~..:-

T01'AL 838.0 2,412.1 JUl.b 5.1 } , 7 38 • 2 ] , 444 . £» 31.4 140~

a
Assuming a sample volume of 1,2·00 liters. b.. __ u indicates not detected.

*Mcthyltetralins, which co-elute with naphthalene, dclcctcJ in oamplc.



Tab1e 6-20 (conc1uded)

Location Sampled:

Solvent: Fraction­
ator Side Stream

Pumps P-106,
p-107 site 10

Solvent l-'ractionalor
Bottoms Puml) p-loa

Site 11

UhJh-Pcctitiur~ ,
l-~lush oil lJump
P-111 Site 12

--------,----- -Oily W.,l.e,"

Sump \I,.w' "II
Sile l.i

Saaple Nulllber: 4-026 4-150* 4-000* 4-101 4-191 4-115 4-224 4-061 4-14U* 'I-Oln

...-=S.;;aaa_.~p:l_e_V....o;;;..1_UlD~e~(~t;..:)~& ~1~1~6_6--f_1~, 2=-:7=-2_t--:l~,:-:]~1~6---1t-~1~, ~1~0_0--t---:1~.~2:-0~0_t--:1~.-:"1~08_-t-~1~19~O~f-...;;1;..:,~2~4;..;.7-4..-..;;.1...:.. •..::..2~5~'_.---...:l~,~l~~!- _
0858- 2025- 1646- 1935- 2054- 0919- 0721- 2123- 2041- 0905-

Sampling Time: 1656 0515 0210 0506 0514 1815 1540 0554 052J 1824
Date Collected: 5719/01 5721/01 5/18/01 5/20/01 5/22/01 5/21/81 5/21/01 5/19/01 5/21/Hl 5/20/01 ~

C~nd (detection
li.it Uq/.3,a

tJI
I

N
(X)

Naphthalene (0.2)

l-Methylnaphthalene (0.2)

2-Hethylnaphthalene (0.2)

QuinOline (0.2)

Acenaphthalene (0.1)

Acenaphthene (0.2)

Fluorene (0.2)

Phenanthrene/Anthracene (0.2)

Acridine (0. R)

carbilzole (0.2)

Fluoranthene (0.2)

Pyrena (0.2)

Benzo(a) fluorene/
Benzo(b)fluorene (0.2)

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

Benzo(j)fluoranthene/
Benzo(b)fluoranthene/
Benzo(k)fluoranthene (0.2)

Benzo (e) pyrene/
Benzo(a)pyrene (0.2)

Pery1ene (0.2)

Dibenz(a,j)acridine (0.2)

Oibenz(a,l)carbazole (0.2)

Indeno(1,2,3-cd)pyrene (0.2)

Dibenz(a,h)anthracene (0.2)

Benzo(g,h,l)~erylene (0.2)

Coronene (0.8)

Dlbenz(a,l)pyrene (0.0)

Dl.ethy1benz(a~anthracene (0.2)

l-Methylcholanthrene (0.2)

6, 13-Diaethyldibenz (a,h)­
anthracene (0.2)

TOTAL

14.1

12.3

24.4

1.2

2.3

8.7

8.0

1.8

0.4

0.1

13.5

1,638.0

246.7

1,099.6

0.7

4.0

6.2

1.1

0.2

0.3

2,999.0

553.8

]2.4

211.7

1.5

1.9

8.1

9.3

0.5

1.0

2.1

1.0

0.7

0.3

0.9

825.0

24.1

4.7

11.9

1.5

2.2

2.2

0.4

41.0

2.3

1.4

6.7

0.8

2.3

2.4

0.2

16.1

22.0

5.5

l4.7

0.8

4.9

10.4

l2.8

0.6

0.3

1.1

1.6

0.4

15.1

13.1

5.3

15.6

0.4

1.2

2.1

2.8

0.3

0.1

0.4

42.1

10.4

2.6

12.0

1.1

1.0

O.l

21.4

791.1

08.6

291.1

1.3

7.4

6.1

l.4

0.4

1,190.0

b

aAsswaing a aalllpie volwne of 1,200 liters. b.. __" indicates not dett.~ted.

*Hethy1tetrallns, which co-elute with naphthalene, detecte<l in sample.

--_...........~-------_.-



Table B-2l. Plant D Personal Sampling Analytical Results (~g/m3) for PNAs (May l

"--" iJdlcates not detected.Assuming a sample volume of 700 liters.

Process Technicians (Operators)
Personnel Saapled: Liquefaction-Distillation Unit Solvent nydroqenation Coal PCI

11 12 11 Unit U
SaJaPle Huaber: 4-116 4-111 4-210 4-101* 4-117 4-211* 4-011 4-049 4-1])· 4-059· 4-1)4 4-219 4-110 4·

SallPle Voluae (I.): 716 159 588 714 660 6]0 7]2 72) 771 676 184 560 '/36 i

SalipliRCj Ti_: 2137- 0855- 0945- 0948- 2016- 0940- 2011- 10])- 0925- 1004- 0925- 0719- 2201- 2]
0614 0521 1645 1749 0530 1640 0418 1035 1759 0535 1008 1353 0612 O~

Date ·11981) Collected: 5/20 5/22 5/22 5/20 5/20 5/22 SIlO 5/19 5/21 5/19 5.1.21 ---U1~- :=-~~~= 5
Compound (detection 1-=

limit UQ/.1)G

Naphthalene (O.~) 15.4 29.1 15.2' 163.0 20.2 136.2 10.9 ).6 45.2 895.1 116.6 23.3 11.9 t

l-Methylnaphthalene (0.4) ].6 25.0 1.1 61.6 4.9 53.4 5..0 1.2 13.0 121.6 33.0 ll.8 5.0 :
2-Hethylnaphthalene (0.4) 12.8 71.4 ]1.8 188.4 15.9 251.4 25.6 l.9 42.1 400.1 11.0 27.b 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 --
Acenaphthene (0.4) 1.6 2.9 2.6 18.6 1.6 lO.8 2.1 0.5 6.4 11.6 5.9 4.1 1.1 J

Fluorene (0.4) 2.2 4.4 2.4 20.0 2.0 9.5 5.9 0.8 8.0 11.2 9.2 4.6 1.U ;

Phenanthrene/Anthracene (0.4) 1.0 ].4 2.5 10.2 2.0 6.9 3.4 -- 1.1 4.2 5.9 4.5 0.9 j.
Acridine (0.4) -- -- -- 1.0 -- -- -- -- -- 0.4 -- -- O.b

Carbazole (0.4) -- -- -- -- -- -- -- -- -- -- -- -- --

Fluoranthene (0.4) -- -- -- 0.5 -- -- -- -- -- -- -- -- --
Pyrene (0.4) -- -- -- 0.8 -- 0.5 -- -- -- -- 0.6 -- --

Benzo(a) fluorene/ -- -- -- 0.6 -- -- -- -- -- -- -- -- --Benzo(b) fluorene (0.4)

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

Benzo(j)fluoranthene/
Benzo(b)fluoranthene/ -- -- -- -- -- -- -- -- -- -- -- -- --
Benzo(k)f1uoranthene (0.4)

Benzo(e)pyrene/ -- -- -- -- -- -- -- -- -- -- -- -- --Benzo(a)pyrene (0.4)

Perylene (0.4. -- -- -- -- -- -- -- -- -- -- -- -- --
Dibenz(a,j)acridine (0.4) -- -- -- -- -- -- -- -- -- -- -- -- --
Dibenz(a,i)carbazo1e (0.4) -- -- -- -- -- -- -- -- -- -- -- -- --
Indeno(l,2,3-cd)pyrene (0.4) -- -- -- -- -- -- -- -- -- -- -- -- --
Oibenz(a,h)anthracene (0.4) -- -- -- -- -- -- -- -- -- -- -- -- --

Benzo(9,h,i)pery1ene (0.4) -- -- -- -- -- -- -- -- -- -- -- -- --
Coronene (1.6) -- -- -- -- -- -- -- -- -- -- -- -- --
Dibenz(a,i)pyrene (1.6) -- -- -- -- -- -- -- -- -- -- -- -- --
Dimethylbenz(a)anthracene (0.4) -- -- -- -- -- -- -- -- -- -- -- -- --
3-He~hy1cholanthrene (0.4) -- -- -- -- -- -- -- -- -- -- -- -- --

6,13-Dilllethyldibenz(a,h)- -- -- -- -- -- -- -- -- -- -- -- -- --anthracene (0.4)
--:.=.;:;;;=.- -=

TOTAL 36.6 131.5 61.0 411.3 46.6 469.2 53.9 10.0 119.6 1,453.0 242.6 16.4 44.0 2

a b

*Hethy1tetralinti, which co-elute with naphthaleHc, dclectt:d in ~alUp1e.



~_.... --
Table B-21 (concluded)

.------------.-------------------------~---------------------
Maintenance Personnel

.---------r-----------r-------~;...;;.;.~~_;..;;..;;....;~.;.;.;.;;~-_..._----__w_----
Personnel Sampled a Welders Millwrights Pipet itters Insulators El(!c- l"~il

tr ic i", .. ~; Tl:el ..
Sample Number & 4-018' 4-121" 4-164 4-015 4-096

sample Volwae (1): 726 684 729 548 64 5
0745- 0731- 074]- 0005- 1545­

sa.pling T~a 1549 1507 1549 0610 2255

Date (1981) Collected: 5/19 5721 5722 5/19 5/20
Ca.pound (de·tec~ion

li.it uq/.3)4

4-125 6 4-001 4-077 4-162~ 4-147 4-02) 4-078 4-024 4-163 ·'-022 4·
6)9 720 754 627 639 659 759 612 71U 126 ,

07)4- 1545- 0825- 1155- 1622- 0729- 0818- 07)2- 0120- (i~l)(
1540 2346 1648 1853 2)44 1527 1644 1547 1512 1~54 14
5/21 5/18 5/21 5/21 5/21 5/19 5/20 5119 5Ll2_ ~/!9 5

2.0 0.8 --

2.7 1.2 0.1

0.7

5.2 0.6 2.0 l.l l

o.~

0.6

0.9 1.8

-- -- 0.6 --

1.0 1.9 1.4 1.9

1.2 2.6 2.0 2.1

11.) 1.1 11.6 18.0 2

7.2 13.3 5.8 16.1

16.7 5.0 20.9 21.2 2

1.1

1.6 1.4 0.8

1.1 1.4 1.4

1.0 1.1

1.2

1.4

23.1 15.6 2).7 4.1

4.1 3.8 4.5 2.8

18. 7 20.3 14. 1 5.5

3.1

3.9

1.6

18.6

6.8

]4.2

0.5

0.4

1.0

22.3

12.2

6.9

1.6

1.0 0.4

3.5 2.6

5.8 3.3

5.0 2.0

11. ) )1 . 1 69] .0

4. 6 7 . 9 1)8 .4

29.3 28.5 448.1

2.5

1.6

3.2

9.0

2.2

5.5

5.4

3.0

6.0
b

Naphthalene (0.4)

l-Hethylnaphthalene (0.4)

2-Hethylnaphthalene (0.4)

Quinoline (0.4)

Acenaphthalene (0.4)

Acenaphthene (0.4)

Fluorene (0.4)

Phenanthrene/Anthracene (0.4)

Acridine (0.4)

Carbazole (0.4)

Fluoranthene (0.4)

pyrene (0.4)

Benzo(a) fluorene/
Benzo(b)f1uorene (0.4)

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

Benzo(j)fluoranthene/
Benzo(b)fluoranthene/
Benzo(k)f1uoranthene (0.4)

Benzo(e)pyrene/
8enzo(a)pyrene (0.4)

Pery1ene (0.4)

Dibenz(a,j)acridine (0.4)

Dibenz(a,i)carbazo1e (0.4)

Indeno(I,2,]-cd)pyrene (0.4)

Oibenz(a,h)anthracene (0.4)

Benzo(g,h,i)pery1ene (0.4)

Coronene (.1.6)

Oibenz(a,i)pyrene (1.6)

Dimethy1benz(a)anthracene (0.4)

l-Hethylcho1anthrene (0.4)

6,1)-Dimethy1dlbenz(a,h)­
anthracene (0.4)

to
Iw
o

....,.~a:=:=o=-~=---=:m:=;;;;:;;g;;;:::;:a;:;:;z:;;==tt===t===F===t===t=-=-==iF===4===:f====I=~~~==t:==,..-==~===T=l--=--=~-.:.- .---- ---
TOTAL 25.0 19.1 8.0 60.5 83.4 1,]22.8 68.2 49.1 44.0 46.2 15.7 l8.) 25.7 4~.U ~O.O 6

aASsuminq a sample volume of 700 liters. b.. __ tI indicates not detccte~.
*Methyltetra1ills, which co-elute with naphthalene, detected in 8dnlV1e.



r ~:aphc."".alene 5.01 0.34 1.SO 0.64 0.23 0.63 0.23 0.25 0.04 0.43

Il-~e~~ylnaph~~en. 1.40 0.12 0.27 0.07 0.02 0.41 0.10 0.08 0.02 0.06

:-~e~~ylnaphth4lene 3.36 0.20 0.73 0.23 0.07 0.41 0.09 0.12 _a 0.10

'~UJ-"'lOline -- - - - -- - - -- -- -
.~ fL'\apht."la.lene - - 0.01 - - - - 0.03 - 0.01

'\canaphthene 0.13 0.05 0.03 0.01 - 0.11 - 0.01 - --
:'luorane 0.16 0.17 0.05 0.04 - 0.13 0.13 0.01 - 0.01

Phenanthrene/Anthracene 0.66 1.10 0.07 - - 0.64 - - - -
Acric1ine - - 0.08 - 0.07 - - 0.14 - -
~bazQle - - - -- - - - 0.10 -- -
Fluoranthene 0.02 0.02 0.01 - - 0.02 - 0.02 - -
pyrena 0.01 0.01 0.03 0.01 0.01 0.01 - 0.02 - -
Senzo(a)tluc:ene/ - - 0.06 - - -- - 0.02 - -Sen:o(b)tluo:ane

Senz(a)anthracane/ 0.01 - 0.04 - - - - 0.03 - -
~~sene/Triphenylane

3enzo(j)tlucranthene/
senzo(b)tluoranthene/ - - - - - - - - - -
Sen:o(k)fluoranthene

Benzo (.) pyrena; - - - - - - - - - -
a8l1%O (a) pyrene

perylena - -- - - - - - - - -
oibenz(a,j)acridine - - - - - - - - -- -
01benz(a, i) carb&zc1e - - - - - - - - - -
Indeno(1,2,3-ec)pyrene - - - - - - - - - --
Oibenz(a,h) anthracene - - ~ - - - - - - -
Senzo (q,h, i)perylane - - - - - - - - - -
Coronene - - - - - - - - - -
01benz(a,i)pyrene - - - - - - - - - -
Oimethylbenz (a.) an'thracene - - - - - - - - - -
3-Methy1cholanthrane - - - - - - - - - --
6,13-DtDethyLdiDeaz(a,h)- - - - - - - - 0.04 - -anthracene

TO'l'AL 10.76 2.01 2.88 1.00 0.40 2.36 0.55 0.83 0.06 0.61

'1" __- i.:d1c&ta. not detee:1:acl.
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Table B-23. Plant D Wipe Sampling Analytical Results for PNAs (tolay 2))

.. ludlciitCti compound nut. delccted.a•.•" iudicates compound detectcd.

Control Control -------
Wrench Instrument

Valve U'ludle
UOl-lh Flak.l

Location sampled: Handle
lIouse Uouse Cover

!J-lU4li
~iLlln;"~,t

Door Ildndl~ Lunch 1'alJle 1"-"2"26'1' l;ruul~ Lev,

SalllPle Number: 4-244 4-245 4-250 4-254 4-256 4-'250

eo.pound

Naphthalene .a • • • • --b

I-Methylnaphthalene • • • • • --
2-Methylnaphthalene • • • • • --
QuinOline -- -- -- • • --
Acenaphthalene -- -- -- • -- --
Acenaphthene • • , • • •
Fluorene • • • • • •
Phenanthrene/Anthracene • • • • • •
Acridine -- • -- • • •
Carbazole -- • -- • • •
Fluoranthene • • • • • •
Pyrene • • • • • •
Benzo(a) fluorene/ • • • • • •Benzo(b) fluorene

Benz (a)anthracene/ • • • • • •Chrysene/Trlphenylene

Benzo(j)fluoranthene/
Benzo(b)fluoranthene/ • • -- , • •
Benzo(k)fluoranthene

Benzo(e)pyrene/ • • -- • • •Benzo(a)pyrene

Perylene -- • -- • • •
Dibenz(a,j)acridine -- -- -- -- -- --

Dibenz (a, i)carbazole -- -- -- -- -- --

Indeno(I,2,]-cd)pyrene -- -- -- • • •
Dibenz(a,h)anthracene -- -- -- -- -- --

Benzo(g,h,i)perylene -- -- -- • • •
Coronene -- -- -- -- -- --

DilJenz(a,i)pyrene -- -- -- -- -- --

Oimethylbcnz(a)anthracene -- -- -- • -- _. -

l-Hethylcholanthr~ne -- -- -- • -- - -

6,ll-Dimethyldibenz(a,j)- -- -- -- -- -- --
anthracene

b

tD
I

w
N



Compound

:~a:,:"thalene

I-Methylnaphthalene

2-~e~~yl~a?ht~alene

Quinoline

Acenaphthalene

Acenaphthene

Fluorene

?henant~~ene/Anthracene

Acridine

Carbazole

Fluoranthene

Pyrene

Benzo(a)fluorene/Benzo(b) fluorene

Benz (a)anthracene/Chrysene/
Triphenylene

Benzo(j)fluoranthene/Benzo(b)­
fluoranthene/Benzo(k)fluoranthene

Benzo(e) pyrene/Benzo (a) pyrene

Pe=ylene

Dibenz(a,j) acridine

Dibenz(a,i)carbazole

Indeno(1,2,3-cd)pyrene

Dibenz(a,h)anthracene

Benzo(g,h,i)perylene

Coronene

Dibenz(a,i)pyrene

Oimethylbenz(a)anthracene

3-Methylcholanthrene

6,13-0imethyldibenz(a,h)anthracene

.~

--=

•
•

•
•

•
•
•
•
•
•
•
•
••
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

(Z" ... indicates compound detected.
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I I "-J.. I : -~ - !.:j:)\J-,1,/::; I :: ~-l ~~ I -- : -- I -- ! -- I -- I -- I -- I -- ! --
,*-002 I :~~ I~62~-'~:~:I :/13181

I

,

-- I
-- j

I I
:?r..; :-=~ -::'01 ::.oom -- i -- -- -- -- -- --
3i~! 1

';-2C7/
I -- I:0 I"O"o-,,4.. ~ ~/22,81 -- ! -- -- -- -- ::: :: :::

"'-':06 ! '- ~- "'-'''''1 - ... - I i
I I

:~~.;.:-.-?:~ssu.:';! 51u::"/ ........ ~1~/-v~1d J/.9/~1 -- ! -- -- --
I

-- -- -- -- --
:=-=0 ?t~;S, ? ... L-J:, 1 I

.. -';92 iiJ ~a46-1al: 5/:C/81 -- -- -- -- -- -- : = :::
51.:'= 3 I
~eac~or separator 4-030 3S 0905-165~ S/19/31 ' -- - -- -- - -- a ::: a

?~P, ?-lJo, 5iee 4 4-146 1C4 0943-1824 5/21/81 I - -- -- -- -- -- - -- --
~~os;her~c ::1=- 4-001 111 1650-0205 3/18/81

-- I

-- -- -- - -- :: :: ::::t

tionator :iqht Gasl 4-175 i04 0905-1744 5/22/31 -- -- -- -- -- -- - -- --
=il ?'.U3p, P-202,
.i1.i;& 3 I
At=os. :rac. 3ot~oms 4-143 105 0936-1821 5/21/81 '

o~_"1 - O.l -- - - -- - --
?ump, ?-204, Site 6

4-203 97 2103-0510 5/22/a1 -- -- -- -- -- :: ::: :::

"iacuum St=i~per .. -033 38 0941-1655 5/19/81 I - - - -- - - :: ::::t ::

Liqht Gas/Oil ?ump,
I

4-113 89 1954-0521 5/20/81 : -- - - - - -- a :: a
:'-201, Site 7 ;

4-139 106 0929-181a 5/21/91 0.4 0.1 - 0.3 - 0.6 -- -- --
"Jacuu= Str~p;:er 4-050 102 2101-0533 5/19/81 i - -- -- - - -- a a cz

Heavy Gas/Oil Pump,
4-179 106 0900-1748 5/22/81 i - -- -- - - -- -- -- --?-2C9, Si~. 3

Vacuum Stripper 4--)87 115 0830-1805 5/20/91 ! - - - -- - - :z a a

30ttoms ?ump, ~-210,
4-201 95 2114-0501 5/22/81 : - -- -- -- - -- :z :z :z

Site 3
4-232 97 0740-1545 5/23/a1 -- -- -- -- - -- -- -- --

Solvent ::actiona~or 4-032 96 0855-1656 3/19/81 I -- - -- -- -- -- :: :: ::

3ide Stream Pumps,
4-159 l06 2023-0515 5/21/81 i - -- - -- -- -- I: a a

?-306,P-307, 3ite 10
4-231 98 0734-1545 5/23/81 : -- -- -- -- -- -- - -- --

301vent :rac~ionaeor 4-010 112 1650-0210 5/1a/81 : 0.3 - - -- - -- -- -- -
30ttoms Pump, ?-309,

1937-0507
I

Site 11
4-110 90 5/20/81 ! -- -- - - -- - a :1 ::

4-205 laO 2053-0514 5/22/81 i -- -- - -- -- -- a :z :::

Kiqh-Pressure Flush 4-157 98 1644-0053 5/21/81 \ -- - -- -- - -- -- --
I

--
Oil Pump, P-1lJ, I

4-233 100 0121-1540 5/23/81 I -- -- -- -- -- -- a a a
Site l2 i

Oily WAter Sump, 4-068 102 2123-0554 5/19/91 I -- - -- - - -- -- -- --
Site 13

4-156 104 2043-0524 5/2l/81 I - - -- -- a a a- -
Upwind Perimeter 4-161 104 2050-0529 S/21/81 i - -- - -- - - -- - -

4-181 102 0909-1739 5/22/81 - -- - - -- -- a a a

Slanks 4-086 5/20/81 - -- - -- - - - - --
4-191 5/22/81 - - -- -- - -- CI a a

4-238 5/23/81 -- - - -- - - -- - --
4-241 5/23/81 - - - - -- - -- -- --

'%Aromatic AIllines: A. &rllline: S. ~,N-dimethy1aniline: C. o-to1uidine: D· 2,4-dimethylaniline;
! • o-~sic'1ine: F. ;-anisi.e!1ne: G. 1-naphthylamine: Ii. 2-naphthylamine: :t. p-nitroanili.ne.

bMSWIlinq a sample volume of 100 litus. a It __ It inc1icates cOlllpouncl noe detected.
d.. .:- indicate. sample. not &na1yzea for these compounc1s.
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.;~~....~ ....._.. ----- ,--
4-Z~~ ':ttl U/"O-J.~~ JI.~fg. I --

:'iq'J.efac':ionl 4-069 30 2203-0613 5/19/81 - - -- - - - a a a

J~stillation Unit .3 4-098 99 2107-0525 5/20/81 - - - -- - -- a a a

4-220 90 0135-1535 5/23/81 - -- - - - - - -- -
solvent H~q.- 4-119 26 2147-0602 5/20/81 - - - - - - 1:1 = a

nation Unit 4-172 84 2058-0510 5/22/81 - - - - - - - - -
otfsit8 , Uti1i~i8s 4-054 89 2153-0605 5/19/81

I
- - - -- - - - -- -

4-097 97 2100-0532 5/20/81 - - - - - - 1:1 a a

~a~tenance ~orkers

~.lders 4-019 85 0742-1541 5/19/81 - - - - - - 1:1 1:1 a

4-079 167 0759-1543 5/20/81 - - -- - - - 1:1 = a

Millwriqhts 4-124 76 0012-0728 5/21./81 - - - - - - 1:1 = r:

4-131 88 1530-2302 5/21/81 - - - - - - - - -
4-195 20 2104-0537 5/22/81 - - - - - - - - -

Pipefitters 4-055 97 1538-2341 5/19/81 - - - - - - - - -
4-102 79 1602-2344 5/20/81 - - - - - - = 1:1 a

4-169 74 0753-LS38 5/22/81 - - - - - - - - -
Instrumen-e 4-015 83 Oa07-o710 5/20/81 - - - - - - - - -
Tech.ni.cians

4-196 89 1605-2335 5/22/81 - - -- - - - - - -
Laborers 4-017 72 0010-0706 5/19/81 - - - - - - a 1:1 a

4-056 97 1540-2345 5/19/81 - - - - - - - - -
Blanks 4-037 5/19/81 - - - - - -- a a a

4-188 5/22/81 - - - - - - - -- -
4-239 5/23/81 - - - - -- - a a a

CZAromatic Amines: A a an.i.li.ne: a. N,N-dimathylaniline: C. o-to1uid.ine; o· 2,4~im.thylanlline:
E • o-anisiQine: F a p-ani.sicU.ne: G. 1-n&phthylamine~ Ii. 2-naphthylamine: I. p-nitroaniJ.ine.

bAsSWl.1Dq a sample volume ot 100 Utus. c,,_ .. iMicat•• compound not detected.

d"a" iDclicaee. samples not analyze tor the.. c:aapouDCis.
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I........ '-....~ .... ~-· "'-lIfIII'W_ --- ..--- ---- -,. - . --

ISite 2 4-208 96 2045-0445 5/22/81 -- -- -
I!i1.qh-Pressure Slurry 4-065 102 2117-0548 5/19/81 I -- - --

:eed Fump, P-102, 4-091 llJ 0846-1811 5/20/81 - -- 0.02
Site 3

4-154 lOS ~034-0520 5/21/81 0.04 - -
Reactor Separator Pump, 4-035 95 0905-1655 5/19/81 - - -
P-106, Site 4 4-145 104 0942-1823 5/21/81 - - --
Atmospheric Fraction- 4-006 114 1636-0204 5/18/81 - - -
ator Liqht G&s/O~ 4..114 90 1958-0527 5/20/81 0.03 0.06 0.21
Pump, P-~02, Site 5

4-178 104 0905-1744 5/22/81 - - -
Atmospheric Prac1:i.cm- 4-052 103 2101-0533 5/19/81 - .- 0.02
ator SOttaIU Pump, 4-142 105 0935-1820 5/21/81 - - -
P-~04, Site 6

4-204 97 ll03-o510 5/22/81 - - -
VaCU\D Stripper IJ.qht 4-031 100 0834-1655 5/19/81 - 0.02 0.02
G&8/0~ Pump, P-207, 4-112 90 1952-0521 5/20/81 0.12 0.14 0.~6
Site 7

4-140 105. 0929-1818 5/21/81 0.13 - -
Vacuum Stripper aeavy 4-051 102 2101-0533 5/19/81 - - -
Gu/Oll Pump, P-20$, 4-174 106 0900-1748 5/22/81 - -- -Site $

4-228 99 0726-1542 5/23/81 - 0.02 0.06

VaCUUll Stripper Bot-eoma 4-089 114 08.12-1803 5/20/81 - - --
Pump, P-~10, Site 9 4-202 95 2114-0507 5/22/81 - - -
SOLvent Fra.c1:i.on&tor 4-034 96 0855-1656 5/19/81 - - -
Side Strua PwDps,

4-155 106 ~025-o5lS 5/21/81 - - -P-306, P-307, Site 10
4-2.27 98 0734-1545 5/23/81 - 0.03 0.17

SolveDt Fractionater 4-009 ll3 1647-0210 5/18/81 - - -
BottolU Pump, P-308,

4-111 90 1937-0504 5/20/81 0.04 0.04 0.06
Site 11

4-206 100 2053-0514 5/22/81 - 0.03 O.ll

Hiqh-Pre.sure Fluah O~ 4-136 85 0919-1641 5/21/81 0.04 0.08 0.52
Pump, P-113, Site 12 4-lSI 98 16"-0052 5/21/81 - - -

4-229 lOa 0721-1540 5/23/81 - - -
Oily watar SWIp, 4-067 102 2123-0554 5/19/81 - - -
SJ.te 13

4-153 104 2045-0524 5/21/81 0.32 0.54 0.85

OpwiDd Perimeter 4-094 112 0908-1826 5/20/81 - - -
4-152 103 2051-0529 5/21/81 - - 0.02

4-180 102 0909-1739 5/22/81 - - -
Blanka 4-038 5/18/81 - - -

4-08$ 5/20/81 - - -
4-189 5/22/81 - - -
4-237 5/23/81 - - -

AasuaWlq a sample volume of 90 litera. "-" iJxlic:at.. not deteetc.
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0714-1534 14-216 46 3/23/81 0.14 -- 0.02

Process Technicians, 4-045 25 1028-1842 5/19/91 -- 0.02 --
:iquefact~on-Oistillation 4-071 95 2200-·J612 5/19/81 -- -- --";:a':. =2

4-215 101 0716-1541 5/23/81 - 0.02 --
?rocess Techn~cians, 4-070 113 2203-0613 5/19/81 0.02 -- 0.02
Liquefaction-Distillation 4-100 111 0907-1725 5/20/81 0.13 - -t1n.it .3

4-217 95 0735-1535 5/23/81 . - - -
Process Techn~cians, 4-120 :5 2147-0601 5/20/81 - - -
Solvent aydroqenation Unit 4-173 66 0858-1710 5/22/81 - - -

4-212 80 . 2151-0445 5/22/8~ 0.03 0.05 -
process Technicians, 4-053 98 2152-0605 5/19/81 -- - -
Offsita & Ut~~ti.s 4-099 103 0900-1732 5/20/81 O.lJ - -

4-209 47 2150-0450 5/22/81 - 0.05 0.04

:-taintenance Personnel, 4-020 90 0743-1547 5/19/81 0.02 - -
Ne1ders 4-057 16 1538-2341 5/19/81 0.34 - --

4-080 88 0759-1543 5/20/81 0.03 - -
4-082 96 0800-1540 5/20/81 - - -

~intenanc:e Personnel, 4-123 84 0012-0727 5/21/81 0.07 0.10 0.05
~llwriqbts 4-128 86 1530-2305 5/21/91 - -- -

4-194 82 1557-2338 5/22/81 0.05 0.02 -
Maintenance Personnel, 4-103 95 1602-2344 5/20/81 i - 0.02 -
?ipefittus I

4-122 67 0015-0720 5/21/91 - - --
4-167 40 1952-0338 5/22/91 - - -

:-1aintan&nce Personnel, 4-074 89 0006-0710 5/20/81 -- - -
InstJ:'UJZleftt Technicians 4-166 38 0735-1529 5/22/81 - - -

4-193 97 1605-2335 5/22/91 -- -- -
Maintenance Personnel, 4-016 65 0010-0706 5/19/8l - - -
LAborers

4-058 83 1540-Z345 5/19/81 - ---
4-129 91 1547-2320 5/21/81 - - -

Bl&nJt.s 4-038 5/18/81 - - -
4-040 5/19/81 - - --
4-085 5/20/81 - - -
4-190 5/22/81 - - -
4-240 5/23/81 - -- -
4-242 5/23/81 - - --

\
1

t

I

.;:?~

G%Usumi.nq a saapla volume of 90 litus. b____ indicate. not detected.
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Table B-29. Plant D Area and Personal Sampling Analytical Results (mg/m3) for Phl
(May 19-23, 1981)

LJ
I

w
C':)

Sample
Compound (detection limi t, IIllJ/mJ )ll

Saaaple
Volwae

Sampling Date m-Cresol/ o-Ethy1-
NLWWel"

(1)
Time Collected Fhenol o-Cresol

p-Cresol phenol
2,3-Xylenol

(0.02) (0.02)
(O.O~) (0.02) (0.02)

-- ... -- --

Location Saaaple4

site Il 4-160 105 2034-0520 5/21/81 --b -- -- -- --
Site IS 4-115 90 1957-0527 5/20/81 -- -- -- -- --

Site 16 4-064 10] 2110-054] 5/19/81 -- -- -- -- --

Site '8 4-2]4 99 0725-154~ 5/2]/81 -- -- -- -- --

Upwind Pel"iaetel" 4-095 111 0912-1826 5/20/81 -- -- -- -- --
--

Blank 4-041 5/19/81 -- -- -- -- --
- - ---

Personnel Saap1ed

Pl"ocess Technioian
O

4-221 97 0714-15]4 5/23/81 -- -- -- -- --
LOU 11

Process Technician
4-072 55 2201-0612 5/19/81 -- -- -- -- --

LOU .~

Pl"ocess Technician
4-214 69 0950-1645 5/22/81 -- -- -- -- --

SIIU

Process Technician 4-21] 79 0950-1650 5/22/81 -- -- -- -- --
OSU

Maintenance WOrkel"/
4-081 82 0800-1540 5/20/81 -- -- -- -- --

Welder

Maintenance WOrker/
4-121 85 0015-0120 5/21/81 -- -- -- -- --

Pipefitter

Maintenance Worker/
4-168 79 0135-1529 5/22/81 -- -- --- -- --

InstrUillent Tech.

Maintenance Worker/
4-130 118 1547-2318 5/21/81 -- -- -- -- --

Laborer
- --

Blank 4-239 5/23/81 -- -- -- -- --

aAssuming a sample volume of 100 liters. bM __ tI indicates compound not detected.

°process technician location keya WU;; liquefaction/distillation Unit, SUU:;;; solvent hydroqeuatioll unit; OSU uff~ite llo
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Tab~e a-3D. P1ant E Area Sampling Analyt!cal Results (~g/m3) for PNAs (Au~ust ~O-l~

AssumillCj a sample volume of 1,000 liters.Plant status. N· normal operating conditions, R g recicculating 011.

~,,--" indicates not detected.

Location Sampled: Slurry Reactor lIydroclooe Vi.lcuum '1'OWl~(
I'

Preparation
Plant Statusa • R N N R R N N 'N N R N N N -!!.-- :------Sagaple Nwaber. 015 148 201 046 027 124 125 126 144 109 022 141 201 (Ul

Saaple Volwae (t) I 1,250 1 130 1 020 880 1 250 1 160 1 140 1 200 1 150 720 1 130 1 150 1,090- -lilt
Suapling Time: 2306- 1527- 0740- 0844- 2309- 1122- 1523- 1115- 1513- 09)5- 1418- 1504- 0112- 1411-

0835 2416 1503 1450 0838 1926 2317 1937 2315 1438 2208 2305 1445 2211
Date· (1981) Collected. 8/11 8113 8/14 8/11 8/11 8/11 8/11 8/13 8/13 8/12 8/10 81.1~_. _~14 __ J!L!~

Compound (detecElon
li.it UQ/.3)

Naphthalene (0.2) 14.2 10.8 24.6 0.1 14.6 16.1 1.4 l.l 28.1 81.9 1.1 2.2 2.6 2.2

l-Hethylnaphthalene (0.2) 5.1 13.1 14.4 2.0 9.9 16.4 10.9 l.5 31.8 59.1 1.4 3.4 4.9 2.()

2-Hethy1npahthalene (0.2) 11.6 44.1 116.1 12.5 39.1 89.1 14.1 9.4 105.8 204.1 22.3 9.7 14.5 7.4

Quinoline (0.2) --(J -- -- -- -- -- -- -- -- -- -- -- -- --

Acenaphtha1ene (0.2) -- 0.8 2.0 1.8 0.4 1.3 0.6 0.9 0.5 1.8 1.6 0.8 0.7 0.2

Acenaphthena (0.2) 0.4 1.9 4.8 1.6 2.0 -- -- 1.7 14.1 8.1 1.4 -- -- 0.5

Fluorene (0.2) -- 1.5 4.6 9.1 1.0 1.6 1.4 3.2 15.4 10.1 5.4 2.8 l.6 0.1

Phenanthrene/Anthracene (0.2) -- -- -- -- -- -- -- 1.4 1.4 1.6 -- -- -- --

Acridine (0.2) -- -- -- 0.4 -- -- -- -- -- -- -- -- -- --
Carbazole (0.2) -- -- -- -- -- -- -- 0.1 0.1 -- -- -- 0.6 --
Fluoranthene (0.2) -- -- -- -- -- -- -- 0.8 6.1 -- -- -- 0.5 --

Pyrena (0.2) -- 0.1 0 .. 4 0.1 -- 0.1 0.2 4.1 2.1 1.5 0.8 0.6 5.1 1.1

Benzo(a) fluorene/ -- -- -- -- -- -- -- 2.1 0.6 -- -- 0.1 1.5 0.5Benzo(b)fluorane (0.2)

Benz(a)anthracene/~hrysene/ -- -- -- -- -- -- -- -- -- -- -- -- -- --Tripheny1ene (0.2)

Benzo(j)fluorantbene/
Benzo(b)fluorantbene/ -- -- -- -- -- -- -- -- -- -- -- -- -- --
Benzo(k)fluoranthene (0.2)

Benzo(e)pyrene/ -- -- -- -- -- -- -- -- -- -- -- -- -- --Benzo(a)pyrene (0.2)

Perylene (0.2) -- -- -- -- -- -- -- -- -- -- -- -- --

Dibenz(a,j)acridine (0.2) -- -- -- -- -- -- -- -- -- -- -- -- -- --

Dibenz(a,i)carbazo1e (0.2) -- -- -- -- -- -- -- -- -- -- -- -- -- --

Indeno(I,2,1-cd)pyrene (0.2) -- -- -- -- -- -- -- -- -- -- -- -- -- --

Dibenz(a,h)anthracene (0.2) -- -- -- -- -- -- -- -- -- -- -- -- -- --

Benzo(g,b,i)pery1ene (0.2) -- -- -- -- -- -- -- -- -- -- -- -- -- --
Coronene (0.8) -- -- -- -- -- -- -- -- -- -- -- -- -- --

Dibenz(a,i)pyrene (0.8) -- -- -- -- -- -- -- -- -- -- -- -- -- --

Di.ethylbenz(a)anthracene (0.2) -- -- -- -- -- -- -- -- -- -- -- -- -- --
)-Hethylcholanthrene (0.2) -- -- -- -- -- -- -- -- -- -- -- -- -- --
6,13~imethyldibenz(a,h)- -- -- -- -- -- -- -- -- -- -- -- -- -- --anthracene (0.2)

- - -=f==:"~F==--= ---
TOTAL 11.9 12.9 181.1 11.0 61.6 127.0 55.2 11.1 213.0 312.0 44.6 19." ]4.2 IS.2

a 1



Table 8-30 (concluded)

Location S~pled: Fractionator waste oil Recovery Control ~oon, Seal Oil rUm1) lJet iaat!l "f

Plant Status": N R N N R R R
---- - r---._-N N N N 1< N

Sa.p1e Number: 128 145 016 146 200 045 011 112 056 121 204 lO~ 114
Sa.p1e Volume (1): 1 090 1 150 1 ]90 1,1]0 1 010 1 060 1,060 1 120 1,140 1,100 910 1,OUO 1,150

Saap1in9 Time:
110S- 1508- 2]11- 1541- 0720- 0811- 2301- 1530- 1436- 1111- 0135- 0120- TI4~
1919 2300 0055 2331 1445 1554 0828 2318 2230 1923 1455 144U IlJ4"1

'Date '1981' Collected: alll OJil 8/11 8/13 8/14 8/11 8/11 8/13 8/11 8/13 8/14 J!Lll ~-M'-!1~Compound (detecl!on
limit UQ/..3 ,

Napbthalene (0.2) 21.9 6.6 13.1 1.9 14.1
a

6.0 5.9 1.0 1.8 5.2 5.1
I-Hethylnaphthalene (0.2) 12.1 4.2 13.3 1.2 9.2 4.4 8.3 0.9 4.6 3.8
2-Hetbylnapbthalene (0.2) 36.9 12.0 52.0 3.1 49.1 16.0 24.7 9.6 15.5 14.1 5.1 O.l
Quinoline (0.2)

Acenapbthalene (0.2) 1.9 1.0 1.2 2.9 0.4 0.3 1.2 1.1 0.5
Acenapbthene (0.2) 3.9 0.3 1.1 0.1 5.1
Fluorene (0.2) 4.1 3.1 3.2 5.2 1.2 1.1 6.6 2.4
Phenanth(ene!Anthracene (0.2) O.l 1.2

Acridine (0.2) 0.1 0.3 0.5

Carbazole (0.2) O.S 0.3

Fluoranthene (0.2) 0.3

Pyrene (0.2) 0.8 0.6 0.2 1.7 0.5 2.0 0.6txt
I Benzo(a) fluorene!

O.l 0.2 0.1 0.3 0.6po
Benzo(b) fluorene (0.2)

~

Benz (a)antnracene!Cbrysene!
Trlphenylene (0.2)

Benzo(j)fluoranthene!
Ben~o(b)fluoranthene!

Benzo(k)fluorantbene (0.2)

Benzo (e) pyrene/
O.lBenzo(a)pyrene (0.2)

Perylene (0.2)

Dibenz(a,j)acridlne (0.2)

Dibenz(a,i)carbazole (0.2)

Indeno(1,2,J-cd)pyrene (0.2)

Dibenz(a,h)anthracene (0.2)

Benzo(9,h,i)perylene (0.2)

Coronene (0.0)

Oibenz(a,l)pyrene (0.8)

Dimethylbenz(a)anthracene (0.2)

)-Methy lcho1anthrene (0.2) 0.2

6,13-0tmethyldibenz(a,h)-
anthracene (0.2)

---,=~ ----f= --- --- ---- ---- 4_·__~ -------
1'OTAL 78.1 28.2 88.4 6.7 84.0 0 29.) 19.9 16.9 40.2 21.2 10.0 0.3

aplant status; N .. normal operatlu9 cOlld i t iou~; R ~ recircu1atinq 011. -bAssuminy a sample volwllo of 1,000 liters.
c •• M indicates not det~cted.



I Samplinq Time:
0918- 1135- 1838- 1904- 0653- 131)0- 1509- C73~-1 2323-
1430 1810 0244 0245 1430 0250 2240 1~30 0650

I Date (1981) Collected: i 8/11 8/13 8/13 8/11 a/12 a/14 8/10 I 3/1.1 3/12

Compound (detecgion
limit ua/m3 )

Naphthalene (0.4) --a 31.7 2.'3 7.8 4.3 11.6 o.a -+.1 20.1

1-Methylnaphthalane (0.4) -- 37.6 1.4 4.5 3.0 6.8 3.7 4.2 18.4

2-Methy1naphthalene (0.4) - 89.8 3.0 11.8 9.1 21.9 5.1 10.5 64.6

Quinoline (0.4) -- -- -- -- -- -- -- -- --
Acena.phthalene CO .. 4) - 2.0 - 0.7 0.5 0.6 -- -- 1.3

Acanaphthene (0.4) -- 4.7 0.3 1.7 0.8 -- -- 0.5 3.5

Fluorene (0.4) - 3.8 - 2.3 1.1 1.8 -- -- 4.4

~henanthren./Anthracene (0.4) -- -- - - -- 1.9 - -- -
Acridine (0 .. 4) - - -- -- -- -- -- -- --
Carbazole (0.4) - 0.6 -- -- - -- -- - --
Fluoranthene (0.4) - - -- - -- -- - -- --
Pyrene (0.4) - 0.9 - 0.5 - -- -- -- --
Senzo(a) fluorene/ - - -- -- - -- -- -- --Benzo(b)fluorene (0.4)

aenz (a) anthracene/Chrysene/ - -- -- -- -- -- -- -- --Triphenylene (0.4)

Senzo(j)fluoranthene/
Senzo(b)fluoranthene/ -- -- -- -- -- -- -- -- --
Senzo(k)fluoranthene (0.4)

Senzo (e) pyrene/ -- - -- -- -- -- -- -- --Senzo(a)pyrene (0.4)

Pery1ene (0.4) -- -- -- -- -- -- -- -- --
Dibenz(a,j)acridine (O.4) -- -- -- -- - -- -- -- --
Dibenz(a,i)car~ol" (0.4) - -- -- -- - -- -- -- --
Indeno(1,2,3-ed)pyrene (0.4) -- -- -- -- -- -- -- -- --
Dibenz(a,h)anthracene (0.4) -- -- -- -- - -- -- -- --
Senzo(q,h,i)perylene (0.4) - -- -- -- -- -- -- -- --
Coronene (1.6) -- - -- - -- -- -- -- --
Dibenz(a,i)pyrene (1.6) -- - -- -- -- - -- -- -
Dimethylbenz (a) anthracene (0.4» - -- -- -- - -- -- -- --
3-Methy1cholanthrene (0.4) - -- -- -- -- -- - -- --
6,13-D~thy~ib.n&(a,h)- - -- - - -- -- -- -- --anthracene (0.4)

TOTAL 0 171.1 7.6 29.3 18.8 44.6 9.6 20.1 112.3

ap1aat status: N. nonsal operatinq conditions, R· recirculatinq oil.

bAsSUBlinq a suaple volu.. of 625 liters. <:1"_" indica.tes nOt detected.

B...;.42

(continued )



Table B-3l (concluded)
Hd inlunduce Per f'OIU\t: 1

--._--_.. _-
Personnel Samp1eda

pipcfitters/Wclder~ Machinists lauiul •• l 01·~'
----- --_.

l~,l)(an.~J :;
Plant Statustl: H H R R H R R H N N N

---.,----_ ..
1\ H II

sa.aple Number a 018 019 037 030 12] 059 035 150 122 20'j ----- --_._-
036 0(,1 111 1',"

Saaple Volu.e (l)a 654 652 518 645 48] 638 511 683 480 744 486 (.otJ GiL ("J J
1604- 1603- 0864- 2347 1008- 0755- 08]1- 1545- 1010- 0150- 0006- 1(,u1-

1-- -----
Sampling Ti_: unOl- I','ll)

2320 2320 14]0 0651 1530 1500 1520 2320 1530 1535 1]30 2250 1557 2J22
Date (,1981) Collected: 8/10 8/10 8/11 8/12 8/13 8/11 8/11 0/13 8/13 ..W4.~~l!c .~~lL ...~(! ~

Compound (detec~ion

li.it Uq/.3l

Naphthalene (0.4) 3.7 1.2 --a ]5.0 21.0 6.) 43.2 10.9 9.2 5.7 4. "I

l-Methylnaphthalene (0.4) 2.7 1.3 24.9 15.6 1.2 50.6 9.6 13.1 b.J

2-Methylnaphthalene (0.4) 4.7 2.9 01.3 38.0 0.5 16.6 134.4 36.4 ]4.0 IJ.2 12.2

Quinoline (0.4)

Acenaphthalene (O~4) 0.9 1.2 2.6 0.5 0.8 0.4 0.5

Acenaphthene (0.4) 2.5 3.0 0.1 7.2 1.2 1 .2 1.2

Fluorene (0.4) 0.7 0.4 2.3 2.4 6.2 0.7 2.] 1.2 1.1

Phenanthrene/Anthracene (0.4) 0.5

ItI::ridine (0.4)

Carbazole (0.4)

F1uoranthene (0.4) 0.5

pyrene (0.4) 2.2

tJ:j Benzo(a)fluorenel
I 8enzo(b) fluorene (0.4)

0.8
.po
W 8enz(a)anthracene/Chrysenel

Tripheny1ene (0.4)

8enzo(i)fluoranthene/
8enzo(b)f1uoranthene/
Benzo(k)fluoranthene (0.4)

Benzo (e) pyrenel
Benzo (a) pyrene (0.4)

Perylene (0.4)

Dibenz(a,j)acridine (0.4)

Oibenz(a,i)carbazo1e (0.4)

Indeno(1,2,3-cd)pyrene (0.4)

Dibenz(a,h)anthracene (0.4)

Benzo(g,h,i)perylene (0.4)

Coronene (1.6)

Dibenz(a,i)pyrene (1.6)

Dimethylbenz(a)anthracene (0.4)

3-Methylcholanthrene (0.4)

6,1)-Dimethyldibenz(a,h)-
anthracen~ (0.4)

.= --_... _-
TOTAL 11.8 5.8 0 152.9 81.2 0 0.5 30.8 248.2 59.] 59.4 2U.0 19.1 0

aplant status: N sa normal operating cond itioll~; R ::a recirculating all. bAssumiu9 a sample volume of 625 lllec~.

0 •• " indicates not detected.



':ompound

Naphthalene ..~ • •
l-Me~hylnaphthalene --b • •
2-Methylnaphthalene I -- •i •
Quinoline - -- --
Acenaphthalene - • ..
Acenaphthene - • •
:'luorene - • •
Phenanthrene/Anthracene • • •
Acridine - • ."
carbazole -- • .'E'luoranthene - • •
Pyrene • • •
Benz0 (a) fluorene/ • ." •Benzo(b)flucrene

Benz (a) anthracene/ - • •Chrysene/Triphenylene

Benzo(j)fluoranthene/
Benzo(b)fluoranthene/ -- • •
Benzo(k)fluoranthene

Benzo (8) pyrene/ - • •Benzo (a)pyrene

Perylene - • •
Oibenz(a,j)acridine - • •
Oibenz(a,i)carbazole - • --
Indeno(1,2,3-ed)pyrene - • •
Oibenz(a,h)anthracene - - --
Benzo(q,h,i)perylene - • •
Coronene - - •
Oibenz(a,i}pyrene - • -
Ou-thylbenz(a)a.nthracene - - --
3-Methylcholantnrene - .' •
6,13-Ctm8thyld1benz(a,h)- - - --anthracene

"... indicatea compound detected. "-"' indicates compound not detected.
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194 91 8740-1303 8/14/81 II - - -- -- -- -- - --
II

~eac~o= 002 95 1409-2206 a/10/81

II

-- -- -- -- -- -- - --
163 106 1524-2250 a/13/81 -- - -- - -- -- - --
135 96 1123-1926 a/13/81 -- -- - - - -- -- --

Eiydroclona 062 82 1251-2227 9/11/81 - - - - - -- -- -
162 104 1515-2315 8/13/81 - -- - -- - - - --
136 100 2315-0737 8/13/81 - - -- - -- - - -
lS6 sa 0730-1450 8/14/81 -- - -- -- - - - --

'v'4c-..lWD Tower 006 9S 1417-2208 8/10/al -- -- -- - - -- - --
097 91 0715-1442 8/12/81 - -- - - - - - -
164 96 1505-2305 8/13/81 - - - - - - -- -
185 89 0712-1445 8/14/81 - - - - - - - -

:'la.ker Se~t 050 75 0850-1437 S/ll/81 - - -- - -- - - --
028 114 2314-0846 8/ll/81 - - - -- -- - -- -
16S 102 1456-2300 8/13/81 - - -- - - - - -
192 93 0700-1445 8/14/81 - - - - - - - -

'F'ractionator 065 lOS 1430-2229 8/11/81 - - - - - - - -
081 86 0720-1428 8/12/81 . - - - - - - - --
096 86 0720-1428 8/12/81 - - - - - - - -
167 96 1508-2308 8/13/81 - - - - -- - -- -
191 89 0720-1445 8/14/81 -- - - - - - - -

~as~. Oil Recovery 033 68 0900-1442 8/ll/81 - - - - - -- -
137 99 1100-1916 8/13/91 - -- - - - - - --
129 94 1543-2331 8/13/81 I - - -- - -- - - --
195 33 0750-1140 8/14/81 -- - -- - -- - - --

Control Room 130 97 1132-1935 8/13/81 - - -- - - - - -
134 93 1532-2319 8/13/81 - - - -- - - -- --
183 96 0708-1500 8/14/81 - -- - -- - - -- --

Seal Oil Pump 052 74 0915-1437 8/11/81 - - - - - - - -
082 87 2323-0637 S/1l/81 - - - - - -- - -
188 88 0735-1455 8/14/81 - - - - - - - -

Pu1metu 107 90 0720-1448 S/U/81 - - - - - - - -
131 96 1145-1947 8/13/81 - - - - - - - -
181 96 0718-1515 8/14/81 - - - - -- -- - -

Blanks (~q/sample) 078 8/11/81 - - - - - - -- -
179 8/13/81 - - - - - -- - --

aAromatic: aai.na.: A. Anll:i.ne: B· N,N-Dimethylanilin., C· 2,4-Dimethyla.niline: D· o-To1u..i.dina;
E • o-Anisidine, po. p-Anis1di.ne: G. I-Naphthylami.neJ B· 2-Naphthylami.ne.

bAsswainq & sample volume ot 90 liters. ~"--" indicat•• not detected.

B-45



Table B-34. Plant E Personal Sampling Analytical Results (~g/m3) for Aromatic
(August 10-14 J 1981)-

H __ N lndicates not detectetl.Assumio9 a sample volume of 80 liters.

-------
Compoufld (detection 1 illli.t, tHJ/1Il 1)l.l

Sample
Saanple

Sampling (Jato N,N- 2,4-
Personnel Sampl~ Volwue 0- 0- p-Number

tt)
'1'ilDe Collected Aniline DiPlethyl- lHanethyl-

'l'oluidine Anisiuint~ Ani ~hlinc llial
(lO) aniline aniline

(4!3) (4!4) ()])
cJ

(39) (53)
--- ----Operators

,l Operator 025 96 0711- 0/10/01 --b -- -- -- -- --
117 48 1135-1530 8/1l/81 -- -- -- -- -- --

'5 Operator 119 75 0955- 8/13/01 -- -- -- -- -- --
155 9l 0645-1446 0/ll/01 -- -- -- -- -- --
215 09 0700-1450 0/14/81 -- -- -- -- -- --

'8 Operator 040 21 0140-1440 8/11/01 -- -- -- -- -- --
031 90 23l0-0650 8/11/81 -- -- -- -- -- --

110 Operator 104 97 0655-1430 8/12/01 -- -- -- -- -- --

III Operator 026 96 1506-2241 8/10/81 -- -- -- -- -- --
089 94 2315- 8/11/01 -- -- -- -- -- --

091 87 8/11/01 -- -- -- -- -- --
Maintenance Personnel

Pipcfitter 044 69 0045-14l0 0/11/01 -- -- -- -- -- --
101 51 0900-1335 8/12/01 -- -- -- -- -- --
120 60 1008-1528 0/13/81 -- -- -- -- -- --
158 79 1540-2317 8/1l/81 -- -- -- -- -- --
201 89 0755-1515 8/14/81 -- -- -- -- -- --

Machinist 154 150 1545-2320 8/13/81 -- -- -- -- -- --
214 89 0755-1520 8/14/01- -- -- -- -- -- --

InstrUlDent/ 066 83 1601-2250 8/11/81 -- -- -- -- -- --
Electrician 090 93 1135- 8/11/81 -- -- -- -- -- -,-

Insulator 118 54 1010-1530 8/13/81 -- -- -- -- -- --

Laborer 042 73 0606-1330 8/11/81 -- -- -- -- -- --

041 71 1603-2250 8/11/81 -- -- -- -- -- --
159 102 1540-2323 8/ll/01 -- -- -- -- -- --
213 51 0145-1402 6/14/01 -- -- -- -- -- --

-- - -
~------ ------

Blanks (lJg/aamp1e) 014 8/11/81 -- -- -- -- -- --
223 8/14/61 -- -- -- -- -- --

a h



I
~~u..Y :~~p~~~on U.LU J..LO ~.JU\::)-\)~,jl:) dl J...J../~.l I c..J. Jl I ;' ~ 1 , G.J_

I I

I

Reactor 047 73 0844-1450 8/11/81 --- -- --
all 106 2309-0830 8/11/81 0.03 0.01 0.01

139 96 2322-0723 8/13/81 0.02 C.01 --
Hydroclone 085 88 2305-0626 8/11/81 -- -- --

084 85 0725-1430 8/12/81 - 0.01 --
151 96 lSl5-2315 8/13/81 -- -- --
200 100 0730-1450 8/14/81 - -- --

Vacuum Tower 008 95 1417-2208 8/10/81 0.01 0.01 0.01

069 98 1441-2230 8/11/81 0.01 - --
083 90 0715-1443 8/12/81 - - -
152 8a 1505-2305 8/13/81 - -- --

Flaker Belt (empty) 003 93 1424-22ll 8/10/81 - - --
153 95 1456-2300 8/13/81 - -- --
197 105 0700-1445 8/14/81 0.01 0.01 -

Fractionater 068 93 1431-2224 8/11/81 - - -
138 99 1105-1919 8/13/81 -- -- --
198 56 0720-1445 8/14/81 0.06 0.02 0.01

Waste Oil Recovery 009 U6 2317-0856 8/ll/81 - -- -
048 68 0900-1442 8/1l/81 - -- --
140 99 1100-1916 8/13/81 - 0.02 --

COntrol Room. 012 97 2301-0850 8/11/81 0.02 0.01

049 89 0831-1554 8/11/81 - -- --
116 96 ll35-1935 8/12/81 -- - --

Seal Oil Pump 070 97 1436-2230 8/11/81 - -- --
Perimeter 108 90 0720-1448 8/l2/81 - -- -

143 96 1145-1947 8/13/81 - -- --
219 125 0715-1515 8/14/81 0.03 - --

Blanks (~q/sampl.) 076 8/1l/81 0.003 - -
178 8/13/81 - - --
222 8/14/81 - -- --

a Assuminq a sample volume of 100 liters.

B-47
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, i I II

: ::'-eac,,:o:- 001 95 1409-2406 8/10/81 -- -- -- -- -- --
i 133 96 ll23-1926 8/13/81 -- - -- -- -- -

Hy::::oclcne 064 105 1426-2227 8/11/81 - -- -- -- -- --
161 96 1515-2315 8/13/81 -- -- -- -- -- --
190 88 0730-1450 8/14/81 - -- -- -- - --

Vacuum Tower 007 9S 1417-2208 8/10/81 - -- - - - -
095 90 0715-1443 8/12/81 - - - - - -
169 lOS 1505-2305 8/13/81 - - -- -- -- --
187 91 0712-1445 8/14/81 - - -- - -- -

:1aker Bale (e=pey> 051 0850-1435 8/11/81 -- - - -- ~ -
029 114 2314-0846 8/11/81 - - -- - - -
193 96 0700-1445 8/14/81 - - - - - -

Fractionaeor 063 126 1436-2229 8/1l/81 - - -- - - -
079 86 2331-0639 a/ll/81 - - - - - -
132 190 llOS-1919 8/13/81 . - - - -- - -
170 98 1508-2308 8/13/81 - - - - - -
189 89 0720-1445 8/14/81 - - -- - - .-

Wasea Oil Recovery 166 94 1541-2331 8/13/81 - - - -- - --
199 22 0755-1508 8/14/81 - - - -- - -

Seal Oil Pump 080 87 2323-0637 8/11/81 - -- - - - -
Conttol Room 160 107 1532-2319 8/13/81 - - - - - --

184 96 0708'-1500 8/14/81 - - - -- - --
Perimeter 106 90 0720-1448 8/12/81 - - - - - -

141 96 1145-1947 8/13/81 -- - - -- - -
182 96 0717-1515 8/14/81 - - - - - -

Slanks (mq/sample) 075 8/11/81 - - - - - -
180 8/13/81 - - - - - --
224 8/14/81 - - - - - -

Personnel Sam~led

Operaears

13 Operator 024 104 0711-1412 8/10/81 - - - - - --
18 Operator 043 101 0740-1440 8/11/81 - - -- - - -
.8 Operator 033 74 2330-0650 8/1l/81 - - - - - -
110 O~.tor 102 51 0655-1430 8/12/81 - - - - - -
III Ope:ator 023 100 1506-2242 8/10/81 - -- - - - --
Maintenance Personnel

Instrulllent/Electricu.n 067 85 1602-2250 8/11/81 - -- - - - --
034 89 2350-0655 8/11/81 - -- - -- - --

Wborer 092 92 2330-0705 8/1l/81 - -- -- - - --
093 77 2330-0705 8/11/81 - - - - - --
103 77 0803-1507 8/12/81 - - - - - --

B1anka (mq/ umple) 075 8/11/81 - - - - - -
180 8/13/81 - - - - - --
224 8/14/81 - - - - - --

G%"_" indicate. not detected.
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Table B-37. Plant E Area Sampling Analytical Results for Metals (~g) and Metal Carbol
(August 10-14 t 1981)

Sample Hetals Met,}! (

wcation Sample Volume
Sampling Date (detection limit, ~q) (detection

Sampled Number (1) TilDe Collected CObalt Molybdenum Nickel Cobalt Moly
(0.04) (0.15) (0.20) -111 -- i

Reactor 014 113 1411-2206 8/10/81
__b

-- -- --

142 125 1123-1926 8/1l/81 -- -- -- --
113 661 1523-2315 8/13/81 -- -- -- --

211 690 0135-1500 8/14/81
(1-- -- -- u

231 668 0735-1500 8/14/81 Q n 11 --
-

Hydroclone 011 120 1426-2221 8/11/81 -- -- -- --

086 638 0125-14]0 8/12/8l -- -- -- --

Vacuum Tower 013 102 1420-2208 8/10/81 -- -- -- --
---

F1aker Belt 055 521 0848-1435 8/11/81 -- -- -- --

174 128 1422-2300 8/1]/81 -- -- -- --

216 705 0100-1445 8/14/81 -- -- -- u

212 698 0700-1445 8/14/81 Q n 11 --
-- ----

Blanks 077 8/11/81 -- -- -- Jl

176 8/13/81 -- -- -- u

225 8/14/81 II P n --

226 8/14/81 Q 11 n --

aAssuming a sample volume of 600 liters. b ..
"--" l.lldlcates oot detected. O"n" indicates sdlUple not au,




