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ABSTRACT

Worker inhalation exposures to polyaromatic hydrocarbons (PAHs) in three
different types of process units were monitored at nine petroleum refiner-
jes. Personal and area samples were collected at the fluid catalytic crack-
ing units (FCCUs) and delayed coker units, while area samples were primarily
collected at the asphalt processing units. A silver-membrane filter fol-
lowed by Chromosorb-102 was used for sampling; analysis for 23 individual or
groups of PAHs was performed by gas chromatography/mass spectrometry.

The results of more than 250 personal, area, and refinery upwind boundary
samples clearly showed that workers at the FCCUs and delayed coker units
were exposed to numerous PAHs, usually at low microgram per cubic meter
concentrations. The geometric mean of the cumulative PAH concentration ex-
posures (personal samples) was 11.4 ug/m® for the FCCUs and 11.1 ug/m*® for
the delayed coker units, with an average number of PAHs per sample of 10 and
11, respectively, for the two types of process units. Although mainly area
samples were collected in the asphalt processing units, the results also in-
dicated that detectable quantities of several PAHs were also present in
these refinery areas. The light molecular weight, 2- and 3-ring PAHs were
found in the highest concentrations (83.5 to 100% range) with generally very
small or no quantities of the 4- through 7-ring compounds. This is important
since the lighter molecular weight PAHs are not considered as carcinogenic
as the heavier PAHs.

Other findings of this study showed that the production of needle coke is
associated with higher PAH exposures than the production of the more common
sponge coke. Also, the PAHs collected at the FCCUs and the asphalt processing
units were associated with the respirable-fraction particulate (and possibly
PAH vapor); while at the delayed coker unit, up to 50% of the PAHs collected
downwind of the coke-cutting operation were associated with particulates
greater than 10 um. The findings also indicated that tobacco smoke probably
did not influence the results of this study based on a comparison of data
between the smokers and nonsmokers sampled.

This study was performed in fulfillment of Contract No. 210-78-0082 by
Enviro Control, Inc., under the sponsorship of the National Institute for
Occupational. Safety and Health (NIOSH).
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INTRODUCTION

AUTHORITY

The Williams-Steiger "Occupational Safety and Health Act of 1970" was passed
into law "to assure safe and healthful working conditions for working men
and women...." This Act established the National Institute for Occupational
Safety and Health (NIOSH) in the Department of Health, Education, and Wel-
fare (presently the Department of Health and Human Services) and the Occupa-
tional Safety and Health Administration (OSHA) in the Department of Labor.
The Act provides for research, informational programs, education, and train-
ing in the field of occupational safety and health and authorizes the en-
forcement of standards.

NIOSH has been given the authority and responsibility under the Act to con-
duct field research studies in industry, evaluate findings, and report on
these findings. Section 20(a)(1) of the Act mandates NIOSH to "conduct
(directly or by grants or contracts) research, experiments, and demonstra-
tions relating to occupational safety and health...." Section 20(c) pro-
vides the authority to enter into contracts, agreements, or other arrange-
ments with appropriate public agencies or private organizations for the pur-
pose of conducting studies relating to responsibilities under the Act. For
this purpose, NIOSH with the financial support of the Environmental Protec-
tion Agency (EPA-IAG-DS-E773) has established a contractual agreement with
Enviro Control, Inc. (Enviro) to study worker exposures to potential health
hazards in petroleum refineries.

PURPOSE AND NEED FOR STUDY

The U.S. petroleum refining industry started in 1861 in Pennsylvania, with
the first refineries primarily limited to kerosene production. By 1920,
with the increased use of the internal combustion engine, petroleum refining
had already become one of the major domestic industries; and by 1946, petro-
Teum replaced coal as the country's number one energy source (API, 1977).
Currently there are about 300 operating refineries in 43 states (Cantrell,
1980) representing a work force of about 100,000. The total U.S. production
capacity of 18 million barrels per day is by far the largest of any nation
in the world; the U.S.S.R. is second with a capacity of .about 11 million
barrels per day (Anon., 1980). While there is a significant shift toward
the utilization of other energy sources, the demand for petroleum and all of
its numerous products will remain strong well into the next century.

The modern refinery is a complex and efficient integration of many separate
process units and operations yielding a multitude of end products. Techno-
logical advancement has enabled the utilization of almost every fraction of
the crude, resulting in very little waste. Major refinery processes include:

1



e atmospheric and vacuum ® isomerization
distillation o desulfurization

e catalytic cracking e catalytic reforming

e alkylation e solvent extraction

e polymerization e blending and packaging

Products include:

@ gasoline (various grades) ® kerosene and jet fuel

e liquefied petroleum gas o Tlube 0ils and waxes
(butane, propane) e asphalt

e fuel oils (#2, #6) e coke

e Diesel oil e petrochemicals (benzene, cumene)

In addition, there are numerous chemical additives, intermediates, and by-
products associated with refinery operations. Probably no other major in-
dustry incorporates as many different processes and materials; because of
this, occupational health is especially important in this industry.

In recent years, there has been growing concern within the petroleum refinery
industry. This is demonstrated by the fact that four epidemiology studies
involving refinery workers have been published since 1979, whereas only five
previous U.S. and Canadian studies have been identified. The overall in-
creased awareness of occupational cancers has been a significant factor in-
fluencing the number of recent studies. Unfortunately, instead of answering
the question of whether or not refinery workers face increased health risks,
these studies viewed as a unit appear to confuse the issue. Six of these
studies (API, 1974; Baird, 1967; Baylor and Weaver, 1968; Gafafer and Sit-
greaves, 1940; Thériault and Goulet, 1979; Wade, 1963) in general showed
favorable results for this industry in terms of worker health compared to
the general population; whereas three recent mortality studies (Gottlieb,
1980; Hanis et al., 1979; Thomas et al., 1980) have indicated increased
cancer potential for refinery workers. These as well as other relevant
health studies are reviewed in detail in Appendix A.

In addition to the questions raised by the confounding findings of these
epidemiology studies, a review of the available information reveals that,

in general, very few of the numerous potential refinery hazards have been
monitored adequately to characterize worker exposure in the industry accu-
rately. This is especially true for many compounds that are known to

cause health effects after prolonged exposures at low concentrations (e.g.,
polyaromatic hydrocarbons (PAHs), aromatic amines, carbon disulfide). Po-
tential hazards that have been monitored extensively in refineries are noise,
asbestos, and benzene; this has been largely due in recent years to regu-
latory and compliance issues.

The purpose of this NIOSH-sponsored industrial hygiene study is to help fill

some of these information gaps concerning the petroleum refining industry by

(1) identifying and quantitating worker exposure to selected hazardous agents
found in the refinery environment, and (2) providing the scientific community
with relevant information to assist in the control of these agents.



It was not the intent of this project to attempt to perform a comprehensive
characterization of the entire refinery from start to finish. The number and
complexity of processes, as well as the large number of potentially hazardous
materials, would have required a level of effort well beyond the resources of
this project. Consequently, the project was structured into three main
phases, the first two of which were designed to develop the scope of this
study. Phase I provided a comprehensive assessment of the entire refinery 1n
terms of the important occupational health concerns and the status of avail-
able information. Phase II consisted of three preliminary industrial hygiene
surveys which inciuded sampling. Based on the successful completion of these
two initial phases, a meaningful yet manageable scope of study was developed
for the nine in-depth refinery surveys which comprised Phase III.

SCOPE OF STUDY

The scope of study for the main phase of this project was the characterization
of worker inhalation exposure to PAHs in the fluid catalytic cracking, de-
layed coking, and asphalt processing units. Since process units are the
basic components of every refinery, the task of limiting the scope of study
was initiated by 1imiting the number of process units to be investigated.

The unit selection procedure involved a detailed evaluation of the available
information on the major process units in terms of the associated hazards,
toxicity of these hazards (paying particular attention to suspected carcino-
gens), and the status of available worker exposure information. The impor-
tance of the unit in terms of the total industry was also considered. The
three types of process units selected for study ranked highest in the overall
evaluation. The detailed evaluation and selection process is described in
Appendix B.

The decision to 1imit the study further to worker exposure to PAHs was made
on the basis of the findings of both preliminary phases. Among the numerous
potential hazards listed for each of the selected process units in Phase I,
there were several chemicals or classes of chemicals associated with some
cancer-causing potential. To produce a study protocol that was thorough
enough to characterize worker exposure accurately in the nine refineries, it
was decided that the characterization should be focused primarily on poten-
tial carcinogenic hazards. It was felt that a detailed characterization of
worker exposure to this group of toxic materials within these three important
refinery processes or types of processes would contribute a great deal to the
understanding of whether or not petroleum refinery workers in general are
exposed to these occupational health risks. This approach seemed especially
relevant in light of the concerns mentioned previously related to occupa-
tional cancer risk in the petroleum refining industry.

During the three preliminary sampling surveys performed in Phase II, area air
samples were collected in the study process units for the following chemicals

or classes of chemicals Tisted below; each is associated with carcinogenic
potential.

e PAHs (including several azo- e trace metals
heterocyclic compounds) @ nitrosamines
e aromatic amines @ nickel carbonyl



Although only a limited number of samples were collected at a small number

of process units, the results showed that PAHs (and several azo-heterocyclic
compounds) were the only compounds sampled for that were consistently found.
For convenience in this report, the term PAH will also include azo-hetero-
cyclic compounds. The literature review revealed that PAHs are being looked
at with suspicion, especially since concern over occupational-related cancers
has increased (Bjorseth and Dennis, 1980; Blot et al., 1977; Gordon and Bryan,
1973; Maugh, 1977). PAHs are known to be present in numerous process indus-
tries including refineries, and occur either as naturally present constitu-
ents in the crude 0il or through conversion of organic material by high-
temperature and high-pressure systems. Monitoring for these compounds has
increased recently in various areas, such as coal conversion industries
(Tanita et al., 1980), with improved analytical methods (Jackson and Cupps ,
1978; Jones et al., 1976; Lamb and Roberts, 1980; Zelenski et al., 1980).

In regard to refineries, this is another area where several of the larger

oil companies are developing monitoring programs specifically for PAHs, but
very little worker exposure information exists.

Two studies by Exxon in this area were found and are summarized in Appendi x
A. Based on the preliminary sampling results and the general lack of de-
tailed information available in this area, PAHs were selected for in-depth
study during the nine refinery surveys. Detailed descriptions of these pre-
liminary surveys and results are presen}ed in Appendix B.

The fact that the PAHs were the only group of compounds sampled for in the
preliminary phase that were found consistently should not rule out the pres-
ence of the other compounds or classes of compounds. It must be remembered
that only a small number of three process units were sampled, and that the
number of samples collected was Timited. Even though the other potential
hazards were not studied any further in this project, the possibility of
their presence in petroleum refineries certainly still exists.

It is realized that the significance of the PAH data generated in this study
will not be clear-cut and that the data will not immediately provide the
answers to questions such as whether PAHs are causing occupational cancers.
Even though there are strong suggestions that some PAHs can cause cancer in
humans when inhaled, there is no definitive evidence that indicates what
concentrations are required, or for how long (National Academy of Sciences,
1972; WHO, 1973). Despite this, the results will provide important informa-
tion in areas such as:

® The specific PAHs to which refinery workers are exposed, with
special attention to those with specific evidence of carcino-
genic potential. This will help identify priorities for future
toxicity and epidemiology research.

e The background levels of PAHs at refineries (upwind boundary
samples) relative to worker exposures.

e The relative exposure levels between study units and job cate-
gories.



e The effect of such variables as refinery size, age and location,
size of parent company, crude type, etc.

e The effectiveness of control methods such as specific engineering
controls and work practices.

e The relative PAH concentrations in this industry compared to
those in other industries. This may be beneficial to new energy
technologies (e.g., coal conversion) where PAH emissions are of
particular concern.



METHOD OF STUDY

GENERAL APPROACH

The study, designed to characterize worker exposure to PAHs, consists of
nine industrial hygiene surveys of selected petroleum refineries located
throughout the country. The primary emphasis of each survey was to
collect personal and area PAH samples at the three types of process units
selected for this study. Other sampling included respirable fraction

samples for PAHs and total particulate samples for size-distribution deter-
mination.

A relatively new sampling and analytical method for PAHs was used, consist-
ing of a two-stage sampling unit (filter and solid sorbent) and analysis by
gas chromatography/mass spectroscopy. The major advantage of this method is
that a Targe number of individual PAHs can be quantitatively evaluated at
extremely Tow concentrations (ug/m?). The primary disadvantage is the

very high cost associated with this method relative to more conventional
analytical methods; consequently, the number of samples generated during
these nine surveys had to be limited. This was achieved by a carefully
planned sampling strategy that included performing personal sampling only at
the fluid catalytic cracking units (FCCUs) and at the delayed coker units;
sampling was restricted to area samples at the asphalt processing units.
This decision was based on information accumulated during the preliminary
phases (discussed later).

Each survey was conducted over 3 days, with sampling performed during the
day shifts of the second and third days. During the morning of the first
day, an opening meeting was held with the appropriate plant personnel

and the NIOSH representatives. The survey team explained the project, the
purpose and objective of the surveys, and answered any questions. These
meetings were further utilized to coordinate the survey and sampling sched-
ule so that plant operations and personnel would incur minimal interference.

The first day of the survey also enabled the survey team to familiarize
themselves with the refinery and specific process units. Discussions were
held with the operators and other unit workers to inform them of the sam-
pling activities. The area and upwind sample locations were also selected
this first day.

On the second and third days, samples were collected for the entire day
shift. One industrial hygienist was in charge of the FCCU and one was in
charge of the coker, the two units where most of the sampling activity took
place. The survey team gathered information on process specifics, unit de-
sign, control technology, and work practices, as well as kept in touch with
each worker being sampled to document work activity.
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SITE SELECTION

The objective in selecting the nine refineries was to provide a group as
representative of the entire industry as possible, while allowing for the
attainment of the specific project goals. The three refineries visited in
the preliminary sampling phase were automatically included in this group of
nine, which left six additional refineries to be selected.

At the time of the selection process (January 1979), there were approxi-
mately 285 operating domestic refineries (Cantrell, 1978) representing a
wide variety in terms of complexity and processes, size or capacity, number
of workers, geographical location, crude type, etc. In order to select the
six additional study refineries, a set of criteria consistent with the pro-
ject objectives was developed; this enabled a systematic approach to make
the selections. Obviously, the selection criteria were dependent on the
available information. The 1978 Annual Refinery Survey published by the
0i1 and Gas Journal (Cantrell, 1978) was the source for the majority of the
refinery data used and included the following:

refinery company name and location,
crude capacity,

charge capacity of process units, and
production capacity and end products.

Further specific data on all refineries were not readily accessible. Based
on the available information, the following four criteria were chosen for
the selection process.

Presence of All Three Units

According to the 1978 Annual Refinery Survey, 142 (50%) of the 285 refiner-
ies have catalytic crackers, 104 (36.5%) produce asphalt, and 52 (18.2%)
produce coke. Out of the 285 domestic refineries, only 13—plus one of the
refineries visited in the preliminary phase—had all three process units of
interest for this study. Therefore, it seemed logical that the presence of
all three process units be the first criterion employed in selecting refin-
eries for further consideration. Being able to study as many selected pro-
cess units as possible during the nine plant visits has obvious advantages.
This group of 13 refineries could then be further evaluated against the re-
maining three criteria.

Plant Size

The processing capacity of refineries varies widely, ranging from 200 to
640,000 barrels per day. Twenty-nine refineries had processing capabili-
ties greater than 150,000 barrels per day and produced 47.6% of the total
U.S. capacity. One-third of the refineries had a capacity of less than
12,000 barrels per day, yet these refineries represented only 3.2% of the
total processing capacity.



An EPA study (Rosenberg et al., 1976) used the following refinery classifi-
cations in characterizing domestic refineries:

Small: Tless than 5,600 m*®/day 139 (56%)
(35,000 bb1/day)

Medium: 5,600 to 16,000 m3/day 64 (26%)
(35,000 to 100,000 bbl/day)

Large: more than 16,000 m®/day 44 (18%)

(100,000 bbl/day)

Also included is the number of refineries in each class and their percentage
distribution.

The size (capacity) of a refinery will correspond to some degree to varia-
tions in operations, control methods, number and duties of employees, etc.;
therefore, it was felt that refineries of all sizes should be included in

the final nine. For the purpose of this study, the recommended distribution
was:

e small — 2
e medium — 3
e large — 4

This included all three sizes but was weighted more heavily towards the
large refineries where there is a likelihood of greater numbers of employees,
greater segregation of employees by process units, and increased control
technology. The larger refineries would probably provide more data and in-
formation during the detailed surveys.

Major and Nonmajor 0il Companies

The 15 largest oil refining companies had a total of 96 refineries (34%

of total number) and a combined crude capacity of 70% of the total. These
are the companies that generally have complex corporate structures, large
research and development programs, and occupational safety and health
programs that include industrial hygienists. For the purposes of this
study, these were referred to as "major" oil companies; the remaining com-
panies were referred to as "nonmajor" companies. It was considered impor-
tant to include two or three of these "nonmajor" or independent refineries
in the study to see if there were any significant variations from the large,
"major" companies.

Geographical Location

Refineries were located in 41 of the 50 states (Cantrell, 1978), with heavy
concentrations in Texas (52), California (40), and Louisiana (23). Location
and weather can influence the type of crude, process modifications, and con-
trol technology. Therefore, the last criterion used in site selection was
that the nine locations chosen should represent the general distribution
pattern of the refineries.



Selection Criteria

There were 13 domestic refineries, in addition to one already included in
the study, that met the first criterion of having all three process units.
Using the other three criteria, six refineries were selected from the 13.
These six refineries, in addition to the original three, gave the following
distribution for this study.

e Size
Small: 2
Medium: 3
Large: 4

e Major or Nonmajor

Major: 6
Nonmajor: 3

e Geographic Distribution

Oklahoma: 2
Texas: 1
California: 1
Montana: 1
Wyoming: 1
1
1
1

Minnesota:
Ohio:
Pennsylvania:

DESCRIPTION OF REFINERIES AND STUDY PROCESS UNITS

Table 1 represents a summary of the nine refineries and their study process
units surveyed during this project. More detailed descriptions are given in
Appendix C.

SAMPLING STRATEGY AND PROCEDURES

In the FCCUs and delayed cokers, the focus was on personal monitoring,
whereas only area samples were taken in the asphalt processing units. Table
2 shows the number of process units and associated workers in the nine re-
fineries that were studied in this phase.

The following sampling strategy was followed.as closely as possible.

e Sampling at each refinery was scheduled during the day shifts only,
on 2 consecutive days. At several delayed coking units, this had
to be slightly modified because of the coke cutting schedule.

e Personal monitoring at each FCCU and coker unit included two 8-hour

samp1e§ (collected on successive days) for every (or almost every,
depending on the refinery) worker assigned to these units.
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Table 2. Units and workers in nine refineries studied in Phase III.

FCCU Coker Asphalt
Refinery No. of No. of No. of No. of No. of
units workers units workers units

A 1 5 1 7 1

B 1 6 1 6 2

E 1 4 1 5 2

D 1 7 1 8

E 1 8 1

F 1 5 1 9 2

G 1 3 1 7 1

H 1 3 1

I 1 4 1 4 1
Total 9 45 7 46 11

Two area samples, taken in locations where PAH concentrations were
suspected to be relatively high, were included for each FCCU and
coker unit.

Only area samples were collected in the asphalt processing units.
Personal monitoring was not conducted here because: (1) Phase II
area samples showed PAH concentrations to be much Tower than in
the other two units (much greater possibility of nondetectable
personal monitoring results), and (2) the workers in these units
are often assigned to other process units as well. Two area
samples per asphalt processing unit were collected.

In the first four refinery visits, alongside each area sample in
the three process units, an identical sampling unit with a cyclone
preselector was set up. The purpose of this was to estimate the
effect of nonrespirable-size particles on the amounts of PAHs
collected. The nonrespirable particulates were removed from the
cyclones periodically during the sampling period to minimize any
volatilization of PAHs off these particulates and onto the ad-
sorbent collection medium.

During the last five refinery surveys, alongside each area sample
in the three process units, a total particulate area air sample
was collected for optical sizing. The particle-size distribu-
tion is of interest since airborne PAHs are believed to be
primarily in the form of aerosols (National Academy of Sciences,
1972). This can be either as coke or catalyst particulate matter,
or as PAH vapors that condense or adsorb on other particles.

At least one upwind area sample was collected at each refinery's

boundary Tine, and also several blank samples were prepared and
analyzed for each visit.
10§



SAMPLING AND ANALYTICAL METHODS
PAHs

NIOSH Method No. P&CAM 183 (NIOSH, 1977) for PAHs has the disadvantages
of: (1) having a limited detection range for the individual compounds

(0.2 to 2.7 ug/sample), and (2) not providing for the collection of PAH
vapor. Because of this, a more suitable method, detailed below, was devel-
oped for this project. This method is currently undergoing a series of
detailed analytical validation tests.

Sampling for airborne PAHs was performed by drawing air through a two-stage
sampling unit consisting of a silver-membrane filter followed by Chromosorb
102 (C-102), a porous polymer adsorbent. The commercially-available C-102
used for this study was heavily contaminated with PAHs and consequently re-
quired extensive pre-extraction prior to use. The C-102 cleanup scheme is
presented in Table 3. The area and personal sampling units were slightly
different, as illustrated by Figures 1 and 2. The area sampling cassette
contained a silver-membrane filter followed by 3 to 4 grams of C-102 sand-
wiched in the middle section of a three-piece cassette. A cyclone preselec-
tor was attached to this cassette for those samples intended to collect
respirable-size particulate only. A modified sampling unit was used for
personal monitoring. Approximately 150 mg of C-102 was packed in a glass
tube following the silver-membrane-containing cassette, rather than in the
cassette itself. The larger quantity of solid sorbent in the area cassettes
minimized the possibility of sample breakthrough in high-concentration areas.
The NIOSH method (P&CAM 183) recommends the use of a glass-fiber filter in
front of the silver-membrane filter to prevent clogging. Since this was not
a problem in this study, the glass-fiber filter was not used.

Table 3. Chromosorb-102 cleanup scheme.

Number of Soxhlet extraction
Solvent solvent changes time (hr)
Methylene chloride 4 48
Methanol 2 24
Methylene chloride/ 2 48
Methanol (1:1; v/v)

A portable MSA Model S sampling pump, calibrated at about 1.7 liters per
minute, was used with the area sampling unit. The personal sampling unit
was used with a portable Dupont Model P-4000 pump, calibrated at about 2
liters per minute. These Dupont pumps were especially suited for this pur-
pose since there was a very high pressure difference (about 25 inches of
water) across the two-stage personal sampling unit. A bubble meter was used
to calibrate the pumps before and after each survey. In the field, a cali-

brated precision rotameter was used to ensure maintenance of the proper flow
rate.
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Personal sampling units were clipped to the collar of the worker's shirt or
Jacket, as close as possible to his or her breathing zone without interfer-
ing with work or comfort. The faces of the cassettes were directed downward
to minimize possible channeling through the C-102 tube. Each sampling unit,
personal and area, was wrapped with aluminum foil in the field to prevent
photodecomposition. As a further precaution against sample breakdown, the
samples were stored in a refrigerator or freezer and packed with dry ice in
an insulated shipping container for transport.

At the laboratory, the samples were stored at -20°C in the dark until analy-
sis. The C-102 and silver-membrane filter were extracted separately. After
concentration, the extracts were combined and further concentrated to a
specified volume. Gas chromatography/mass spectrometry (GC/MS) was used to
analyze the samples for the 23 PAHs or groups of PAHs* listed in Table 4. The
individual detection 1imits are also shown in the table. Assuming a sample
volume of 1 m®, these detection quantities correspond to detection concen-
trations of 0.001-0.017 pug/m®. Detailed extraction and analytical procedures
are presented in Appendix D.

Table 4. PAHs or groups of PAHs analyzed by GC/MS
and their detection Timits.

Compound or group of compounds RJon-g Uet(en::atnioognra':“ism)i ‘s
1. Naphthalene (2) 1
2. Quinoline (2) 1
3. 2-Methylnaphthalene (2) 1
4. 1-Methylnaphthalene (2) 1
5. Acenaphthalene (2) 1
6. Acenaphthene (2) 1
7. Fluorene (3) 1
8. Phenanthrene/Anthracene (3) 1
9. Acridine (3) 2
10. Carbazole (3) 2
11. Fluoranthene (4) 1
12. Pyrene (4) 1
13. Benzofluorene (4) 4
14, Benz(a)anthracene/Chrysene/Triphenylene (4) 1
15. Benzo(e)pyrene/Benzo(a)pyrene (5) 6
16. Perylene (5) 4
17. Dibenz(a,j)acridine (5) 14
18. Dibenz(a,i)carbazole (5) 14
19. Indeno(1,2,3-cd)pyrene (6) 17
20. Dibenzanthracene (5) 14
21. Benzo(g,h,i)perylene (6) 10
22. Coronene (7) 14
23. Dibenzpyrene (6) 15

* The term "PAHs" will be used to refer to individual and groups of PAHs.
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Particle-Size Distribution

Total particulate area air samples were collected at each sampling site for
optical sizing. These samples were collected using an open-face sampling
cassette containing a mixed cellulose ester filter (0.45-um pore size) and a
portable MSA Model G pump, calibrated at approximately 2 liters per minute.

For sizing, the particulate sample is prepared for optical microscopy by
rendering the mixed ester filter transparent with a clearing solution. The
prepared slide is focused in the field of the optical microscope and par-
ticles are sized using a Porton reticle grid which is mounted in the ocular
lens, so that the grid is superimposed on the field of the microscope. The
reticle is calibrated at the magnification to be used by means of a stage
micrometer.

STATISTICAL ANALYSIS METHODS

The statistical methods used assume that the within-shift and interday PAH
exposure concentrations were log-normally and independently distributed.
Therefore, descriptive statistics included geometric means and geometric
standard deviations. Confidence 1imits were calculated from the log-trans-
formed data and the student t-test was used to compare geometric means.

In evaluating the variables which may contribute to the PAH exposure concen-
trations at the FCCUs and the delayed coker units, the data were plotted on
a scattergram and Pearson Product-Moment Correlation Coefficients were cal-
culated (Downie and Health, 1959). Values of "r" greater than 0.50 were
tested for significance using the student t-test. Inspection of the plots
indicated that non-linear regressions might provide a better fit of the data,
therefore, regressions of several forms were calculated. It was found the
non-linear regressions of the form y=aebx were more appropriate.

COAL TAR PITCH VOLATILES

There are no federal standards pertaining to airborne concentrations of
individual PAHs for the purpose of minimizing the risk of cancer to workers.
There is a standard for naphthalene of 10 ppm or 50 mg/m3, measured as a
time-weighted average (TWA) (29 CFR 1910.1000), but the goal of this level

was to prevent ocular effects and not cancer. In 1967, the American
Conference of Governmental Industrial Hygienists (ACGIH) adopted a threshold
1imit value (TLV) of 0.2 mg/m3 for coal tar pitch volatiles (CTPV) described
as the "benzene-soluble" fraction. The purpose of this TLV was to minimize
worker exposure to PAHs which were known to be present in CTPVs; six specific
PAHs were listed: anthracene, benzo(a)pyrene, phenanthrene, acridine, chrysene,
and pyrene. This TLV was promulgated as a federal standard under OSHA in 1970
(29 CFR 1910.1000). 1In 1972, the term CTPV was defined under 29 CFR 1910.1002
as "the fused polycyclic hydrocarbons which volatilize from the distillation
residues of coal, petroleum, wood, and other organic matter."

The major disadvantage of using the benzene-soluble fraction as an indicator
of total PAH exposure is that there is no certainty that there is a correla-
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tion between the two. The analytical method for measuring the benzene-
soluble fraction is not Timited to PAHs but will include al] organic com-
pounds collected on the filter and soluble in benzene. A recent NIOSH study
investigating PAH exposure levels in coal liquefaction processes (Enviro
Control, Inc., 1980a,b) has shown that in two industrial hygiene surveys
there was no correlation between the benzene-soluble fraction and the total
level of up to 29 PAHs analyzed individually by GC/MS and high-pressure
liquid chromatography. Because of this, sampling for CTPVs was not per-
formed in this study.

LIMITATIONS OF THE STUDY

Before discussing the results of this summary report, it is important to
keep the basic limitations of this study in perspective. The first is that
the sampling and analytical method for PAHs used in this study has not yet
been thoroughly validated. As mentioned previously, this method was re-
cently developed to improve several important aspects of the previously
recommended NIOSH method. The new method is currently undergoing detailed
NIOSH-sponsored validation tests which include collection and desorption
efficiencies, effect of environmental conditions, sample stability, etc.
Preliminary results indicate that there are no major problems with the over-
all method. In any case, extremely small quantities (nanograms) of numerous
PAHs are being analyzed. Problems with individual samples in the field or
in the laboratory are distinct possibilities since the method is new and
many of the procedures are still in a relatively developmental stage.

The other basic limitation of this study is that the samples were collected
over two work shifts during two consecutive days at each refinery. The
surveys represent an evaluation of conditions present on the days during
which the study was conducted at each refinery. In general, however, there
were no unusual operational or environmental conditions during the surveys
that would cause one to believe that these results are not representative
of the process units and refineries.
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RESULTS OF SURVEYS

OVERALL DESCRIPTION OF THE STUDY PROCESS UNITS
Fluid Catalytic Cracking Units (FCCUs)

Although the production capacities of the nine FCCUs studied ranged from as
low as 2,000 barrels per day (Refinery H) to as high as 60,000 barrels per

day (Refinery E), all of the units were quite similar in terms of process,

equipment, structures, and even work forces.

The fresh feed to the units consisted of atmospheric gas oil from the crude
distillation unit and light and heavy gas oils from the vacuum unit. In
most cases, this feed was preheated by a gas-fired furnace. The feed plus
heavy gas oil and slurry recycle from the unit fractionator were mixed with
the hot catalyst at the beginning of the riser leading to the reactor. The
catalytic cracking process can take place in the riser and/or the reactor.
The type of catalyst used in all of the units was an alumina-type synthetic
zeolite. After the cracking process, the product vapors and catalyst were
separated, usually by a series of cyclones. The hydrocarbons were trans-
ferred from the top of the reactor to the fractionator where the various
products were separated. The catalyst was stripped of any remaining oil
with steam and delivered to the regenerator where the spent catalyst was re-

activated by oxidizing the accumulated carbon at a temperature of about
1,200°F (649°C).

The main products from the fractionator normally included the following:

® propane e light cycle oil
e butane e heavy cycle oil
e gasoline e decant oil

One of the major differences observed between FCCUs was the way in which the
regenerator flue gas was treated, if at all, before being released to the
atmosphere. Seven of the nine units utilized a CO boiler that burned the

gas with an auxiliary fuel before it was released; of these seven, three

plus one other used an electrostatic precipitator for the removal of catalyst
fines. Only one unit (Refinery H) did not use either method; nowever, this
was also the unit having the smallest production capacity.

Most of the FCCUs had their own individual control room or building located
within the unit area. This was not the case at Refineries G and H,

where several or all of the production units were run out of one centrally
1&cated control room. These control centers were usually small, separate
buildings or rooms in larger pump or compressor buildings built of brick or
cinder block. While almost all were air-conditioned, only the control cen-
ter at Refinery F was under positive pressure. Eating, washing, and locker
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rooms were usually adjacent to the control room. Most unit production
workers spent a good percentage of their shift inside the control rooms (or
adjacent rooms). This portion of the shift ranged from up to 50 to 60% for
the outside operators to essentially 100% for the inside operators.

The average work force observed for the FCCUs surveyed was five workers (not
including trainees) per shift. This generally included a supervisor or lead
operator, an inside operator (boardman), and three outside operators. The
actual number varied slightly with the size of the particular unit. At Re-
finery H, the smallest refinery with the smallest FCCU (production capacity),
there was a total of only three production workers per shift for all five of
the process units. The unit at Refinery E had the largest production capac-
ity and included a work crew of eight per shift. Refinery G had a rather
unique system: even though the FCCU there was a large unit (55,000 bbl/day),
there were only two operators assigned full time to this unit. This refinery
utilized a large, central control center for numerous units in the vicinity.
Several of these units, including the FCCU, shared a supervisor, inside oper-
ator, and outside operator who worked out of this control center.

Besides the control room and associated worker facilities (e.g., locker and
wash room), enclosed buildings at the FCCUs were normally Timited to housing
unit blowers or compressors. The equipment and structures used to handle
heavy fractions (more likely to contain PAHs) were in fairly open areas,
minimizing potential vapor accumulation. The heavy-fraction pumps (e.g.,
heavy gas oil, slurry recycle, and decant oil pumps) were generally located
Close together in a row outside in the open. This was not the case at Re-
finery I, where several enclosed buildings housed not only the control room
and compressors, but also the heavy-fraction pumps and the base sections of
the reactor, regenerator, and riser. The likelihood of PAH accumulation in
these buildings was clearly shown by the sample results discussed in the
next section.

The number of process stream samples collected daily for quality control
varied widely among the units. Excluding water samples, the number could be
as high as 8 to 10. Most of these were collected by one of the outside
operators during the evening or night shift using the open-spigot-and-bottle
method with and without sampling loops. Laboratory technicians normally
collected the gas stream samples using a sample bomb or pre-evacuated inner
tube.

Like most of the other continuous, closed-system process units, the FCCUs
were normally smooth-running operations. Apart from the pump areas, most of
the units were quite clean and well kept. Equipment breakdown is infrequent,
but when it does occur it often involves a pump or compressor. These prob-
lems are repaired either by the unit operators or by in-house maintenance
crews if more extensive repair is required.
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Delayed Coker Units

Although there were many similarities in the seven delayed coker units (Rg-
fineries E and H did not have this type of unit), there were more basic dif-
ferences in the processes and equipment than in the FCCUs. The delayed
coker unit at Refinery I was referred to as a "pressure coke still" by the
refinery. This unit was quite different from the others in the group; the
thermal cracking process was essentially the same, however. Therefore, for
the purpose of this study, the unit is considered to be a delayed coker
unit. There were two types of coke produced at the various units: a No. 1
grade coke referred to as "needle" coke, and the more commonly produced No. 2
grade coke or "sponge" coke. Needle coke is a higher quality coke that is
much harder and denser than the sponge type. Needle coke was produced only
at Refineries A and G; sponge coke was produced at all seven refineries.

The total operations performed at a delayed coking unit can be divided into:
(1) coke production, and (2) coke cutting and handling. The coke production
process was very similar at Refineries A, B, C, D, F, and G. This was a
semi-batch process with each complete batch cycle lasting between 40 and 48
hours. The charge stock was decant oil from the FCCU for needle coke, and
primarily residual from the vacuum unit for sponge coke. The process cycle
started with the feed, preheated by the convection portion of a gas-fired
heater, going to the fractionator where the light ends were flashed off.

The bottoms from the fractionator were then normally pumped back to the
radiant side of the furnace where the charge for sponge coke was heated to
about 900°F (482°C); the charge for needle coke was heated to a slightly
higher temperature. The heated charge then was passed to one of the coking
drums; the number of drums ranged from two to six at the six units. Each
drum had a 40- to 48-hour cycle with coke formation lasting about half that
period (20 to 24 hours). The drums at each unit worked in pairs. The
lighter vapor fractions of the thermal cracking operation were removed from
the top of the drum and sent to the fractionator where the various products
were separated and eventually recovered. Products from this type of unit,
besides coke, included:

@ propane e gasoline
e butane e naphtha
e gas oil

At Refinery I, the production process was somewhat different. The charge
was a mixture mainly of vacuum residual from the crude unit with smaller
amounts of 1light cycle gas oil and decant oil from the FCCU and recycled gas
0il ("clean 0i1"). This mixture was pumped to the #1 tower fractionator
that separated the lighter fraction from the heavy "black oil." This black
01l was pumped directly to the soaker, while the lTighter fraction went on to
the #2 tower fractionator where "clean oil" was separated from the naphtha
and fuel gas fraction. The clean oil was pumped to the charge furnace, then
to the soaker where it mixed with and heated the black oil. This heated
mixture of clean and black oils was then directed to one of the four drums
where the thermal cracking process began. Each drum had a 32-hour cycle
with coke formation lasting about 16 hours. Because there were four drums,
one drum was cut every 8 hours. The lighter vapor fractions of the thermal
cracking operation were removed from the top of the drum and recycled back
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to the #1 tower fractionator. The clean 0il, most of which is not thermally
cracked, was included in this recycled portion. Products from this unit,

other than sponge coke, included: fuel gas, propane, butane, naphtha, cycle
gas oil, and cycle fuel oil.

At all seven delayed coker units, the production process was terminated

and coke cutting was started by the switching of the feed to the second

drum of the pair. After 6 to 9 hours, during which time both steam and
water were used to cool the drum, the top and bottom were opened. At Refin-
eries A, B, C, D, F, and G, the coke was cut with a high-pressure hydraulic
bit. An initial hole was bored through the coke, and then the coke was cut
from the bottom up. At Refineries A, D, and F, the coke fell down a chute
into a storage pit. From there, a crane or drag scoop transferred the

coke onto a truck. At Refineries B, C, and G, the cut coke fell directly

into a railcar positioned beneath the drum. The cutting operation lasted
from 2 to 6 hours.

The cutting operation was also different at Refinery I. After the top and
bottom of the drum were opened, the coke was cut from the bottom with a
steam-driven mechanical drill. As the coke was cut, it fell onto a moving

conveyor belt which loaded a truck. This cutting operation lasted about 2
hours.

The work force at each coking unit was divided into two groups: the opera-
tional group and the coke-cutting/handling group. The operational group,
in charge of the normal unit operations, generally consisted of two or

three individuals. This included an inside operator (boardman) and one or
two outside operators. The size of the coke-cutting/handling group was
generally from three to five workers. This included a driller, two to four
helpers, and at Refineries A and F a crane operator. The work shift of this
latter group depended directly on the coke-cutting schedule at each refinery.
For those refineries that scheduled coke cutting the same time each day,
whether once a shift or once a day, the coke cutters worked the correspond-
ing shift. However, at Refineries A and C, the cutting schedule changed
every day. At these units, the coke cutters worked independently of any
shift and reported about 1 hour before the scheduled cutting, whenever that
might be.

Most of the delayed coking units had their own individual control room
within the unit; this was the case at Refineries A, D, F, and I. At the
other three refineries, the control room was shared to some extent. Most of
these control centers also had eating, washing or showering, and locker fa-
cility areas nearby. As with the FCCUs, most of these control centers were
air-conditioned, but only the one at Refinery G was under positive pressure.

The unit at Refinery I was different from the rest of the units, in that
equipment associated with heavy-fraction process streams was in an enclosed
building without mechanical ventilation. While there were not as many
heavy-fraction pumps as at the FCCU, the accumulation of PAH concentrations
was of special concern at this unit.
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Equipment breakdown and minor delays were observed much more at this unit
than at the others in the survey. Because of the coke-cutting and mechani-
cal equipment involved here, this was not unexpected. Problems during sur-
veys included a bent drill shaft, a stuck drill, leakage from the drum bot-
tom, excess coke on the tracks preventing the movement of railcars, and
breakdown of the coke crusher and conveyor belt. Even though cleanup was a
routine operation during and after each coke cutting, because of the nature
of the operation many areas of the delayed coking units were black and often
appeared much dirtier than the closed-process units such as the FCCUs.

Asphalt Processing Units

The asphalt processing units studied at the nine refineries included three
asphalt blowing (AB) units, two deasphalting (DA) units, and six vacuum dis-
tillation (VD) units. It was the original intent of the study plan to in-
clude only AB and DA units. However, four of the refineries selected for
study produced asphalt by utilizing the bottoms from the vacuum distillation
units without any AB or DA unit. Since the product was still considered to
be asphalt, this simplified asphalt processing was included for study.

Asphalt Blowing (AB)

The three AB units studied were at Refineries A, B, and G. These units were
all small and relatively simple in terms of process flow and equipment. The
feed, which was normally vacuum bottoms, entered the vertical blowing vessels
in the upper half at two or three points. Compressed air was then discharged
into the bottom of the vessels oxidizing the heavy residue material. The
blown asphalt was then pumped to storage, and the vent gas was normally
burned in an incinerator of some type. The unit at Refinery A was not in
total operation during the survey. The feed was being pumped through the
unit without being blown. This was normal procedure when the finished as-
phalt product was not currently in demand.

The AB units at Refineries B and G were quite similar. Each unit had two
blowing towers side by side, and similar production capacities. Both units
also had their own control building, which was not under positive pressure,
within the unit. The work forces consisted of an inside board operator and a
general outside operator on each shift. The unit at Refinery A had only one
blowing tower and a much smaller production capacity. This unit was also
operated out of a control room of an adjacent process unit. No workers were
assigned full time to this unit; two outside operators from the adjacent

unit spent a small percentage of their shift at this unit performing the
limited routine operations.

Deasphalting (DA)

The two DA units at Refineries B and E had many similarities including the
process and equipment. Residual from the crude unit was extracted with pro-
pane or a mixture of propane and butane to yield gas oil and asphalt. The
01l was used as feed for the FCCU and in lube and wax units. The asphalt
from the unit at Refinery B went to the delayed coker and asphalt blowing
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units; the asphalt at Refinery E was used for No. 6 fuel 0il. The unit at
Refinery B actually had two separate, almost identical sets of equipment and
structures with the process streams yielding different proportions of 0il
and asphalt.

There was a separate control room or building within each unit. Both con-
trol rooms were air-conditioned with the one at Refinery E also under posi-
tive pressure. There were three workers per shift assigned to each unit.
This included one inside operator/boardman and two outside operators who
performed the routine outside tasks on a continuous, closed-system process
unit. One difference observed between units was that there was noticeably
less heavy oil and asphalt-Tike material on the equipment, structures, and
foundation at Refinery B than at Refinery E. At Refinery E, this type of
material was especially present near the charge and asphalt pumps.

Vacuum Distillation (VD)

Of the three methods in this study, this is the most simple type of asphalt
processing by far. The bottoms from the vacuum distillation unit are con-
sidered to be asphalt and are pumped to storage. Four of the refineries
surveyed (Refineries C, F, H, and I) had this type of process; Refinery C
actually had three VD units, two of which were operating during the survey;
Refinery F also had two operating VD units. None of these six VD units had
a separate control room or any workers assigned to them full time. The
control rooms and operators from larger adjacent process units were used.
A1l of the asphalt pumps were outside in the open except at Refinery I. As
at the FCCU and delayed coker unit of this refinery, this pump was in an
enclosed building without mechanical ventilation.

EXPOSURES OF WORKERS TO PAHs

This section includes numerous tables of data presenting the results of the
sampling performed during the nine surveys. More than 250 personal and area
samples were analyzed for 23 different PAHs or groups of PAHs. Table 5 il-
lustrates the type of detailed data generated for one study process unit at
a single refinery. From this, it is clear that the large quantity of con-
centration values could very easily become unwieldy for subsequent evalua-
tion unless effective methods for summarizing and presenting the data were
developed. The use of the cumulative PAH concentration for each sample was
the first decision; this enabled each sample to be associated with one
general overall concentration rather than as many as 23. The obvious dis-
advantage to this is that information regarding what specific compounds and
what type of compounds (e.g., lighter molecular weight actually found is
obscured. This has been partially compensated for by calculating the per-
cent distribution of individual PAHS, by ring number (2-7) and also the
average number of PAHs found per sample. The complete data for each survey
and a summary of the environmental conditions during the sampling periods
are included in Appendix E.
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One of the basic objectives of the st
results across the refining industry.
basically similar in the type of work a
within common exposure categories.

samples have been grouped by these e
a meaningful picture of this industr
categories of interest.

and the delayed coker
the nine refineries.
ies and process units

udy was to compare personal sampling
To enable this, job titles that were
ssociated with them were grouped
The results of individual personal
Xposure categories in an attempt to give
y and to identify those major exposure

Table 6 shows the exposure categories at the FCCU

unit, and the specific job titles they include, from
The similarities and differences between the refiner-
were also examined.

Table 6. Job titles and exposure categories
at FCCU and delayed coker unit.
FCCu
Supervisor Inside operator Qutside operater

Shift foreman Control room operator Operator
Supervisor Control room process operator CO boiler operator
Boardman Helper
Houseman Chief process operator
Control operator-cat side Process operator
Control operator-recovery side Lead operator
#2 operator/boardman Head operator
North inside general operator Unit operator
Chief operator Operator 1
Operator 11
Operator 1V
Operator-cat side
Operator-recovery side
Assistant operator-cat side
Assistant operator-recovery side
Outside control operator
Assistant operator-engineer
#1 operator
#2 operator
FCC #1
FCC #2
A operator
B operator
Stillman
] DELAYED COKER UNIT
Operational Coke Handlers
; ; Crane
Supervisor o;:i:ggr ;223::&1 Supervisor Driller Helper operator
Division shift Operator Second helper Supervisor Driller First helper Crane operator
supervisor First helper Chief process Helper Second helper Beltman
Supervisor Chief process operator #1 decoker Head cutter

North operating
foreman

operator
Boardman
#2 operator
Controlman

Process oper-
ator

Coke helper
Lead operator
Outside oper-
ator

#1 operator

#2 operator
Coker #1 oper-
ator

Coker #2 oper-
ator
Stiliman

Head cleaner

Helper

Bottom cutter
Driller helper
Deck operator
#2 decoker

#2 cleaner

#3 cleaner

#4 cleaner
5ti11 cleaner
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In several of the tables, it was assumed for the personal samples that each
exposure category/refinery cell was an intact sample, and that the exposure
categories within each refinery were internally consistent and mutually dis-
tinct. Under this assumption, the results have been presented by calculating
the sample geometric means, geometric standard deviations, and 95% confidence
limits on the means, calculated from the individual sample results. The re-
sults of the area samples were not treated in this manner. The number of
area samples collected at each unit was very small, and the sampling loca-
tions were not always consistent between units. Area samples were collected
in locations suspected of having relatively high PAH concentrations; the re-
sults were intended to supplement the personal data during the evaluation
within individual refineries.

Table 7 shows the cumulative PAH concentrations for the personal and area
samples collected at the nine FCCUs. Tables 8 and 9 summarize the data from
Table 7 by exposure categories. As noted previously, the process units at
Refinery I were quite different from those at the other refineries in sev-
eral ways. The PAH results for this refinery are also noticeably different
(higher) relative to the other refineries. Because of this, in addition to
total values for all of the refineries, the values in several of the tables
have also been calculated excluding Refinery I. Tables 10, 11, and 12 are
the equivalent tables for the delayed coker units. Tables 13 and 14 show
the results for the asphalt processing units where mainly area samples were
collected; personal samples were collected at only one deasphalting unit
(Table 13).

The refinery upwind samples are compared with the totals of the area and
personal samples for each refinery in Table 15. Table 16 breaks down the
percent distribution of PAHs found by ring number for each refinery process
unit. This is not meant to be an approximation of the actual distribution
of PAHs in the sampling locations, but only of those 23 PAHs or groups of
PAHs (total of 28) for which the samples were analyzed. An equal number of
PAHs were not analyzed in each ring-number category, and also there is no
indication that these 28 PAHs are representative of all the PAHs actually
present in the particular sampling environment. Table 17 shows average dis-
tribution (%) of individual PAHs for all surveys. The last table (Table 18)
shows the particle-size distribution of the total particulate samples col-
lected during the last five surveys.
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Table 7.

FCCUs — Cumulative PAH concentrations.

Personal Area
Refinery, 4 b d d |Average Concen-
N GM ol LCL ucL s - PAHs/
Exposure categor GSD M'AHs Location Type |N 2
o L (k) [(ug/m?) Cug/m?) | (ug/m?) [ LSS P L aind)| sanate

A Supervisor 2 167 | a2 3.2 85.9 14 . Slurry recycle pump |Total] 1 36.8 16

Inside operator 2 11.9 | 2.0 <0.1 |6 x 10*]| 12 Resp.f 1] 18.4 4
; . Decant oil pump Total] 1 19.0 14
Qutside operator 5 27.2 | 1.3| 19.6 37.8 15 Resp. | 1 274 14
Means and totals
(Refinery A) 9 20.3 | 1.6 | 14.2 29.1 14

B Inside operator 4 10.3 ] 1.3 6.8 15.7 16 . Heavy-fraction pumps|Total| 1 50.6 14

Outside operator | & | 32.5|1.6| 21.8 | 48.4 | 14 Resps) B} T8 es
. Heavy-fraction pumps|Total| 1 50.7 14
peR S B D R O Resp.[1]| sal6 | 21

(8 Inside operator 2 1 1?2 0.4 9.8 9 . Slurry eflux pump |Total] 1| 123.5 lf
Qutside operator 6 2 3.3 3.4 43.3 11 e e §s
feanar atal . Slurry reflux pump |Total| 1| 132.3 13

L LR 2.4 | 2.7 1.0 5.6 | 11 Resp.| 1| 166.7 14
(Refinery C)

D Inside operator 2 13.4 | 1.3 1.3 14.1 8 . Slurry pump Total| 1 2355 14

Outside operator | 10 | 12.7 [1.4| 9.9 | 16.2 | 10 Respol ki SEG: || 516

. Slurry pump Total| 1| 145.7 12
Heans and totals [ 1o [ 18 T1.4] 103 [ 158 [ 10 Resp.[1| 82.5 | 11
(Refinery 0)

E Inside operator 4 8.9 12.0 2.9 27.0 9 . Charge pump Total| 1 12.2 12
Outside operator | 12 4 |3.0 4.7 18.9 9 . Slurry recycle pump |Total| 1| 202.2 15
Meanc and totals

(Refinery E) 16 9.2 | 2.7 5.5 15.5 9

F Supervisor 2 4.6 12.8| <0.1 >10* 7 . Slurry pump Total] 1 32.6 10
Qutside operator 8 2.7 B9 1.6 4.7 8
Means and totals =

(Refinery F) 10 3.0 | 2.0 1.8 5.0 8

G Inside operator 2 2490 Lk 1.2 6.8 9 . Slurry recycle pump |Total| 1 57.4 11
Outside operator 4 1 B e 257 9.8 9 . Decant oil pump Total] 1 3.6 11
Means and totals

(Refinery G) 6 4,2 | 1.5 2.7 6.5 9

H Inside operator 2 12.6 | 1.2 2.5 64.8 6 . Fractionator tower |[Total|l 7.9 7
Qutside operator 4 15.8 | 1.3 | 10.4 24,0 7 . Reactor/riser Total] 1 2.2 4
Means and totals

(Refinery H) 6 14.6 | 1.3 | 11.1 19.3 6
1 Inside operator 4 84.5 | 1.6 | 39.8 | 179.2 6 - Slurry recycle pump |Total|1l | 1,347 8
Outside operator | 4 | 172.5 |2.2| 48.9 | 609.1 8 n building
Reactor/regenerator |Total|1l | 101.5 6
Means and totals x
(Refinery 1) 8 | 120.7 |2.0| 67.0 | 217.3 7 building
Summary of
A-1 refinery totals (9) 11.2 13.3 4.5 28.0 10
A-H (8) 8.3 |z.4| 3.9 17.4 10

;N = Number of individual air samples, (K) = pumber of refineries.
G

[+
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= Geometric mean concentration for tne N samples or K refineries.
SO = Geometric standard deviation of the N samples or K refineries. Lo
Lower (LCL) and upper (UCL) 95% confidence 1imits on geometric mean for the N samples or K refineries.




Table 8. FCCUs — Summary of cumulative PAH concentrations
by exposure categories (all nine refineries).

Average
Exposure b GM° LcL® ucL®
Category K| K (ng/m*) astf (ug/m*) (ug/m*) SF;?I!L‘{IJS{E
Supervisor 4 2 8.8 2.6 253 3355 11
Inside operator 22 8 11.9 3:e3 33 20.3 10
Qutside operator 61 9 11.4 37 37 15.9 10
"""" Total 87 | 9 11.4 3.5 3.5 14.9 10
%y = Number of individual air samples.
by = Number of refineries.

CGM = Geometric mean concentration for the N samples.
GSD = Geometric standard deviation of the N samples.
el ower (LCL) and upper (UCL) 95% confidence 1imits on geometric mean for the N samples.

Table 9. FCCUs — Summary of cumulative PAH concentrations
by exposure categories (excluding Refinery I).

Average

Exposure b GMe LCL® ucL®

Gategory i it (ug/m?) es (ug/m?) (ug/m*) ;232?2
Supervisor 4| 2 8.8 2.6 2.3 33.5 11
Inside operator 18 7 7.7 2.1 5.3 1.1 10
Outside operator 57 | 8 9.4 3l 7.0 12.7 10

Total 79 8 8.9 2.8 7 11.2 10

IN = Number of individua® air samples.
%k = Number of refineries.

EGM = Geometric mean concentration for the N samples.
eGSD = Geometric standard deviation of the N samples.
Lower (LCL) and upper (UCL) 95% confidence 1imits on geometric mean for the N samples.
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Table 11. Delayed coker units— Summary of cumulative PAH concentrations
by exposure categories (all seven units).

Average
Exposure b GM° d [} ucLe PAHS
category N K {ugflﬂa) Gal (ug/m3 ) (UQ/m3 ) samp{e
Operational
Supervisor 513 325 3.1 0.9 14.4 8
Inside operator 12 7 16.5 < ) 7.9 34.5 10
Qutside operator 23 | % 6.3 13.0 2.0 19.5 8
—-“gat-);:t-)tﬂ 40 | 7 7.8 8.4 4.0 15.3 L 9
-Co;:e Handlers
Supervisor 1 112 = - - 9
Driller 12 | 6 25.8 3.9 2.4 61.2 14
Helper U2 14.3 3.7 8.9 22.9 13
Crane operator 6 |2 5.5 6.1 0.8 37.5 9
[ subtotal 50 7| 14.6 4.1 | 9.8 21.8 14
......................... e b e e e o e o e
Total 90 | 7 15 5.9 7.6 16.1 11

gN = Nump2r of individual air samples,

= Number of refineries.

§GM= Geometric mean concentration for the N samples.
GSD= Geometric standard deviation of the N samples.

€ Lower (LCL) and upper (UCL) 95% confidence limits on geometric mean for the
N samples.

Table 12. Delayed coker units— Summary of cumulative PAH concentrations
by exposure categories (excluding Refinery I).

Average
Exposure b aMe d LCL® l ucL®
category N K (ug/m*) 650 (ug/m*) (ng/m?) :::g?;
Operational
Supervisor S 35 3l 0.9 14.4 8
Inside operator 10 | 6 11.6 2.5 6.0 22.6 11
Qutside operator |2k | 6 4.5 11.2 1.5 13.6 8
------------------------- e e T bt
Subtotal 36 | 6 5.6 7.2 2.9 13.9 9
Coke Handlers
Supervisor 1 1 1452 - - - 9
Driller 10 5 17.4 3.0 7.8 38.7 15
Helper 29 [ 12.1 3.2 7.9 18.6 13
Crane operator 6 2 a0 6.1 0.8 37.5 9
Subtotal 46 6 1108 3.5 8.2 17.1 13
Total 82 | 6 8.5 5.2 5.9 12.2 11

gN = Number of individual air samples,
GK = Number of refineries.
dGM = Geometric mean concentration for the N samples.
GGSD = Geometric standard deviation of the N samples.
Lower (LCL) and upper (UCL) 95% confidence 1imits on geometric mean for the
N samples. 31



Table 13. Deasphalting unit at Refinery E — Cumulative PAH personal
sample concentrations.

d d Average
Exposure NE e LCL ucL
3 GSD 3 3 PAHs/
Category (ug/m?) (ng/m*) (ug/m?) sample
Inside operator 2 8.4 3.6 0.1 10 5
Outside operator B 13.8 4.7 0.3 643.3 6
Total 5 11.4 3.6 2.3 56.7 6

gN = Number of individual air samples.
_GM = Geometric mean concentration for the N samples.
éGSD = Geometric standard deviation of the N samples.
Lower (LCL) and upper (UCL) 95% confidence 1imits on geometric mean for the N samples.

Table 14. Asphalt processing units — Cumulative PAH concentrations
for area samples.

Average
Type of process Refinery Location Simpég Nb aM° PAHs/
yP sample

Asphalt blowing A 1. Charge pump near vacuum tower Total 1 30.6 12
Resp. 1 12.2 11
2. Downwind (DW) of blowing tower Total 1 3:3 5
Resp. 1 2:9 5
B 1. DW of blowing tower Total 1 2.9 14
Resp. 1 3.5 13
2. DW of thermal oxidizer Total 1 1.6 10
Resp. 1 6.3 12
G 1. Asphalt product pump Total 1 2.1 8
Deasphalting B 1. Between deasphalting tower and Total 1 1.4 12

asphalt stripper
2. Asphalt flash tower/stripper Total 1 12.0 7

and asphalt pump
E 1. Charge pump Total 1 41.2 7
2. Asphalt product pump Total 1 28.9 12
Vacuum C 1. Asphalt pump (#1 unit) Total 2 8.7 15
distillation (2 units) Resp. 1 14.1 13
1. Asphalt pump (#4 unit) Total 2 7.8 14
Resp. 1 8.1 15
F 1. Asphalt pump (#16 unit) Total 1 173 7

(2 units)
1. Asphalt pump (#19 unit) Total 2 4.9 9
H 1. Asphalt pump Total 1 2.8 6
2. Asphalt pump near stream Total 1 2.9 8
sampling site

1 1. Asphalt pump room Total 2 18.0 6

%Total = samples include total particulates, Resp. = samples include respirable-size particulate
only.

bN = Number of individual air samples.

GM = Geometric mean concentration for the N samples.
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Table 15. Comparison between upwind samples and area/personal samples.

Upwind samples Area and personal samples
Refinery N GMb Average NG GMb Average
(ug/m?) PAHs /sample (ug/m?) PAHs/sample
A 2 0.6 7 35 20.4 13
B 1 1.1 13 38 1557 16
¢ 1 <0.1 2 32 9.5 13
D 2 2.6 6 39 521 10
E 2 <0.1 2 25 F2 o7 9
F 2 <0.1 2 33 4.1
G 2 0.2 2 23 10.2 10
H 2 1.3 5 10 8.2 &
I 1 0 0 22 136.8
----- {;{;{----~—-1;---- —--};E;- 4 257 11.9 11

“N = Number of individual samples.
6™ = Geometric mean concentration for N samples.

Table 16. Distribution (%) of PAHs found by ring number.

Ring Refinery A Refinery B
0. FCCU oy A8 UM FCCu ocy AB DA U
2 83.2 74.5 75.1 59.5 87.0 90.8 92.8 95.0 86.0
3 5.1 9.5 24.5 5.6 9.5 4.5 5.4 5.0 10.3
4 1.5 10.4 0.4 4.8 3.2 1.8 0.9 0 3.7
5 0.2 3.9 0 0 0.2 1.9 0.9 0 0
[ <0.1 1.6 0 0 0.1 0.9 0 0 0
7 0 0.1 0 0 1] 0.1 0 0 0
Ring . Refinery C Refinery D Refinery E
Mo. FCcu ocu YD M FCCu Dcu U FCCU DA 1]
2 73.4 %4.1 72.5 85.7 83.7 90.2 100 92.0 98.9 100
3 19.5 4.6 19.8 14.3 14.6 6.9 0 Tt 1.0 0
4 7.1 0.8 6.1 0 1.7 2.6 0 0.8 0.1 1]
3 0 0.5 1.6 0 0 0.3 1] 0 0 [}
6 0 0 0 0 0 o 0 Q 0 (]
7 0 0 0 o0 (1] 0 1} 0 0 (1]
Ring Refinery F Refinery G
MNo. : Nortn-side
FCCu ocu VD Uw FLCU ocu SReCAtOES AB UW
2 78.4 91.7 B6.9 100 9c.2 57.2 92.6 88.3 95.7
EJ 17.4 7.1 12:7 0 8.8 26.3 7. 31T 4.3
4 4.2 1.2 0.4 0 1.0 15.6 0.3 0 o
§ 0 0 0 0 0 1.0 0 0 ]
6 0 0 0 (1] 0 0 0 0 0
7 0 0 0 0 Q 0 0 0 1]
Ring | . Refinery H Refinery I
. Are
Personal e ST 4y Fecu ocy V0 UM
2 92.3 57.0 83.3 91.2 98.6 96.2 98.2 (1]
3 Ten 42.2 14.0 8.8 1.3 3.6 1.7 0
4 0.2 0.8 2.7 (1] <0.1 0.2 0.1 0
[ ] 0 0 0 0 0 1] 0 0
[ ] 0 /] o 0 o 0 1] 0
7 0 0 0 0 0 0 1] 0
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Table 17.

Average distribution (%) of PAHs at all
nine refineries.

Ring Ne. Compound FCCU Coker Asphalting Upwind
2 Naphthalene* 25.9 27.1 31.8 51.0
2 Quinoline* 1.1 3.3 1.4 2.6
z 2-Methylnaphthalene 33.6 35.4 332 19.1
2 1-Methylnaphthalene 20.1 18.2 20.0 19.8
2 Acenaphthalene 0.4 11 0.1 0
2 Acenaphthene 2.6 1.6 2.3 0.9
3 Fluorene 2.5 1559 5.0 0.8
3 Phenanthrene*/Anthracene* 7.3 6.3 4.6 4.4
3 Acridine 0.2 0.2 0.3 0.1
3 Carbazole 0.1 0.1 0.4 0.1
4 l Fluoranthene 0.2 0.5 0.3 0.2
4 i Pyreng* 0.6 1.6 0.4 1!
4 I Benzofluorene <0.1 0.3 0 0

t *
- i BEEi;?iﬂEE?Fiﬁﬁﬁgn;1ene Bee 10 <0.1 S
B Cheiree: 0.1 0 0
5 i Perylene 0 0.1 0 0
5 ! Dibenz(a,j)acridine* 0 <0.1 0 0
5 i Dihenz(a,1)carbazole* <0.1 0.1 0 0
6 I Indeno(1,2,3-cd )pyrene* 0 0.1 0 0
5 ‘ Dibenzanthracene* 0 0.1 0 0
6 . Benzo(g,h,i)perylene 0 0.2 0 0
7 | Coranene 0 <0.1 0 0
6 Dibenzpyrene* <0.1 0.1 0 0
* Suggested as having some cancer-causing potential.
Table 18. Particle-size distribution (%) of total
particulate area samples.*

B il ass e Refinery E Refinery F Refinery G Refinery H Refinery I
(m) FCCU| DA | FCCu| DCU | VD U4 |FCZU | DCU | AB |FCCU| VD |FCCU | bcu | VD
0.4 - 0.7 68.2169.0|43.5|38.8|38.1|32.9|44.5(33.255.0]52.5(53.1| 4.6 2.1 ] 3.3
0.7 - 1.0 21:1 |'17.6 | 29.1 | 17.5 | 24.1 | 20.7 | 29.0 [31.1 |32.4 | 26.1 |26.0| 6.3 | 3.6 | 4.4
1.0 - 1.5 6.8|11.8|14.4121.9|17.4 (23,4 12,8 |20.9] 6.1 | 9.2|15.2| 7.5| 4.5| 9.3
1.5 =201 2.9 | 1.5 4.1 | 8.0 6.2 B.9| 4.8 | 4.2 | 3.7 | 44| 42| 95| 8.0 |12.7
2.1 -2.9 0.7] 0 3.4| 7.1| 5.9| 7.2| 3.7 | 3.5 1.9| 0.6| 1.4]|20.2|13.4|19.8
2.9-4.2 0.1] 0 2.7| 4.0) 38| 2.6 1.3| 2.4 0.5| 0.2 0.1]15.916.5|24.3
4.2 - 5.9 0.21 0 G L Bl | e AR i e e Lo || 0 14.4 | 26.2 | 8.7
5.9 - 8.3 0 0 Lol 24 1.3 o .1 14021 0 0 13.4 |19.3 | 8.6
8.3 - 11.8 0 0 (L ) 0.7] 1.0|] 0.3 L1.6] O 0 0 8.2 |8.4 3.9

*Average percentages of samples collected at each unit.
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ANALYSIS AND DISCUSSION OF RESULTS

The data on the cumulative PAH exposure levels are represented pjc?o-

rially in Figures 3 to 6. Figures 3 and 5 show the confidence limits on the
aeometric means of the personal samples collected at each FCCU and dg1ayed
coker unit; Figures 4 and 6 compare the results by exposure categories.
Also included in these figures is the average number of PAHs per sample.
Semi-log scales have been used to facilitate data presentation. Because
most of the samples collected during the nine refinery surveys were at the
FCCU and the delayed coker unit, this section will focus primarily on these
process units and to a lesser extent on the various types of asphalt pro-
cessing.

REFINERY I

Figures 3 and 5 clearly show that the PAH exposure levels at Refinery 1 were

by far the highest of any recorded for the nine FCCUs (student t-test, p <0.0005)
and the seven delayed coker units (p <0.005) surveyed. For the FCCUs, the geo-
metric mean exposure at Refinery I was more than five times the second highest
value; and for the delayed coker units, the value for Refinery I was almost
four times the second highest. The results for the area samples collected at
Refinery I's vacuum distillation unit were also the highest of the six units
(at four refineries) that had this type of asphalt processing, although not by
such a large margin (see Table 14). Because the results from the FCCU and
delayed coker unit at Refinery I were so much higher than the others, much of
the analysis in this chapter will separate out Refinery I to allow a more
accurate comparison and evaluation of the results.

It should be noted briefly that, while the cumulative PAH concentrations at
Refinery I were the highest, the average number of PAHs per sample was the
second Towest. Furthermore, the PAHs found at Refinery I were almost en-
tirely the two-ring compounds, and the particle-size distribution (see
Table 18) is different than the other refineries. This will be discussed
further in a later section.

The most obvious difference of Refinery I from the other eight surveyed was
that all three study process units at this refinery used enclosed buildings
to house the heavy-fraction pumps and other equipment associated with pro-
cess streams likely to contain PAHs. The major disadvantage of buildings of
this type without mechanical ventilation is that the potential for the accu-
mulation of airborne contaminants (in this case, PAHs) from spills and fugi-
tive emissions is greatly elevated. This point was clearly illustrated at
Refinery I by the results of the area samples collected inside the heavy-
fraction pump rooms at the FCCU (1,347 ug/m®) and delayed coker unit (399.7

ug/m?). These results were by far the highest of the samples collected at
each unit.
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Refineries

A,B.C.0,F,G
Operational I (o)
Supervisor PN VRS

Inside operator

I

Outside operator

T SRR

Coke handlers N (12)
Supervisor » (9)
oriller T e L
Helner . (1)

Crane operator

Total I (10)
Refinery I
Operational ST e U
Inside operator = ()
Outside operator IYLADRN RS
Coke handlers B (o)
Driller = (8)
Helper = (9)
Total . s
— ——t——t i :
*Average number of 1 2 3 10 20 50 100 200 500

PAHs per sample.

Figure 6.

Exposure levels (ug/m?)

39

Delayed coker unit exposure categories: 95% confidence ]imits
on the geometric means of the cumulative PAH exposure levels.



The delayed coker unit at Refinery I had several basic process differences
from the other coker units surveyed; however, the major difference was that
the coke-cutting operation was performed using a mechanical drill while the
other six units used hydraulic cutting. The mechanical drilling was not a
totally dry process since water was used to cool the drum prior to cutting;
however, hydraulic cutting uses much larger quantities of water during the
actual cutting operation which tends to suppress dispersion of any fine
particulates.

A careful examination of the complete data set (Appendix E) indicates that
the enclosed buildings and mechanical drilling alone cannot account for the
wide variation between Refinery I and the rest of the refineries. The ele-
vated levels at Refinery I were consistent among all of the operators
sampled, including the inside operators who do not normally go into the en-
closed pump rooms or in the vicinity of the coke-cutting operation. At the
delayed coker unit, the control room and the hot-pump room were both in the
same building quite close to each other; cross-contamination was a possi-
bility here. Despite this, it appears that the unusually high concentra-
tions of PAHs at these two units were not restricted to the enclosed build-
ings containing heavy-fraction process streams or to the vicinity of the
cutting operation, but occurred throughout many areas of both units.

If this was the case, other factors or combination of factors were also im-
portant in influencing the Tevels found at this refinery. The weather was
quite warm during the survey; Appendix E shows that the temperature range
during the survey of Refinery I was one of the three highest (15-27°C), and
that the wind velocity was quite low (0-10 mph). The relative humidity dur-
ing this survey appears to have been about average (35-75%). Table 1 indi-
cates that the three study process units at Refinery I were the oldest of
each type surveyed, although all three had major turnarounds within 24
months prior to the survey. Refinery I was processing a Wyoming crude that
had the highest sulfur content (3.0%) and one of the lowest API Gravity
Indexes (25) of those crudes included in the nine surveys. About two-thirds
of the time, Refinery I processes a lighter, Tower sulfur-containing crude.
The FCCU at Refinery I was one of only two that did not use a CO boiler to
burn the regenerator flue gas (which may contain PAHs) before release to the
atmosphere. The possible importance of these and other factors to influence
the PAH levels found at units is discussed further in the next section.

OTHER FCCUs (REFINERY I NOT INCLUDED)

The mean (geometric) cumulative PAH exposure levels for the eight other
FCCUs ranged from 2.4 to 22.2 pg/m>, and the average number of PAHs per
sample ranged from 6 to 15. All eight of these FCCUs were quite similar
in terms of general process, equipment, structures, job descriptions of
the work force, housekeeping and maintenance of the unit, etc. Unlike
Refinery I, they exhibited no obvious differences that might explain the
10-fold range of mean exposure levels. Consideration was given to more
subtle factors that might influence the airborne levels of PAHs. Figure 3
shows that the results for Refineries A and B were very similar in both
exposure levels and number of PAHs per sample. Appendix E further

shows that the actual distribution of PAHs found was quite similar. The
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information from Table 1 shows that these two refineries and FCCUs were very
similar in terms of geographical location, capacity of units, age of units,
dates of last turnaround, features (e.g., CO boiler), and source and type
of crude. To determine if there was a general relationship between any

of these types of variables and the geometric means of the cumulative PAH
concentrations, a limited statistical analysis was performed.

First, a qualitative assessment was performed on the variables 1i§ted below;
these were selected on the basis of available information and their poten-
tial for influencing the levels of airborne PAHs at the units:

age of unit

production capacity of unit

duration since last major turnaround
environmental conditions during sampling

crude type (sulfur content and API Gravity Index)
major or nonmajor oil company

If even a slight trend was indicated, the data were plotted on a scattergram
and the Pearson product-moment correlation coefficient was calculated (Downie
and Health, 1959). Values of "r" greater than 0.50 were tested for signifi-
cance using the Student's t-test.

Qualitative assessment of the data showed that only two of the above six
variables appeared to correlate with the exposure data; these were age of
unit and crude type (API Gravity Index). Figures 7 and 8 display the scat-
tergrams for these two relationships. The calculated "r" values for age of
unit and API Gravity Index were 0.83 and 0.51, respectively. The "r" value
for age of unit passed the test for correlation (p <0.01) at the 95% confi-
dence level while the API Gravity Index (p >0.1) did not.

Figure 4 shows the results of the personal samples collected at the FCCUs,
grouped by exposure categories; the data for Refinery I have been separated.
In both sets of data (Refineries A-H and Refinery I), the geometric mean for
the outside operators was higher than for the inside operators; from the
individual refinery data (Table 7), the results were higher for the outside
operators at seven of the eight units where both exposure categories were
sampled. The differences between the two categories, however, were not
significant at the 95% confidence level (p >0.3). The average number of
PAHs per sample was the same for these two exposure categories at Refineries
A-H, and slightly lower for the outside operators at Refinery I.

Considering the job descriptions of the workers who made up these two expo-
sure categories, it was surprising that the results for the inside operators
were as similar as they were to those for the outside operators. All of the
inside operators spent the great majority of their shift inside the control
room monitoring and logging in the various meters and charts on the control
panel. The inside operator at Refinery H was the only one who had any rou-
tine outside duties. This particular operator toured the production area
during the first hour of the shift. It was very unlikely that these inside
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operators came into direct contact with any PAH-containing material. On the
other hand, the outside operator category included the lead operators and
helpers who performed all of the routine outside duties. This included the
direct handling of equipment or material (e.g., sample collection, minor
maintenance and repair of pumps) associated with PAHs.

During the surveys, it was observed that the FCCU control rooms were by no
means isolated from the production areas. There was usually a considerable
amount of traffic through the control rooms by the outside operators. In
addition, the control rooms were generally in the midst of the units and
occasionally directly downwind of equipment or structures containing the
heavy-fraction process streams. While most of the control rooms were air-
conditioned, only one was under positive pressure.

Many of the FCCUs had supervisors or foremen who spent a good percentage of
their shift outside directing others, but who did not directly handle any
equipment. These individuals often had responsibility for at least one
other unit. A very small number of samples were collected for this expo-
sure category at two units. Figure 4 reflects this with the large confi-
dence limits. From the limited data available, the only statement that can
be made about this exposure category is that the results were generally con-
sistent with the overall results of the individual unit.

At the larger FCCUs, there were operators assigned specifically to the "cat"
side of the unit, which included the reactor, regenerator, and heavy-fraction
pumps, and to the recovery side (lighter fraction process streams). While
the results from two of these units (Refineries E and F) indicated that the
operators assigned to the cat side were exposed to higher PAH concentrations,
the results from several other units (Refineries B, D, and G) did not. Be-
cause of this initial evaluation and the limited number of samples involved,
it was decided not to further divide the exposure categories for evaluation.

A review of the complete personal sampling data set in Appendix E shows that
there was a general consistency between the duplicate samples collected on
successive days. During the nine surveys, 42 pairs of duplicate samples
were collected at the FCCUs and, of these, 27, or 64%, showed less than 40%
variation between the two samples. Excluding the results from Refinery E,
this percentage increases to 76.5%. The inconsistency at this one unit
could not be explained by information accumulated during the survey. The
overall consistency reflects the fact that the FCCU is an example of a
normally smooth-running, continuous-operation process unit.

The intention of the Timited amount of area sampling conducted at the FCCUs
was to supplement the personal sampling data by determining the quantities
and distributions of PAHs at locations suspected of having relatively high
concentrations. Sampling locations were chosen near the heavy-fraction
pumps at each of the units; at Refineries H and I, one sample was also col-
lected near the reactor/regenerator structure. It was not possible to
sample at comparable locations at each unit; convenience of hanging the pump
often dictated the exact sampling location. Because of this, comparison of
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area sampling results between refineries should be limited. The results did
consistently show that the slurry recycle pump areas were 2 to 20 times
higher (cumulative PAH concentrations) than the results for outside opera-
tors at each unit. Exceptions were noted, especially at Refinery H where
the samples were collected farther away from the pumps. The area results
also showed that the distribution of PAHs was quite consistent with the per-
sonal samples. While the slurry pump areas were quite definitely associated
with elevated PAH concentrations, the results of the small number of samples
collected near the decant oil pumps, charge pumps, and reactor/regenerator
areas were not nearly as high.

OTHER DELAYED COKER UNITS (REFINERY I NOT INCLUDED)

The mean (geometric) cumulative PAH exposure levels for the six delayed
coker units, excluding the one at Refinery I, ranged from 1.6 to 41.9 ug/m?,
and the average number of PAHs per sample ranged from 7 to 18. Many as-
pects of these six units were quite similar, such as the process, equipment,
cutting method, and work force. However, there were two basic differences
that stand out when comparing these units and the results from the surveys.
The first has to do with the type of coke produced. The units at Refineries
A and G produced both needle (#1 type) and sponge (#2 type) coke while the
rest of the units produced only sponge coke. The second basic difference was
the method of handling the coke after it was cut. Three refineries used a
railcar positioned directly beneath the drum; the other three refineries
directed the falling coke into a large containment pit, from which it was
transferred to trucks by crane or other equipment. The possible impact of
these and other unit characteristics on the levels of PAHs found during the
surveys is discussed in this section.

During the surveys at Refineries A and G, needle coke was cut during the

first sampling shift and sponge coke was being cut during the second. Figure

9 shows a comparison of the personal sampling results between the two sam-
pling shifts at each refinery and both refineries combined. Only paired
samples collected during both cutting shifts were included. It is quite

clear that the cumulative PAH concentration exposures were higher during the
cutting of needle coke. At Refinery A, there was also a substantially larger
number of PAHs per sample collected during this period. The differences be-
tween the combined means of the cumulative exposures were statistically signifi-
cant at the 95% confidence level (student t-test, p<0.01). When comparing the
data2 it is important to realize the limitations involved when sampling only one
cutting operation for each type of coke at only two refineries. Despite this,
the results from the two delayed coker units that produced both types of coke
indicate that the cutting of needle coke is associated with higher cumulative

PAH exposure levels and possibly with exposure to a larger number of different
PAH compounds.

Both advantages and disadvantages were observed for the method of cutting the
coke directly into railcars. This method eliminates the necessity of a crane
or any other type of coke-moving equipment such as front-end loaders and
trucks. However, this method does require that at least one of the coke
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handlers be stationed at the drum bottom area to ensure proper railcar load-
ing. This worker is in very close proximity to the falling coke, splash-

ing water, and water mist. The coke at this point has been cooled, and
hydrocarbon vapor is not 1ikely. Dermal exposure to coke part1gu1ates is
more probable. A comparison of the data (Table 7) from Refineries B, C, and
G, that used railcars, and from Refineries A, D, and F, that used a contain-
ment pit, does not clearly show a difference between methods. Figure 5 shows
that of the six delayed coker units surveyed, the three using railcars ranked
second, third, and fourth with an average of 14 PAHs per sample; the other
three units ranked first, fifth, and sixth with an average of 10 PAHs per
sample. Based on the data from these six surveys, a meaningful statement as
to whether one method of handling the cut coke is associated with higher
levels of airborne PAHs cannot be made.

The six variables selected in the previous section as being potential factors
influencing the PAH results at the FCCUs were also felt to be relevant for
the delayed coker units. The presence of a relationship between any one of
these variables and the results from the delayed coker units was tested for
in the same manner as before. These variables were:

age of unit

production capacity of unit (tons/day)

duration since last major turnaround
environmental conditions during sampling

crude type (sulfur content and API Gravity Index)
major or nonmajor oil company

A qualitative evaluation of the data showed that only two of the above vari-
ables appeared to correlate with the exposure data from the six units: the
production capacity of the unit, and the API Gravity Index. Figures 10 and
11 display the scattergrams for these two relationships. The calculated "r"
values for production capacity and for the API Gravity Index were -0.76

(p <0.05) and 0.80 (p <0.02), respectively. While both passed the test for
correlation at the 95% confidence level, neither passed at the 99% level. The
negative "r" value for production capacity indicates that at least at these
six delayed coker units, as the production capacity increased, the cumulative
PAH concentrations decreased. The positive "r" value for the API Gravity
Index indicates that the exposure levels are inversely proportional to the
density of the crude levels. This relationship with the crude density was
similar to that found in the previous section for the results of the FCCUs.

Figure 6 shows the results of the personal samples collected at the delayed
coker units by exposure categories; the data for Refinery I have again been
separated. The work force at this type of unit is divided into two general
categories, the operational workers and coke handlers. The operational

group is similar to the normal work force at the FCCU or any other continuous-
type refinery process unit. This operational group is further divided into
the inside and outside operators and the supervisor. The second major expo-
sure category at the delayed coker unit is the coke handlers group which is
divided into the supervisor, driller, helper, and crane operator categories.

47



*S3LUN 40D pake|ap 3e S|9A3| 94nsodxd Hyd ShsdaA A3Loeded uoL3dnpodd — weabuaaljess

(Aep/suoy gol) A1roeded woL3dnpoad ‘x

B

i

Dm »H yH
1 I I

(v*1) 86" 3 4oy 2r12<26%0¢8 = 4
p6'~ = 4 ‘£88° = .4
XL0L1° = 890°p = A U¥

X9 + ¥ Uy = ) uy

T A i

I

-0°1

F07¢

(=]
=

(w/br) spana| aunsodxa Hyd

3ALIBLNWAD 4O URBW J1433woab jo an{ea dwwyjtaeboq 4 uy

(Aep/su0l) A3LJedR]) UOLIINPOAd

oop*2 QOM.“ ouw.ﬂ 005
T

101

<02

0T d4nbLy

{ w/6brt)
§laAa| 24nsodxa Hyd 2ALIT|NWND JO URW I|J33W03T

48



*S2LUN 4300 pake|ap 3e S|aAd| 34nsodxa Hyd SNS4DA Xapul AJLARAD [dy — weuabuazzeds 1T

xapui A1iaedb [dy

o 0p 9g 2€ 82 #2 0z
Ll L] T T T T
[ ]
+o'1
L ]
-l D.N
L ]
L ]
[ ]
+0°¢
. (v'1) 66°4 uoy 112 <26Y = 4
2967 =4 626" = .4 10t
XEGIT + 292°€- = A U3
XG + Y Uy = A Uy
xmmmﬂ.wmwmo. = xnmﬁ = A

(;w/br) s|3Aa| a4nsodxa Hyd
BALIRNWND O UBAW J(J33woab jo an|ea dtuyitaeboq *4 uz

xapul AjLaeab |4y
oy SE (1] 52

a7 t t } 0

a4nbL 4

( ¢u/6rt)

$|9A3] 24ns0dXa Hyd SALIR|NWAD 4O UPAW O}.132W02Y

49



Both sets of data (Refineries A, B, C, D, F, and G together and Refinery I
alone) show that the geometric mean for the coke handlers was higher than the
operational group (Figure 6), although not statistically significant. Both
sets of data also show that the average number of PAHs per sample was higher
for the coke handlers. The results for the individual units (Table 10) show
that the coke handlers were exposed to a higher concentration of PAHs at five
of the seven units surveyed. Figure 6 shows that, within the operational
group, the inside operators had a higher mean cumulative PAH concentration than
the outside operators (Refineries A, B, C, D, F, and G); this was not the case
at Refinery I. The supervisor group had the lowest mean value of the opera-
tional exposure categories. However, a total of only five samples were
collected for this category at three units; this is reflected in the large
confidence 1imits (Figure 6). Both sets of data again show that within the
coke handlers group the driller exposure category had the highest mean value.
The helpers group had the next highest mean value. The small number of sam-
ples (six) collected for the crane operator category is reflected by the

large confidence Timits (Figure 6). Only one sample was collected for the
coke handler supervisor category.

The results showing that the coke handlers were exposed to high PAH concen-
trations and to a large number of PAHS is not surprising when considering
their normal duties. The coke-cutting and handling operation is one of the
few in a refinery that is not a closed system. Because of this, it is more
difficult to minimize worker exposure during this operation. During every
cutting cycle at a typical delayed coker unit, the top and bottom of the drum
must be opened manually, the coke must be cut by the driller, the helpers
must clean and Tubricate the fittings and direct the loading of the railcars;
at other units, the crane operator must move the coke out of the containment
area. The driller was normally positioned at the top of the coke tower in a
station called the "penthouse." The penthouse was normally an enclosed room
with several windows and other openings that provided natural ventilation.

A large number of job titles (Table 6) and descriptions made up the helpers
exposure category. The duties of helpers varied, depending on the cutting
method used, but they all spent some of their shift on or near the coker
tower. Because of this, it was decided that the beltman at Refinery D should
not be considered a helper and was placed into the crane operator category.
This particular coke handler worked away from the coke tower and near the
containment pit, crusher, conveyor, and storage areas.

At all of the units in this study where personal sampling was conducted, the
results have consistently shown the PAH concentrations and variety of PAHs to
be greater than expected for the inside operators. This was based on their job
descriptions. However, at the delayed coker units, the geometric mean and the
average number of PAHs per sample for these inside operators at Refineries

A, B, C, D, F, and G were actually higher than those for the outside opera-
tors. The inside operators spent the great majority of their shift (85-100%)
inside the control room; the outside operators spent from 40 to 90% of their
shift outside in the production area. As at the FCCUs, the control rooms

for most of the delayed coker units were in the midst of the unit close to
equipment and structures, and it was not unusual during the surveys for the
control rooms to be downwind of the coke-cutting operation. It was also
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noticed that foot traffic through the control room by the outside operators
and, to a lesser degree, by the coke handlers, was common.

The complete personal sampling data set (Appendix E) reveals that there was
less consistency between the duplicate or paired samples collected on succes-
sive days at the delayed coker units than at the FCCUs discussed in the previ-
ous section. During the surveys of all seven delayed coker units, a total of
40 pairs of samples were taken; of these, 20 or 50% showed less than 40%
variation. Of these 40 pairs of samples, 17 were collected on operational
workers and 23 on coke handlers. There was much more consistency among the
operational group paired samples (65%) than among the coke handler group
paired samples (39%). This was consistent with the observations that the
duties performed by the drillers, helpers, and crane operators were much more
1ikely to vary from one shift to another. The duration of the cutting opera-
tion often varied at the same unit because of the type of coke being cut,
amount of coke in the drum, and performance of the equipment. As seen at the
FCCU, the duties and schedules of the operational group were much more stable
from day to day. This is illustrated by the fact that the percentages of
paired samples collected for these two groups of workers (operational and FCCU
operators) having less than 40% variation were almost identical (64% and 65%).

At each delayed coker unit surveyed, at least one area sample was collected
downwind (5-20 yards) from the bottom of the drum during the cutting opera-
tion. The results of these area samples were generally consistent with the
personal sampling results of the individual unit's coke-handling group
(Table 10) for both cumulative PAH concentrations and average number of PAHs
per sample. This finding was not surprising since many of the coke handlers
spent almost all of their outside time on or near the coke tower near the
cutting operation. At Refinery G, where both types of coke were produced,
an area sample was collected downwind during both cutting operations. The
PAH concentration results for the first sampling shift when needle coke was
cut were more than three times higher than the results for the second sam-
pling shift when sponge coke was cut. The number of PAHs was also slightly
higher when the needle coke was cut. This supports the comparison made
earlier between the types of coke and the personal samples.

At five of the delayed coker units (Refineries A, B, C, D, and I) a sample was
collected near the charge pump to the unit or the charge pump from the frac-
tionator to the furnace. Both types of pumps contained heavy-fraction pro-
cess streams. The results for these area samples were also quite similar to
the personal sampling results for the coke handler groups of the separate
units (Table 10). Exceptions to this were found at Refinery A where the

charge pump sample results were very low, and at Refinery I where the results
were high. The high value at Refinery I can be explained, as discussed
earlier, by the fact that the pump was in an enclosed room.

The results from all nine surveys which included nine FCCUs and seven
delayed cokers show that the overall results for these two types of units
were very similar. The geometric mean of the cumulative PAH exposure levels
(personal samples) was 11.4 ug/m® for the FCCUs and 11.1 ug/m® for the de-

layed coker units. The average number of PAHs per sample was 10 for the
FCCUs and 11 for the delayed coker units.
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ASPHALT PROCESSING UNITS

The original study plan did not include any personal sampling at the three
types of asphalt processing units; however, because one of the two FCCUs
scheduled for detailed sampling at Refinery E was down for maintenance, per-
sonal sampling was conducted at the refinery's deasphalting unit. At the
rest of the asphalt processing units, sampling was usually limited to two
area samples in locations near the heavy-fraction pumps. The duplicate
samples collected with a cyclone preselector during the first four surveys
will be discussed in a later section. The objective of this very limited
sampling program at the various asphalt processing units was to allow a
qualitative comparison between these units and the FCCUs and delayed coker
units that were sampled in more detail.

Figure 12 is a plot diagram of the cumulative PAH concentrations of each

area sample collected at the asphalt processing units; the average number

of PAHs per sample by process is also indicated. As mentioned previously,

it is not appropriate to compare the processes or refineries statistically
using the area sampling data. The sampling sites were selected subjectively;
selection was often influenced by the convenience of placing the sampling
units. As a result, the sites were not always consistent or comparable

among units.

Asphalt Blowing (AB)

The five area samples collected at the three AB units (Refineries A, B, and G)
ranged from 1.6 to 30.6 ug/m® cumulative PAH concentration, and the average
number of PAHs per sample ranged from 5 to 14. Four of the five samples were
similar in cumulative concentration, ranging from 1.6 to 3.3 ug/m® (Table 14).
The highest sample by far (30.6 ug/m®) was collected at Refinery A near the
vacuum bottoms pump (AB charge pump), which was not actually within the AB
unit. Excluding this sample, the cumulative PAH results for the AB units
were lower than the comparable results for the deasphalting and vacuum dis-
tillation processes. This might be explained by the observation that the AB
units were simple units with a small amount of structures and equipment. Be-
cause of this, the units were very open, thus minimizing the potential for

the accumulation of airborne contaminants such as PAHs.

Relative to the area samples collected at the FCCUs and the delayed coker
units at these three refineries, the results for the AB units were much lower
with a smaller number of PAHs identified. Even though the cumulative concen-
tration was much lower at the AB unit of Refinery B, the number and distri-
bution of PAHs was consistent with the other two study units.

Deasphalting (DA)

The personal and area sampling results for the DA unit at Refinery E were
much higher (cumulative PAH concentrations and average number of PAHs per
sample) than expected based on the results of the Phase II area sampling
(Appendix B). In fact, the mean (geometric) cumulative PAH concentration
for the personal samples collected at this DA unit was over 24% higher than
the comparable results for the FCCU surveyed at this refinery. However, the
number of workers was small at the DA unit, and unfortunately one of the
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samples was lost to analysis, reducing the total number of personal samples
to five. The samples varied greatly between workers and days (Appendix E).
Both outside operators performed similar duties, yet one (Assistant Opera-
tor 1) was exposed at much higher levels than the other (32.5 vs. 2.5 ug/m®).
It should be noted that the outside operator with the high results did work
on a gasoline-powered internal combustion engine (not part of the refinery
equipment) for several hours on the day yielding the highest PAH results
(49.8 ug/m?®). The geometric mean of the cumulative PAH concentration expo-

sures for the two outside operators was higher than that for the inside
operator (Table 13).

The cumulative PAH concentration results for the area samples collected at
the other DA unit (Refinery B) were considerably lower (Table 14), although
the number of PAHs identified was the same. Refinery E did have a much
larger capacity than Refinery B (Table 1) and, as mentioned previously, there
was much more heavy oil and asphalt-1ike material on the equipment and struc-
tures near the sampling locations at Refinery B. At Refinery B, the results
(cumulative PAH concentration and number of PAHs) of the area samples at the
DA unit were generally less than the area samples collected at the FCCU and
delayed coker unit.

Vacuum Distillation (VD)

The 11 samples collected near the bottoms pump at the six vacuum distillation
units (Refineries C, F, H, and I) ranged from 2.8 to 18.0 ug/m® and from 5 to
15 PAHs per sample. At Refineries C and F, the results (cumulative concen-
tration and number of PAHs) of the VD area samples were quite similar to
those for their delayed coker units. At Refinery H, where there was no de-
layed coker unit, the results were consistent with the FCCU. The two area
samples from the VD unit at Refinery I ranked first and third among the 11 in
cumulative PAH concentration. As mentioned before, this can probably be ex-
plained by the fact that the bottoms pump was in an enclosed room. The en-
closed room also contributed to the consistency of results between the two
sampling days at this unit (17.1 and 19.0 ug/m?). It should also be noted
that the VD unit at Refinery I was by far the oldest (33 years) of the six
units (Table 1).

The VD unit at Refinery I did have the Towest number of PAHs per sample (6)
while Refinery C had the highest (15). Even though the cumulative concen-
tration results for Refinery I were the highest of the six VD units, the re-
sults were much lower than those for the FCCU and delayed coker unit at Re-
finery I.
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DISTRIBUTION OF PAHs FOUND

The distribution of PAHs found by compound ring number was consistent in the
majority of the samples analyzed from all nine surveys. The 2-ring compounds
were found in the highest concentrations and, as the ring numbers increased,
the concentrations decreased. Of the 2-ring compounds, naphthalene and its
two methyl derivatives normally represented a large percentage of the total
PAHs found. The majority of the samples from all three types of study pro-
cess units contained very little or none of the heavier 5-, 6-, and 7-ring
PAHs.

Table 19 (calculated from Table 17) shows the average percent distribution

of PAHs by ring number for the three types of process units and the upwind
Tocations at all nine refineries. At all units, at least 84.9% of the PAHs
found were the 2-ring compounds. Although there was overall consistency
among the three types of process units, the delayed coker unit did have

the highest percentages of the 4-, 5-, and 6-ring compounds. The table shows
that the results for the upwind samples were distributed even more heavily
toward the lighter molecular weight PAHs.

Table 19. Average distribution (%) of PAHs found by ring number
at all nine refineries.

Hiligtics o cgfgfﬁifit p:§§£§2229 S
2 86.1 84.9 87.9 93.4
3 10.9 8.9 10.6 Se
4 2.9 4.7 1.2 12
5 <0.1 2 0.3 0
6 0 0.4 0 0
7 0 0 0 0

It must be remembered that the calculations of percent distribution by ring
number have been used in this summary report primarily to facilitate the
presentation and evaluation of the complete data included in Appendix E.
The percentages are not meant to be accurate estimations of the actual PAH
distributions in the specific sampling environments. While these 23 indi-
vidual or groups of PAHs (total of 28 PAHs) for which the samples were ana-
lyzed range from 2 to 7 rings, it cannot be certain how representative they
are of each sampling location. For example, the fact that only one 7-ring
PAH was included in the 1ist of 28 probably does not reflect the actual re-
finery situation. Despite this, this approach does allow a comparison of
what types of PAHs were found between units and refineries, and hopefully
also gives a general indication of the actual PAH distribution.
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The Tower molecular weight PAHs generally are not considered as potentially
carcinogenic as the higher molecular weight compounds. Therefore, another
benefit of calculating the distribution of PAHs by ring number is that it
gives a rough indication of the carcinogenic potential of the PAHs found.
The information from two references (NIOSH, 1980; WHO, 1973) has been used
to show which of these 28 PAHs included in this study are more likely to
cause cancer. NIOSH's 1980 Registry of Toxic Effects of Chemical Substances
(RTECS) classified 14 of the 28 PAHs as potential carcinogens. These are
indicated in Table 20. The limitations of using this file must be noted.
There were over 2,000 chemicals on this NIOSH carcinogens file. The pres-
ence of a substance on the file meant only that the substance had documented
potential of causing cancer. Quantity, route of exposure, species of test
animal, etc., were not evaluated for inclusion on this particular file. In
1978, NIOSH changed the printed format of RTECS so that it no longer con-
tained a separate suspected carcinogens subfile. The categorization used
in the 1980 RTECS is used here as a convenient indicator of which PAHs are
more likely to be carcinogenic. The second reference is an IARC (Inter-
national Agency for Research on Cancer) monograph (WHO, 1973) which cate-
gorized seven of the 28 PAHs as carcinogenic or strongly carcinogenic based
on a review of the literature. All seven of these PAHs were 4-, 5-, and 6-
ring compounds; they are also shown on Table 20. Clearly, both groups of
PAHs identified as having the potential for causing cancer were primarily
the heavier molecular weight PAHs containing 4, 5, and 6 rings.

Table 20. PAHs with cancer-causing potential.

Ring No. Compound 1980 RTECS 1973 IARC
2 Naphthalene X
Quinoline X
2-Methylnaphthalene
1-Methylnaphthalene
Acenaphthalene
Acenaphthene
3 Fluorene
Phenanthrene X
Anthracene X
Acridine
Carbazole
4 Fluoranthene
Pyrene X
Benzofluorene
Benz(a)anthracene X X
Chrysene X X
Triphenylene
5 Benzo(e)pyrene X suspect
Benzo(a)pyrene X X
Perylene
Dibenz(a,j)acridine X X
Dibenz(a,i)carbazole X X
Dibenzanthracene X
6 Indeno(1,2,3-cd)pyrene % X
Benzo(g,h,i)perylene
Dibenzpyrene X X
7 Coronene
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Naphthalene, one of the three 2-ring PAHs that were found in substantial
quantities in almost every sample, is one of the 14 PAHs on the RTECS file.
The other PAHs on the RTECS list and also consistently found in the refinery
samples include phenanthrene and anthracene (analyzed as one group), pyrene,
and benz(a)anthracene and chrysene (analyzed as one group also including
triphenylene which was not in RTECS). None of the six PAHs on IARC's 1list
were definitely found consistently. However, the group consisting of
benz(a)anthracene/chrysene/triphenylene was found in the majority of the
samples, and benz(a)anthracene was one of the six compounds listed as car-
cinogenic by IARC.

0f the seven delayed coker units surveyed, the results from Refineries A, B,
and G showed larger percentages of the higher molecular weight PAHs. Sev-
eral of the samples from Refineries A and B, especially for the coke hand-
lers group, had 20-23 PAHs or groups of PAHs present. As mentioned previ-
ously, the units at Refineries A and G were the only two that produced both
needle and sponge coke. At Refinery A, clearly more higher molecular weight
PAHs were present during the cutting of needle coke compared to the cutting
of sponge coke. This included concentrations greater than 5 ug/m® of the
benz(a)pyrene/benz(e)pyrene and benz(a)anthracene/chrysene/triphenyiene
groups and concentrations of about 1 ug/m® of dibenzpyrene. At Refinery G,
this was not the case, at least not for the personal samples. The distri-
bution of PAHs for the two shifts when needle and sponge coke were cut were
quite similar. The area sample collected downwind of the cutting of needle
coke accounted for much of the 3- and 4-ring PAHs found at this unit.

At the delayed coker unit at Refinery B, the single area sample collected
downwind of the cutting operation accounted for a large percentage of the
higher molecular weight PAHs. Air concentrations greater than 0.45 ug/m?
were found for all six of the PAHs classified as carcinogenic by IARC. Sev-
eral of the personal samples for the coke handlers also had detectable quan-
tities of these PAHs; compared to the area sample, however, the concentra-
tions were minimal.

The results for the samples collected at the delayed coker units at Refin-
eries C, D, F, and [ were almost entirely the 2- and 3-ring PAHs (at least
97.1% for each unit). This was especially noticeable at Refinery I, where
99.8% of the PAHs found were these lighter molecular weight compounds. This
was important since the cumulative PAH concentrations discussed previously
were by far the highest for this unit and refinery.

Of the nine FCCUs surveyed, the results from Refineries A, B, C, and F show
relatively large percentages of the heavier molecular weight PAHs, but not
to the extent of the delayed coker units. Besides benz(a)anthracene, only
very small concentrations of the six PAHs termed carcinogenic by IARC were
found in this type of process unit. Again, benz(a)anthracene was analyzed
only as a group of three PAHs and as such could not be definitely identified.

Of the three types of asphalt processing units surveyed, only the two vacuum
distillation units at Refinery C yielded results containing appreciable quan-
tities of PAHs with greater than 3 rings. Small concentrations of benz(a)-
anthracene/chrysene/triphenylene, benz(e)pyrene/benz(a)pyrene, dibenz(a,j)-
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acridine, and dibenz(a,i)carbazole were found in the area samples. The only
personal samples collected at an asphalt processing unit were collected at
Refinery E's deasphalting unit. Almost all (98.9%) of the PAHs found were
the 2-ring compounds.

TOTAL PARTICULATE VERSUS RESPIRABLE-FRACTION AREA SAMPLES
AND PARTICLE-SIZE DISTRIBUTION

Airborne PAHs are thought to exist primarily as aerosols, either as rela-
tively pure PAH particulate matter or as PAH vapor that has condensed on
other particles in the atmosphere (National Academy of Sciences, 1972). The
purpose of collecting duplicate area samples with cyclone preselectors dur-
ing the first four surveys and total particulate (mass) samples for optical
sizing in the last five surveys was to estimate the contribution of the non-
respirable-size particles (>10 um) on the measured PAH concentrations.

At the FCCUs and asphalt processing units, the results of the total mass and
respirable-fraction area samples collected side by side did not consistently
show larger cumulative PAH concentrations in the total mass samples. Eight
locations were sampled in the FCCUs; three yielded higher cumulative PAH con-
centrations for the total mass samples while five were higher for the respi-
rable-fraction samples. Of the six locations sampled in the various asphalt
processing units, only two yielded higher results for the total mass samples.
The results also did not reveal a larger number of PAHs in either type of
sample. This was not the case in the delayed coker units, where, as ex-
pected, the side-by-side area samples showed a consistent pattern of higher
cumulative PAH concentrations (average of 50%) and a larger number of PAHs
per sample (15 versus 13) in the total mass samples. Nine locations were
sampled in the delayed coker units, and seven yielded higher results for the
total mass samples. These results are not surprising since the delayed coker
unit, especially downwind of the coke-cutting operation, is dustier than the
other two types of process units.

Table 18 shows the average particle-size distribution of the total particu-
late samples collected alongside the PAH area samples at Refineries E, F, G,
H, and I. The tables shows a consistent particle-size distribution between
units at each refinery; at Refineries E, F, G, and H, all or almost all of
the particles were 8.3 um or less. The distribution at Refinery I included
larger percentages of particles between 2.0 and 11.8 um; all particles, how-
ever, were still less than 11.8 um. While these sized particles cannot be
directly correlated with the PAH levels found in the area PAH samples, the
particle-size results do clearly show that the airborne particles at the
sites of the area PAH samples were generally of respirable size.

The results of the particle-sizing and the total mass versus respirable-
fraction samples were consistent at the FCCUs and asphalt processing units.
If all the PAH-containing particles were of respirable size, there should

be no difference between samples collected with or without a cyclone prese-
lector. Despite similar particle-sizing results, the higher Tevels observed
in the total mass samples at the delayed coker units might be attributed to
the fact that copious amounts of water were used during the coke-cutting
operation. Water aerosol containing PAHs could have accounted for the in-
creased PAHs collected on the samples without cyclones.
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POSSIBLE INFLUENCE OF TOBACCO SMOKE ON PAH RESULTS

Tobacco smoke is known to contain PAHs such as benzo(a)pyrene, pyrene, and
chrysene (National Academy of Sciences, 1972; WHO, 1973). Limited smoking
was allowed at all nine refineries included in this study. Since many of
the workers sampled during the surveys did smoke, there is a question of
what influence tobacco smoke had on the PAH results.

Because of the obvious safety hazard, smoking is restricted to some extent
at all refineries. Most of the refineries surveyed allowed smoking only in
designated areas away from the immediate process units. This meant that the
unit operators normally smoked only during the three or four work breaks
taken during the shift. Refineries D and H were the only two that allowed
smoking in the control rooms. At Refinery G, smoking was very limited since
the only designated smoking areas were at the front of the refinery away
from the process units.

A relatively simple method was chosen to investigate the possible influence
of tobacco smoke on the results of this study. All of the workers sampled
at the nine refineries were separated into "smokers" and "nonsmokers" with-
out attempting to quantitate the number of cigarettes smoked (or amount of
pipe smoking) during the sampling periods. The mean (geometric) cumulative
PAH exposure concentrations and average number of PAHs per sample were cal-
culated and compared between these two groups by process units and by pro-
cess units combined. This is shown in Table 21. As before, the results for
Refinery I have been listed separately. The data, including confidence
limits on the mean cumulative PAH concentrations, are represented pictori-
ally in Figure 13. This data analysis reveals that, for both the FCCU and
delayed coker unit individually and for all of the personal samples com-
bined, the mean cumulative PAH concentration exposures were actually lower,
though not significantly, for the smoker group. There was also virtually no
difference between the average number of PAHs per sample between the two
groups. A gualitative review of the complete results (Appendix E) comparing
the distribution of PAHs found between the two groups did not indicate that
the smokers were exposed to a different set or proportion of PAHs.

This comparison of smokers versus nonsmokers was not meant to be a thorough
investigation leading to a definite conclusion on the influence of tobacco
smoke. The number of cigarettes smoked was not quantitated, workers were
not separated into exposure categories, and other possibly influencing fac-
tors were not taken into account. Limitations were put on the analysis by
the number of samples and the available information. Despite this, the data
analysis clearly shows that the results for the smokers were not higher than
the results for the nonsmokers. It is probable that if tobacco smoke did
have a significant influence on the PAH results collected during this study,

? tgngency would have been noted in the almost 200 personal samples col-
ected.
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Table 21. Smokers versus nonsmokers — Cumumulative
PAH exposure levels.

b d d
; . Smokers(S) a GM a| LCL ucL Average

SRS C kB B A Nonsmokers (NS) i (pg/m?*) G50 (ug/m*) | (ug/m*) | PAHs/sample
FCCU A-H NS 54 9.2 2.8 6.9 122 11
S 27 8.2 2.9 5.4 12.5 10
[ NS 7 97.5 155 67.0 141.9 7
S 1 537.9 - - - 8
A-1 NS 61 12,3 325 8.8 16.7 10
S 26 g9 Nt T 15.8 10
Delayed A-H NS 36 313 83 4.1 6.9 17.9 12
coker unit S 42 7.8 4.4 4.9 12.4 11
I NS 3 194.6 1.4 84.4 448.7 7
) 4 159.1 155 83.5 303.1 8
A-1 NS 39 13.9 4.7 8.4 23.1 11
) 46 10.1 5.2 6.2 16.5 11
Deasphalting 3 NS 1 2.5 2 = e 5
unit S 4 16.5 B 2.7 99.7 6
All units A-H NS 90 g,7 3.3 1.5 125 11
S <73 8.3 7 A 6.1 11.3 10
1 NS 10 120.0 1.6 85.8 167 .9 7
S 5 203.0 1.9 91.4 450.9 8
A-1 NS 100 12.5 4.0 9.5 16.5 10
S 78 10.2 4.5 7.3 14.3 10

fN = Number of individual air samples.

“GM = Geometric mean concentration for the N samples.

°GSD = Geometric standard deviation of the N samples.

dLower (LCL) and upper (UCL) 95% confidence 1imits on geometric mean for the N samples.
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cumulative PAH exposure levels.
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CONCLUSIONS

GENERAL

The results of the personal, area, and upwind air samples from the nine re-
finery surveys clearly indicate that workers at the FCCUs and delayed coker
units are exposed by inhalation to numerous PAHs, generally at low ug/m?
concentrations. Although sampling at the asphalt processing units was
Timited primarily to area sampling, the results indicate that worker expo-
sure to detectable quantities of PAHs possibly also exists in these refinery
areas. The results from each refinery were consistent in that the lighter
molecular weight, 2- and 3-ring PAHs were found in the highest concentra-
tions, with generally only minimal amounts of the heavier 4-, 5-, 6-, and 7-
ring compounds. This is important, since it is primarily the heavier molec-
ular weight PAHs that are associated with cancer-causing potential.

One of the nine refineries had extremely high cumulative PAH concentrations
for the FCCU and delayed coker unit relative to the other units surveyed.
The fact that this refinery used totally enclosed buildings to house pumps
and other equipment associated with the heavy-fraction process streams was
felt to be one of the primary reasons responsible for this. Other possible
factors included the dry, mechanical coke-cutting operation used at the de-
layed coker unit, and the fact that both the FCCU and delayed coker unit at
this refinery were the oldest of each type included in this study.

An unexpected observation was that, overall, the workers from the FCCUs

and delayed coker units were exposed to similar cumulative PAH concentra-
tions and numbers of PAHs. The workers at the delayed coker unit, espe-
cially the coke-handler group, were exposed to a slightly higher percentage
of the heavier molecular weight compounds.

The airborne PAHs collected at the FCCUs and asphalt processing units were
not associated with particulate matter greater than 10 um (nonrespirable)._
This was based on the results of the side-by-side area samples collected with
and without a cyclone preselector (Refineries A, B, C, D), and the particle-
sizing performed on the total particulate area samples (Refineries E, F, G, H,
I). At the delayed coker units, the side-by-side area samples showed that an
average of 50% of the total PAHs collected were in the nonrespirable frac-
tion. This finding was inconsistent with the particle-sizing results of the
last three delayed coker units surveyed, which showed the great majority of
the particles to be less than 10 um. Most of these area samples were col-
lected 5 to 20 yards downwind of the bottom of the drum being cut.
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Although tobacco smoke is known to contain PAHs, an analysis of the data
indicates that tobacco smoke probably did not influence the results of this
study to any appreciable extent, if at all. The data showed that the mean
cumulative PAH concentration exposure for the samples collected by workers
who smoked was Tower, although not significantly, than the value for the
samples of workers who did not smoke. The average number of PAHs per sample
was the same for both groups, and an analysis of the data by process units
did not change the results. In addition, a qualitative review of the PAH
distribution for both groups of samples did not show any difference.

FCCUs

Even though FCCUs vary widely in production capacity, most units are quite
similar in terms of process, equipment, and work force. As already men-
tioned, the unit at Refinery I had very high cumulative PAH concentrations
relative to the other units, and this may be explained at least in part by
the enclosed buildings and old age of the unit. An analysis of the data
from the other eight units shows that there is a strong correlation between
the age of an FCCU and the cumulative concentrations found: the older the
unit, the higher the concentration. The PAH data also showed a weaker corre-
lation with the type of crude being processed in terms of the API Gravity
Index: the lighter the crude (higher index number), the higher the cumula-
tive PAH concentrations. There was no correlation between the concentra-
tions and the time since the previous major turnaround.

As expected based on their job descriptions, the outside operators were ex-
posed to a higher mean cumulative PAH concentration than were the inside
operators, although not statistically significant. It is surprising that
the values for the two exposure categories were as close together as they
were, however. Furthermore, the average number of PAHs per sample was the
same for both groups. Based on these results, it is apparent that the con-
trol rooms of FCCUs are not free of contaminants such as PAHs which are
associated with the production areas. The inside operators spend up to
100% of their shift inside the control room, and the outside operators may
spend up to 50-60% of their shift inside.

The FCCU is an example of a refinery process unit that is normally a smooth-
running, continuous-type operation. Because of this, the duties of the work
force are quite routine from day to day. This was illustrated by the con-
sistency in the results of the duplicate or paired samples collected for each
of the workers over 2 consecutive days. The results showed less than 40%
difference between 64% of these duplicate samples collected.

Most FCCUs have a pump area near the main fractionator that contains several
pumps associated with heavy-fraction process streams. Only a small number
of area samples were taken at each unit; however, they were consistent in
showing that this pump area, and more specifically the slurry pump area, is

a location where PAH levels are elevated but still Tow. The very few samples
collected near the base of the reactor/regenerator structure, charge pump,

and decant oil pump indicated that PAH Jlevels are not normally as high in
these areas.
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DELAYED COKER UNITS

There is a direct relationship between the type of coke being produced and
the PAH concentrations present at a delayed coker unit. Sponge (#2) coke,
the more common of the two types, was produced at all seven units while
needle (#1) coke was produced at only two. Needle coke is associated

with greater worker exposures to PAHs and may also be associated with a
larger number of the heavier molecular weight PAHs. The results from the
delayed coker units also show a correlation with the production capacities
of the units and with the API Gravity Indexes. As the capacity of the
units increased, the PAH levels decreased; and as the API Gravity Index in-
creased, the PAH levels also increased. This relationship with the density
of the crude was similar to that observed at the FCCUs.

Because of the nature of the operation, it is difficult to minimize the dis-
semination of coke particulates and worker exposure during the coke-cutting
and handling operation. As already discussed, the delayed coker unit at
Refinery I had by far the highest cumulative PAH concentration results. The
fact that this unit was the only one of the seven surveyed that used a dry,
mechanical cutting method may have been an important influencing factor on
the PAH results. The other six units used hydraulic cutting and let the
coke fall either directly into railcars or into a large containment trough
from which it would later be transferred. There are advantages and disad-
vantages to both methods in terms of worker exposure to PAHs, and a review
of the results reflects this. The results do not show clearly whether
either method is associated with higher PAH concentrations than the other.

Of the two major exposure categories at this unit, the coke-handlers group—
which includes the driller, helpers, crane operator, and occasionally a
supervisor—is exposed to higher cumulative PAH concentrations, although not
statistically significant, and to a larger number of the heavier molecular
weight PAHs. Within this group, the driller, followed by the helpers, had
the highest exposures. For the operational group, the relatively high re-
sults for the inside operators were again surprising but consistent with

the results discussed earlier for the inside operators at the FCCU. However,
at the delayed coker unit, the inside operators were exposed to higher
cumulative PAH concentrations and number of different PAHs compared to the
outside operators. This can be explained by the fact that the control rooms
are normally in the midst of the unit near and often downwind of equipment
and structures associated with PAHs. Foot traffic through the control

rooms can also contribute to the coftaminants being brought inside.

Compared to the FCCU, the operations at the delayed coker unit are not nearly
as consistent from day to day; breakdowns and delays causing extended cut-
ting operations were not unusual. This fact was reflected in the data for
the duplicate samples collected at this unit, especially for the coke hand-
lers, which showed much more variation than at the FCCU.
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ASPHALT PROCESSING UNITS

The results of the small number of area samples collected at the three types
of asphalt processing units were generally lower than the area samples col-
lected at the FCCUs and delayed coker units; however, these results from the
asphalt units were higher in total PAH concentration and number of PAHs
found than expected based on the preliminary surveys conducted during Phase
II. The only personal sampling conducted at an asphalt processing unit (de-
asphalting unit at Refinery E) showed a mean cumulative PAH concentration
exposure higher than the comparable value for the refinery's FCCU. The PAHs
identified at this deasphalting unit were almost entirely 2-ring compounds,
and the results of the area samples collected here were among the highest of
all the asphalt processing area samples. This indicates that the personal
sampling results at this one unit are probably not indicative of the situa-
tion at the other asphalt units.
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EXPOSURE CONTROL RECOMMENDATIONS

The following control recommendations are intended to help reduce worker in-
halation and dermal exposures to PAHs based on observations made during this
study.

Since the survey results indicate that the control rooms are extremely
important when considering worker exposure, control rooms should be as
far away as practical from the production area, and as far upwind
(prevailing wind direction) as possible from equipment or processes
associated with PAH emissions. This includes the heavy-fraction pumps
at all units and the coke tower at the delayed coker units. Control
rooms under positive pressure with filtered (e.g., charcoal) makeup
air will also help to reduce PAH levels.

Because of the nature of the operation, good housekeeping is especially
important at the delayed coker unit control room. The control room and
adjoining facilities (eating area, locker and shower facilities) should
be cleaned on a daily basis. A shoe-cleaning station at entrances
would possibly reduce contamination due to tracking.

Enclosed buildings should not be used to house heavy-fraction pumps or
any other equipment or structures associated with possible PAH emis-
sions. Where these building are used, a suitable mechanical ventila-
tion system should be provided, and the pumps and equipment should be
especially well maintained to minimize spills and fugitive emissions.
Workers should spend as little time as possible in these buildings.

Outside areas of the unit where heavy-fraction pumps are located should
be kept as open as possible to maximize the effect of natural ventila-
tion. Buildings, towers, piping, and any overhead structures (e.g.,
fin fans) should be minimized around these pumps to prevent a "tunnel-
ing" effect.

Good housekeeping and routine maintenance should be practiced at all
units, particularly in the pump and coke-cutting areas where heavy
oils, asphalt-like materials, and coke are likely to accumulate on the
foundation, equipment, and structures. Effective sewer and runoff
systems should be built into these areas to facilitate housekeeping
and the cleanup of spills.

Operators should be properly trained regarding the possible health
hazards of certain operations and the most effective way to perform
these operations to minimize exposures. An example of this is the
collection of process stream samples. Operators should be instructed
to stand upwind of the sampling port and to use the proper clothing
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and/or equipment (e.g., gloves) to prevent dermal contact. Sampling
loops should be used on all open-spigot sampling ports. The American
Petroleum Institute is currently investigating the proper sampling
methods and equipment for refineries. When they are released, these
recommendations should be followed.

Another example of the necessity for proper training regards Fhe
drilling operation. Twice during the surveys, improper drilling tech-
niques led to extended cutting operations, repairs of the equipment,
and increased maintenance and cleanup—ail quite possibly increasing
worker exposures to PAHs during this study. At least in one situation,
the problem arose while the regular driller was on a break.

The coke handlers should be provided with adequate locker and shower
facilities convenient to the unit. This group of workers should wear
separate change of work clothes (e.g., coveralls) and shower at the

end of each shift. Good personal hygiene is especially important to
the coke handlers because of the probability of dermal exposure to coke.

During the cutting of coke directly into railcars, at least one
helper (coke handler group) is needed near the bottom of the drum in
proximity to the falling coke, water, and steam. Precautions should
be taken to minimize exposures by using protective clothing such as
slicker suits, face shields, rubber boots, etc.; work stations should
be as sheltered or as enclosed as possible.

Because problems related to the coke-cutting/handling operations are
not uncommon, the coke handlers should be properly instructed in
handling these situations in a manner which minimizes worker expo-
sures. Examples of such problems that were observed included a leak-
ing drum bottom during coke formation and difficulty in removing the
drum bottom because of adhesion to the coke.

The drilling station should be positioned so that the driller is not
directly downwind of the drum being cut. If the drilling station is
in an enclosed room such as a "penthouse," mechanical ventilation with
filtered air would be an advantage over natural ventilation.

Although the coke-cutting/handling operation is not a closed process,
attempts should be made to enclose the process as much as possible.

This might include tight enclosures around the drilling shaft in the
penthouse and chute extenders at the bottom of the drum.

Since this study showed that needle coke is associated with higher

levels of PAHs, all precautionary measures to minimize worker exposure
should especially be followed when needle coke is being produced.
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RESEARCH RECOMMENDATIONS

Investigate the relationship between the airborne exposure levels of PAHs
at the process units and the corresponding concentrations of PAHs in the
coke, the asphalt, the crude oil, and the FCCU process streams.

Application of control technology research to improve the material hand-
1ing and the removal of coke.

Investigate the differences in exposure levels and distributions of indi-
vidual PAHs between needle and sponge coke.

Since naphthalene and substituted naphthalenes contributed 80% of the
measured PAHs, control technology research should concentrate on reducing
these PAHs.

Investigate the correlation of individual PAHs with the particle-size
distribution.

Include in future epidemiological studies of 0il refinery workers the
variables, PAH exposure levels and individual process units; plant
records should include employee work histories along with chemical expo-
sure levels and process units at which they worked.

Toxicological studies of PAHs present in 0il refineries should concen-
trate on naphthalene and the substituted naphthalenes.

Determine whether all the relevant PAHs and related organic compounds
have been identified.

Investigate the use of identifier compounds as an adequate measure for
all PAHs, e.g., naphthalene for 2-ring PAHs, pyrene for higher ring
PAHs, possibly using gas 1liquid chromatography and eliminating the need
for mass spectrometry.

Future studies should evaluate the importance and measurement of dermal
exposures to PAHs, particularly at the coker and asphalt units.

Other 0il refinery process areas should be evaluated for worker exposures
to PAHs, particularly at the crude unit and asphalt loading docks.
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APPENDIX A
OTHER RELEVANT STUDIES

EPIDEMIOLOGY AND HEALTH HAZARD EVALUATIONS

The Titerature review on the petroleum refining industry reveals that there
have been six epidemiology studies (API, 1974; Baird, 1967; Baylor and
Weaver, 1968; Gafafer and Sitgreaves, 1940; Thériault and Goulet, 1979;
Wade, 1963) that indicate that refinery workers are not subjected to in-
creased health risks over the general population.

The first study was reported by Gafafer and Sitgreaves in 1940 on cancers
among the male employees of an oil refining company between 1933 and 1938.
The employees ranged in age from 15 to 69 and totaled almost 60,000 years

of employment during the study period. A total of 70 cases of cancer were
reported, which included 46 deaths. The authors noted that this average
annual cancer rate of 0.78 per 1,000 years of employment was considerably
lower than the rate of 0.96 per 1,000 years for all U.S. white males of
similar age during 1933 to 1937. The data also indicated that the 46 re-
finery death cases included a higher percentage of digestive system sites
(69.6%) than that expected from the U.S. data (57.8%), and a lower percentage
of genitourinary sites (8.7%) compared to that expected (15.0%). The report
did not include any information on the number of years worked prior to onset
of illness, or job descriptions.

In 1963, Wade reported that refinery workers dermally exposed to high-boiling
catalytically-cracked oils did not show increased skin cancer rates. Workers
from three refineries were categorized into two groups, those having poten-
tial exposure to heavy slurry oil and those not exposed. A total of 1,862
matched pairs were selected from these two groups on the basis of: age and
company service, race and sex (only white males in the study), complexion,
hair color, personal hygiene, family history of cancer, and exposure to

other "possible etiologic factors." Due to various factors, 785 of the
matched pairs were lost to the study. During the 12-year observation period
(1949-1961), 45 "neoplasms" occurred in the control group and 46 in the ex-
posed group. Of these neoplasms, 24 (53.5%) in the control group and 27
(58.7%) in the exposed group were "skin lesions." Wade concluded that skin
cancers occurred with about equal frequency and at about the same age among
the matched pairs of exposed and nonexposed refinery workers. The author
sFated that the results could have been due to: (1) the fact that the slurry
0il was not carcinogenic to the workers, (2) the effectiveness of the com-

pany's prevention program, or (3) the insufficient duration or number of
workers involved in the study.



In 1967, Baird reported the results of a mortality study of 15,437 Humble
0il and Refining Company workers, covering a 29-year period (1935-1963).

The author compared various cancer mortality rates for the company workers
with the expected rates for the general population (adult males). Of the
15,437 workers, 6,239 were refinery workers; the others were in production
and marketing. The overall cancer mortality rate (cancer deaths/100,000/
year) and the relative frequency of cancer deaths (% of cancer deaths/all
deaths) for the refinery workers, as well as for the entire work group, were
consistently below the expected national and geographical values. Mortality
rates for skin and respiratory cancers were reported for the total work
group, and these were also well below the expected values.

An API publication in 1974 presented the findings of a mortality study of
20,163 petroleum workers (representing 137,153 man-years of observation) in
17 refineries. The observation period covered 10 years. The Standardized
Mortality Ratio (SMR) for all causes of death was 69.1 (an SMR of 100 is ex-
pected in a comparable U.S. male population); and the SMR from cardiovascu-
lar/renal diseases, digestive cancer, and ulcers was highest in men with the
Towest estimated exposure to atmospheric hydrocarbons. The categorization
of workers into three main exposure levels was the only attempt at segre-
gating exposed workers. Mortality from lymphomas was greater than expected
but was not statistically significant, and respiratory cancer mortality in-
creased with increased exposure but was still below the expected value.

The results of a mortality study on a Canadian population of oil refinery
workers were reported by Thériault and Goulet in 1979. The study included
all the men (1,205) who were employed for more than 5 years in an oil re-
finery in East Montreal from 1928 to 1976. Company work records and death
certificates were used to determine job categories and survival status. The
expected numbers of deaths were estimated from the age- and cause-specific
death rates for the Province of Quebec. The results of information accumu-
lated for 1,015 men (190 lost to follow-up) showed an overall SMR of 78.43.
The SMRs for several specific causes were above 100, but none of these was
statistically significant. The SMR for all cancer deaths was 89.29.
Thériault and Goulet noted three observations in the evaluation of specific
cancer types. (1) Lung cancer was less frequent than expected (3 cases vs.
7.42). (2) There were three brain cancer cases, and these were in the "less
than 20 years since start of exposure" group. This corresponded to an SMR
of 652.17. No common exposure could be determined for the three employees.
(3) The digestive system should be an area for further attention based on
the combined findings of an SMR of 117 (not significant) for cancers of this
system and of an elevated number of deaths due to diseases of this system.
The authors also stated that there was no statistically significant differ-
ence in cancer mortality between the three work categories that they used
for comparison: operators, office employees, and maintenance workers.

Besides the mortality studies cited above, an occupational health study
(Baylor and Weaver, 1968) on asphalt workers was found in the literature.
Asphalt, like other heavy residual fractions of petroleum, has been sus-
pected of containing components which could be toxic. In 1968, Baylor and
Weaver published the results of a health survey of 462 petroleum asphalt
workers and 379 control workers; both groups were taken from 25 different
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petroleum refineries. Each asphalt worker had a minimum of 5 years of ex-
perience working with asphalt, and the average experience was 15.1 years.
The health survey included a physical examination, which emphasized the skin
and lungs, and a detailed work and medical history. The results of the
study did not reveal any major differences in the health between the study
and control groups. There were some differences in rates of Tung and skin
diseases, other than cancer, between the two groups. The rates of lung dis-
ease (aside from cancer) reported in the medical histories were 8.6% for the
asphalt workers and 4.3% for the control group. These cases were mainly
chronic bronchitis, with some asthma and emphysema. At the time of the sur-
vey, the physical examinations revealed that 8.6% of the asphalt workers and
6.3% of the controls had some type of lung disease (aside from cancer).
Other-than-cancer skin disease was reported as being mainly nonsevere derma-
titis. The medical histories revealed rates of 10.3% for the asphalt work-
ers and 17% for the controls. The results of the physical examinations for
skin disease showed similar rates between the asphalt workers and controls,
5.6% and 5.3%, respectively.

Based on their findings of workers involved with asphalt in the petroleum
refining industry, as well as on information received from several other
industries involved with asphalt, Baylor and Weaver (1968) concluded that
"petroleum asphalt cannot rationally be considered a hazardous substance."

When considering the results of this study, one must realize the Timitations

of this type of health survey. By looking at medical histories and health
status of currently employed workers only, the study does not include any em-
ployee no longer working because of a work-related illness or retired employees.

In contrast to these previous reports, three very recent mortality studies
(Hanis et al., 1979; Gottlieb, 1980; Thomas et al., 1980) have shown in-
creased cancer rates in the refining industry.

In 1979, Hanis et al. reported the results of a cancer mortality study that
included a study population of 15,032 male employees of Imperial 0il Limited
of Canada. Members of this study group were either active employees or
annuitants during all or part of the 10-year period from 1964 to 1973. The
study population was categorized in two separate ways: (1) employees ex-
posed, moderately exposed, and not exposed to petroleum and its products;
and (2) refinery workers and nonrefinery workers. The authors reported that
workers in the exposed category had more than three times the risk of devel-
oping esophageal and stomach cancer and about twice the risk of developing
lung cancer compared to the nonexposed workers. The study also reported
that, for the exposed group, increased duration of employment increased the
risks to these two types of cancers. The results comparing refinery workers
to nonrefinery workers, not considering degree of exposure, showed that the
fgrmer group had twice the risk of cancer of the intestines and other diges-
tive organs; however, no relationship with employment duration was found.
The authors indicated that additional information and records on the study
groups are needed before definitive statements on the carcinogenic potential

of petroleum or its products can be made, and recommended further investi-
gation.



Gottlieb (1980) reported his findings of an elevated risk of lung cancer
mortality for petroleum workers in 19 Louisiana counties. Mining and re-
fining were grouped together in the petroleum industry for the purposes of
this study. Death certificates from 1960 to 1975 were screened for cause of
death, occupation, age at death, and other statistics. There were 346,041
males in the study area during 1970. A total of 2,803 deaths (cases) due to
lung cancer were uncovered during the 16-year period. An equal number of
non-cancer deaths were selected as controls and matched as closely as pos-
sible to the lung-cancer deaths (cases) by sex, race, year of death, loca-
tion, and age at death. Each subject's (case and control) industry of em-
ployment was classified into 1 of 22 industry categories. Results showed
that a total of 200 cases were employed in the petroleum industry (125 in
mining, 75 in refining); whereas only 170 controls (112 in mining, 58 in
refining) were employed in this industry. A modification to the Rothman-
Boice method for relative risk analysis was used by the author to show that
these results were statistically significant. The results also showed that
several occupational categories within the petroleum industry were associ-
ated with greater risks of lung cancer mortality. These included three
maintenance categories—boilermakers, painters, and welders. Gottlieb
stated that an excess of cases for boilermakers and painters had been ob-
served across many industries, whereas the excess for welders was unique to
the petroleum industry. Oilfield workers and operators also showed increased
risk of Tung cancer mortality.

Results recently published by Thomas et al. (1980) showed increased cancer
rates among workers employed in petroleum refining and petrochemical plants
in Texas. The study group consisted of 3,105 males whose deaths were re-
ported by union (OCAW) locals between 1947 and 1977. Several other industry
classifications were represented by these cases; however, petroleum refining
and petrochemical plants represented by far the largest number of cases
(2,131). The summary of the study results presented here is limited to this
primary area of the study. The proportionate mortality ratio (PMR) was used
to compare the observed number of deaths by cause to what would have been
expected based on the experience of the general population. Analysis of the
data showed statistically significant elevated PMRs for cancer among white
males, and for arteriosclerotic heart disease for both white and nonwhite
males. Site-specific PMRs for white males were significantly elevated for
cancers of the digestive and respiratory systems, skin, and brain. The only
measure of worker exposure provided by the available information was length
of membership in OCAW. Mot all of the cancer sites with elevated PMRs
showed a positive gradient in relationship to this measure ot exposure; how-
ever, the results did show that risks of stomach and brain cancers, leukemia,
and multiple myeloma increased with longer union membership. Thomas et al.
emphasized the limitations of the study's data and methodology, and that the
principal use of this type of study is for "hypothesis-generating." However,
the authors concluded by suggesting that "workers in this industry are at an
increased risk of certain cancers."

Two additional studies reported increased cancer mortality rates in geo-
graphical areas where petroleum refineries were present. A survey (Blot et
al., 1977) of cancer mortality rates among males was conducted in 39 U.S.



counties where the petroleum industry is highly concentrated, and was com-
pared with 117 counties without this type of industry. The survey covered
the years 1950 to 1969, and showed that male residents of these counties had
significantly higher mortality rates, for a total of 23 cancer sites, and
were highest for cancers of the lung, skin, nasal cavity, and sinuses.
Another study (Menck et al., 1974) conducted in Los Angeles County showed
higher lung cancer mortality rates in areas that were heavily industrialized
(including petroleum refining) and that had higher concentrations of benz(a)-
pyrene and other polyaromatic hydrocarbons in the soil and air.

Among the few scattered reports of health problems specifically related to
refineries are three NIOSH Health Hazard Evaluations. The first report
(Hervin et al., 1973) concerned four refinery employees exposed to asbestos
while working with pipe insulation. Area sampling of 30 work locations
showed levels from 0.1 to 0.9 fiber (>5 um in length)/cc; personal monitoring
yielded levels from 0.6 to 3.3 fibers/cc. Because exposure was considered
intermittent, the TWA was estimated at 0.3 to 0.6 fiber/cc. Symptoms from
overexposure to asbestos were not apparent after interviews with the four,
and review of their medical records was negative. Two cases of heat exhaus-
tion were reported, due to wearing paper coveralls during these operations.

In the second Health Hazard Evaluation (Vandervort and Lucas, 1974), seven
of nine petroleum pitch workers reported recurring skin redness, peeling,
and burning (similar to sunburn) during the summer, and six reported eye and
throat irritation. The four members of the NIOSH survey team also com-
plained of burning, smarting, and stinging skin after only 1 day of being
exposed to the petroleum pitch. The symptoms cleared up in 24 hours. Air
monitoring for vapor and particulates showed concentrations of pitch less
than 0.2 mg/m®; analysis by thin-layer chromatography and ultraviolet
fluoresence spectrophotometry showed the presence of several PAHs, including
phenanthrene, a known photosensitizer.

The third Health Hazard Evaluation (Wisseman et al., 1978) reported that
there appeared to be a possible excess of peripheral neuropathy among em-
ployees in a lube dewaxing unit of a Texas oil refinery. The medical survey
included both clinical examination and electrodiagnostic testing, and indi-
cated that the cases as a whole were quite mild with the affected employees
showing signs of discomfort rather than functional impairment. This survey
did not uncover a specific etiology for these neuropathies. Because methyl
ethyl ketone (MEK) and toluene were the only chemicals involved in the pro-
cessing, they were suspected. Sampling data accumulated previously by both
the company and OSHA showed air concentrations of MEK and toluene to be
quite low (less than 20 ppm), except during maintenance operations. The
report discussed several limitations in the health study, including the lack
of adequate control data. However, because of the possible role of MEK and
toluene in causing peripheral neuropathy, it was recommended that worker
exposure to these chemicals be minimized as much as possible.
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WORKER EXPOSURE TO PAHs

In 1975, Venable reported some initial findings on skin and respiratory ex-
posure to PAHs from delayed coking units. The study was conducted at
Exxon's Baton Rouge refinery, after it was reported that there were tar-1like
deposits on the delayed coking unit's structure near the cutting rig and the
vent system, and also that there were soot-like deposits in the control room.
It was determined that the source of the material on the structure was the
condensable tars vented directly to the atmosphere from the drums during
depressurization. Normally these emissions are passed through a scrubbing
system; however, during periodic overloading, this is bypassed. The mate-
rial in the control room was thought to be brought in through the air-
conditioning system or by foot traffic. Analysis of the tar-Tike substance
condensed from the coker drum vent identified 21 different PAHs, five of
which the author categorized as being possibly carcinogenic. These were
dimethyl benz(a)anthracene, dimethyl benzo(k)fluoranthene, dimethyl benzo-
(j)fluoranthene, dimethyl benzo(a)pyrene, and methyl benzo(a)pyrene. The
author mentioned the possibility of the others acting as cocarcinogens or
initiators. The only air sample data reported were high-volume filter
samples showing benzene-soluble-fraction values well below the 0.2 mg/m’
OSHA standard (29 CFR 1910.1000, Table Z-1).

In this same study (Venable, 1975), bulk samples of wet and dry product coke
were analyzed for five PAHs (not specified). By weight, the dry coke con-
tained 9.5-12.6 ppm of these five PAHs combined; the wet coke contained 2.7-
4.6 ppm by weight. The author suggested that these levels of PAH content
indicated that coke dust itself was not a special hazard.

The apron of a "coke handler" at this same Exxon refinery (Venable, 1975)
was analyzed for PAHs to provide information on potential dermal exposure 1in
this process unit. Extraction of the total apron showed 11 different PAHs
to be present in quantities ranging from 0.37 to 1.3 mg. Pyrene (1.0 mg),
methyl benz(a)anthracene (1.1 mg), benz(e)pyrene (1.1 mg), and methyl benzo-
(e)pyrene (1.3 mg) were the compounds found in greatest amounts.

At the 1980 American Industrial Hygiene Conference, Lautner and Venable pre-
sented the results of area, source, and personal samples collected for benzene-
soluble fraction (BSF) and 10 specific PNAs (PAHs) at a delayed coker unit.
Sampling for PAHs was performed using a glass fiber and silver-membrane

filter followed by XAD2 solid sorbent; analysis was performed by high-

pressure liquid chromatography. More than 90% of the BSF samples were well
within the current federal standard (0.2 mg/m®), and only one personal

sample yielded a detectable quantity of a specific PAH. The authors sug-
gested that the existing engineering controls were the primary reasons for
these results.
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APPENDIX B
DEVELOPMENT OF SCOPE OF STUDY AND PHASE II RESULTS

SELECTION OF STUDY PROCESS UNITS

The first step in formulating the scope of study was the development of a
system by which petroleum refineries could be categorized and assessed in
terms of the criteria established for this industrial hygiene study. This
task was complicated by the facts that, between receiving the crude and
transferring the end products, there exists a myriad of processes and poten-
tial hazards to the workers and that no two refineries are identical. Size,
plant age, location, crude type, and end products are just some of the fac-
tors that determine the makeup of a particular refinery.

Despite this, every refinery is made up of several main process units, most
of which are common to the majority of refineries. Specific process units
may vary among the refineries because of size and also because there may be
more than one type (e.g., fluid-bed and moving-bed catalytic crackers).
However, the potential hazards associated with these different types of
units are generally quite similar because of the similarity of the feedstock
and end products. The approach taken was to divide a refinery up by major
process units and to identify the potential hazards associated with each.
Each of the identified hazards was then further categorized in terms of type
and severity, and the extent to which the area had already been studied.
Completion of this process for the main refinery units enabled a comprehen-
sive and meaningful assessment of what and where potential hazards existed.
This in turn enabled a ranking of units in terms of which should be empha-
sized during this project.

To illustrate the toxic agents associated with the various refinery units, a
matrix system was employed, plotting the process units on one axis and the
toxic agents on the other. A similar type of matrix was used in an EPA
study (Cavanaugh et al., 1975) to predict potentially hazardous fugitive
emissions from refinery process streams. For the purposes of this project
where worker exposure is being assessed, process units rather than individual
streams are more relevant.

The development of the matrix framework was critical to this method, accu-
rately illustrating where potentially hazardous materials would Tikely be
encountered. There are lists of hundreds of potentially hazardous chemicals
present in refineries and dozens of smaller process units within or near the
major units. Thus, there was a potential for making the matrix extremely
detailed and complicated. However, it was also realized that there was
lTimited, but not always consistent, information that could be used to fill
in the matrix; there would have to be a certain amount of subjective selec-
tion. For this reason, an overly detailed matrix would have been impossible
to complete accurately.
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The matrix developed for this study was limited to major classes of poten-
tial chemical hazards. Although noise was considered an important physical
hazard occurring throughout the refinery, this area has been studied thor-
oughly and was considered a very low priority for this project. Other po-
tential physical hazards such as heat stress and ultraviolet radiation
(welding operations) exist in refineries; however, the hazards of these are
limited and were not considered important relative to the large number of
potential chemical hazards.

The classes of toxic agents considered were adapted from an EPA study (Cava-
naugh et al., 1975) which divided the toxic compounds found in petroleum re-
fineries and coal conversion processes into 25 main groups. The classes
that were not identified with any petroleum refining process were eliminated
from the matrix.

Asbestos is known to be present in refineries as insulation material. How-
ever, since it could not be associated with any particular unit, and be-
cause of the extensive work on asbestos (including worker exposure in refin-
eries), it was not considered in this matrix under fine particulates.

The refinery was divided into 10 major process units; the tenth was actually
a group of three auxiliary processes. Each unit actually represented a num-
ber of integrated smaller units that are normally located together within
the refinery. For example, within "crude distillation" there exist the de-
salter, atmospheric and vacuum distillation units, and gas processors such
as the debutanizer and depropanizer. It would have been very difficult to
attempt to characterize toxic agents to each one of these smaller units.
Physically they are usually located very close to each other, making it al-
most impossible to define emission sources. Even more important, a worker
assigned to a particular unit would be exposed to emissions from the total
unit.

The information used to associate a particular class of toxic compounds with
a process unit was gathered from many sources. The most important were the
studies done by Radian Associates and EPA on fugitive emissions from petro-
leum refineries (Bombaugh et al., 1976; Cavanaugh et al., 1975; Dickerman et
al., 1977), as well as information gathered during the three preliminary
plant visits. Because of the lack of comprehensive data, the assignment of
toxic agents was by no means always straightforward; decisions based on
best-available information were frequently necessary.

A second step was added to the matrix system to enable weighting of the
various assigned toxic agents or classes of toxic agents. The total number
of potential hazards identified for each unit was not sufficient to evaluate
each unit in terms of the objectives identified earlier for this phase as
well as for the total project. Not all of the chemicals are equally toxic.
Four general categories were developed for hazard-rating purposes that did
reflect the intent of this matrix system. The following rating system was
developed for this project:
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Rating 1: Toxic agents that should not be studied in this project because
they have already been extensively studied. Additional data generated by
this study would probably not significantly contribute to existing knowledge.
Examples of potential hazards in this category are noise, asbestos, and ben-
zene.

Rating 2: Toxic agents with acute or relatively minor chronic toxic proper-
ties. Chemical substances in this category would also have a low priority
for study in this project.

Rating 3: Toxic agents with established chronic toxic properties but prob-
ably not carcinogenic.

Rating 4: Known or suspected carcinogens, mutagens, or teratogens that have
not been extensively monitored.

For a particular class of toxic agents, the number rating was not always the
same; it depended on the specific compounds within the class that had been
identified. For example, for sulfur compounds, if the specific compound was
hydrogen sulfide (acute toxicity), the rating was 2; but if it was carbon
disulfide (chronic toxicity), the rating was 3. Again, this was not always
a straightforward task.

Several areas of refinery operations could not be effectively incorporated
into this type of matrix. Maintenance and turnarounds are examples where it
was not possible to generalize typical or common hazards associated with the
operations. The type of exposure expected for any specific onsite area
maintenance activity or turnaround is determined by the type of maintenance
(e.g., pump repair, tank cleaning) and in what specific location of the
plant it is performed. While it was realized that onsite maintenance and
turnaround activities are important in characterizing worker exposure in re-
fineries, these activities could not be treated as separate refinery units
on the matrix. Rather, they were treated as integral activities within each
process unit in the matrix. In regard to the maintenance shop, all equip-
ment is normally cleaned with steam and water before being brought into the
building, thus greatly minimizing exposure of the maintenance crew to the
various petroleum fractions or residues from contaminated refinery equip-
ment. Because the types of worker exposures to potential hazards in refin-
ery maintenance shop operations are quite similar to those in other types of
maintenance shops, this particular area of refinery operations was not con-
sidered a high priority for this study and was not included in the matrix.

The matrix also did not reflect the potential hazards from all process
heaters and desulfurization units. These two processes or subunits are in-
tegrated into a number of the major process units and have the potential to
emit numerous toxic agents. If the possible emissions associated with these
two processes were consistently incorporated into this matrix, a great ma-
jority of the matrix would have been filled in, making it very difficult to
allow differentiation between units. Consequently, it was decided in formu-
lating the matrix to omit the toxic agents associated with these two opera-
tions unless there were particular reasons for suspecting them. Even though
not included in the matrix, these subunits were considered in the evaluation
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and ranking of each process unit, and it was decided that they would be in-
cluded (if present) in the detailed evaluation of the study units.

The use of the completed matrix system (see Figure B-1) was a logical first
step in ranking the various process units. The catalytic cracking and
residual processing units were by far the two process units that ranked
highest in having important groups of potential hazards as defined by the
criteria established for this matrix. Crude distillation ranked number
three, followed by a significant drop-off and clustering of the remaining
units. The selection of catalytic cracking and residual processing was not
based solely on the matrix; other factors of importance to these processes
which were considered are discussed below.

Catalytic Cracking

Introduced to the United States in 1937 by Eugene Houdry, catalytic crack-
ing is frequently considered to be the backbone of the modern refinery.
The total capacity of these units is about 5 million barrels per day,
which is equivalent to almost 30% of total refinery crude capacity
(Cantrell, 1978). Although there are several different types of catalytic
crackers based on the method of catalyst transfer, fluidized-bed or

fluid catalytic cracker (FCC) units are now almost exclusively in use.

In 1978, 123 out of the 142 refineries that had catalytic crackers had

the FCC type (vaiterell, 1973).

The feedstock to the catalytic cracker unit is primarily gas oils from the
crude unit, thermally cracked gas oils, or deasphalted oils. These all con-
tain the heavier fractions of the crude which contain the polyaromatic and
heterocyclic hydrocarbons. These types of compounds can also be formed with
the high temperatures in the reactor and through incomplete combustion of
fuel oil in the process furnace. Catalytic cracking operations can also be
a significant source of toxic emissions because of the necessity for remov-
ing the coke which forms on the catalyst during cracking operations. It is
removed by a controlled combustion process, with the discharge of the com-
bustion gases including catalyst fines, unburned hydrocarbons, etc. The FCC
is one of the few units in a refinery from which there are continuous (ex-
cluding fugitive) emissions.

The materials used as catalysts have given rise to concern in the past;
these were mainly heavy metals that also had the potential to form carbonyl
compounds (Brief et al., 1971). Recently, there has been concern over the
use of zeolites in industry (SRI International, 1978). These are a natu-
rally occurring or synthetic mineral group; the synthetic zeolites are used
as catalysts in cracking operations. Some of the naturally occurring zeo-
lites (e.g., erionite) are known to be fibrous, with dimensions similar to
those of asbestos. There is some question of whether or not the synthetic
zeolites are fibrous.

A recent article (Anon., 1978) on the cost of controlling emissions in re-
fineries indicated that the catalytic cracker unit was number one in terms
of cost for associated pollution engineering controls. The catalytic crack-
ing process requires "sour-water" stripping, a carbon monoxide boiler, and
methods of particulate and SO, removal from the flue gas.
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Residual Processing

Many refineries upgrade the value of the bottom products of their atmos-
pheric and vacuum distillation by using processes such as:

e deasphalting/asphalt blowing
e visbreaking

e coking

e residual hydrodesulfurization

More than half of the 285 operating refineries have at least one type of
residual process unit (Cantrell, 1978). Of these four processes, deasphalt-
ing/asphalt blowing and coking are the two most common. Residual 0il hydro-
desulfurization has the disadvantages of high hydrogen consumption and rela-
tively short catalyst 1ife due to large amounts of contaminants in residual
material. In 1978, there were only 13 operating visbreaking units as com-
pared to 104 deasphalting/asphalt blowing and 52 coking units (Cantrell, 1978).
Since it would have been difficult to study or even include all types of
residual processing in the nine in-depth surveys, it was recommended that

only deasphalting/asphalt blowing and coking be included in the study plan.

Only two lTimited asphalt processing operations were observed during the pre-
Iiminary surveys; however, a review of the relevant information in this area
(API, 1973; Cavanaugh et al., 1975; Vandervort and Lucas, 1974) indicates
that, among refinery operations, residual processing warrants additional
study related to worker exposure.

PRELIMINARY SURVEYS AND SELECTION OF PAHs (PHASE II)

The three preliminary sampling surveys were designed to identify specific
potentially carcinogenic compounds associated with the three selected types
of process units. Since all three of the refineries visited during this
preliminary phase were revisited as part of the in-depth surveys, descrip-
tions of these refineries are included in Appendix C (identified as Refin-
eries B, E, and H).

Area sampling was conducted at the three refineries during the day shift
only. A refinery operates in a steady-state mode during the great majority
of the time and, during this time, it is expected that the process stream
composition within process operations will remain constant. Therefore, for
the purpose of this phase, it was assumed that toxic emissions were gener-
ally uniform over the three shifts with slight variations due to weather
conditions.

Since identification of potentially carcinogenic material was the primary
objective of this phase (even very small quantities have to be considered
significant), area sampling was more appropriate than personal monitoring.
Area sampling enabled a larger volume of air to be sampled at selected loca-
tions that were considered to be the most 1ikely areas where the compounds
would be found, and therefore maximized the chances for identification.



Types of Sampling

The polyaromatic hydrocarbons (PAHs) and azo-heterocyclic compounds were
collected using a filter cassette holder containing a silver-membrane filter
followed by Chromosorb-102, a porous polymer solid sorbent (see Figure B-2).
High-volume, air-driven Gast pumps and high-flow Model S MSA pumps were used
with these cassettes. The critical orifices used with the high-volume pumps
were calibrated at about 9.2 liters/minute prior to the visit; the MSA pumps
were calibrated at about 3.0 liters/minute using a bubble meter. At the re-
fineries, the air-driven pumps were connected to a convenient compressed-air
outlet. During sampling, the cassette was wrapped in aluminum foil to mini-
mize photodecomposition of the sample material.

CASSETTE
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Figure B-2. Phase II PAH sampling assembly.

These samples were analyzed by gas chromatography/mass spectrometry (GC/MS)
in conjunction with high-pressure liquid chromatography (HPLC). This sam-
pling and analytical method allowed quantitative analysis of 27 PAH and azo-
heterocyclic compounds or groups of compounds (shown in Table B-1 which ap-
pears in the Results section of this appendix). Among these are several of
the potentially carcinogenic PAHs associated with catalytic cracking and
residual processing, as well as 16 compounds also considered to be potential
carcinogens according to NIOSH's 1980 Registry of Toxic Effects of Chemical
Substances (compounds footnoted with an "a" in Table B-1). There was no
definitive information to indicate that the other PAHs in this group of 27
were potentially carcinogenic. However, the analytical method allowed them
to be conveniently included in the analysis and, for this particular phase
of the project, it was felt that the identification of as many PAHs as pos-
sible would be beneficial.
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The trace metals identified (Be, As, Cd, Cr, Co, Ni) in the assessments of
the individual process units were sampled for using NIOSH Method No. P&CAM
173 (NIOSH, 1977). This included a cellulose ester membrane filter in a
closed-face cassette. Calibrated portable MSA Model G pumps set at approxi-

mately 2.0 Titers/minute were used; analysis was performed by atomic absorp-
tion.

Although aromatic amines are indicated as present in various refinery
streams, no information could be found on monitoring data, nor was mention
of specific compounds found. Because of this, an attempt was made to iden-
tify specific aromatic amines. A limiting factor here was that only seven
aromatic amines have established NIOSH sampling and analytical methods.
These seven compounds are: aniline, N,N-dimethylaniline, o-toluidine, 2,4-
xylidine, o- and p-anisidine, and p-nitroaniline. There are numerous aro-
matic amines, especially aniline derivatives, with some cancer-causing po-
tential (NIOSH, 1980). It was decided that sampling for these seven spe-
cific aromatic amines would give a good indication of the presence of this
class.

Aromatic amines were collected on large (850-mg) silica gel tubes using
NIOSH Method No. P&CAM 168 (NIOSH, 1977). Calibrated sampling pumps were
set at about 1.0 liter/minute. Analysis was performed by gas chromatography.

There is no NIOSH-validated method for the sampling and analysis of nickel
carbonyl. The method used was a modification of the colorimetric technique
developed by Brief et al. (1965) and proposed by a NIOSH Special Occupa-
tional Hazard Review for nickel carbonyl (Arthur, 1977). In general, the
procedure used was as follows. An air sample containing nickel carbonyl is
bubbled through an alcohol-iodine solution at a rate of 2.0 liters/minute.
The entire bubbler solution was dried and dissolved in dilute acid; this
solution was then neutralized and aspirated directly into the flame of a
flame-atomic absorption spectrophotometer. The nickel concentration thus
determined was used to calculate nickel carbonyl concentration.

There was also no NIOSH-validated method for the sampling and analysis of
nitrosamine compounds. The method used for this project was recently devel-
oped by Thermo Electron Company (Krull et al., 1978). The sampling train
consisted of a solid sorbent (proprietary) with a personal sampling pump
calibrated at 2.0 liters/minute. The sample was extracted with a solvent
(i.e., dichloromethane/methanol) and analyzed by gas chromatography and high-
pressure liquid chromatography using a thermal energy analyzer. The sensi-
tivity of the method for individual nitrosamines was 0.1 ug/m® in a 20-

to 30-1iter air sample. The samples were analyzed for: N-nitrosodimethyl-
amine, N-nitrosodiethylamine, N-nitrosodipropylamine, N-nitrosodibutylamine,
N-nitrosopiperidine, N-nitrosopyrrolidine, and N-nitrosomorpholine.

Sampling Locations

In order to keep the number of area samples to a minimum and also to accom-
plish the objectives of this phase, the proper selection of sampling loca-
tions was considered very important. As much information as possible was
gathered prior to the site visits on the specific compounds in relation to
the processes, equipment, and other factors that might indicate where the
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compounds would most likely occur. A direct-reading H-nu photoionization
analyzer was also used during the site visits to determine relative area
concentrations of total organics.

The type of information used in preparation for the selection of sampling
sites is illustrated below by process units.

Catalytic Cracking Operations

In the catalytic cracker unit, there are a large number of valves, flanges,
pumps, compressors, relief fittings, and drains—all of which can be sources
of fugitive emissions. Leakage can result from faulty equipment or inade-
quate maintenance; however, in some types of equipment, some material loss
is expected. In regards to valves, leaks can occur around the packing gland,
especially in high-temperature systems. During the preliminary surveys, it
was obvious that pumps, and especially compressors, can be sources of fugi-
tive emissions in the catalytic cracker units and in the refinery in general.
Reciprocating pumps and compressors are known to be more 1ikely to leak than
are centrifugal pumps, and mechanical seals seem to Teak less than packed
seals.

The off-gas that emanates from the regenerator is the controlled emission
source that is of particular concern in the catalytic cracking unit. A coke
residue is formed on the catalyst during the cracking process. The catalyst
is steam-stripped to remove volatile hydrocarbons and is then transferred
into the regenerator unit. Controlled combustion is used here to remove as
much of the heavy coke residue from the catalyst as possibie. The regener-
ator off-gas can contain numerous toxic materials including PAHs, het-
erocyclic compounds, and trace metals.

From this type of information, a compilation of suspected sources, within
the catalytic cracker unit, for the various potentially carcinogenic mate-
rials was developed:

® PAHs and azo-heterocyclics: in the various feedstocks; formed in
the reactor as part of the coke residue; released in the regener-
ating process and present in the off-gas; incomplete combustion
products of the fuel oil in the process heater.

® Trace metals: in feedstock as organometallic compounds; in reactor
cqnverted to part of coke residue; in regenerator off-gas; combus-
tion products from process heater.

® Aromatic amines: 1in feedstock; formed in reactor; in aqueous
phase from steam-stripping of catalyst.

® Metal carbonyls: formed in the reactor or the regenerator;
emitted in the off-gas.

® UNitrosamines: formed in reactor; in aqueous phase from steam-
stripping of catalyst; emitted in the off-gas.
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The following table shows the number of each type of sample collected in the
FCCUs at the three refineries.

Number of samples

Sample type
Refinery H Refinery E¢ Refinery B Total

PAHs 5 11 4 20
Aromatic amines 8 8 3 19
Metals 5 9 2 16
Nickel carbonyl 2 4 -
Nitrosamines - 3 il
“Two FCCUs.

Coking Operations

In the delayed coking units, atmospheric emissions can result from the coke
dust, storage containers for the water used in cutting the coke, process
heaters, and fugitive hydrocarbon leaks.

® PAHs and azo-heterocyclics: 1in the crude oil residue; released
in the coking chamber off-gas; constituents of the coke fines;
emitted from the process heaters.

® Trace metals: 1in the crude 0il residue; released in the coking
chamber off-gas; coke fines; from process heaters.

® Aromatic amines: 1in the crude oil residue; released in the
coking chamber off-gas; in the aqueous phase used for cutting
the coke.

® Nickel carbonyl: released in the coking chamber off-gas.

® Nitrosamines: released in the coking chamber off-gas; in the
aqueous phase used for cutting the coke.

The following table shows the number of each type of sample collected in the
single delayed coking unit surveyed (Refinery B).

Sample type Number of samples
PAHs 6
Aromatic amines 5
Metals 3
Nickel carbonyl 2
Nitrosamines 2




When the coking drums are being cut, copious amounts of water are used. In
two sampling locations beneath the drums where water mist and spray were
present, two silica gel tubes were used in series. The purpose of this was
to minimize the effect of water on the second tube.

Asphalt Processing Operations

In the asphalt processing operations, asphalt blowing is the area where
toxic emissions are of particular concern. The feed is preheated to between
400 and 600°F and pumped into the reactor. Oxygen pumped through the reac-
tor causes an exothermic reaction with hydrogen, while polymerization, al-
kylation, and isomerization also take place. The gases which are vented
from the reactor are a primary source of hydrocarbon vapors and aerosol 0il
particles. These vent gases are normally incinerated, but the incinerator
may still emit toxic material.

® PAHs and azo-heterocyclics: in the feedstock; formed in the
reactor; in the vented reactor gas; constituents of asphalt;
emitted from the process heater.

® Trace metals: in the feedstock; in the vent gases; emitted from
the process heater.

® Arvomatic amines: in the feedstock; formed in the reactor; in the
vent gases; constituents of asphalt.

o lMetal carbonyl: formed in the reactor; in vent gases; in the
aqueous phase.

® Nitrosamines: formed in the reactor; in the vent gases; con-
stituents of asphalt.

The following table shows the number of each type of sample taken at the
asphalt processing units. The type of asphalt processing by refinery in-
cluded: Refinery H— vacuum distillation; Refinery E — deasphalting; and
Refinery B — asphalt blowing and deasphalting.

Number of samples
Sample type

Refinery H Refinery E Refinery B Total

PAHs 2 2 5 9
Aromatic amines 2 3 4 9
Metals 1 - 3 3
Nickel carbonyl - - 2 2
Nitrosamines - - 2 2

In addition to these samples mentioned above, at least one upwind PAH sample

was taken at each refinery, and appropriate blank samples were prepared for
all types of samples.
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RESULTS

Analytical results of the area samples collected in Phase II revealed no
detectable quantities of the seven nitrosamines, the six trace metals, or
nickel carbonyl in any of the samples. Very minimal concentrations of aro-
matic amines were found, in the FCCUs only. The results of the PAH samples
did show that most of the areas sampled contained detectable quantities of
between 4 and 15 different PAH compounds. The highest cumulative PAH air
concentrations were found in the FCCUs, followed by the delayed coker and
then the asphalt processing units. The remainder of this section is devoted
to ? more detailed discussion of these and other findings of Phase II sample
analysis.

PAHs

e Seventeen of the 19 samples analyzed from the FCCUs had detectable quan-
tities of between 4 and 15 different PAHs. The average cumulative con-
centration of these 17 samples was about 50 ug/m3.

e All four samples analyzed from the single coker unit had detectable
quantities of between 8 and 11 different PAHS, with a mean cumulative
concentration of about 11 ug/m?d.

e All eight samples analyzed from the various asphalt processing units
had detectable quantities of between four and nine different PAHs, with
an average cumulative concentration of slightly more than 1 pg/m?.

e Three of the four upwind samples showed detectable quantities of between
three and five different PAHS, with an average cumulative concentration
of less than 1 ug/m?’.

e The three blank samples had detectable quantities of one or two PAHS,
with an average cumulative weight of 137 ng. This corresponds to 0.03
to 0.05 ug/m® since the sample volumes ranged from 2.6 to 4.2 m?.

Table B-1 illustrates the results of the PAH samples, by individual compounds
and process units. The number of samples that had detectable quantities and
the ranges and mean values of these "positive" samples are also given. The
four upwind samples are included for comparison.

Although there were wide variations between refineries when a comparison of
concentrations was possible, there were certain overall consistencies. The
lighter molecular weight 2-ring PAHs, such as naphthalene and the methyl-
naphthalenes, were found in the highest concentrations in almost all of the
samples. Some 3- and 4-ring PAHs (e.g., fluorene, phenanthrene/anthracene,
pyrene) were found, as well as very small quantities of some 5-ring com-
pounds (e.g., benzo(e)pyrene, perylene). This was to be expected since
molecular weight generally corresponds with volatility. Also, as expected,
the area samples collected around pumps, especially in enclosed or partially
enclosed areas, showed the highest levels.



Table B-1. PAHs identified in Phase II by process units.
FCCU COKER ASPHALT UPWIND

(19 samples analyzed) (4 samples analyzed) (8 samples analyzed) (4 samples analyzed)

COMPOUND (Ring No.) No. Concentration* No. Concentration* Noi: Concentration* No. Concentration®

Positive Range Wean Positive Range Mean Positive Range Mean Positive Range -

Naphthalene? (2) 15 0.08-268 | 24.3 4 0.64-5,34| 2.06 6 0.01-3.72| 0.92 3 0.01-1.17] 0.5
Quinoline? (2) 6 0.05-5.97 2.7 3 0.17-0.93 | 0.44 1 <0.01 <0.01 t]

2-Methylnaphthalene  (2) 16 0.14-81.7 | 15.1 4 1.04-13.8| 5.07 8 <0.01-0.79| 1.08 3 0.01-1.17| 0.3

1-Methylnaphthalene (2) 16 0.11-68.4| 9.8 4 0.74-7.08| 2.72 8 <0.01-0,55| 0.16 3 0.07-0.36| 0.16
Acenaphthalene (2) 5 <0,01-0.34| 0.14 i <0.01-0,12 | 0.06 0 0
Acenaphthene (2) 6 0.07-5.5 1.2 4 0.03-0.33| 0.11 3 <0.01 <0.01 0

Fluorene (3) 9 0.04-11.7| 1.9 4 0.16-0.34| 0.25 5 <0.01-0.03 | 0.01 1 0.01 0.01

Piﬁ::ﬁ:g:ﬁ:ﬁ“f (3) 16 0.04-23.5( 3.0 4 0.13-0.66 | 0.38 6 0.03-0.26 | 0.08 2 0.01-0.06| 0.04
Acridine (3) 6 0.01-3.6 0.94 2 . 0.03 0.03 3 <0,01-0.04 | 0.02 0
Carbazole (3) 7 <0,01-0.76| 0.29 1 <0.01 <0.01 2 <0.01-0.01 | 0.01 0
Fluoranthene (4) 8 <0.01-0,65| D.16 2 <0.01 <0,01 2 <0.01 <0.01 0
Pyrene? (4) 8 0.03-2.13| 0.44 3 <0.01-0.02 | 0.01 2 <0.01 <0.01 0
e sl ) 3 | <0.01-0.14] 0.06| o 0 0
Benz(a)anthracene2 (4) 2 0.01-1.36| 0.69 1 0.01 0.01 0 0
ChrysenejTriphenylene (4) 1 0.17 0.17 1 <0.01 | <0.01 0 0
Ulmety banule)- (4) 1 .00 [<0.00| o0 0 0
Benzole)pyrened (5) 1 0.01 0.01 0 0 0
Benzo(a)pyrened (5) 0 0 0 0
Perylene (5) 1 0,01 0.01 0 ] 0
Dibenz(a,j)acridine® (5) ] 0] 0 ]
Dibenz(a,i)carbazole? (5) 0 0 0 0
Dibenzanthracene**@  (5) 0 0 0 0
I )| ; ; ;
Benzo(g,h,i)perylene? (6) 0 0 0 0
Anthanthrene (8) 0 0 0 0
Dibenzopyrene**3 (6) 0 0 1] 0
Coronene (7) 0 0 0 0

*Concentration in ug/m?.

**Specific isomers not distinguishable by analytical method; reported value represents any one or combinations of existing isomers.
95uggested as having some cancer-causing potential (NIOSH, 1980).
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Aromatic Amines

Of the 17 silica gel samples analyzed from the FCCUs, only four (one from
each of the four FCCUs surveyed) had detectable quantities of any of the
seven aromatic amines; these four represented very minimal concentrations.
Three of these samples contained only p-anisidine in quantities that corre-
sponded to air concentrations less than 0.1 ppm as a time-weighted average
over the sampling period. The fourth sample was positive for aniline, o-
anisidine, and p-anisidine, again all at concentrations less than 0.1 ppm.
ATl four of these samples were collected in areas near process pumps.

Eight silica gel samples collected in the asphalt processing units and seven
in the coker unit were analyzed; none showed any detectable quantities of
the aromatic amines.

In addition to the seven aromatic amines for which the sampling and analyti-
cal method is NIOSH-validated, the silica gel samples were also analyzed for
l1-naphthylamine by the same method. This aromatic amine is strongly sus-
pected of being carcinogenic but is not specifically associated with refin-
ery operations. None of the 32 samples analyzed had detectable quantities
of this compound.

Trace Metals

There were no detectable quantities of any of the six metals (Co, Cr, Ni,
Cd, As, Be) in any of the 18 area samples analyzed (11 from the FCCUs; 4
from the asphalt processing units; 3 from the coker unit). The minimum de-
tectable air concentrations for these individual metals were: 6 ug/m® for
Co, Cr, and Ni; 1 pg/m® for Cd; and 0.3 ug/m® for As and Be. It should be
noted that metal catalysts were not used in the FCCUs surveyed.

Nickel Carbonyl

Nickel carbonyl was not detectable in any of the 10 area samples analyzed
(six from the FCCUs; two from the asphalt blowing unit; two from the coker).
The minimum detectable concentrations for these samples ranged from 1.4 to
3.5 ug/m*® depending on the sample volume.

Nitrosamines

There were no detectable quantities of any of the seven nitrosamines in the
eight area samples analyzed (four from the FCCUs; two from the coker; two
from the asphalt blower). The lower 1imit of detection was about 5 ug/m?
for each nitrosamine. An unknown substance that was thought to be a nitros-
amine compound (not one of the seven) was detected in one of the samples
collected in the coker unit. It eluted near N-nitrosodibutylamine (NDBA)
and was quantitated (44 ug/m®) relative to the NDBA reference standard.

Zeolite

A1l three refineries used a similar type of synthetic zeolite as their FCC
catalyst. A bulk sample was collected and checked for fibers using phase-
contrast microscopy; no fibers were observed in the sample. The material
appeared to be composed entirely of resin beads.
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APPENDIX C
DESCRIPTIONS OF REFINERIES AND STUDY PROCESS UNITS

REFINERY A

DESCRIPTION OF REFINERY A

Refinery A is a "medium" (53,800 bbl/day), "nonmajor" refinery located in
northwestern Oklahoma. It originated in 1916 as a 1,000 bbl/day crude oil
skimming plant. Currently spread out over 608 acres, it processes over
50,000 barrels of crude a day and produces a full line of petroleum products
which includes:

e liquid petroleum gas o #2 and #6 fuel oils
(propane, butane) e lube 0ils

e Jjet fuel e coke

e gasolines e asphalt

e Diesel fuel

The domestic crude refined here is categorized as a "sweet" (0.23% sulfur by
weight), "mixed base" (containing both paraffins and naphthenes) crude with
an API Gravity Index of 39.5. Approximately 32,000 bbl/day come from Okla-
homa and 21,500 bbl/day come from west Texas. Most of the crude is received
by pipeline; a small percentage is received by tank trucks.

This refinery ships gasolines, fuel oils, and Diesel fuels by a pipeline
that goes north to Rock Rapids, Iowa, and south to Oklahoma City. Products
are also shipped by trucks and railroad cars.

The major process units at Refinery A include:

e two crude distillation units e unifiner

e two vacuum distillation units e catalytic reformer

e duo-sol lube unit e catalytic isomerization unit
e delayed coker e FCCU

e asphalt blower e HF alkylation unit

Almost every major process unit has its own control room. Figure C-1 shows
a rough refinery plot plan of the major units. South of the process units,

there is also a lubricant packaging plant where l-quart, 5-gallon, and 50-
gallon containers are filled.
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Figure C-1. Refinery A production area.
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There are approximately 270 hourly employees who belong to the union (OCAW)
and an additional 20 who are salaried (supervisory personnel). Most of the
routine maintenance activity is performed in-house; contractors are brought
in for turnarounds and other major maintenance work. The production units
operate 24 hours a day over three work shifts.

The safety and health staff at this refinery includes the manager of safety,
a safety engineer, two fire and safety helpers, and an occupational nurse.
A1l are under the direct supervision of the refinery superintendent. The
nurse is on the premises full time during the day shift; a majority of the
supervisors and foremen are trained in first aid and cardiopulmonary resus-
citation. The dispensary and treatment room are fully equipped to handle
first aid situations and various routine examinations. All of the produc-
tion workers are given preplacement medical examinations although a set
schedule for periodic examinations has not yet been established. A physi-
cian in town is under contract to the company to handle examinations and
other medical situations.

As part of good industrial hygiene practice, the use of protective clothing
and equipment (e.g., hard hats, safety shoes, gloves, eye protection) is
emphasized. Eating is allowed in most control rooms, but smoking is per-
mitted only in designated areas away from the production units. Each unit
operator is thoroughly trained on the unit equipment, operations, and asso-
ciated safety hazards. The practice of good personal hygiene such as the
washing of hands before eating is also encouraged. Good unit housekeeping
is practiced as an important means of minimizing worker exposure to poten-
tial hazards. Spills are promptly cleaned up by the unit operators, and
routine cleanup is performed by the day shift unit operators. Any necessary
equipment or structure repair is also promptly carried out by the unit
operators or in-house maintenance crews.

Routine industrial hygiene sampling is not performed at this refinery.
Sampling has been carried out on a spot basis for benzene, heptane, hexane,
hydrogen sulfide, and sulfur dioxide.

STUDY PROCESS UNITS AT REFINERY A
Fluid Catalytic Cracking Unit (FCCU)
Unit and Process Description

The FCCU is Tocated in the middle of the main production area (shown in
Figure C-1) about 200 feet east of the delayed coker unit and just to the
northeast of the #1 crude unit. The reactor/regenerator (R/R) structure is
a stacked type with the regenerator on top. The total height of the struc-
ture is 185 feet. The unit was designed and installed in the early 1950s.
A major modification in the riser size was made about 1962 that extended
the production capacity to the present-day figure of about 20,000 bb1/day.
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The unit covers an area of about 200 x 200 feet, with the CO boiler located

just to the west of this area (Figure C-2). The FCCU charge heater is about
100 feet to the southwest of the unit, across the main road of the refinery.
The main portion of the FCCU is laid out into three areas:

e The R/R structure, the fractionator tower, and the various pumps
are located in the center of the unit, running west to east.

e The gas recovery area is situated just to the north of these
structures. Gas recovery includes the primary absorber, gas
stripper, secondary absorber, and debutanizer towers.

e Just to the south of the R/R structure are the fresh and regenerated
catalyst hoppers, the pump room, and the control house. A compressor
building is located just south of the pump room.

( > O Gas O Recovery O
Pumps | l
- |11
Reactor/
Sofler Regenerato
Fractionator
Catalyst
Storage Pump Room Control
Hoppers House
Compressor
Building

Figure C-2. Refinery A FCCU.

The fresh feed for the FCCU comes from the crude units (atmospheric gas oil)
and the vacuum units (mostly light and heavy vacuum gas oils). The feed is
preheated to a suitable temperature by a gas-fired furnace.
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This fresh feed plus heavy gas 0il recycled from the fractionator are in-
_jected into the reactor where catalytic cracking is initiated as the hot oil
feed contacts the catalyst. The catalyst used at this refinery is an alumina-
1ike synthetic zeolite, common in other FCCUs studied in this project. The
product vapors and the catalyst are separated in the single-feed riser line
and the reactor itself. The hydrocarbons are taken to the fractionator tower
where the various products are separated. The catalyst is stripped of any
remaining oil with steam and delivered to the regenerator where the spent
catalyst is reactivated by oxidizing the accumulated carbon at a temperature
of about 1,200°F (649°C). The flue gas from the regenerator goes to the CO
boiler where it is burned before being released to the atmosphere. The
regenerated catalyst is stripped of any absorbed oxygen with steam before
being recirculated back to the reactor. The continuous circulation of the
fluidized catalyst is an important means of heat transfer between the reactor
and regenerator.

The main products from the fractionator are:

e butane e light cycle oil
® propane e decant oil
@ heavy cat gasoline

Work Force

There are normally five workers assigned to the FCCU full time during each
shift. In addition, there is an assistant supervisor on duty from 0800 to
1700 each day who spends about 70% of his time on this unit. Following is
a brief description of the duties of the five full-time shift personnel.

® Shift Foreman: Supervises the overall unit operations paying
particular attention to any operational difficulties as well as
any specific fire or safety hazards, such as gas leaks. He
spends about a third of his time outside the control room
directing the helpers.

® Control Room Operator: Spends essentially 100% of his shift
inside, monitoring and logging in the various meters and charts
on the control board. He works closely with the shift foreman,
as well as with the helpers and operators.

® CO Boiler (perator: This outside operator has primary responsi-
bility for the CO boiler. His duties include collecting water
samples and adding chemicals at the FCCU cooling tower and the
CO boiler unit, making rounds every 2 hours (30 minutes/round)
to check meters and gauges, and greasing and lubricating the
equipment such as pumps (daily or weekly schedule).

® Operator and Helper: These are two operators who perform the
routine outside duties for the main section of the FCCU; their
Job duties and responsibilities are essentially the same.
Periodically they take meter and gauge readings, make visual
inspections, gauge tanks, collect process samples once per
shift, monitor uptake of chemical additives, keep pumps oiled,
and maintain the unit by general housekeeping.
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Exposure Control Measures

The primary exposure control measure used at this FCCU is a closed-system
process which 1limits exposure to products, by-products, and intermediates.
Also important is a well-organized maintenance program that provides both
efficient preventive and repair maintenance services. Under normal operat-
ing conditions, exposure to PAHs may occur during sampling of the various
streams, during maintenance and housekeeping activities, from fugitive emis-
sions, and from the regenerator flue gas.

The use of sample bombs for collecting process stream samples is a means of
minimizing exposure; these bombs are used for collecting at least some of
the stream samples at this unit. The sample bomb is placed in an auxiliary
process line and the stream is diverted through this line, filling the ves-
sel. The valves at each end of the bomb are closed, and the bomb can be re-
moved with minimum exposure to the collector. Samples are also collected
using the spigot-and-bottle method which is not as effective in minimizing
exposure.

Exposure during routine maintenance is difficult to minimize. The ground
level of the unit is constructed of concrete with an efficient sewer system
which simplifies cleanup procedures. The refinery has its own craft main-
tenance crews (e.g., pipefitters, electricians) that provide preventive and
repair services. Hard hats, safety glasses, and neoprene gloves are worn
routinely, with safety or slick suits available. Coveralls are not provided
and are not normally worn. Disposable ear plugs are used in the enclosed
compressor room. There are no routine operations which require the usage of
respirators; however, air-purifying and self-contained, breathing-air respi-
rators are available. These respirators are maintained by the refinery
safety department.

The areas of the unit handling heavy fractions, which are more likely to
contain the PAHs, are in fairly open areas, minimizing potential vapor ac-
cumulation. Several of the heavy gas 0il, slurry recycle, and decant oil
pumps are located very close together around the base of the fractionator
tower. This is an area where PAH concentrations might be elevated. The
control house, which is air-conditioned but not under positive-pressure ven-
tilation, is normally not directly downwind of the R/R or heavy fraction
pumps .

The flue gas from the regenerator is burned in the CO boiler with an auxili-
ary fuel. The heat produced here is used to generate steam. The CO boiler
removes not only carbon monoxide from the flue gas, but many other hydro-
carbons, making the effluent suitable for discharge to the atmosphere.



Delayed Coker Unit
Unit and Process Description

The delayed coker unit (as shown in Figure C-1) is located just south of the
HF alkylation unit; north of the #2 crude, vacuum, and asphalt blowing units;
and west of the FCCU and CO boiler. The unit has two 75-foot coke drums with
a daily production capacity of about 200 tons.

The unit, which is about 10 years old, is spread over an area of about 200 x
200 feet (Figure C-3). The ground level of the entire unit is constructed
of concrete. The control building is located in the central area of the
unit and houses the locker and shower facilities in addition to the control
board room. Just north of the control building is the coke tower (an open,
multilevel structure that includes the two drums and penthouse at the top),
with the trough and loading area on the other side. The coke that has been
cut is moved from the trough to the loading area by a Diesel-powered crane.

Trough

O O

Coke Tower

Gas
Recovery

O

OO T

Control
Building

Fractionator

Charge
Furnace

Fumps

Figure C-3. Refinery A delayed coker unit.

The gas-fired charge furnace is located about 15 yards to the east of the
control building, with the fractionator in between. The gas recovery struc-
tures and flare are located to the west of the control building and coke
tower.

There are two types of coke produced at this refinery: a #1 grade coke re-
ferred to as "needle" coke, and the more commonly produced #2 grade coke or
"sponge" coke. The charge stock is decant oil from the FCCU for needle coke
and the residual from the vacuum units for sponge coke. Needle coke is a
higher quality coke that is much harder and denser than the sponge type.
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The residual from the vacuum units or the decant oil is pumped from storage
tanks and reqgulated by a charge motor valve to the convection portion of the
gas-fired box heater. The heated charge then goes to the fractionator tower
where the 1light ends are flashed off. The bottoms from the fractionator are
then pumped to the radiant side of the furnace. At this point, the charge
for sponge coke is heated to about 900°F (482°C); the charge for needle coke
is heated about 45°F (25°C) higher. The charge then goes to one of the two
coking drums. Each drum has a 40-hour cycle, with coke formation lasting
about 20 hours. Since the drums are charged alternately, the cutting of a
drum occurs every 20 hours. The lighter vapor fractions of the thermal
cracking operation are removed from the top of the drum and sent to the
fractionator where the various products are separated and eventually re-
covered. Products from this unit besides coke include: gas oil, gasoline,
naphtha, propane, and butane.

The complete cycle of each drum, from drum heating to cutting, is 40 hours.
About 9 hours before the cutting operation is scheduled, coke formation is
stopped by switching the feed to the other drum. In 30 minutes, steam

is introduced into the drum to cool it. This lasts about 5 hours, and then
water is added to further cool the drum. Nine hours after the feed is
switched, the top and bottom of the drum are opened and the coke is cut from
the top with a high-pressure hydraulic bit. The coke falls down a chute
into a trough, from which it is moved to a loading area by a Diesel-powered
crane. Trucks are used to transport the coke. The drilling lasts from 2 to
4 hours, depending on the type of coke being cut. Since needle coke is much
harder, its cutting operation lasts longer.

After cutting is completed, the top and bottom of the drum are replaced;
the drum is pressure-tested for seal, heated, and is ready when the feed
is switched from the other drum to begin coke formation.

Work Force

The work force for the coker unit is divided into two groups—the operations
group and the coke-cutting group. The three-man operations group works the
normal 8-hour shift; following is a brief description of their job activi-
ties.

® Operator: Is in charge of the normal unit operations. He spends
most of his time inside the control room where he can easily
monitor operations. He occasionally leaves the control room to
assist one of the others or to lead a more difficult task, such
as pump repair.

o First Helper: His main responsibilities are to monitor the control
board, to make entries into the daily logsheet, and to make the
necessary process control adjustments. He spends the majority of
his shift inside; he occasionally makes process checks in the pro-
duction area.
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o Second flelper: Performs most of the routine outside tasks, spending
a total of 2 to 4 hours a shift in the production area. About every
2 hours he makes routine rounds checking temperature, pressure, and
flow rate gauges, making visual inspection of equipment and pro-
cesses, and switching valves. He also does most of the daytime
cleanup in the production area and draws four water samples once
a shift. The samples are sent to the laboratory for routine testing.

The coke-cutting group is made up of the driller, the first and second
helpers, and the crane operator. This group works independently of the
operations crew. They report for work about 30 minutes before a drum is
scheduled to be cut, work until the cutting and cleanup is finished, shower,
and leave; this usually takes 5 to 6 hours. The total work group consists
of five to six drillers and helpers, and two crane operators.

@ Driller: Spends about 15 minutes opening the top of the drum and
15 minutes opening the bottom. He then goes back to the top to the
"penthouse" where he controls the drilling operation. He usually
stays there during the entire cutting operation except for breaks.
He helps to close the drum when the operation is completed.

® First Helper: Helps to open the top and the bottom of the drum,
and to get the chute in place. While the cutting is being done,
he cleans up loose coke with a water hose, and lubricates and
prepares all fittings for reassembly.

® Second Helper: Duties similar to those of first helper.

® Crane Operator: Spends most of the shift in the crane cab, moving
the coke from the trough to the adjacent truck-loading area. The
crane cab is usually open in front. The crane is normally upwind
of the cutting operation and trough.

Control Measures

The coke-cutting operation is one of the few in a refinery that is not a
closed system. Because of this, it is more difficult to minimize worker
exposure during this operation. During every cutting cycle, the top and
bottom of the drum must be opened manually, the coke must be cut by the
driller, the helpers must clean and lubricate the fittings, and the crane
operator must move the coke out of the trough. Basically, the coke-cutting
operations at this refinery were similar to those observed at other refin-
eries; however, there were several key points observed.

The opening of the top and bottom of the drum was done very efficiently and
quickly. The three cutters (the driller and two helpers) worked as a team
to complete both openings in about 30 minutes. After the bottom is dropped,
a chute extender is lifted up from the floor platform to the bottom of the
drum and secured with several bolts. This forms a closed system on this
Tevel where the helpers spend a good part of their time during the operation.



The penthouse on the top level and the bottom of the drum on the second
level were fairly open areas minimizing accumulation of vapors. In the
penthouse, the driller was seated so that he was normally upwind of the top
of the drum. The whole cutting operation at this refinery was relatively

clean, requiring a minimum of cleanup, usually performed by hosing down the
area with water.

A11 workers on this unit wore hard hats, safety glasses, and gloves.

Neither the cutters nor the operational crew wore coveralls, but the cutters
did normally change into a set of work clothes in the locker room and show-
ered or washed up at the end of their shift. The operations crew ate in the
control room, whereas the cutters did not stop to eat. There were no rou-
tine operations that required the use of respirators; however, air-purifying
and self-contained, breathing-air respirators were available.

The air-conditioned control room was not under positive-pressure ventila-
tion but was normally upwind of the coke tower, furnace, and furnace charge
pump. This refinery management is considering changing to one main control
room in the future.

The steam that is used to cool the drums down is normally sent through a
water-scrubbing system before it is vented to the atmosphere. There is a
flare on the west side of the unit that is available for turnarounds or any
other conditions that might require it.

Asphalt Processing Unit
Unit and Process Description

The asphalt-blowing unit is a small (approximately 80 by 40 feet) and rela-
tively simple unit in terms of process flow and equipment. The main struc-
tures are two towers Tocated side by side, one being the blowing still and
the other the water scrubber for the still vent gases. The unit is located
between the #2 crude and vacuum units, and the delayed coker unit. The gas-
fired FCCU charge heater is next to the unit, just to the east. This unit
does not have its own control room; its control board is part of the #2
crude unit control room located about 75 feet from the blowing tower.

During normal operations, part of the bottoms from the #2 vacuum tower is
pumped to the blow still. Here, a stream of air is blown through the tower
oxidizing the heavy residue material. The vent gas is then sent through the
adjacent water scrubber and burned in the FCCU charge heater. The blowing
process increases the hardness and melting temperature of the asphalt prod-
uct. After the desired penetration grade is achieved, the asphalt is pumped
to storage tanks. The average production of blown asphalt is 500 bbl/day;
however, the actual blowing process was not in operation during the survey.
The asphalt from the vacuum tower was being pumped through the blow still

to the storage tanks without being blown. This is normal procedure when the
asphalt tanks are full, or if the market does not demand additional asphalt
production.

Work Force

No workers are assigned full time to the asphalt-blowing unit. Two outside
operators who have primary responsibility on the #1 crude unit handle the
routine operations for this unit.
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REFINERY B

DESCRIPTION OF REFINERY B

Refinery B is a "medium" (95,000 bbl/day), "major" refinery located in
eastern Oklahoma along the bank of the Arkansas River. The refinery, which
was built in 1913, is spread out over approximately 750 acres and at the
dates of the surveys was processing about 88,000 barrels of crude a day. A
full Tine of petroleum products is produced including:

e propane e lube o0ils

e butane ® waxes

e gasolines o kerosene

e jet fule e Diesel fuel

o fuel oils (#1 and #2) e petrochemicals (benzene, xylene,
e asphalt toluene, cyclohexane)

e coke

This refinery produces over 300 different types of waxes and is also one of
the largest producers of lube oils.

The crude refined here, which is primarily domestic, is categorized as a
"sweet" (0.2% sulfur by weight), "mixed base" (containing both paraffins and
naphthenes) crude with an API Gravity Index of about 40, All of the crude,
which originates from Oklahoma, Texas, and a small percentage from foreign
sources, is received by pipeline. Most of the gasolines and fuel oils pro-
duced is shipped by pipeline with trucks and railcars also being used,
especially for coke and asphalt.

The major process units at refinery B include:

e crude distillation unit e FCCU

e delayed coker e HF and H,S0, alkylation units
e continuous asphalt blower e lube extraction and hydro-

e unifiner genation units

e catalytic reformer e propane deasphalting unit

e catalytic isomerization unit

Almost every major process unit has its own control room. Figure C-4 shows
a rough refinery plot plan of the major units.

There are approximately 850 employees including maintenance and administra-
tive personnel. Most of the routine maintenance activity is performed in-
house; contractors are brought in for turnarounds and other major mainte-

nance work. The production units operate 24 hours a day over three work
shifts, 7 days a week.
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The supervisor of personnel and safety heads a refinery safety department
that includes:

e a supervisor of fire and safety e four fire marshals
e a safety engineer e six firemen
e a chief safety inspector

Although routine industrial hygiene sampling is not performed at this re-
finery, the safety engineer who is responsible for industrial hygiene is
currently developing a sampling program. The corporate industrial hygienist
also occasionally performs sampling at this refinery.

As part of good industrial hygiene practice, the use of protective clothing
and equipment (e.g., hard hats, safety shoes, gloves, eye protection) is
emphasized. Although eating is allowed in most control rooms, smoking is
permitted only in designated areas away from the production units. Each
unit operator is thoroughly trained on the unit equipment, operations, and
associated safety hazards. The practice of good personal hygiene such as
the washing of hands before eating is also encouraged. Good unit house-
keeping is practiced as an important means of minimizing worker exposure to
potential hazards. Spills are promptly cleaned up by the unit operators,
and any necessary equipment or structure repair is also promptly carried out
by the unit operators or in-house maintenance crews.

There is a medical doctor on the premises 5 days a week from 0900 to 1700 and
two nurses 5 days a week, one from 0600 to 1400 and the other from 0900 to
1800. The fire department personnel are trained in first aid for periods
when the doctor or nurses are not on duty. All of the production workers are
given preplacement medical examinations, and annual examinations are avail-
able.

STUDY PROCESS UNITS AT REFINERY B
Fluid Catalytic Cracker Unit (FCCU)

Unit and Process Description

The FCCU is located in the northeast section of the main production

area (Figure C-4), about 600 feet east of the delayed coker and poly-
merization units and just north of the No. 1 alkylation unit. A levee runs
along the north and northeast boundaries, protecting the unit and the refin-
ery from the Arkansas River. This FCCU was built in 1949, and the CO boiler
was added in 1964. Several other modifications have been made, such as add-
ing the various cyclones for the regenerator flue gas. The current produc-
tion capacity of this unit is about 30,000 bbl/day.

Figure C-5 illustrates the layout of this unit which occupies an area about
400 by 225 feet. The side-by-side R/R structure is located east of the
fractionator and control room. The catalyst storage and CO boiler are lo-
cated east of the R/R structure. The main pump area is located just north

of the control room building, and the gas recovery area is located farther
west.
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Fresh feed for the FCCU consists of soft wax from the Tube oil dewaxing
plants, low-pressure distillate from the coker unit, and atmospheric and
vacuum gas oils. This feed, preheated by one of the two gas-fired charge
heaters (1light and heavy charge heaters), plus heavy gas oil and slurry re-
cycle from the fractionator are mixed with the hot catalyst in the two
risers leading to the reactor. The catalytic cracking takes place in the
risers as well as in the reactor. The catalyst used at this refinery is a
synthetic zeolite common to other FCCUs studied in this project. The
product vapors and the catalyst are separated (series of cyclones), and the
hydrocarbons are taken to the fractionator tower. The catalyst is stripped
with steam of any remaining oil and delivered to the regenerator through the
"spent catalyst leg." In the regenerator, the catalyst is reactivated by
oxidizing the accumulated carbon at a temperature above 1,000°F (538°C).
The flue gas from the regenerator goes through a third-stage cyclone to re-
move catalyst fines and then to the CO boiler where it is burned before
being released into the atmosphere. The regenerated catalyst is stripped
with steam of any absorbed oxygen before being recirculated back to one of
the two risers.

Figure C-5. Refinery B FCCU,

The main products from the fractionator are:

® propane e light cat cycle oil
e butane e heavy cat cycle oil
® gasoline e decanted oil

e olefin feed for the alkylation units
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Work Force

There are at least five workers assigned to the FCCU full time during each
shift. These include the chief process operator (CP0O), two control room
operators, and at least two (outside) process operators. Normally, there
are one or two additional process operators to assist in the outside opera-
tions. During both surveys, there was one additional process operator,
making a total work force of six per day shift. Following is a brief de-
scription of the duties of these six full-time shift personnel.

® Chief Process Operator (CP0): Supervises the overall unit opera-
tions. The CPO normally spends the majority of his shift outside
the control room, providing direction and assistance to the other
operators in both the bas recovery and the main production areas
of the unit.

® Control Room Process Operators (2): Both spend essentially 100% of
their shift inside, monitoring and logging in the various meters
and charts on the control board. They work closely with the CPO
and other process operators to ensure smooth operating conditions.

® (Outside) Process Operators (3): 0One process operator is respon-
sible for the CO boiler, R/R structure, and the fractionator;
another is responsible for the gas recovery side, which includes
the absorber, stripper, deethanizer, air blowers, and compressors;
and the third is designated a roving process operator responsible
for providing overlap coverage to the other two. They spend 80-
90% of their shift outside in the production area. Every 4 hours
(twice/shift), they make complete rounds of their respective areas
for meter and gauge readings and visual inspection. The quality
of the catalyst is checked twice per shift, and process stream
samples are usually collected during the day shift.

Exposure Control Measures

The exposure control measures used at this FCCU are quite typical of those
observed at the other FCCUs studied during this project. The primary con-
trol measure is a closed-system process which limits exposure to products,
by-products, and intermediates. Important also is 'a well-organized mainte-
nance program that provides both efficient preventive and repair maintenance
services. Under normal operating conditions, exposure to PAHs may occur
from sampling of the various streams, maintenance and housekeeping activi-
ties, fugitive emissions, and the regenerator flue gas.

P?ocess stream samples are normally collected once a day (day shift) for the
light and heavy oil charge, decanted oil, slurry recycle, light cat cycle
0il, and Tow-pressure distillate. The spigot-and-bottle method is used with

sampling loops which eliminate the flushing of lines. The samples are taken
to the laboratory for analysis.
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Exposure during routine maintenance is difficult to minimize. The ground
level of the unit is constructed of concrete, and the pump area has a sewer
system which simplifies cleanup procedures. The refinery has its own craft
maintenance crews (e.g., pipefitters, electricians) that provide preventive
and repair services. The last major turnaround for this unit was in the
middle of 1978. Hard hats, safety shoes, and rubber gloves with cotton
linings are worn routinely by workers at this unit. Safety glasses are fur-
nished by the company and used on a voluntary basis. Coveralls are not pro-
vided and are not normally worn. Ear protection is used in the compressor
room and the fractionator/pump area. There are no routine operations which
require the usage of respirators; however, NIOSH-approved air-purifying and
self-contained, breathing-air respirators are available. These respirators
are maintained by the refinery safety department.

The areas of the unit handling heavy fractions, which are more likely to
contain the PAHs, are in fairly open areas, minimizing potential vapor ac-
cumulation. Several of the heavy gas 0il, slurry recycle, and decanted o0il
pumps are located very close together near the fractionator tower. This is
an area where PAH concentrations might be elevated. The air-conditioned
control room, which is not under positive pressure, is occasionally downwind
of the R/R or heavy fraction pumps.

The flue gas from the regenerator goes through a series of cyclones to re-
move catalyst fumes and is then burned in the CO boiler with an auxiliary
fuel. The CO boiler removes not only carbon monoxide from the flue gas, but
also many hydrocarbons, making the effluent suitable for discharge to the
atmosphere.

Delayed Coker Unit
Unit and Process Description

The delayed coker unit, as shown in Figure C-4, is located on the northern
edge of the refinery near the river and levee. Several units including a
catalytic reformer, two platformers, an HF alkylation, and an isomerization
unit are within 200 yards to the west. Just to the east is the catalytic
polymerization unit, and to the south are numerous small storage tanks.
This coker unit has two 100-foot drums with a daily production capacity of
about 200 tons.

The unit, which was built around 1955, is spread over an area of about 300
by 225 feet (Figure C-6). The ground level of the majority of the unit is
constructed of concrete. The air-conditioned control room is part of a
larger one-story brick building used for storage and 1ight maintenance; this
control room is also used for the polymerization unit located just to the
east. The locker and shower facilities, used primarily by the coke cutters,
are located in a separate, small brick building on the south side of the
coker tower. The coker tower is an open, multilevel structure which in-
cludes the two drums, an elevator, and the penthouse at the top. Railroad
cars can be positioned directly beneath the bottoms of the drums to provide
direct loading as the coke is cut.
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Figure C-6. Refinery B delayed coker unit.

The gas-fired charge furnace is located just to the north of the control
room, and the fractionator near the coke drums just to the south. The
quench tank (not on Figure C-6) for condensing the steam from the steam-out
operation is located south of the elevator.

"Sponge" or #2 grade coke is the only type of coke produced at this unit.
The charge stock is made up of bottoms from the deasphalting and vacuum
units. The incoming charge goes either to the feed surge drum where it is
stored until needed, or to the fractionator. Prior to going to the frac-
tionator, the charge can pass through the gas-fired preheat furnace if
necessary. The light ends are flashed off in the fractionator and even-
tually go to the FCCU gas recovery. The bottoms from the fractionator are
pumped through the convection and radiant sections of the furnace, heating
the charge to about 900°F (482°C). The charge then goes to one of the two
coking drums. Each drum has a 48-hour cycle, with coke formation lasting
about 24 hours. Since the drums work as a pair, cutting of one drum occurs
every 24 hours (about 0700 every morning). The lighter vapor fractions of
the thermal cracking operation are removed from the top of the drum and sent
to the fractionator where the various products are separated and eventually
recovered. Besides coke, products from this unit include gasoline, overhead
gases, unstabilized gasoline, and gas oil.
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The complete cycle of each drum, from heating to cutting, is 48 hours.
About 9 hours before the cutting operation is scheduled, coke formation is
stopped by switching the feed to the other drum. In 30 minutes, steam

is introduced into the drum to cool it; this lasts about 5 hours, and then
water is added to further cool the drum. Nine hours after the feed is
switched, the top and bottom of the drum are opened, and an initial hole is
bored through the coke from the top with a high-pressure hydraulic bit
(>2,000 psi). The bit is changed to a revolving-head type, and the coke is
cut from the bottom up. The coke falls directly into a railcar stationed
below the drum bottom. A motorized winch is used to move the car to ensure
even loading. The actual boring and drilling lasts from 3 to 4 hours.

After cutting is completed, the top and bottom of the drum are replaced; the
drum is pressure-tested for seal, heated, and is ready, when the feed is
switched from the other drum, to begin coke formation.

Work Force

The work force for the coker unit is divided into two groups—the operations
group and the coke-cutting group. The two-person operations group works the
normal 8-hour shift; following is a brief description of their job activities.

® Chief Process Operator (CPO): 1Is in charge of the overall unit
operations. The CPO normally spends 1 to 2 hours per shift out-
side, checking equipment or making visual inspection of the unit.
The CPO can assist the process operator in tasks that require
two, such as troubleshooting. Most of the inside time is spent
performing normal board operator tasks.

® Process Operator: Performs most of the routine outside tasks such
as visual inspection, meter and gauge readings, valve switching,
steam pressure-testing of coke drums, starting and shutting down
pdmps, lubricating and oiling pumps and compressors, and sample
collecting (fresh feed, gas o0il, and slop samples once per shift).
The process operator spends almost all of the shift outside.

The coke-cutting group is normally made up of the head cutter and two
helpers, with one of the three performing drilling each cutting shift.
During this survey, there was an additional helper being trained. This
group works only during the day shift and is responsible for cutting and
cleanup operations. Cutting normally takes 3 to 4 hours; cleanup takes an
additional 2 hours.

® Head Cutter: Is in charge of the coke-cutting operation. He
performs the drilling or assists the helper. During this survey,
he was training a new helper and spent all of his shift below at
ground level.

® Helpers: When acting as the driller (as during this survey), one
helper spends 30 to 40 minutes helping to open the top and bottom
of the drum and then goes to the penthouse at the top where he
operates the drilling controls. It takes about 40 minutes to
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make the initial "bore through" and then the bit is switched for
the actual cutting, which lasts about 3 hours more. He then
helps in closing the drum and in general cleanup operations.

The nondriller helper(s) assists with opening and closing the
drum and positioning the sleeve at the drum bottom. During the
rest of the cutting operations, the helpers are below on the
ground level or on the first level of the coke tower structure.
One helper is positioned in a three-sided shelter open to, and
level with, the top of the railcar. From here, he regulates
movement of the cars (by motorized winch) to allow even loading
of the cars. Another helper is also on this level using a long
pole to help distribute the accumulating coke evenly. Cleanup
is ongoing during cutting, but everyone helps once the cutting
is completed. Large coke pieces on the ground are either picked
up or shoveled, and the whole area is hosed down to wash smaller
coke particles down into the sluice (fines pit).

At the beginning of the day shift, the coke cutters will often report to

the control rooms; however, they rarely go back during the shift. They
change and shower in their separate locker room building and eat their lunch
there. Smoke breaks are taken in an area to the north of the unit.

Control Measures

The coke-cutting operation is one of the few in a refinery that is not a
closed system; consequently, it is more difficult to minimize worker expo-
sure during this operation. During every cutting cycle, the top and bottom
of the drum must be opened manually; the coke must be cut by the driller;
and the helpers must clean and prepare the fittings and, at this particular
unit, ensure that the railcars are properly loaded, and clean up the coke
tower structure and ground area. There are several important advantages and

disadvantages concerning worker exposure associated with cutting the coke
directly into railcars.

This method using railcars eliminates the need for cranes and any other type
of loading equipment such as front-end loaders and trucks. However, this
method requires that at least one of the helpers be stationed at the drum
bottom area to ensure proper railcar loading. This worker(s) is in very
close proximity to the falling coke, splashing water, and water mist. The
coke at this point has been cooled, and hydrocarbon vapor is not likely.
Exposure is more likely to be dermal and to coke particulates.

The opening of the top and bottom of the drum was done efficiently and
quickly. The head cutter and two helpers worked as a team to complete both
openings in about 40 minutes. After the bottom is dropped, a metal sleeve
is positioned directly under the bottom of the drum. This forms a more
closed system on this level where the helpers spend a good part of their
time during the operation.

The penthouse on the top level is a relatively enclosed one-room building
(10 by 20 feet) where the driller operates the overhead drills. There are

two circular openings in the roof and several windows; however, natural
ventilation did not appear to be good.

€-19



Direct loading of railcars normally requires considerable cleanup at the end
of each cutting, as was the case at this unit. The tracks have to be
cleared of the large coke chunks, and the entire ground area must be hosed
down. This takes up to 2 hours.

A1l workers on this unit wore hard hats, safety shoes, and rubber gloves
with cotton lining. Coveralls were not provided by the employer; normally,
the cutters put on a jacket or other type of outer clothing in the locker
room and showered or washed up at the end of their shift. There were no
routine operations that required the use of respirators; however, NIOSH-
approved air-purifying and self-contained, breathing-air respirators were
available. The operations crew ate in the control room; the cutters ate and
rested in their separate building. Both the control room and the building
used by the cutters were air-conditioned but not under positive pressure.
Because of the changing wind direction, these buildings are occasionally
downwind of the coke drums or pumps.

The steam that is used to cool the drums is sent through a quench tank
before it is vented to the atmosphere. A flare is available for turnarounds
or any other conditions that might require it.

Deasphalting Unit
Unit and Process Description

The propane deasphalting unit (PDA), as shown in Figure C-4, is just south
of the fire station and about 150 yards south of the No. 1 alkylation unit.
It is also about 300 yards east of the asphalt-blowing unit. The PDA has
two deasphalting towers in the northeast corner of the unit, and has a pro-
duction capacity of about 5,000 barrels of asphalt per day.

This unit, which is approximately 20 years old, is spread out over an area
of about 250 by 150 feet (Figure C-7). The propane storage tanks are lo-
cated in the southwest corner; just to the east is the air-conditioned con-
trol room, which is part of a larger one-story building housing compressor
and pump rooms. There are three gas-fired furnaces,in the southeast corner
of the unit near the asphalt and oil flash towers. The ground level of the
entire unit is constructed of concrete.

There are two separate deasphalting processes within this one unit. One
process (designated "A" for this report) yields a larger percentage of as-
phalt than oil. The asphalt is used for asphalt blowing and coke produc-
tion, and most of the gas oil is used for FCCU charge. The second process
(designated "B") yields a smaller percentage of asphalt than oil; the as-
phalt is sent to the coker, and the oil produced is used for lube oil and
wax production.
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Figure C-7. Refinery B deasphalting unit.

The feed stock for this unit is reduced crude from the crude unit. The feed
is steam-heated to operating temperature and fed to the center of the deas-
phalting towers. Here it comes in contact with liquid propane which has
also been steam-heated, and the liquid-liquid extraction process takes place.
Asphalt is removed from the bottom of the reactors, and the extracted oil
(and propane) are removed from the top. The asphalt from both towers passes
through separate gas-fired heaters and then to flash drums where most of the
propane is removed. The asphalt then goes to the steam strippers to remove

any remaining propane, and then is pumped to the asphalt blower or coker
units.

The oil-propane phase from the "A" deasphalting tower is heated and sent to
the o0il flash tower, where much of the propane is vaporized by indirect
steam-heating. The remaining propane is removed from the oil by steam-

stripping in the oil stripper. This gas oil is pumped to storage tanks
until needed as FCCU charge.

The oil-propane phase from the "B" deasphalting tower undergoes a more in-
volved process to separate the propane and oil. There are a series of com-

pressors, settlers, and strippers that separate the 0il for use in the lube
and wax units.
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Work Force

Three workers are assigned to this unit per shift, including one inside
board operator and two outside operators. Job duties are typical of inside
and outside operators on totally enclosed, continuous process units.

Asphalt Blowing Unit
Unit and Process Description

The asphalt blowing unit is Tocated about 100 yards east of the crude unit
and 100 yards south of a series of cooling towers. There are two blowing
towers, side by side, with a maximum capacity of about 6,000 barrels of
blown asphalt per day. Normal production ranges from 1,000 to 4,800 barrels
per day.

The unit was converted in 1962 from oil distillation stills to the blowing
towers. The unit (Figure C-8) is a relatively small, simple unit with main
structures that include a small brick control building, the two blowing
towers, and a thermal oxidizer unit (incinerator) which was added in 1978 to
help control the emissions from the towers. The unit work surface is gravel.

Pumps D []

Control
Building Thermal O
Oxidizer

Blowing Towers

Figure C-8. Refinery B asphalt blowing unit.

The feed to the blowing towers comes from the deasphalting unit and enters
the vertical vessels in the upper half at two or three points. The com-
pressed air passes through a knockout drum, to remove any entrained mist and
particulates, and is discharged into the bottom of the towers. The blown
asphalt is pumped to storage tanks.

Work Force

This unit requires only two workers per shift, one inside control board
operator and one outside operator.
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REFINERY C

DESCRIPTION OF REFINERY C

Refinery C is a "large" (185,000 bb1l/day), "nonmajor" refinery located on
the Gulf Coast of Texas. The refinery originated in the 1940s and was pur-
chased by the current company in 1962, when its capacity was 35,000 bbl/day.
At the time of the survey, the refinery was spread over 200 acres, process-
ing over 150,000 barrels of crude a day, and producing a full line of petro-
leum products which includes:

® propane o #2 fuel oil

e butane e #2 (sponge) coke

e Jjet fuel e asphalt

® gasolines e sulfur

e Diesel fuel e petrochemicals (benzene, xylene)

The Middle Eastern (e.g., Iran, Iraq) crude refined here is a high-sulfur
(2.15% sulfur by weight), "mixed base" (containing both paraffins and naph-
thenes) crude with an API Gravity Index of about 33. The crude is received
by pipeline and tankers. The products are shipped by pipeline, barges,
ships, and trucks.

The major process units at Refinery C include:

e three crude distillation e benzene, cumene unit

units e hydrodealkylation unit
e two vacuum distillation (Hydeal)

units e two light ends units (LEUs)
e FCCU e sulfur unit
e three catalytic reformers e hydrodesulfurization units
e HF alkylation unit (HDS)

e delayed coker

These units are divided into two main production areas designed "east" and
"west" and are about one-third of a mile apart. Most of the refinery's
sulfur processing is performed in the "west" area. Figures C-9 and C-10
show rough refinery plot plans of each section. Most units, with the excep-
tion of the FCCU, do not have their own control building; two to four units
normally share a centrally located control building.

There are approximately 400 employees, including maintenance and administra-
tive personnel. Most of the routine maintenance activity is performed in-
house; contractors are brought in for turnarounds and other major mainte-

nance work. The production units operate 24 hours a day over three work
shift, 7 days a week.

The safety and health staff at this refinery consists of the safety, secur-
ity, and fire protection department which includes the supervisor and four
safety marshals; the environmental laboratory group made up of the lead en-
vironmental engineer, the special projects chemist, and four laboratory
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technicians. The safety department staff as well as a number of other re-
finery personnel are trained in first aid and cardiopulmonary resuscitation.
There is also a company physician on retainer. All of the product1on.worgers
are given preplacement medical examinations, and annual periodic examinations
are made available. Although routine industrial hygiene sampling is not
performed at this refinery, the special projects chemist is responsible for
any sampling required for compliance purposes.

As part of good industrial hygiene practice, the use of protective clothing
and equipment (e.g., hard hats, safety shoes, gloves, eye protection) is
emphasized. Whereas eating is allowed in most control rooms, smoking is
permitted only in designated areas away from the production units. All new
employees attend an extensive training session over a 3-week period which
includes information on unit equipment, operations, respirator use, safety
hazards, fire protection, and first aid. The practice of good personal hy-
giene such as the washing of hands before eating is also encouraged. Good
unit housekeeping is practiced as an important means of minimizing worker
exposure to potential hazards. Spills are promptly cleaned up by the unit
operators, and any necessary equipment or structure repair is promptly car-
ried out by the unit operators or in-house maintenance crews

STUDY PROCESS UNITS AT REFINERY C
Fluid Catalytic Cracker Unit (FCCU)
Unit and Process Description

The FCCU is located in the northern section of the refinery's east produc-
tion area (Figure C-9) between the light ends unit (LEU) and the No. 3 crude
and No. 1 hydeal units. The present FCCU was built in 1963; there have been
three major modifications, primarily to the riser, increasing the unit's
capacity which is currently about 20,000 bbl/day.

Figure C-11 illustrates the layout of this unit which occupies an area of
about 300 by 200 feet. The stacked-type reactor/regenerator (R/R) structure
is located south of the control room and north of the charge heater, CO
boiler, and precipitator. The fractionator, with several heavy-fraction
pumps around it, is located to the west of the R/R, and the gas recovery
area is located just west of the control room. The No. 2 vacuum unit, which
was not in operation during the survey, is situated in the southwest corner.

Fresh feed for the FCCU consists of atmospheric and vacuum gas oil ("raw
0il"). This feed is preheated by the gas-fired charge heater or goes to the
raw 0il drum for temporary storage. The hot charge plus slurry recycle from
the fractionator are mixed with the hot catalyst in the riser leading to the
reactor. The catalytic cracking takes place in the riser as well as in the
reactor. The catalyst used at this refinery is a synthetic zeolite common
to other FCCUs studied in this project. The product vapors and the catalyst
are separated by using a series of cyclones, and the hydrocarbons are trans-
ferred to the fractionator tower. The catalyst is stripped with steam of
any remaining oil and delivered to the regenerator through the spent cata-
lyst lTeg. In the regenerator, the catalyst is reactivated by oxidizing the
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accumulated carbon at a temperature above 1,000°F (538°C). The flue gas
from the regenerator normally goes to the CO boiler where it is burned and
is then passed through a precipitator to remove catalyst fines before being

released into the atmosphere. The CO boiler and/or the precipitator can be
bypassed under certain circumstances.

Gas Compressor House

Gas Concentration Area

OO0 o000

” || 1] ] ”‘ Control

Pump Area Room
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| l Regenerator

Reactor/ O

L/ Fractionator Catalyst

I O Hoppers

X
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Heater Precipitator

No. 2
Vacuum Unit

Figure C-11. Refinery C FCCU.

The main products from the fractionator are:

® Dpropane e light cat cycle oil
e butane e heavy cat cycle oil
® gasoline e clarified slurry
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Work Force

There are normally four full-time workers assigned to the FCCU during each
shift. 1In addition, there is a unit supervisor on duty during each day
shift and on call 24 hours a day. Normally the unit supervisor does not
spend a full shift at the FCCU; he may be at the maintenance and engineering
building or at other refinery locations. Following is a brief description
of the activities of the four full-time shift personnel.

® Lead Operator: Supervises routine unit operations, working closely
with other operators as well as with the unit supervisor during the
day shift. He spends about 50% of his time outside assisting and
supervising other operators in all areas of the FCCU, the No. 2
vacuum unit (when in operation), and the LEU just to the east of
the control building.

® Operator #1 (Boardman): Spends essentially 100% of his shift
inside, monitoring and logging in various meters and charts on
the control board. He works closely with the lead operator, as
well as with other outside operators.

® Operator #2 ("A" Helper): Performs routine outside duties for the
R/R, fractionator, gas concentration, and vacuum unit areas. Peri-
odically he takes meter and gauge readings, makes visual inspec-
tions, gauges tanks, monitors uptake of chemical additives, keeps
pumps oiled, and maintains the unit by general housekeeping. He
spends about 60% of his shift outside. Although most process
stream samples are collected during the morning shift (2300-0700),
the day-shift operators do collect a small number of liquid and
gas samples (e.g., raw oil charge, light and heavy cat gas 0ils).

® Operator #3 ("B" Helper): Performs routine outside duties for the
LEU, the treating area, and the gas concentration area. Duties
are similar to those of the A helper.

Exposure Control Measures

The exposure control measures used at this FCCU are quite typical of those
observed at other FCCUs studied during this project. The primary control
measure is a closed-system process which Timits exposure to products, by-
products, and intermediates. Also important is a well-organized maintenance
program that provides both efficient preventive and repair maintenance ser-
vices. Under normal operating conditions, exposure to PAHs may occur during
sampling of the various streams, during maintenance and housekeeping activi-
ties, from fugitive emissions, and from the regenerator flue gas.

ATthough most process stream samples are collected during the morning shift,
some samples including heavy-fraction samples (e.g., raw oil charge, clari-
fied slurry) are also collected during the other two shifts. Sample bombs
are used only for gas samples; liquid samples are collected by the spigot-
and-bottle method with sampling loops that eliminate the flushing of lines.
The samples are taken to the laboratory for analysis.
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Exposure during routine maintenance is difficult to minimize. The ground
level of the entire unit is constructed of concrete with a sewer system;
this simplifies cleanup procedures. The refinery has its own craft mainte-
nance crews (e.g., pipefitters, electricians) that provide preventive and

repair services. The last major turnaround for this unit was in February
1977.

Hard hats, safety shoes, and rubber gloves with cotton Tinings are routinely
worn on this unit, and eye protection is available. There are no routine
operations that require the use of respirators; however, air-purifying and
self-contained, breathing-air respirators are available.

Areas of the unit handling heavy fractions, which are more likely to contain
the PAHs, are in fairly open areas, minimizing potential vapor accumulation.
Several of the heavy gas oil, slurry recycle, and raw oil pumps are located
close together near the fractionator tower. This is an area where PAH con-
centrations might be elevated. The control room, which is not under
positive-pressure ventilation, is seldom downwind of the R/R or heavy frac-
tion pumps.

Flue gas from the regenerator is burned in the CO boiler with an auxiliary
fuel. The heat produced here is used to generate steam. The CO boiler re-
moves many hydrocarbons as well as carbon monoxide from the flue gas, which
then goes to an electrostatic precipitator to remove catalyst fines before
the effluent is discharged through a stack into the atmosphere.

Delayed Coker Unit
Unit and Process Description

The delayed coking unit is one of about six process units located at the
west production area of the refinery (Figure C-10). The coker is surrounded
by the kerosene and Diesel hydrodesulfurization (HDS) unit to the east, the
No. 4 crude and vacuum units to the southeast, the control building to the
south, the sulfur recovery unit to the west, and the refinery boundary to
the north. This coker unit has two 80-foot drums with a daily production
capacity of about 450 tons of No. 2 or "sponge" coke.

The unit, built in 1972, is spread over an area of about 300 by 300 feet
(Figure C-12). There are three main areas divided by two roads. The coker
tower, railroad tracks and cars, water recycling, and blowdown drum are lo-
cated in the north area of the unit. The coker tower is an open, multilevel
structure that includes two drums, an elevator, and the penthouse at the
top. Railroad cars can be positioned directly beneath the drums to provide
direct loading as the coke is cut. Just to the south is the gas-fired
charge furnace, the fractionating tower, and the gas-recovery area. The
ground level is constructed of concrete. The air-conditioned control build-
ing is located farther south across another road. This control building is
also used for the No. 4 crude and vacuum units, and the kerosene and Diesel
HDS unit.
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Figure C-12. Refinery C delayed coker unit.

The coker charge stock comes from the vacuum units (bottoms) and storage
tanks to the coker charge drum. From here, the charge is pumped to the con-
vection section of the gas-fired furnace and then to the fractionator where
light and heavy ends are separated. The lighter fraction goes through a
series of separators, including the coker overhead receiver, primary ab-
sorber, and sponge absorber, before finally going to the fuel gas plant.

The bottoms from the fractionator are pumped to the radiant section of the
furnace where the charge is heated further (probably to about 900°F (482°C)) .
The hot charge goes through the switch valve on the second level of the
coker tower and is directed to one of the two coke drums. Each drum has a
40-hour cycle, with coke formation lasting about 20 hours. Since the drums
work as a pair, cutting of one drum normally occurs every 20 hours; the
average "outage" (distance from the coke to the top of the drum) is about
25 feet. Lighter vapor fractions of the thermal cracking operation are re-
moved from the top of the drum and sent to the fractionator where various
products are separated and eventually recovered. Besides coke, products
from this unit include:

e fuel gas ® propane
e light gas oil e butane
e heavy gas oil ® naphtha
e FCCU charge
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The complete cycle of each drum, from drum heating to cutting, is 40 hours.
About 8 hours before the cutting operation is scheduled, coke formation is
stopped by switching the feed to the other drum. In 30 minutes, steam

is introduced into the drum to cool it. After about 5 hours, the drum is
vented to the atmosphere; then water is added to further cool the drum.
Eight hours after the feed is switched, the top and bottom of the drum are
opened and an initial hole is bored through the coke from the top with a
high-pressure hydraulic bit (>2,000 psi). The bit is changed to a revolving-
head type, and coke is cut from the bottom up. The coke falls directly into
a railcar stationed below the drum bottom. A motorized winch is used to
move the car to ensure even loading. Contractor personnel then transfer the
coke from the railcars to trucks by crane.

After cutting is completed, the top and bottom of the drum are replaced; the
drum is pressure-tested for seal, heated, and is ready to begin coke forma-
tion when the feed is switched from the other drum. The entire cutting
operation normally Tasts from 4 to 6 hours.

Difficulties were encountered during both cutting shifts observed during
this survey. As a result, the cutting operations lasted longer than normal.
During the first cutting shift, it took well over an hour to "drop" the
bottom of the drum as it was tightly adhered to the coke. During cutting,
the drill bit was bent by too rapid a descent. The total cutting operation
lasted about 12 hours. During the second cutting shift, the bottom of the
other drum not scheduled to be cut was leaking an asphalt-like material.
This had to be tightened before normal operations could be started. The
bottom was dropped more easily during this second shift, but the cutting
operation again took longer than normal. After a total of 7 hours from the
beginning of the cutters' shift, the cutting was completed.

Work Force

The work force for the coker unit is divided into two groups, the operations
group and the coke-cutting group. During the survey, there were only two in
the operations group who worked primarily on the coker unit. These two, the
boardman and the coke helper, worked the normal 8-hour shift. In addition,
there was a lead operator and a unit supervisor whose responsibilities in-
cluded the coker unit as well as the No. 4 crude and vacuum units, and the
kerosene and Diesel HDS unit. The lead operator is a normal shift worker,
but the unit supervisor is on duty during the day shift and on 24-hour call.
Following is a brief description of job activities of the boardman and coke
helper.

® Boardman: Spends essentially 100% of the shift inside, monitoring
and logging in various meters and charts on the control board. Is
also the boardman for other units that have their monitors in this
control room. Works closely with the helpers.

® C(oke Helper: Performs all routine outside tasks preparing for
coke-cutting operation, such as switching the charge valve, open-
ing and closing the steam and water lines, and venting the drums.
Periodically, performs visual inspection of entire unit, meter
and gauge readings, and cleaning and oiling of pumps. Spends
about 50% of his shift outside in the production area.
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During the survey, the coke-cutting group consisted of a driller and two
bottom cutters; occasionally, there is an additional bottom cutter. This
group works independently of the operations crew. They come in about 30
minutes before a drum is scheduled to be cut, work until the cutting and
cleanup is finished, wash up, and leave. This usually takes 4 to 6 hours
but can take much longer. Following is a brief description of work activi-
ties of the three coke cutters.

e Driller: Spends about 20 to 30 minutes opening the top of the drum
and can help with the opening of the bottom and positioning of the
sleeve. Controls the drilling operation from his position in the
penthouse. He usually stays there during the entire cutting opera-
tion except for breaks. He helps to close the drum and to clean
up when the operation is completed.

® Bottom Cutters (2): They work as a team to remove the transfer
line, to open the bottom of the drum, and to position the sleeve
before cutting starts. During cutting, one worker is positioned
in an enclosed shelter with a window near the bottom of the drum
to observe and direct the railcar loading. They both help with
cleanup operations.

Control Measures

The coke-cutting operation is one of the few in a refinery that is not a
closed system. Because of this, it is more difficult to minimize worker
exposure during this operation. During every cutting cycle, the top and
bottom of the drum must be opened manually; the coke must be cut by the
driller; the bottom cutters must clean and prepare the fittings and, at this
particular unit, they must ensure that the railcars are properly loaded and
clean up the coke tower structure and ground area. There are several impor-
tant points concerning worker exposure associated specifically with cutting
the coke directly into railcars.

This method, using railcars, normally eliminates the need for the crane and
any other type of loading equipment such as front-end loaders and trucks.
However, this was not the case at this particular coking unit; a crane was
used to transfer the coke from the railcar to trucks. The crane operator
and truck drivers were not regular refinery employees. This method also
requires that one of the cutters be stationed at the drum bottom area to
ensure proper railcar loading. Although in an enclosed shelter, this worker
is in close proximity to the falling coke, splashing water, and water mist.
The coke at this point has been cooled, and hydrocarbon vapor is not likely.
Exposure is more likely to be dermal and to coke particulates.

The bottom of the drum normally drops off easily; however, during the survey
the coke cutters had to use pneumatic hammers, sledge hammers, iron poles,
and shovels to remove the bottom. The operation, which normally takes 30
minutes, took well over an hour. Temperature variability or inconsistent
flow of the feed charge could have caused the problem. After the bottom is
dropped, a metal sleeve is positioned directly under the drum. This forms a
more closed system on this level where the cutters spend a good part of their

C-31



time during the operation. The penthouse on the top level is a relatively
enclosed one-room building (15 by 40 feet) where the driller operates the
overhead drills. Natural ventilation did not appear to be good.

Direct loading of railcars normally requires considerable cleanup at the end
of each cutting, as was the case at this unit. The tracks have to be cleared
of the large coke chunks, and the entire ground area must be hosed down.

Clean coveralls were provided to the coke cutters daily. They also wore
hard hats, eye protection, and gloves. The locker and shower room was part
of the control building. During sampling shifts, the control room was down-
wind of the coke tower and heavy-fraction pumps.

Steam that is used to cool the drums is sent through a blowdown quench drum
before it is vented to the atmosphere. A flare is available for turnarounds
or any other condition that might require it.

Asphalt Processing
Unit and Process Description

The asphalt processing at this refinery consists of three vacuum distilla-
tion units; the bottoms from the fractionator towers are pumped to storage

as asphalt without any further processing. The No. 1 vacuum unit is located
just north of the No. 1 and No. 2 crude units in the east production area
(Figure C-9). The No. 2 vacuum unit, which was not in operation during the
survey, is located in the southwest corner of the FCCU (Figures C-9 and C-11).
The No. 4 vacuum unit is located just east of the coker control building
within the No. 4 crude unit (Figure C-10). The asphalt production capacity
of this refinery is about 500 bbl/day.

Work Force

No workers are assigned full time to any of the vacuum units. One or more
of the outside operators of nearby units spend a small part of their shift
covering the vacuum units. For example, when the No. 2 vacuum unit is oper-
ating, the lead operator and the A helper of the FCCU are responsible for
the vacuum unit.
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REFINERY D

DESCRIPTION OF REFINERY D

Refinery D is a "large" (405,000 bbl/day), "major" refinery located in
southern California on the Pacific coast. The refinery was originally built
in 1911. Currently it occupies over 950 acres and at the time of the survey
was processing close to 300,000 barrels of crude a day and producing a full
line of petroleum products which included:

® propane o Diesel fuel

e butane e fuel oils (#2 and #6)
e Jjet fule e lube oils

e gasolines e #2 (sponge) coke

The domestic crude refined here during the survey was a combination of Cali-
fornia and Alaskan North Slope crude, with a sulfur content of about 1.0% by
weight. The API Gravity Index was 25, and the crude was categorized as a
"mixed base" type (containing both naphthenes and paraffins). The crude is
received by pipeline and offshore tankers. Products are marketed primarily
in the local area and are shipped by pipeline; trucks are used for the coke
that is taken to the local docks for shipment overseas.

The major process units at Refinery D include:

e four crude distillation units e three catalytic reformers
e three vacuum distillation units e FCCU

e delayed coker e H,S0, alkylation unit

e three hydrodesulfurization units e polymerization unit

Almost every major process unit has its own control room. Figure C-13 shows
a rough refinery plot plan of the area around the units studied during this
survey.

There are approximately 1,350 employees at this refinery, including produc-
tion, administrative, and maintenance workers. Most of the routine mainte-
nance activity is performed in-house; contractors are brought in for turn-
arounds and other major maintenance work. At the delayed coker unit, con-
tractors are used for some routine production and maintenance activities.
The production units operate 24 hours a day over three work shifts; there
are four separate production work crews that rotate weekly.

The safety and health staff at this refinery includes three safety engineers,
two occupational physicians, and three occupational health nurses.

A1l are under the direct supervision of the refinery's general manager. The
doctors and nurses are on the premises full time during the day shift, 5 days
a week. A large number of the refinery employees are trained in first aid
and cardiopulmonary resuscitation. The dispensary and treatment room is
fully equipped to handle first-aid situations and various routine examina-
tions. All of the production and maintenance workers are given preplacement
medical examinations, including audiometric testing. There is also a sched-
ule for periodic physical examinations.
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Figure C-13. Refinery D survey study area.

As part of good industrial hygiene practice, the use of protective clothing
and equipment (e.g., hard hats, safety shoes, rubber gloves, coveralls, slick
suits, eye protection) is emphasized. The company provides fresh cover-
alls daily and a laundering service. Eating and smoking are allowed in most
control rooms. All new employees attend an extensive training session over
a 3-week period that includes information on unit equipment, operations,
respirator use, safety hazards, fire protection, and first aid. Formal
training continues over the first 3 years. The practice of good personal
hygiene, such as the washing of hands before eating, is also encouraged.
Good unit housekeeping is practiced as an important means of minimizing
worker exposure to potential hazards. Spills are promptly cleaned up by the
unit operators, and any necessary equipment or structure repair is promptly
carried out by the unit operators or in-house maintenance crews.

The safety engineers are responsible for the industrial hygiene sampling.
Although a routine sampling schedule is not yet established here, a con-
siderable amount of monitoring is conducted upon request, for compliance
purposes, and for any other reasons felt necessary by the refinery personnel.
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STUDY PROCESS UNITS AT REFINERY D
Fluid Catalytic Cracker Unit (FCCU)
Unit and Process Deseription

The FCCU is located south of the aromatics recovery unit and southeast of
the delayed coker and sulfur recovery units (Figure C-13). The reactor/
regenerator (R/R) structure is a side-by-side type with a single riser to
the reactor; the height of both the reactor and the regenerator is about 50
feet. The unit, which was designed and installed in the 1950s, has under-
gone various modifications, the most recent ones involving the precipitator
in 1974 and the deethanizer in 1979. The production capacity of this FCCU
is about 55,000 bbl/day; during the survey, it was operating at about 90%
capacity.

The unit covers an area of about 400 by 400 feet (Figure C-14). The regen-
“erator, reactor, fractionator, and two rows of pumps run west to east, about
one-third of the distance from the northern boundary of the unit. The air-
conditioned control building, the compressor platform, and the H,S treating
area are located in the north area of the unit. The precipitator and CO
boiler for the regenerator flue gas are located on the west side of the
unit, south of the regenerator. The vapor separation and recovery area runs
east to west in the central area of the unit.

Fresh feed for the FCCU comes from the crude units (atmospheric gas oil) and
vacuum units (light and heavy vacuum gas oils). This fresh feed plus the
bottoms (recycle) from the fractionator are injected into the riser where
catalytic cracking is initiated as the hot-oil feed contacts the catalyst.

The product vapors and the catalyst are separated in the single-feed riser
line and in the reactor itself. The hydrocarbons are taken to the frac-
tionator where the various products are separated. The catalyst is stripped
of any remaining oil with steam and delivered to the regenerator where spent
catalyst is reactivated by oxidizing the accumulated carbon at a combustion
temperature normally greater than 1,000°F (538°C). Flue gas from the regen-
erator goes through an electrostatic precipitator for removal of most of the
catalyst fines and then to the CO boiler where it is burned before being re-
leased to the atmosphere through the stack. The regenerated catalyst-is

stripped of any absorbed oxygen with steam before being recirculated back
to the reactor.

The main products from the fractionator are:

e butane ® heavy cat gasoline
® propane e fuel gas
e light gas oil
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Figure C-14. Refinery D FCCU.

Work Force

There are normally six full-time workers assigned to the FCCU during each
shift. Following is a brief description of the duties of these workers.

® Head Operator: Has overall responsibility for the entire unit.
This entails working closely with the houseman and supervising
outside activities of the four (or more) outside operators. He
pays particular attention to any operational difficulties as
well as any specific fire or safety hazards, such as gas leaks.
He normally spends about 50% of his shift outside the control
room in the various production areas.
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® Unit Operator: Is the primary outside operator who performs routine
duties related to the R/R structure, the fractionator, the compressor
deck, the CO boiler, and the pump row (pumps p-119 to p-122) that
includes the fractionator bottoms pump and the fresh charge pump.
Duties include general inspection of all equipment, meter and gauge
reading, pump oiling and routine maintenance. He spends about 60%
of his shift outside in the production areas.

® Operator I: This outside operator has primary responsibility for
the vapor recovery and caustic sections, the pump row which in-
cludes pumps p-143 to p-181, and the blowoff tank. Periodically,
he makes visual inspections, takes meter and gauge readings,
gauges tanks, monitors uptake of chemical additives, keeps pumps
oiled, and maintains the unit by general housekeeping. He spends
about 60% of his shift outside in the production areas.

® Operator II: This outside operator has primary responsibility for
the FCCU cooling towers, the H,S treatment plant, and the poly-
ammonia and polysulfide scrubbers. He also acts as an overlap in
various other areas of the unit. His duties include periodic in-
spections, meter and gauge readings, adding chemicals, and col-
lecting water samples at the cooling towers.

® JHouseman (Operator III): Spends essentially 100% of his shift
inside the control building, monitoring and logging in the various
meters and charts on the control board. He works closely with the
head operator, as well as with the other outside operators.

® Operator IV (CO Boiler Operator): This outside operator has primary
responsibility for the CO boiler and precipitator hoppers. His
duties include collecting water samples and adding chemicals,
reading meters and gauges, and greasing and lubing equipment.
During the survey, he also spent time painting the separate small
CO boiler control room, located just to the east of the CO boiler.
He normally spends about 50% of his shift outside; the rest is
spent in the CO boiler control room, where he monitors and logs in
the various charts on the control board.

In addition to these six workers, occasionally there are one or two helpers
who work wherever they are needed during that day. During the first sam-
pling day, the one extra helper spent about 1% hours at the CO boiler and
also did work at the H,S treatment area. During the second sampling day,

the extra helper worked at the chemical shed on the outskirts of the unit
and in the CO boiler area.

Exposure Control Measures

The primary exposure control measure used at this FCCU is a closed-system
process which 1imits exposure to products, by-products, and intermediates.
Also important is a well-organized maintenance program that provides both
eff1c1ent preventive and repair maintenance services. Under normal oper-
ating conditions, exposure to PAHs may occur during sampling of the various
st?eams, during maintenance and housekeeping activities, from fugitive
emissions, and from the regenerator flue gas.
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The use of sample bombs for collecting process stream samples is a means of
minimizing exposure and is used for collecting at least some of the stream
samples at this unit. The sample bomb is placed in an auxiliary process
line, and the stream is diverted through this line, filling the vessel. The
valves at each end of the bomb are closed, and the bomb can be removed with
minimum exposure to the collector. Most of the liquid stream samples are
collected using the spigot-and-bottle method with sampling loops that elimi-
nate the flushing of lines.

Exposure during routine maintenance is difficult to minimize. The ground
level of the unit is constructed of concrete with an efficient sewer system
that simplifies cleanup procedures. The refinery has its own craft mainte-
nance crews (e.g., pipefitters, electricians) that provide preventive and
repair services. Hard hats, safety shoes, and neoprene gloves are worn
routinely, and coveralls and safety or slick suits are available. Dispos-
able ear plugs are used in the compressor areas. There are no routine
operations that require the usage of respirators; however, NIOSH-approved
air-purifying and self-contained breathing-air respirators are available.
These respirators are maintained by the refinery safety department.

The areas of the unit handling heavy fractions, which are more likely to
contain the PAHs, are in fairly open areas minimizing potential vapor ac-
cumulation. The pumps are south of the control building running in two rows
west to east. Several of the heavy-fraction pumps, including the fraction-
ator bottoms pump, are located close together around the base of the frac-
tionator tower. This is an area where PAH concentrations might be elevated.
The control house, which is air-conditioned but not under positive-pressure
ventilation, is occasionally downwind of the R/R or heavy-fraction pumps.

The flue gas from the regenerator passes through an electrostatic precipi-
tator for removal of spent catalyst fines and then is burned in the CO
boiler with an auxiliary fuel. The heat produced here is used to generate
steam. The CO boiler removes not only carbon monoxide from the flue gas
but many other hydrocarbons, making the effluent suitable for discharge to
the atmosphere.

Delayed Coker Unit
Unit and Process Description

The delayed coker unit, as shown in Figure C-13, is located south of the
sulfur recovery unit, east of the drum reconditioning plant, and west of
the aromatic recovery unit and the FCCU. The unit has six 92-foot coke
drums with a daily production capacity of 900 to 2,700 tons (one to three
drums cut each day). This is one of the larger delayed coker units in
terms of coke production that was visited during this study.

The unit, which is about 11 years old, is spread over an area of about 500
by 300 feet (Figure C-15). The ground level of the entire unit is con-
structed of concrete. The control building is located in the northeast
corner of the unit; it houses the shift supervisor room, the kitchen, and
the locker and shower facilities, as well as the control board room. The
coke tower (an open, multilevel structure that includes the six drums) is
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in the center of the unit running north to south, with the coke storage pit
just to the west of it. The coke that has been cut is moved by an overhead
crane from the pit to a crushing machine located alongside the pit. The
crushed coke travels by conveyor belt about 300 yards to the truck-loading
hopper and an A-frame storage structure. The coke fills the hopper initially
and then is diverted to storage. Trucks are loaded automatically by driving
beneath the hopper and selecting the amount of coke to be dropped. The coke
is wetted here, but the trucks are not covered. Most of these trucks are not
owned by this oil company.
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Figure C-15. Refinery D delayed coker unit.
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The three gas-fired furnaces and the fractionator are located just to the
east of the coke tower; the vapor recovery area and blowdown and quench
drums are located in the southeast corner of the unit.

Sponge or No. 2 grade coke was the type produced during the survey and is
the predominant type produced at this refinery. The charge stock for sponge
coke is primarily residual from the vacuum distillation units. The charge
is pumped from storage tanks to the fractionator where the lighter fractions
are separated and processed in the vapor recovery area. The bottoms from
the fractionator are then pumped (pump p-501) to the series of furnaces
where they are heated to a suitable reaction temperature (normally about
900°F or 482°C). The heated charge then goes to one of six coking drums
where the thermal cracking process begins. There are three pairs of drums,
and each drum has a 48-hour cycle with coke formation lasting about 24 hours.
Normally one drum is cut each shift. The lighter vapor fractions of the
thermal cracking operation are removed from the top of the drum and sent to
the fractionator where various products are separated and eventually re-
covered. Products from this unit, other than coke, include: propane,
butane, gas oil, and naphtha.

Routine procedures are used at this unit to prepare each drum for cutting.
Coke formation is stopped by switching the feed to the other drum of

the pair. Steam followed by water is used to cool the drum; this lasts
several hours. About 1 hour before cutting is scheduled, the top and bottom
of the drum are opened, and the coke is cut with a high-pressure hydraulic
bit. An initial hole is bored through the coke, and then the coke is cut
from the bottom up. The coke falls down a chute into the coke storage pit.
Drilling normally lasts from 3 to 4 hours.

After cutting is completed, the top and bottom of the drum are replaced.
The drum is pressure-tested for seal, is heated, and is ready when the
feed is switched from the other drum to begin coke formation.

Work Force

The work force for the coker unit can be divided into two groups, the opera-
tions group and the coke-cutting and handling group, both of which are
supervised by the division shift supervisor. This supervisor works the
normal shift and has a separate office in the control building. During a
normal day shift, the supervisor spends 50 to 60% of his time outside moni-
toring the various operations; he does not usually participate in the work
activity. The three-man operations group works the normal 8-hour shift;
following is a brief description of their job activities.

® Boardman: Spends essentially 100% of his shift inside the control
building, monitoring and logging in the various meters and charts
on the control board. Works closely with other operational workers.

® Head Operator: Spends anywhere from 25 to 75% of his shift outside
in the production area, depending on operating conditions. During
the first sampling day, the head operator was frequently outside
(up to 60% of shift) near the crusher and conveyor line because of
the problems with the crusher; the second day few problems occurred,
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so he was outside about 30% of his shift. This person is very
experienced on the unit and works closely with the other process
operators to ensure smooth operating conditions.

® Outside Operator: Performs most of the routine outside tasks,
spending about 50% of his shift in the production area. Conducts
periodic tours of the unit taking pressure and flow readings,
checking the furnaces, opening and closing various valves, and
conducting general visual inspection of all processes and equip-
ment. He can also oversee maintenance work being done and runs
water sample tests in the control building.

The coke-cutting and handling group consists of the driller, driller helper,
beltman, deck operator, and crane operator. This group also works the
normal 8-hour shift. Several members of this group are employed by an out-
side contractor (i.e., driller helper, beltman, crane operator), but all
work together as a team. Following is a brief description of their job
activities.

® Driller: Helps with opening and closing the coke drum top and
bottom and with positioning the coke chute. Spends most of his
shift on the top Tevel where he operates the hydraulic cutting
bit. Normal cutting operation lasts about 3 to 4 hours.

® Driller Helper: Performs a variety of duties on and around the
coke tower which includes relieving the driller during cutting
operations, shoveling coke onto the conveyor line, helping to drop
the drum bottom and position the chute, and hosing down various
areas at the end of a cutting operation. Spends entire shift out-

side except for breaks, which are normally taken in the control
room.

® Deck Cperator: Helps with opening and closing the drum and with
positioning of the chute and transfer line. Performs duties such
as valve switching on various decks of the tower (e.g., 23 and 42
deck). Spends about 70% of the shift outside and the rest inside
the control room taking care of paperwork (end of shift).

® Beltman: 1Is in charge of the coke crusher, conveyor belt, and
A-frame storage structure. Spends about 6 hours each shift in
checking the belts, the coke hopper, and the amount of coke in
the A-frame, and on other outside activities such as shoveling
coke onto the conveyor line and hosing down the ground area. His
duties also include relieving the crane operator for 1 hour during
lunch. Because of problems with the crusher on the first sampling

day, he spent an unusually large percentage of his shift in that
area.

® C(Crane Operator: Normally spends 7 hours a shift in one of the two

overhead crane cabs transferring the cut coke from the pit into
the crusher. He takes a 1-hour lunch break in the control building.
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During the survey, there was also a deck operator trainee. The trainee was
in the same area as the deck operator, either performing or assisting in
routine duties. During the first sampling day, there were also four con-
tractor maintenance workers cleaning the area around the coke pit. This
entailed either shoveling or using a front-end loader to transfer coke back
into the pit from which it had spilled. Use of the front-end loader was
quite unusual, but these maintenance workers are used about every other day
for some cleanup work.

Control Measures

The coke-cutting operation is one of the few in a refinery that is not a
closed system; consequently, it is more difficult to minimize worker expo-
sure during this operation. During every cutting cycle, the top and bottom
of the drum must be opened manually, the coke must be cut by the driller,
the operators must clean and lubricate the fittings, and the crane operator
must move the coke from the coke pit to the crusher. From here, the crushed
coke is transported some 300 yards to the A-frame storage structure.
Basically, the coke-cutting operations at this refinery were similar to
those observed at other refineries; however, there were several key points
observed related to worker exposure.

The opening of the top and bottom of the drum was done in a time period com-
parable to that observed at other coke units. The deck operator, trainee,
driller, and driller helper worked as a team to complete both openings in
about 1 hour. After the bottom plate is moved manually by pulley onto a
cart (on tracks), a chute extender is lifted from the floor platform to the
bottom of the drum and secured. This forms a closed system on this level
where the operators spend a good part of their time during the operation.

The top level at this coker unit was very large (about 50 by 13 yards) and

totally open, compared to the typical penthouse top level observed at other
units. There was a partially enclosed work station for the driller. This

open top level and normally high winds minimize the accumulation of vapors.
Work areas near the bottom of the drums (23 level) were also fairly open.

The coke crusher itself does not appear to generate large quantities of coke
dust. Coke is wet from the pit, and the size of the crushed coke is large
enough to prevent fine-dust generation. However, there were operational
difficulties with the crusher during the first cutting shift; apparently
this is not uncommon. When this occurs, coke overflows the holding pit
necessitating added cleanup. This is normally performed by the contract
maintenance group.

Typical protective clothing worn at this unit included hard hats, safety
shoes, rubber gloves, and coveralls (provided daily by the company). Several
of the coke cutters wore slick suits and rubber boots during deheading and
cleanup operations. Showering time was provided at the end of the shift;
lockers and shower facilities were in the control building.

The air-conditioned control room was not under positive pressure and was
occasionally downwind of the coke tower, furnace, and furnace charge pump.
The steam that is used to cool the drums is normally sent through a water-
scrubbing system before it is vented to the atmosphere.
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REFINERY E

DESCRIPTION OF REFINERY E

Refinery E is a "large" (210,000 bbl/day capacity), "major" refinery located
in eastern Pennsylvania. The refinery, which was built in 1924, is currently
spread over approximately 600 acres. At the time of Phase I and Phase II
surveys, the refinery was operating at close to capacity; during the Phase
III survey, it was operating at considerably less than capacity due to the
turnaround on one of the FCCUs. A full line of petroleum products is pro-
duced including:

® propane e lube o0ils
e butane ® cumene

e gasolines (three grades) e sulfur

e jet fuel

o fuel oils (#2 and #6)

The crude refined here, which is primarily Nigerian and Libyan, is categor-
jzed as a "light," "low-sulfur," "mixed base" (containing both paraffins and
naphthenes) crude. Occasionally, some North Sea crude (1% sulfur by weight)
is also refined here. A1l of the crude is received by tankers which unload
at a nearby docking station. The petroleum products produced here serve 11

nearby states. The products are transported primarily by ship and tank
trucks.

The major process units at Refinery E include:

e two atmospheric and vacuum e two FCCUs
distillation units e HF alkylation unit

e solvent decarbonizer e sulfur recovery unit
(deasphalting unit) e dehazer unit

e two gulfiners (desulfurizing ® benzene/cumene unit
units)

e two catalytic reformers
(platformers)

Figure C-16 shows a rough plot plan of the main production area which is
located in the northwest section of the refinery. Almost every major pro-
cess unit has its own control room.

There is an approximate total of 1,350 employees; this includes 175 super-
visory, 100 adminstrative, 360 maintenance, and 715 production workers.
Most of the routine maintenance activity is performed in-house; a number of
contractors are normally on the premises for other major maintenance work
including turnarounds. The production units operate 24 hours a day, 7 days
a week. There are normally four work crews that rotate on a unit. Both 8-
hour and 12-hour shifts are used depending on the unit.
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Figure C-16. Refinery E production area.

The refinery safety department consists of the Supervisor of Accident and
Fire Prevention and three safety inspectors. The refinery also has a fully-
equipped fire department staffed by nine firemen. Industrial hygiene ser-
vices are primarily provided by the corporate industrial hygiene staff; five
corporate industrial hygienists have responsibility for the company's eastern
region. Industrial hygiene sampling for benzene is conducted here on a quar-
terly basis; the Supervisor indicated that there were no problems at this
refinery with the current benzene worker exposure standards. Other monitor-
ing at this refinery is conducted for compliance purposes (e.g., noise,
lead), on an as-needed or request basis (e.g., detector tubes for ammonia,
sulfur compounds), or for any other reasons deemed necessary by the refinery
or corporate personnel (e.g., total hydrocarbons with direct-reading instru-
ment, charcoal tubes for alkanes). Two refinery safety inspectors are
trained to perform routine monitoring, and the corporate industrial hygi-
enists also make periodic surveys.
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As part of good industrial hygiene practice, the use of protective clothing
and equipment (e.g., hard hats, safety shoes, gloves, eye protection) is em-
phasized with strict requirements in acid and caustic areas. While eating
is allowed in most control rooms, smoking is permitted only in designated
areas away from the production units. All new employees attend an extensive
training session which includes information on unit equipment, operations,
respirator use, safety hazards, fire protection, and first aid. The prac-
tice of good personal hygiene such as the washing of hands before eating is
also encouraged; shower and locker facilities are provided at several refin-
ery locations. Good unit housekeeping is practiced as an important means of
minimizing worker exposure to potential hazards. Spills are promptly
cleaned up by the unit operators, and any necessary equipment or structure
repair is promptly carried out by the unit operators or in-house maintenance
crews.

The refinery employs a physician and two nurses who work out of the dispen-
sary in the main administrative building. A1l employees receive preemploy-
ment medical examinations, and most production workers also receive yearly
examinations. Approximately 150 refinery personnel are formally trained in
first aid including cardiopulmonary resuscitation.

STUDY PROCESS UNITS AT REFINERY E

Three process units were studied at this refinery, two FCCUs and one deas-
phalting unit. All three were surveyed in Phase II; in Phase III, one of
the FCCUs was not in operation due to a turnaround.

FCCUs — Units No. 1231 and No. 1232
Unit and Process Description

The two FCCUs are located about 200 yards apart in the northern section of
the refinery (Figure C-16). A Claus-type sulfur recovery unit and an HF
alkylation unit are located nearby. Unit No. 1232 is the newer and larger
of the two FCCUs; it was built in 1954 and has a capacity of about 60,000
bbl/day. Unit No. 1231 was built in 1944 and has a capacity of about 28,000
bbl/day. Both units have side-by-side reactor/regenerator (R/R) structures,
CO boilers, separate control rooms and work crews, and similar operating
conditions; both also use a synthetic zeolite catalyst. The primary differ-
ences between the units are their age, capacity, and the fact that the older
FCCU No. 1231 is much more enclosed.

Figure C-17 illustrates the Tayout of FCCU No. 1232 which occupies an area

of about 125 by 75 yards. The side-by-side R/R structure is located in the
middle of the unit at the north boundary. The fractionator and gas-o0il
stripper towers are located just south of the reactor; a row of about 20
centifugal pumps is just to the west of these towers. Several heavy-fraction
pumps including the charge, slurry reflux and recycle, and decant oil pumps
are among these. The control building and CO boiler are situated farther
west, and the electrostatic precipitator is situated across a road north of
the CO boiler. An enclosed compressor building and catalyst hoppers are on
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the east side of the R/R area. The recovery section of the unit, which in-
cludes the absorber-stripper, lean oil still, debutanizer, depropanizer, and
numerous pumps, compressors, and heat exchangers, occupies a large area south
of the control building.
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Figure C-17. Refinery E FCCU No. 1232.

Figure C-18 illustrates the layout of the main portion of FCCU No. 1231
which occupies an area of about 100 by 50 yards. A long, narrow, one- and
two-story brick building running north and south divides the unit in half.
The ground floor of this building is divided into three enclosed pump rooms.
The first room (cold-pump room) includes the two charge pumps; the second
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room (hot-pump room) includes the slurry recycle, heavy gas oil, and decant
0il pumps; and the third room contains the two steam turbine blowers for the
spent catalyst leg. The control room is located on the second level of this
building above the cold-pump room.
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Figure C-18. Refinery E FCCU No. 1231.

The "cat" side of the unit is located west of this main pump building. The
side-by-side R/R, fractionator, precipitator, catalyst hoppers, and furnaces
are located in this area. The CO boiler (not shown in Figure C-18) is lo-
cated farther west of this area across a main refinery road. The recovery
side of the unit is located on the east side of the unit and includes two
one-story brick buildings. One contains eight large compressors, and the
other contains a number of smaller pumps. To the north of these two build-
ings are the depropanizer, debutanizer, absorber-stripper, and first rerun
towers. During the Phase III survey, FCCU No. 1231 was undergoing a major
turnaround to eliminate the enclosed pump and compressor buildings.

The basic catalytic cracking process is essentially the same at both FCCUs.
Fresh feed consists of atmospheric and vacuum gas oils, and deasphalted gas
oils. This feed, preheated by gas-fired charge heaters, plus heavy gas o0il
and slurry recycle from the fractionator are mixed with the hot catalyst in
the two risers at each unit leading to the reactor.

The catalytic cracking takes place in the risers as well as in the reactor.
The catalyst used at the refinery is a synthetic zeolite common to other
FCCUs studied in this project. The product vapors and the catalyst are sep-
arated (series of cyclones), and the hydrocarbons are taken to the fraction-
ator tower. The catalyst is stripped of any remaining oil with steam and
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delivered to the regenerator through the "spent catalyst leg." In the re-
generator, the catalyst is reactivated by oxidzing the accumulated carbon at
about 1,250°F (677°C). The flue gas from the regenerator goes through a
steam generator, through an electrostatic precipitator to remove catalyst
fines, and then to the CO boiler where it is burned before being released
into the atmosphere. The regenerated catalyst is steam-stripped of any ab-
sorbed oxygen before being recirculated back to one of the two risers.

The main products from the fractionator are:

® propane/propene e heavy and Tight cat

e butane/butene gasoline

e fuel gas e heavy and light gas oil
Work Force

The work force and job descriptions at both FCCUs are similar. There are
normally eight full-time workers per shift at each unit. There are three 8-
hour shifts per day, and a total of four work crews rotate to cover the unit
7 days a week. The day shift runs from 0715 to 1515. Each unit is divided
into the "cat" side (R/R, fractionator, catalyst hoppers, furnaces) and the
"recovery" side for the distribution of job responsibilities. During Phases
1 and II, there were only seven operators at FCCU No. 1231; one operator was
handling both sides. Following is a brief description of job activities for
the eight full-time workers at FCCU No. 1232; however, job titles and de-
scription are essentially the same at both units.

® Operator - Cat Side: Qversees routine operations of the cat side
of the unit which includes the R/R, fractionator, heavy-fraction
pumps, enclosed compressor building, CO boiler, and precipitator.
Normally spends about 50% of his shift outside making visual in-
spections, supervising and assisting the other operators. When a
problem occurs such as a leak or pump failure, he may spend the
majority of his shift outside. Works closely with the control
operator and assistant operator to ensure smooth operations of
this portion of the unit.

® Assistant Operator - Cat Side: Works for the operator; spends
about 70% of his shift outside checking pumps, blowers, and other
cat side equipment on the ground level as well as above on the
various structures. Can perform minor maintenance on equipment.

e Control Operator - Cat Side: Spends about 7% hours of his shift
inside the control room, monitoring and logging in various meters
and charts on the cat side of the control board. Once during the
day shift he makes a 30-minute round outside in the cat area,
taking about 25 gauge and meter readings.

e Operator - Recovery Side: Performs the same duties on the recovery
side as the cat operator. The recovery side of the unit is located
to the south of the cat area; this includes the absorber-stripper,
depropanizer, deethanizer, compressors, and pumps.
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® Assistant Operator - Recovery Side: General duties similar to
those of the cat assistant operator.

® Control Operator - Recovery Side: Duties similar to the other
control operator, including the daily round.

® Outside Control Operator: This outside operator, who spends about
70% of his shift in the production area, is not assigned to a
particular area of the unit. He can act as a helper wherever he
is needed on a particular shift; also has routine duties such as
taking quality control samples (mainly evening shift), checking
levels, draining and filling various drums, and making periodic
rounds of the unit every 2 hours.

® Assistant Operator - Engineer: Spends about 75% of his shift out-
side primarily ensuring the smooth running of the pumps, blowers,
compressors, and boilers. Performs minor preventive and routine
maintenance on this equipment. Spends a good part of his time in
and around the enclosed compressor building.

Exposure Control Measures

The exposure control measures used at the FCCUs are similar and are typical
of those observed at other FCCUs studied during this project. The primary
control measure is a closed-system process which 1imits exposure to products.
by-products, and intermediates. Also important is a well-organized mainte-
nance program that provides both efficient preventive and repair maintenance
services. Under normal operating conditions, exposure to PAHs may occur
from fugitive emissions (especially from pumps), from the regenerator flue
gas, during sampling of the various streams, and during maintenance and
housekeeping activities.

The fact that the heavy-fraction pumps for FCCU No. 1231 are in enclosed
rooms without mechanical ventilation greatly increases the potential for
airborne PAH accumulation. Pumps such as those for slurry recycle and de-
cant oil streams have been associated with fugitive PAH emissions in pre-
vious surveys. It is especially important at this unit that these pumps be
maintained properly and that workers spend as 1ittle time as possible in
these enclosed rooms. FCCU No. 1232 is a much more open unit. Although the
heavy-fraction pumps are not in an enclosed room, they are located close
together near a series of towers (i.e., R/R structure). This is an area
where PAH concentration might also be elevated. Both control rooms are air-
conditioned but not under positive pressure. FCCU No. 1232's control room
is occasionally downwind of the R/R or heavy-fraction pumps, while FCCU No.
1231's control room is directly above the cold- and hot-pump rooms. Again,
it should be noted that one of the major objectives of the turnaround being
performed on FCCU No. 1231 during the Phase III survey was to eliminate the
enclosed pump and compressor rooms.
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The regenerator flue gas is treated the same way at both units. First it
goes to an electrostatic precipitator to remove catalyst fines and then is
burned in a CO boiler with an auxiliary fuel. The heat produced here is
used to generate steam. The CO boiler removes many hydrocarbons as well as
carbon monoxide from the flue gas before the effluent is discharged through
a stack into the atmosphere.

Most process stream samples, especially the heavy-fraction samples, are col-
lected during the evening shift (1515-2315). Sample bombs are used only for
gas samples; liquid samples are collected primarily by the spigot-and-bottle
method with sampling loops that eliminate the flushing of lines. The samples
are taken to the laboratory for analysis.

Exposure during routine maintenance is difficult to minimize, especially if
it occurs in any of the enclosed buildings in FCCU No. 1231. There are con-
crete floors with effective sewer systems in most of these rooms, simplifying
cleanup procedures. Most of the major equipment areas (e.g., around pumps)
at FCCU No. 1232 also have a concrete foundation with a sewer system. The
refinery has its own craft maintenance crews (e.g., pipefitters, electri-
cians) that provide preventive and repair services. Both units also have
relatively large normal work crews (eight) that can provide a prompt and
effective maintenance program.

Hard hats, safety shoes, and rubber gloves with cotton lining are worn rou-
tinely by workers on these units, and eye protection is available. There
are no routine operations that require the use of respirators; however,
NIOSH-approved air-purifying and self-contained, breathing-air respirators
are available.

Deasphalting Unit
Unit and Process Description

The deasphalting unit (solvent decarbonizer) and the two crude distillation
units are located in the northwest corner of the refinery (Figure C-16).

The No. 137 crude unit is directly to the west of the deasphalting unit, and
the river is to the north. This deasphalting unit processes the residuals
from the vacuum tower (crude units) by solvent extraction to produce gas 01l
and asphalt. The gas oil is used as FCCU feed, and the asphalt is used to
produce No. 6 oil. The capacity of the unit is about 22,000 bbl/day of
residual. The unit was down during the Phase I visit but was operating at
almost 70% of capacity during the Phase II and Phase III visits.

This unit is spread out over an area of about 250 by 200 feet (Figure C-19).
The two deasphalting towers are located in the southwest corner of the unit,
with the charge 0il drum and the gas oil flash tower to the north. The
three oil charge pumps are just to the northeast of the deasphalting towers.
The two gas-fired furnaces are in the northwest corner, and the air-condi-
tioned control room is located on the extreme east side of the unit. The
asphalt flash tower, stripper, and pumps, as well as the solvent accumula-
tors, are just to the west of the control room. A series of cooling fans
(fin fans) runs from north to south in the center of the unit.

C-50



Furnaces O Asphalt Flash Tower

o Gas 011 Stripper

Gas 0il Pumps
Flash Towero

Charge O D Control
01l = Building
D [~ ] Solvent
Pumps c } Accumulators
E Fin Fans

Deasphalting O
Towers O

Figure C-19. Refinery E deasphalting unit.

The residuals from the crude units are received in the charge oil drum. The
feed is heated by heat exchangers and diluted with solvent before being fed
(0i1 charge pumps) to the center of the deasphalting towers. There it comes
in contact with the 1iquid butane/propane (70:30) and the 1iquid-liquid ex-
traction process takes place. Asphalt is removed from the bottom of the re-
actors, and the extracted oil (gas o0il) and propane are removed from the top.
The asphalt from both towers passes through a gas-fired heater and then to a
flash drum where most of the propane is removed and recycled back to the
solvent accumulator. The asphalt then goes to the steam-stripper to remove

any remaining propane and is pumped (asphalt product pumps) out of the unit
to be cut to No. 6 fuel oil.

The oil-propane phase from the deasphalting towers is sent to the oil flash
tower where much of the propane and butane is vaporized and recycled back to
the solvent accumulator. The oil from the first stage of this flash tower
is sent to the gas-fired heater and returned to the flash tower to allow
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further solvent removal. The remaining solvent is removed from the 0il by
steam-stripping in the o0il stripper. This gas oil is pumped to storage
tanks until needed as FCCU charge.

Work Force

There are three workers assigned full time to the deasphalting unit; shift
hours are from 0700 to 1900. There are four crews that rotate to cover the
7-day-a-week operation. In addition to these three workers, there is a unit
supervisor who has responsibility for this unit and the No. 136 crude unit
Monday through Friday from 0700 to 1500. This supervisor normally splits
his shift between the control rooms of the two units. Following is a brief
description of the duties of the three full-time shift personnel.

® Operator: Supervises overall unit operations. He normally spends
about 80-90% of his shift inside, where he has responsibility for
monitoring and logging in various meters and charts on the control
board. He works closely with the two assistant operators. He
makes periodic inspections of the whole unit and may oversee minor
maintenance work.

® Assistant Operators (2): These are the two workers who perform
the routine outside tasks for this unit; duties are very similar.
They normally spend between 50 and 75% of their shift outside
making visual inspections, periodically checking gauges and meters,
switching valves, oiling pumps, and performing minor maintenance
and general unit housekeeping. They collect a small number of
process stream samples (e.g., gas o0il, asphalt) during the midnight
shift only.

Control Measures

As with the two FCCUs, the primary control measure at this deasphalting unit
is a closed system. The unit is fairly open without any enclosed production
structures or areas, minimizing potential vapor accumulation. The only
areas of the unit handling heavy fractions with a possibility of PAH accumu-
lation are around the o0il charge pumps and around the asphalt pumps and
stripper.

The small control room of this unit is air-conditioned and under positive
pressure. An alarm is triggered when the unit is not under positive pres-
sure, usually indicating that one of the doors has been left partially open.
This is important since the control room is often directly downwind of the
asphalt pump area.

The assistant operators performed routine cleanup of the unit, which is es-
pecially important around the asphalt pumps where leaks often occur. The
asphalt is cleaned as much as possible with steam. The ground level of the
unit is constructed of concrete to simplify cleanup.
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REFINERY F

DESCRIPTION OF REFINERY F

Refinery F is a "large" (127,000 bbl/day capacity), "nonmajor" refinery lo-
cated in Minnesota. The refinery, currently spread over about 1,000 acres,
originated in 1955. At the time of the survey, the refinery was operating
at about 90% of capacity and producing a full lTine of petroleum products
which includes:

e liquid petroleum gas e fuel oils (#1, #2, and #6)
(propane, butane) e sponge coke

e gasolines (three e asphalt
grades) e sulfur

® Diesel fuel

Although the source varies, the crude refined here is categorized as a
"heavy," "sour" (>1% sulfur by weight), naphthenic crude. Approximately 50%
of the crude comes from Canada by pipeline. The rest comes from various
domestic and foreign sources by pipeline and barge. Finished products are
shipped by pipeline, railcars, trucks, and barges.

The major process units at refinery F include:

e two crude distillation e two catalytic reformers
units e catalytic polymerization
e two vacuum distillation unit
units e FCCU
e two delayed coker units ® H;SO0, alkylation unit

@ hydrotreating units e sulfur recovery unit

There are four main control buildings for the whole production area. The
delayed coker has its own, the FCCU shares one with the alkylation unit, and
the asphalt processing units (vacuum units) share a control building with
the crude and other adjacent units. Figure C-20 shows a rough refinery plot
plan of the major production units.

There are approximately 370 hourly employees, including 120 maintenance
workers, that belong to the union (0il, Chemical and Atomic Workers) and an
additional 130 who are salaried (supervisory and administrative personnel).
Most of the routine maintenance activity is performed in-house; contractors
are brought in for turnarounds and other major projects. The production
units operate 24 hours a day over three work shifts.

The safety and health staff at this refinery includes the Health and Safety
Coordinator, a safety engineer, a fire marshal, and an occupational health
nurse. All are under the direct supervision of the Industrial Relations
Manager who reports to the Refinery Manager. The nurse is normally on the
premises full time during the day shift, 5 days a week; during turnarounds,
a nurse is on tne premises at all times. Approximately 325 of the 500
employees are formally trained in first aid. The dispensary ana treatment
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room is fully equipped to handle first aid situations and various routine
examinations. All workers are given preemployment medical examinations.
Employees assigned to the miscellaneous trades group are given annual physi-
cal examinations because of possible asbestos exposure. Several physicians
in the area work with the refinery.
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Figure C-20. Refinery F production area.

As part of good industrial hygiene practice, the use of protective clothing
and equipment (e.g., hard hats, safety shoes, gloves, eye protection) is
emphasized. While eating is allowed in most control rooms, smoking is per-
mitted only in designated areas away from the immediate production areas.
Each unit operator is thoroughly trained on the unit and in the classroom on
the unit equipment, operations, and associated safety hazards. The practice
of good personal hygiene such as the washing of hands before eating is also
encouraged. Good unit housekeeping is practiced as an important means of
minimizing worker exposure to potential hazards. Spills are promptly
cleaned up by the unit operators, and routine cleanup is performed by the
day-shift operators. Any necessary equipment or structure repair is also
promptly carried out by the unit operators or in-house maintenance crews.

Routine industrial hygiene sampling is not performed at this refinery. In
the past, consulting firms have been used to investigate problems as they

arise and have performed sampling for chromates (cooling towers), benzene,
asbestos, and noise.
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STUDY PROCESS UNITS AT REFINERY F
Fluid Catalytic Cracker Unit (FCCU)
Unit and Process Description

The FCCU is located on the east side of the main production area (Figure C-
20). The H,SO, alkylation unit is to the west, the sulfur recovery unit to
the south, garage and laboratory to the east, and storage tanks to the north.
The FCCU, including the CO boiler, was constructed and put on stream in 1968.
In 1974, major modifications were made to the present unit including the
addition of a riser extension to increase capacity, and cyclones in the re-
actor and regenerator. At the time of the survey, the production capacity
of the unit was about 45,000 bbl/day and the FCCU was operating at about 85%
of this capacity.

Figure C-21 illustrates the layout of this unit which occupies an area of
about 200 by 150 feet. The fractionator and side-by-side reactor/regenerator
(R/R) structure are located in the center of the unit. The feed drum and
furnace are just to the west of these structures; and the control building,
shared by the adjacent alkylation unit, is farther west on the edge of the
FCCU. The catalyst hoppers are at the south end of the unit, and the CO
boiler is in the southeast corner. The whole north end of the unit is the
gas recovery area, which includes the primary and secondary absorbers,
stripper, and debutanizer.

Recovery Area
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Figure C-21. Refinery F FCCU.
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Fresh feed for the FCCU consists of desulfurized atmospheric and vacuum gas
0ils. This feed, preheated by a gas-fired charge heater, plus slurry re-
cycle from the fractionator are mixed with the hot catalyst in the single
riser leading to the reactor. The catalytic cracking takes place in the
riser as well as in the reactor. The catalyst used at this refinery is a
synthetic zeolite common to other FCCUs studied in this project. The prod-
uct vapors and the catalyst are separated (series of cyclones), and the hy-
drocarbons are taken to the fractionator tower. The catalyst is stripped
with steam of any remaining 0il and delivered to the regenerator through the
spent catalyst leg. In the regenerator, the catalyst is reactivated by oxi-
dizing the accumulated carbon at a temperature above 1,000°F (538°C). The
regenerator has a series of cyclones which separate the catalyst fines from
the flue gas. From the regenerator, the flue gas goes through an orifice
chamber (back-pressure stabilizer) before going on to the CO boiler. There
it is burned with an auxiliary fuel before being released into the atmos-
phere. The regenerated catalyst is stripped with steam of any absorbed
oxygen before being recirculated back to the riser.

The main products from the fractionator are:

® propane e light cycle oil
e butane e heavy cycle oil
® gasoline e clarified oil (decant oil)

Work Force

There are normally four workers assigned to the FCCU full time during each
shift. This includes one #1 operator and three #2 operators, including the
boardman. In addition, there is a supervisor in charge of personnel, sched-
uling, and operations of both the FCCU and the adjacent alkylation unit.
This supervisor spends about half of his time inside the joint control room
and the other half split equally between the production areas of the two
units. He visually inspects the units, monitors and assists the operators;
and it is his overall duty to ensure smooth operations. Following is a
brief description of the duties of the four full-time FCCU operators.

® #1 Operator: This is the "master" operator on the unit who must
understand the entire unit operation. He is in charge of the
other operators and assigns daily work tasks. He routinely in-
spects the entire unit and can assist the operators in performing
any of their duties. He normally spends about 60% of the shift
inside the control room.

® #2 Operator/Boardman: Spends essentially 100% of his shift inside
the control building, monitoring and logging in the various meters
and charts on the control board. He works closely with the #1
operator, as well as with the other outside operators.

® #2 Operators: These two outside operators perform the routine
daily tasks in the production areas under the supervision of the
#1 operator. One is primarily responsible for the cat side, which
includes the R/R structure, fractionator, catalyst hoppers, fur-
nace, etc.; the other is responsible for the recovery area which
includes the structures in the northern part of the unit. Duties
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include operating and regulating valves, pumps, and compressors
to direct flow of process streams; checking temperature and
pressure gauges and flow meters; and checking equipment for

any malfunctions. The cat side operator samples process
streams for gasoline, light cycle oil, slurry recycle, decant
0il, as well as the flue gas. He also runs tests on the boiler
feedwater for chemical characteristics. Both operators perform
various manual tasks to maintain process control. During an
average shift, they spend about 40% of the time outside in the
production area.

During both sampling shifts of the survey, there was also a #1 operator
trainee. This person worked very closely with the #1 operator, observing
and occasionally performing the various duties.

Exposure Control Measures

The primary exposure control measure used at this FCCU is a closed-system
process which limits exposure to products, by-products, and intermediates.
Also important is a well-organized maintenance program which provides both
efficient preventive and repair maintenance services. Under normal oper-
ating conditions, exposure to PAHs may occur during sampling of the various
streams, during maintenance and housekeeping activities, from fugitive emis-
sions, and from the regenerator flue gas.

Liquid process stream samples are collected by the open-spigot-and-bottle
method without sampling loops. The operator flushes the sample lines di-
rectly into the unit sewer system before filling the sample bottle. Product
coolers (water coolers) are used to cool hot process streams before sampling.
Most of the heavy-fraction process stream samples (more likely to contain
the PAHs) are collected by the #2 operator assigned to the cat side. Pro-
pane and butane gas samples are collected by laboratory technicians using
sample bombs.

Exposure during routine and any emergency maintenance is difficult to mini-
mize. The ground Tevel of the unit is mostly sand and gravel with concrete
foundations around structures. The lack of a complete concrete foundation
may pose a cleanup problem for major spills. The refinery has its own craft
maintenance crews (e.g., pipefitters, electricians) that provide preventive
and repair services. The last major turnaround of this unit was during 1978
with the next one scheduled for October of 1980.

Hard hats and safety shoes are worn routinely; eye and ear protection and
slick suits are available. Coveralls are not provided and are not normally
worn. There are no routine operations that require the use of respirators;
however, NIOSH-approved air-purifying and self-contained, breathing-air
(SCBA) respirators are available. The air-purifying equipment is maintained
by the individual operators while the SCBAs are maintained by the refinery
safety department.

The areas of the unit handling heavy fractions are fairly open, minimizing
potent1a! vapor accumulation. Several of the charge, slurry recycle, and
decant oil pumps are located in the same vicinity near the fractionator; the
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surrounding pipes and structures create a "tunnel-effect" here. This is an
area where PAH concentrations might be elevated. The control house is air-
conditioned and under positive pressure. A 35-foot stack provides the in-
coming air supply. The control building is not normally downwind of the R/R
or heavy-fraction pumps.

The flue gas from the regenerator is burned in the CO boiler with an auxil-
ijary fuel. The heat produced here is used to generate steam. The CO boiler
removes not only carbon monoxide from the flue gas but many other hydrocar-
bons, making the effluent suitable for discharge to the atmosphere.

Delayed Coker Unit
Unit and Process Description

The delayed coker unit is located on the west end of the main production
area (Figure C-20). The boiler plant is to the north, and the crude and
vacuum units are to the east and northeast. The delayed coker unit is ac-
tually two identical operational units within the same physical unit. There
are two pairs of 98-foot coke drums, two charge furnaces, and two fraction-
ators. There is one coke recovery area and one control building. The total
unit has a daily production capacity of about 1,300 tons of sponge coke.

The unit was built in 1955-1956 with drums A and B; the other two drums were
added in 1963. Drums A and B were replaced during the 1977-1978 unit turn-
around. The unit is spread over an area of about 200 by 200 feet (Figure
C-22). The ground level of the entire unit is constructed of concrete. The
control building is located in the central area of the unit and houses the
locker and shower facilities in addition to the control board room. West of
the control building is the coke tower (an open, multilevel structure that
includes the four drums and penthouse at the top) with the sluiceway and
coke field farther west. The coke that has been cut is moved from the
sluiceway to the coke field with a dragline consisting of a cable-drawn
bucket scoop. The coke is allowed to dry on the coke field and is then
moved by bulldozers to the screening area where the coke is sized and loaded
onto railcars and trucks by conveyor.

The two gas- and oil-fired charge furnaces are located to the north and
south of the coke tower; the two fractionators are located between these
furnaces and the control building. The coker gas recovery unit is to the
east of the control building. The coker flare is located remotely to the
south of the coker unit.

Sponge or No. 2 grade coke is the only type produced at this refinery. The
charge stock is primarily residual (asphalt) from the vacuum distillation
units. The charge is pumped to the fractionators where the lighter frac-
tions are separated and processed in the vapor recovery area. The bottoms
from the fractionators are then pumped to the furnaces where they are heated
to a suitable reaction temperature (normally about 900°F or 482°C). The
heated charge then goes to one of the four coking drums where the thermal
cracking process begins. There are two pairs of drums, and each drum has a
40-hour cycle (each pair has a 20-hour cycle) with coke formation lasting
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about 20 hours. Normally one drum is cut every 10 hours. Vapors off the
top of the drum are sent to the fractionators where various products are
separated and eventually recovered. Products from this unit, other than
coke, include propane, butane, gas oil, and naphtha.

Vacuum
Unit 19

Furnace
0
@ O Fractionator
Sluice
Way Control
k Building
Coke O Fractionator
Field

©)

Furnace O

Figure C-22. Refinery F delayed coker unit.

Routine procedures are used at this unit for preparing each drum for cutting.
Coke formation is stopped by switching the feed to the other arum of

the pair. Steam followed by water is used to cool the drum; this lasts
several hours. About 1 hour before cutting is scheduled, the top and bottom
of the drum are opened, and the coke is cut with a high-pressure hydraulic
bit. An initial hole is bored through the coke, and then the coke is cut
from the bottom up. The coke then falls down a chute into the sluiceway.
Drilling normally lasts from 3 to 5 hours.

After cutting is completed, the top and bottom of the drum are replaced; the

drum is pressure-tested for seal, is heated, and is ready when the feed is
switched from the other drum to begin coke formation.
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Work Force

The work force for the delayed coker unit is divided into two groups, the
operations group and the decoker (coke cutting and handling) group. Both
groups work the normal 8-hour shift. The operations group is normally made
up of one #1 operator, three #2 operators (including the boardman), and the
unit supervisor; following is a brief description of their job activities.

® Supervisor: Has overall responsibility for both the delayed coker
unit and the adjacent boiler plant. He generally spends about 75%
of his shift dealing with the delayed coker unit and 25% with the
boiler plant. He spends about 1 to 1) hours per shift in the
control room and periodically patrols the production areas, but he
also spends a good part of any shift in other parts of the refin-
ery (e.g., shift supervisor's office).

e #1 Operator: Duties very similar to those of the #1 operator for
the FCCU. He is the "master" operator and supervises the other
operational personnel. He normally spends about 60% of the shift
inside the control room and works closely with the boardman and
the other #2 operators. He normally delegates the routine outside
tasks but may occasionally assist. He does perform periodic visual
inspections of the production areas.

® #2 Operator/Boardman: Spends essentially 100% of his shift inside
the control building, monitoring and logging in the various meters
and charts on the control board. He works closely with the #1
operator, as well as with the other outside operators.

® #2 Operators: During the two sampling shifts of the survey,

these two outside operators worked together to perform the routine
outside tasks. This included opening and closing valves to direct
charge to the various drums, depressurizing drums, steam-testing
drums for leaks, testing spare pumps, draining the fire drum and
clarifier, cooling the drums, and making periodic rounds to detect
any equipment malfunction. They spend about 40% of their shift
outside in the production area.

The decoker group is made up of the supervisor, a #1 decoker (driller), and
four #2 decokers. They do not work out of the main control building but

a small separate building at the foot of the coke pile (coke field); most
of their shift is spent outside. Following is a brief description of their
job duties.

® Supervisor: Spends about 75% of his shift outside; about 90% of
that time is spent in the coke-loading area. He primarily patrols
the various areas, monitoring workers and directing operations.

@ #1 Decoker (Driller): He is the lead decoker and delegates various
tasks. During the survey, he directed the deheading of the drum
and then performed the drilling from the penthouse at the top of
the coke tower. When cutting is not performed during a particular
shift, he may assist in any of the coke-handling activities.
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® #2 Decokers: Normally there are four #2 decokers per shift.
They help dehead the top and bottom of the drum before cutting,
position the drum extender, close the drum after cutting, and
clean up. While the drum is being cut, they perform the
coke-handling duties. One decoker ("Sauerman") is stationed
in an elevated cubicle on the north end of the sluiceway and
operates the mechanical scoop that moves the coke to the coke
field. Another decoker operates the bulldozer moving the coke
from the coke field to the screening and loading area, and the
other may be at the loading area. The decokers alternate what
they do from shift to shift, as well as during a shift.

Control Measures

The coke-cutting operation is one of the few in a refinery that is not a
closed system. Because of this, it is more difficult to minimize worker ex-
posure during this operation. During every cutting cycle, the top and bot-
tom of the drup must be opened manually; the coke must be cut by the driller;
the Sauerman must move the coke out of the sluiceway; and the other coke
handlers must move and load the coke. Basically, the coke-cutting opera-
tions at this refinery were similar to those observed at other refineries;
however, coke handling was more extensive after the coke was cut.

The opening of the top and bottom of the drum was done very efficiently and
quickly. The three coke cutters worked as a team to complete both openings
in about 30 minutes. After the bottom is dropped, a chute extender is
1ifted up from the floor platform to the bottom of the drum and secured with
a chain mechanism ("chain fall"). This forms a closed system on this level.
Once cutting starts, the cutters (except the driller) leave the coke tower
to switch to coke-handling duties. The whole cutting operation at this re-
finery is relatively clean requiring a minimum of cleanup, usually performed
by hosing down the area with water.

A1l workers on this unit wore hard hats, safety glasses, and gloves. Nei-
ther the cutters nor the operational crew wore coveralls, but the cutters

did normally change into a set of work clothes in the locker room and show-
ered or washed up at the end of their shift. The cutters did wear rain gear
or slick suits when deheading the drums. The operations crew ate in the con-
trol room while the decokers usually ate in their work building. There were
no routine operations that required the use of respirators; however, NIOSH-

approved air-purifying and self-contained, breathing-air respirators were
available.

The steam that is used to cool the drums down goes through a condensation
system from which uncondensed steam and/or hydrocarbon vapors go to the
coker flare. As with the FCCU, the air-conditioned control room was under

positive pressure and supplied with intake air from a stack extending 35
feet above ground level.
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Asphalt Processing
Unit and Process Description

The asphalt processing at this refinery consists of two vacuum distillation
units; the bottoms from the fractionating towers are pumped to storage (and
blending) or to the delayed coker unit as charge. The two vacuum units are
adjacent to each other; vacuum unit No. 16 is in the northwest corner of the
crude area, and unit No. 19 is in the northeast corner of the delayed coker
area (Figure C-20). Both vacuum units are monitored from the control room
located in the middle of the crude area. The asphalt production capacity of
this refinery is about 35,000 bbl/day.

Work Force
No workers are assigned full time to either of the vacuum units. One or

more of the outside operators of the crude units spend a small part of their
shift covering these units.
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REFINERY G

DESCRIPTION OF REFINERY G

Refinery G is a "large" (120,000 bbl/day), "major" refinery located in
northern Ohio near Lake Erie. The refinery was built originally in 1911;
almost all of the major process units have been rebuilt since 1958. Cur-
rently the refinery occupies about 450 acres and produces a full line of
petroleum products which includes:

® propane e Diesel oil

e butane e kerosene

e hydrogen e sponge and needle coke
e gasoline e asphalt

e fuel oils (No. 2)

Most of the crude refined here is a mixture of foreign crudes. During the
survey, the crude being refined at the No. 1 unit was a combination of

North Sea, Trinidad, East Texas, Michigan, and several others, categorized
together as a "sweet" (0.3-0.4% sulfur by weight), "mixed base" (containing
both paraffins and naphthenes) crude with an API Gravity Index of 40.3. The
crude refined at the No. 2 unit was primarily Arabian with small percentages
from Texas and Trinidad; this crude was categorized as a "sour" (1.3-1.5%
sulfur by weight), "mixed base" crude with an API Gravity Index of 34. Most
of the crude is received by pipelines; most of the products are shipped by
pipeline, barges, and railcars.

The major process units at Refinery G include:

e two crude distillation o asphalt blower unit
units e catalytic polymerization
e two vacuum distillation unit
units e delayed coker unit
e two catalytic reformers e hydrogen production unit
e three alkylation units e naphtha treater
e two isocracking units ® sulfur recovery
e FCCU

There is one main control building ("nerve center") located west of the FCCU
and naphtha treater, and several smaller control buildings ("satellites")
located throughout the production areas. Figure C-23 shows a rough refinery
plot plan of the major units.

There are approximately 380 hourly employees that belong to the union (OCAW)
and an additional 180 that are salaried (supervisory and administrative per-
sonnel). Most of the routine maintenance activity is performed in-house;
contractors are brought in for turnarounds and other major maintenance work.
The production units operate 24 hours a day over three work shifts.
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Figure C-23. Refinery G main production area.

The safety and health staff at this refinery includes the safety director,

the fire protection specialist, the health and safety specialist, the general
safety specialist, the security and safety officer, and the plant nurse. The
nurse is on the premises from 0730 to 1600, 5 days a week. All newly hired
employees undergo an 8-hour Red Cross first aid training session; in addition,
a small number of employees (especially safety personnel) have been trained in
cardiopulmonary resuscitation. The dispensary and treatment room is fully
equipped to handle first aid situations and various routine examinations.

A1l of the production workers are given preplacement medical examinations;
periodic examinations are given at least once every 5 years. Physical exam-
inations are given by a physician hired by the company.

As part of good industrial hygiene practice, the use of protective clothing
and equipment (e.g., hard hats, safety shoes, long-sleeved shirts, eye pro-
tection) is emphasized. Eating is allowed in most control rooms; smoking is
not allowed in the production or storage areas. All new employees attend an
extensive training session over a l-week period which includes information
on unit equipment, operations, respirator use, safety hazards, fire protec-
tion, and first aid. New employees usually spend their first year in main-
tenance where formal training continues, and then, once on a unit, the new
operators are trained for at least another 2 months on the job. Good unit
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housekeeping is practiced as an important means of minimizing worker expo-
sure to potential hazards. Spills are promptly cleaned up by the unit oper-
ators, and any necessary equipment or structure repair is promptly carried
out by the unit operators or in-house maintenance crews.

The safety staff is responsible for the industrial hygiene sampling. Al-
though a routine sampling schedule is not yet established here, a consider-
able amount of monitoring is conducted upon request, for compliance purposes,
and for any other reasons felt necessary by the refinery personnel.

STUDY PROCESS UNITS AT REFINERY G
Fluid Catalytic Cracker Unit (FCCU)
Unit and Process Description

The FCCU is located on the west side of the main refinery production area
(Figure C-23), south of the delayed coker unit and north of the naphtha
treater. The present unit, including the CO boiler, was built in 1958 and
currently has a production capacity of about 55,000 bbl/day. /

The unit is divided into two main sections, FCC #1 and FCC #2, that together
occupy an area of about 250 by 200 feet (Figure C-24). FCC #1 includes the
CO boiler, side-by-side reactor/regenerator (R/R) structure, fractionator,
two catalyst hoppers, and numerous pumps (including several heavy-fraction
pumps). FCC #2 is located to the north of FCC #1 and includes the air
blower, gas compressors, numerous heat exchangers, pumps, and drums. Most
of the process streams in FCC #2 are the lighter fractions. The unsaturated
gas plant is located east of FCC #1 and includes gas recovery structures
such as the secondary absorber, gasoline splitter, depropanizer, gasoline
and other distillate treaters, and numerous pumps. The unsaturated gas
plant is considered a separate unit from the FCCU and is run out of a dif-
ferent control rocm by separate operators.

There is a long, enclosed building to the west of FCC #1; this building
houses numerous compressors and a separate work station for the two FCCU
operators. South of this long building is the main control building ("nerve

center") for the FCCU, delayed coker, and several other units located in
this area.

The fresh feed for the FCCU comes from the crude units (atmospheric gas oil),
the vacuum units (mostly light and heavy vacuum gas oils), and the delayed
coker unit (gas oil). The feed is preheated to a suitable temperature by a
gas-fired furnace located in the naphtha treater unit.

This fresh feed plus slurry recycle from the fractionator are injected into
the reactor where catalytic cracking is initiated as the hot o0il feed con-
tacts the catalyst. The catalyst used at this refinery is an alumina-1ike
synthetic zeolite common in other FCCUs studied in this project. The pro-
duct vapors and the catalyst are separated in the single-feed riser line and
the reactor itself. The hydrocarbons are taken to the fractionator tower
where the various products are separated. The catalyst is stripped of any
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remaining oil with steam and delivered to the regenerator where the spent
catalyst is reactivated by oxidizing the accumulated carbon at a temperature
of about 1,200°F (649°C). The flue gas from the regenerator goes to the CO
boiler where it is burned before being released to the atmosphere. The re-
generated catalyst is stripped of any absorbed oxygen with steam before
being recirculated back to the reactor.

FCC #2
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Figure C-24. Refinery G FCCU.

The main products from the fractionator are:

e butane e cat gasoline

e isobutane (alky feed) e light cat gas oil
® propane (furnace 0i1)

e propylene e decant oil
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Work Force

There are normally only two operators (one each for FCC #1 and FCC #2) as-
signed full time to the FCCUs during each shift. Both operators work out of
the small work station in the long building just north of the nerve center.
In addition, there are three workers who have responsibilities for all
"north-side units," including the FCCU. These three north-side workers
operate out of the nerve center. Following is a brief description of the
activities of these five workers.

® FCC #1 Operator: Performs the routine outside tasks for the
FCC #1 section. This includes maintaining the numerous pumps,
taking temperature and pressure readings, supplying and adding
fresh catalyst, and periodically patrolling the entire FCC #1
section to detect any leaks or malfunctions. Performs minor
cleanup and maintenance tasks. He also collects spent catalyst
and process stream samples (e.g., decant oil, slurry recycle,
fresh feed, light gas oil, heavy gas 0il). Spends about 60% of
the shift in the FCC #1 area and the rest in the work station.

® FCC #2 Operator: Performs outside duties similar to those of
the FCC #1 operator for the FCC #2 section. Duties include regu-
lating valves, pumps, compressors, and auxiliary equipment to
direct flow of products; checking temperature and pressure gauges
and flow meters; and patrolling the section for any malfunction.
Spends about 60% of the shift in the FCC #2 area and the rest in
the work station.

® North Inside General Operator: Spends essentially 100% of his
shift inside the nerve center, monitoring and logging in the
various meters and charts on the control board.

® North Outside General Operator: Lends assistance to the operators
on any of the north-side units; this includes the FCC #1, FCC #2,
unsaturated gas plant, polymerization, cokers 1 and 2, crude
vacuum No. 2, and the cooling towers. This requires a very ex-
perienced operator who knows how to perform all of the various
tasksdon the north side. Normally spends about 90% of his shift
outside.

® North Operating Foreman: Monitors and supervises the operations
of the north-side process units. Periodically visits each unit,
checking with the various unit operators for any problems or
unusual conditions. His responsibility is to ensure the smooth
operations of these units. Can answer technical questions,
direct emergency procedures, or provide communications to any
of the other refinery sectors. This foreman spends about 95%
of his shift outside.
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Exposure Control Measures

The exposure control measures used at this FCCU are quite typical of those
observed at the other FCCUs studied during this project. The primary con-
trol measure is a closed-system process which limits exposure to products,
by-products, and intermediates. Important also is a well-organized mainte-
nance program that provides both efficient preventive and repair maintenance
services. Under normal operating conditions, exposure to PAHs may occur
during sampling of the various streams, during maintenance and housekeeping
activities, from fugitive emissions, and from the regenerator flue gas.

Sample bombs and the open-spigot-and-bottle method are used to collect pro-
cess samples at this unit. Sample bombs are used to collect the lighter
fraction gases (e.g., propane, butane, isobutane); these samples are col-
lected by laboratory technicians and are taken to the laboratory for anal-
ysis. The liquid process stream samples, including several heavy-fraction
streams (e.g., decant oil, slurry recycle), are collected by the unit opera-
tors by the open-spigot-and-bottle method. Sampling loops are not used; the
sample lines are flushed directly into the sewer system. The only type of
control measure used for this type of sampling is the water-cooling of hot
liquid samples before collection. This reduces sample vaporization during
sampling. Although the operators normally perform the sampling quickly and
without skin contact, this is a definite potential source of PAH exposure.

Exposure during routine maintenance is difficult to minimize. The ground
level of the unit is constructed of concrete, and the pump area has a sewer
system which simplifies cleanup procedures. The refinery has its own craft
crews (e.g., pipefitters, electricians) that provide preventive and repair
services. The last major turnaround for this unit was in 1977.

Hard hats, safety shoes, eye protection, and long-sleeved shirts are re-
quired on this unit. Coveralls are not provided and are not normally worn.
Ear protection is used in the compressor room and fractionator/pump area.
There are no routine operations that require the usage of respirators; how-
ever, NIOSH- approved air-purifying and self-contained, breathing-air res-
pirators are available. These respirators are maintained by the refinery
safety department and the unit operators.

The areas of the unit handling heavy fractions, which are more likely to
contain the PAHs, are in fairly open areas, minimizing potential vapor ac-
cumulation. Several of the heavy gas 0il, slurry recycle, and decant oil
pumps are located close together near the fractionator tower. This is an
area where PAH concentrations might be elevated. The operators' work sta-
tion and the nerve center are both air-conditioned but not under positive
pressure and are occasionally downwind of the R/R, fractionator, and heavy-
fraction pumps.

The flue gas from the regenerator goes through a series of cyclones to re-
move catalyst fines and is then burned in the CO boiler with an auxiliary
fuel. The CO boiler removes not only carbon monoxide from the flue gas but
also many hydrocarbons, making the effluent suitable for discharge to the
atmosphere.
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Delayed Coker Unit
Unit and Process Description

The delayed coker unit, as shown in Figure C-23, is located at the north end
of the refinery production area. The FCCU is to the south and the No. 2
crude and vacuum units are to the south and east. There are actually two
separate delayed coking units within the one area. Coker #1, built in 1958,
has two 89-foot coke drums with a daily production capacity of about 440
tons of sponge coke. Coker #2, built in 1966, has two 64-foot coke drums
with a daily capacity of 240 tons of needle coke.

The unit is spread over an area of about 500 by 250 feet, with the No. 2
crude vacuum unit in the southeast corner of the unit (Figure C-25). Both
coke towers (open, multilevel structures that include the coke drums) are at
the north end of the unit; parallel railroad tracks run beneath each pair of
drums. Both sets (coker #1 and coker #2) of charge furnaces, charge furnace
pumps, and fractionators (bubble towers) are to the south of the coke towers
and railroad tracks. The single control building, also housing the Tocker
and tool room, is located about 30 feet south of the coker #2 charge furnace.

The blowdown drum and containment pit are located about 200 feet east of the
coke towers.
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Figure C-25. Refinery G delayed coker unit.
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Coker #1 produces a #2 grade coke referred to as sponge coke. The residual
from the vacuum units is pumped from storage to the coker #1 fractionator
where the lighter fractions are separated and recovered. The bottoms from
the fractionator are then pumped (furnace charge pump) to the gas-fired
furnace where they are heated to about 900°F (482°C). The heated charge
then goes to one of the two coker #1 drums where the thermal cracking pro-
cess begins. Each drum has a 48-hour cycle with coke formation lasting
about 24 hours. One coker #1 drum is cut about every 24 hours. The lighter
vapor fractions of the thermal cracking operation are removed from the top
of the drum and sent to the fractionator where the various products are
separated and eventually recovered. Products from coker #1, other than
sponge coke, include: fuel gas, gasoline, intermediate distillate, and FCCU
charge (gas o0il).

Coker #2 produces a #l1 grade coke referred to as needle coke, a higher qual-
ity coke that is much harder and denser than the sponge type. The unit
utilizes a different feedstock from coker #1, and the operating parameters,
temperature and pressure, are also different. Otherwise, the two units are
quite similar in operation with each drum operating on a 48-hour cycle. The
products from coker #2, other than needle coke, include: fuel gas, propane/
butane fraction to crude overhead receiver, and FCCU feed (gas oil).

A complete cycle of each drum from heating to cutting is 48 hours. About 9
hours before the cutting operation is scheduled, coke formation (24 hours)

is stopped by switching the feed to the other drum. In 1 hour, steam

is introduced into the drum to cool it. This lasts about 2 hours, and then
water is added to further cool the drum (6 hours). Nine hours after the

feed is switched, the top and bottom of the drum are opened, and the coke

is cut with a high-pressure hydraulic bit. An initial hole is bored through
the coke (1-1% hours) and then the coke is cut from the bottom up (3-4 hours).
Railroad cars are positioned directly beneath the drums to provide direct
loading as the coke is cut.

After cutting is completed, the top and bottom of the drum are replaced; the
drum is pressure-tested for seal, heated, and is ready to begin coke forma-
tion when the feed is switched from the other drum. The entire cutting
operation normally lasts up to 8 hours.

Work Force

The work force for the delayed coker unit is divided into two groups, the
operational group and the coke-handling group. The two-person operational
group works the normal 8-hour shift; following is a brief description of
their job activities.

® C(oker #1 Operator: This operator and the coker #2 operator perform
all of the routine outside tasks for this unit. The coker #1 opera-
tor has responsibility for the areas including the coke tower, fur-
naces, containment pit, and jet pump area. Performs visual inspec-
tion tours of this area four times per shift, checking for leaks,
spills, or any malfunctions that may create an unsafe condition.
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These tours usually last from 15 to 30 minutes. Other duties
include meter and gauge readings, valve switching, and also
monitoring and logging in the various charts and gauges in the
control room. Normally spends about 50% of the shift outside in
the production areas.

® Coker #2 Operator: Has responsibility for the various pumps,
fractionators, and other gas recovery towers and equipment.
Duties include visual inspection of equipment, meter and gauge
readings, starting and shutting down pumps, lubricating and 0il-
ing pumps, and sample collecting. Eight process streams are
normally sampled each day shift; these streams include Tight
distillate, intermediate distillate, gas oil, furnace charge,
and decant oil feed. This operator normally spends about 50%
of the shift outside in the production areas.

The coke-handling group is normally made up of the driller and three others
during the day shift; during the evening shift (1500-2300), there is one
less worker. Following is a brief description of their job activities.

® Driller: Deheads the top of the drum with or without help, and
sometimes helps with the bottom. The great majority of the shift
is spent at the drilling station in the coke tower penthouse. It
takes about an hour to make the initial "bore-through" and then
the bit is switched for the actual cutting, which lasts about 2}
hours for sponge coke and 5-6 hours for needle coke. He then
helps to close the drum and with the general cleanup operations.

o #2 Cleaner: Acts as the relief man and assistant to the driller
and #3 cleaner. Periodically takes over the drilling operation in
the penthouse, allowing the driller to take breaks. Most of his
shift is spent down below on the second level (deheading the drum
bottom, directing the loading of the railcars) or on the ground
level cleaning up the general area of loose coke.

® #3 Cleaner: Helps with the opening and closing of the drum bottom
and positioning of the movable platform at the start of every cut-
ting operation. During much of the cutting operation, he is
positioned in an enclosed shelter, level with the top of the rail-
car. From here through a window, he regulates the movement of the
cars (by motorized winch) to allow even loading of the cars.
Cleanup is ongoing during cutting, but everyone helps once the
cutting is completed. Large pieces on the ground are either
picked up or shoveled, and the whole area is hosed down.

® #4 Cleaner: Primary duties are to help and relieve the #3 cleaner;
this can include deheading the bottom, directing the railcar load-
ing, and cleaning up the ground level. He also greases and oils
the winch and motor and other equipment.
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Control Measures

The coke-cutting operation is one of the few in a refinery that is not a
closed system. Because of this, it is more difficult to minimize worker ex-
posure during this operation. During every cutting cycle, the top and bottom
of the drum must be opened manually; the coke must be cut by the driller;

the coke handlers must clean and prepare the fittings, and, at this particu-
lar unit, ensure that the railcars are properly loaded, and clean up the coke
tower structure and ground area. There are several important advantages and
disadvantages concerning worker exposure associated with cutting the coke
directly into railcars.

This method using railcars eliminates the necessity of the crane and any
other type of loading and handling equipment such as front-end loaders and
trucks. However, this method requires that at least one of the coke hand-
lers be stationed at the drum bottom area to ensure proper railcar loading.
Although in an enclosed station, this worker is in very close proximity to
the falling coke, splashing water, and water mist. The coke at this point
has been cooled, and hydrocarbon vapor is not likely. Exposure is more
likely to be dermal and to coke particulates.

The opening of the top and bottom of the drum was done efficiently and
quickly. The driller normally opens and closes the top of the drum by him-
self; this takes about 30 minutes. At least two of the coke handlers work
as a team to position the hydraulic supports, to drop the bottom of the
drum, and to move the sliding platform to the side. This normally takes
about 45 minutes. No metal sleeve or chute extender is used at this unit;
the coke falls directly from the drum into the railcar.

The two penthouses on the top level are relatively enclosed one-room build-
ings (45 x 20 feet) where the driller operates the overhead drills. There
are two openings in the roof and several windows; however, natural ventila-
tion did not appear to be good. It can also get very hot in these rooms.
The drillers attempt to keep the top of the drum as covered as possible to
minimize any vapor or particulate escape into the penthouse during the
drilling operation. This is done by positioning wooden panels around the
drill shaft.

Direct loading of railcars normally requires considerable cleanup at the end
of each cutting, as was the case at this unit. The tracks have to be
cleared of the large coke chunks, and the entire ground area must be hosed
down. This done during cutting, and also after it is finished.

A1l workers on this unit wore hard hats, safety shoes, and at least long-
sleeved shirts. Some of the coke handlers wore coveralls that are provided
by the company. These coke handlers changed into their coveralls or sepa-
rate work clothes in their small locker room in the same building and adja-
cent to the unit control room. Shower facilities are located at the front
of the refinery. There were no routine operations that required the use of
respirators; however, air-purifying and self-contained, breathing-air respi-
rators were available. The operations crew ate in the control room while
the cutters ate and rested in their separate room. Neither room was under
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positive pressure; the control room was air-conditioned. Because of the
changing wind direction at this refinery, the control building is occasion-
ally downwind of the coke tower and production area.

The steam that is used to cool the drums is sent through a knockout drum
before it is vented to the atmopshere. A flare is available for turnarounds
or any other conditions that might require it.

Asphalt Blowing Unit
Unit and Process Desceription

The asphalt blowing unit is by itself about %-mile from the main product1on
area in the southeast corner of the refinery. This unit is not shown in
Figure C-23. There are two blowing towers, side by side, with a production
capacity of 7,000 barrels of blown (oxidized) asphalt per day.

The unit (Figure C-26) is a relatively small (250 x 120 feet), simple unit
with the main structures being the control building, the air blower (com-
pressor), the two blowing towers, the asphalt vent gas knockout drum, and
the asphalt fume incinerator. There are also several pumps including the
two asphalt product pumps. The unit foundation is gravel.

* Aspha]t Oxidizer Tower
Vent Gas :
Fume
Control An Knockout : ﬁ
Building = _Compressor Drum ipchacratar
1 Asphalt Product Pumps []
~— =

Figure C-26. Refinery G asphalt blowing unit.

The feed to the blowing towers comes from storage tanks (vacuum bottoms) and
enters the two vertical vessels at several points in the upper half. The
compressed air is discharged into the bottom of the towers and oxidizes the
asphalt. The vent gas first goes to a knockout drum to remove any entrained
mist and particulates and then to the fuel-oil-fired incinerator. The as-
phalt product is pumped to storage.

Work Force

This unit requires only two workers per shift, one inside control board
operator and one outside operator.
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REFINERY H

DESCRIPTION OF REFINERY H

Refinery H is a "small" (7,000 bbl/day capacity), "major" refinery located
in Montana. The refinery, which was built in the 1920's, had several owners
before the current company purchased it in 1947. The refinery is currently
spread over approximately 200 acres. At the time of all three surveys, the
refinery was operating at or very near to capacity. The petroleum products
produced here included:

e gasolines e intermediate fuel oils
® propane e Diesel o0il

e butane e asphalt

o jet fuel

Approximately two-thirds of the crude refined here is from Montana and is
received mainly by pipeline; the remaining one-third is Canadian and
received by pipeline. This crude.is categorized as a "sour" (1-2% sulfur by
weight), "mixed base" (containing both paraffins and naphthenes) crude with
an API Gravity Index normally ranging from 32 to 36. The petroleum products
produced here are marketed within 300 miles and are shipped by tank trucks
or railcars.

The major process units at Refinery H include:

e crude distillation unit e catalytic reformer unit
e vacuum distillation unit e polymerization unit
e FCCU

Figure C-27 shows a rough plot plan of the main production area which is lo-
cated in the northeast section of the refinery. There is only one main con-
trol building for the five process units.

Besides being the smallest refinery visited during the study in terms of
crude capacity, this refinery also has the smallest work force. There is a
total of 57 employees including 18 production workers, 15 administrative or
supervisory personnel, 20 maintenance, and 4 laboratory workers. Most of
the routine maintenance activity is performed in-house, while contractors
and company employees from other refineries can be called in for major main-
tenance work including turnarounds. The production units operate 24 hours a
day, 7 days a week; there are normally four rotating work crews. The main-
tenance crew works 0800 to 1630 daily.

Safety and health programs are handled by the refinery safety director and
the laboratory and stock supervisor with the assistance of corporate per-
sonnel. The company that owns this refinery has recently developed a com-
prehensive health maintenance program which enables computerized retrieval
of medical and industrial hygiene data. Two employees at each facility are
trained to conduct quarterly industrial hygiene sampling; these samples are
analyzed at the corporate laboratory, and the results are entered into the
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computer. In the past, the corporate industrial hygienists performed peri-
odic surveys at this and other facilities. Surveys at this refinery were
conducted in 1972, 1975, 1977, and 1978 for such hazards as asbestos, am-
monia, total and respirable dust, benzene and other organics, hydrogen sul-
fide, mercaptans, and welding fumes.

FCCu l
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1k\\ ' Building

Tank
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(asphalt)

Figure C-27. Refinery H production area.

A11 employees receive preemployment medical examinations; periodic examina-
tions are scheduled for every 5 years for those up to 45 years of age, every
3 years for those between 45 and 55, and every 2 years for those over 55
The refinery is considering annual examinations for all employees; insula-
tors currently receive annual examinations. The size of the refinery does
not warrant a nurse or physician on the premises; a hospital emergency fa-
cility is nearby, and two physicians in the area have arrangements with the
refinery. All employees have received Red Cross first aid training and a

small number of employees have received cardiopulmonary resuscitation train-
ing.
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As part of good industrial hygiene practice, the use of protective clothing
and equipment (e.g., hard hats, safety shoes, eye protection) is emphasized.
Eating and smoking are allowed in the control room; smoking is also allowed
in several other designated areas of the refinery (e.g., stock operator's
office, part of the laboratory). All new employees are initially trained in
safety with the Dupont "New Employee Safety Training" manual. The safety
training is continued over the first 3 months with additional Dupont train-
ing guides. Good unit housekeeping is practiced as an important means of
minimizing worker exposure to potential hazards. Spills are promptly
cleaned up by the maintenance crews, and any necessary equipment or Struc-
ture repair is also promptly carried out by the unit operators or in-house
maintenance crews.

STUDY PROCESS UNITS AT REFINERY H
Fluid Catalytic Cracking Unit (FCCU)
Unit and Process Description

The FCCU is located in the north section of the main production area (Figure
C-27) near the catalytic reformer and polymerization units. Since the en-
tire production area is quite small (100 x 50 yards), all five process units
and the control building are relatively close together. The reactor/regen-
erator (R/R) structure is a stacked type with the reactor on top. The FCCU
was completely rebuilt in 1956, and there have not been any major modifica-
tions to the unit since then. The production capacity of the unit is about
2,000 bbl/day. The single control building was rebuilt in 1963 after an
explosion destroyed the previous one.

The FCCU covers an area of about 100 by 100 feet (Figure C-28). The cata-
lyst hopper, the R/R, and deethanizer tower are located in the north corner
of the unit. Just to the east are two enclosed blower and compressor build-
ings. The fractionator ("syn" tower), several heavy-fraction pumps, and the
vapor recovery structures (e.g., stabilizer, syn tower overhead accumulator,
heavy cycle oil stripper, and gas sponge absorber) are to the south and
mixed with the polymerization unit structures. There is no FCCU charge fur-
nace or CO boiler which most other FCCUs in this study have had. The con-
trol building (20 x 45 feet) is located southeast of the FCCU near the ad-
ministration building (Figure C-27).

The fresh feed for the FCCU comes from the crude unit (atmospheric gas o0il)
and the vacuum unit (mostly light and heavy vacuum gas o0ils). This fresh
feed plus the bottoms (recyc1e? from the fractionator are injected into the
reactor where catalytic cracking is initiated as the hot 0il feed contacts
the catalyst. The catalyst used at this refinery is an alumina-like syn-
thetic zeolite common in other FCCUs studied in this project. The product
vapors and the catalyst are separated in the single-feed riser line and in
the reactor itself. The hydrocarbons are transferred to the fractionator
tower where the various products are separated. The catalyst is stripped of
any remaining oil with steam and delivered to the regenerator where the
spent catalyst is reactivated by oxidizing the accumulated carbon at a tem-
perature normally greater than 1,000°F (538°C). The flue gas from the re-
generator passes through the waste heat boiler (steam generator) before
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being released to the atmosphere. The regenerated catalyst is stripped of
any absorbed oxygen with steam before being recirculated back to the reactor.
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Figure C-28. Refinery H FCCU.

The main products from the fractionator are:

e butane e poly feed
@ propane e fuel gas
e cat gasoline

Work Force

The small production capacity and physical size of this refinery is also re-
flected in its work force. There are normally only three workers per shift

who handle all five process units. Following is a brief description of these
three full-time personnel.
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o Chief Operator: Has overall responsibility for the operations and
the two other operators. During the first hour of the shift, he
makes a comprehensive tour of the production area checking for
leaks, spills, or any indications of malfunction. The remainder
of the shift he spends inside the control building, monitoring and
logging in the various meters and charts.

® A Operator: Interacts frequently with the chief operator and is
in charge of the outside operations. He periodically makes tours
of the production area and the tank farm to visually inspect all
equipment and structures. He normally collects several process
stream samples, such as reformer charge and crude, once a shift.
Normally he spends about 60-70% of his shift outside, with about
1 hour in the FCCU area and less than 1 hour in the asphalt area.

® B Operator: Performs most of the routine outside tasks such as
maintaining the boiler, oiling the various pumps, taking caustic
and process stream samples (e.g., slurry recycle and heavy cycle
0i1), adding fresh catalyst, and filling additive pots. He
normally spends about 75% of his shift outside, with about 1 hour
in the FCCU area and 15 minutes in the asphalt area.

Exposure Control Measures

The primary exposure control measure used at this FCCU is a closed-system
process which Timits exposure to products, by-products, and intermediates.
Also important is a well-organized maintenance program that provides both
efficient preventive and repair maintenance services. Under normal oper-
ating conditions, exposure to PAHs may occur during sampling of the various
streams, during maintenance and housekeeping activities, from fugitive
emissions, and from the regenerator flue gas.

Most of the liquid stream samples are collected at the FCCU and the other
process units using the spigot-and-bottle method without sampling loops.

The lines are normally flushed into the sewer system. Although the sampling
is normally performed quickly and without dermal contact, this is a poten-
tial source of PAH exposure when heavy-fraction streams are sampled.

Exposure during routine maintenance is difficult to minimize. The ground
level of the entire production area is constructed of concrete with an ef-
ficient sewer system that simplifies cleanup procedures. The refinery has
its own craft maintenance crews (e.g., pipefitters, electricians) that pro-
vide preventive and repair services during the day shift. Hard hats, safety
shoes, and neoprene gloves are worn routinely. Disposable earplugs are used
in the compressor areas. There are no routine operations that require the
usage of respirators; however, NIOSH-approved air-purifying and self-
contained, breathing-air respirators are available. These respirators are
maintained by the refinery safety department.
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The areas of the unit handling heavy fractions, which are more likely to
contain the PAHs, are in fairly open areas, minimizing potential vapor ac-
cumulation. There are two enclosed compressor buildings on the north end of
the unit; however, PAH accumulation is not expected here because heavy-
fraction process streams are not involved. Several of the heavy-fraction
pumps, including the slurry and heavy-oil pumps, are located close together
near the base of the fractionator tower. This is an area where PAH concen-
trations might be elevated. The control building, which is air-conditioned
but not under positive pressure, is occasionally downwind of the R/R or
heavy-fraction pumps.

The flue gas from the regenerator passes through a waste gas boiler (a steam
generator) and is then discharged into the atmosphere. There is no precipi-
tator (for catalyst fines) or CO boiler at this unit.

Asphalt Processing

Unit and Process Description

The asphalt processing at this refinery consists of the vacuum distillation
unit (Figure C-29); the bottoms from the fractionating tower are pumped
directly to storage. The final asphalt products are further processed when
needed by using automatic blending and emulsifying processes. Most of the
asphalt produced at this refinery is used as "road oil" that is applied
before the actual asphalt layer.

The vacuum unit is located in the south section of the production area, al-
most due west of the laboratory (Figure C-27). Two gas-fired furnaces are
to the west, the crude unit is to the northeast, and the desalter and cool-
ing tower are to the south. The vacuum unit is very small (about 30 x 20
feet); the main components are the vacuum fractionating tower, a centrifugal

asphalt pump (to storage) to the east, and three centrifugal gas oil pumps
to the south.

Work Force

As mentioned in the FCCU section, three operators handle all five process
units. Technicians from the laboratory collect asphalt process stream
samples four or five times a day using an uncovered metal container. Samples

are_taken to the laboratory, cooled, and then analyzed for penetration prop-
erties.
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REFINERY I

DESCRIPTION OF REFINERY I

Refinery I is a "small" (21,000 bbl/day capacity), "major" refinery located
in Wyoming. The refinery was originally built in the 1920s and current]y
occupies over 300 acres. At the time of the survey, it was operating at
close to capacity and producing a full Tine of petroleum products which in-
cluded:

® propane e Kkerosene
e butane ® sponge coke
® gasoline e asphalt
e Diesel oil o #6 fuel oil

Two types of Wyoming crude are separately refined here at different times.
The primary type (about 67%) is categorized as a "light," "low-sulfur" (0.3%
sulfur by weight), "mixed base" (containing both paraffins and naphthenes)
crude with an API Gravity Index of 39.0. The other type of crude is a
"heavy," "sour" (3.0% sulfur by weight), "mixed base" type with an API
Gravity Index of 24.5. At the time of the survey, the latter type was being
refined. A1l of the crude is received by pipeline while the products are

shipped primarily by pipeline and tank truck; railcars are used to a Timited
extent.

The major process units at Refinery I include:

® crude distillation unit e FCCU

(includes vacuum unit) e polymerization unit
e hydrotreating unit e delayed coker unit
e catalytic reformer (pressure coke still)

Figure C-30 shows a rough plot plan of the main production area. The FCCU
and delayed coker have their own separate control rooms; the crude, hydro-
treating, and catalytic reformer units share a common control room. Several
tank farms are to the east, north, and west of the production area. The
crude storage tanks are located to the north across the river.

There is a total of approximately 200 employees; this includes 40 super-

visory and administrative, and 50 maintenance workers. Most of the routine
maintenance activity is performed in-house; contractors are brought in for
turnarounds and other major maintenance work. The production units operate

24 hours a day, 7 days a week. There are normally four work crews that ro-
tate on a unit (8-hour shifts).

The safety and health staff at this refinery includes the safety supervisor,
an occupational nurse, and a part-time physician. The nurse is on the prem-
ises full time during the day shift, 5 days a week; the physician is at the
refinery 2 days a week. The dispensary and treatment room is fully equipped
to handle first aid situations and various routine examinations. Almost all
of the employees are trained in first aid. All of the production and main-

tenance workers are given preplacement medical examinations, and annual
follow-ups are available.
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Figure C-30. Refinery I main production area.

The safety supervisor performs industrial hygiene sampling for such hazards
as benzene, hydrogen sulfide, asbestos, lead, and hydrocarbons. This com-
pany also has a staff of corporate industrial hygienists who perform spe-
cialized periodic surveys at the various facilities. At this refinery, they
have sampled for welding fumes, silica, and PAHs (benzene-soluble fraction).
In the near future, the corporate industrial hygiene group will develop a
specific periodic sampling program that each refinery will follow.

As part of good industrial hygiene practice, the use of protective clothing
and equipment (e.g., hard hats, safety shoes) is emphasized. Special work
clothes are not worn by the production workers at this refinery. Each unit
has Tocker and wash facilities; shower facilities are located at the en-
trance of the refinery. While eating is allowed in most control rooms,
smoking is permitted only in designated areas away from the production units.
A1l new employees attend an intensive 1-week training course which includes
information on unit equipment, operations, respirator use, safety hazards,
fire protection, and first aid.

STUDY PROCESS UNITS AT REFINERY I

Fluid Catalytic Cracking Unit (FCCU)

Unit and Process Description

The FCCU is located in the main production area, about 200 feet west of the
delayed coker unit (Figure C-30). The present unit was built in 1947; the
single riser to the reactor has been replaced and enlarged several times.
The current production capacity is about 7,000 bbl/day.

The unit covers an area of about 200 by 150 feet and includes three separate
enclosed buildings (Figure C-31). On the west side of the unit, a Tong
building running north to south houses the control room and the compressors.
At the north end of the unit, a second building contains all of the major
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process stream pumps in two separate rooms. These pumps include the decant
0il, slurry recycle, debutanizer, light cycle gas oil, and slurry reflux.
The third building along the south border of the unit contains the bottom
sections of the reactor, regenerator, flue gas cooler, and precipitator.
Just to the east of this building are the two catalyst hoppers and the gas-
fired furnaces. In the middle of the unit running west to east are the
fractionator, slurry boiler, decant oil holding drum, absorber, and debutan-
izer. The ground level of the entire unit is constructed of concrete.

poa ooan
Pump Room Pump Room
A
Compressor
Room
Slurry
Fractionator Boiler Absorber
O O O Onebutanizer
Debutanizer
Decant 0i1 (::) Reboiler
Drum — A
Contral

Regen- ) Cooler Furnace
erator
Reactor

. Catalyst
Precipita tor/j Hoppers

Catalyst
oz StriPDEY‘O I O Steam Heater
Flue Gas Charge

Figure C-31. Refinery I FCCU.

The fresh feed (atmospheric and vacuum gas oils) for the FCCU comes from the
crude unit and is preheated to a suitable temperature by the gas-fired fur-
naces. This fresh feed plus slurry recycle from the fractionator are in-
Jected into the reactor where catalytic cracking is initiated as the hot oil
fged contacts the catalyst. The catalyst at this refinery is an alumina-
like synthetic zeolite common in other FCCUs studied in this project. The
product vapors and the catalyst are separated in the single-feed riser line
and the reactor itself. The hydrocarbons are taken to the fractionator
tower whgrg the various products are separated. The catalyst is stripped of
any remaining oil with steam and delivered to the regenerator where the spent
catalyst is reactivated by oxidizing the accumulated carbon at a temperature
of about 1,200°F (649°C). The flue gas from the regenerator goes to the

flue gas cooler and the electrostatic precipitator before being released to
the atmosphere.
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The main products from the fractionator are:

e butane e light cycle oil
® propane e decant oil
® gasoline e fuel gas

Work Force

There are normally four workers assigned to the FCCU full time during each

shift.

®

Following is a brief description of the duties of these personnel .

Stillman: Supervises the overall unit operations, paying particular
attention to any problems such as leaks or equipment malfunctions.
Works closely with the outside helper and the two control room
operators. Can assist with any outside activity, including minor
repairs or maintenance; however, normally spends his time outside
the control room (about 60% of shift) patrolling and inspecting

the various production areas. He normally spends about 15% of

his shift inside the pump building.

Helper: Primary responsibility is to assist the stillman as needed
and to perform the routine outside duties. These include maintain-
ing the numerous pumps, taking temperature and pressure readings,
collecting process stream samples (normally not during the day
shift), cleaning up equipment and any spills, and general unit
housekeeping. Periodically, he also patrols the entire FCCU to
detect any malfunctions. Spends about 70% of the shift in the
production areas, including about 20% in the pump building.

Control Room Operators (2): These two inside boardmen spend essen-
tially 100% of their time inside, monitoring and 1ogging in the
various meters and charts on the control boards. One is designated
as the "cat controlman" and is responsible for the reactor/regen-
erator and related equipment; the other operator is designated as
the "fractionator controlman." They both work closely with the
stillman.

Exposure Control Measures

The primary exposure control measure used at this FCCU is a closed-system
process which 1imits exposure to products, by-products, and intermediates.
Also important is a well-organized maintenance program that provides both
efficient preventive and repair maintenance services. Under normal oper-
ating conditions, exposure to PAHs may occur from fugitive emissions
(especially from pumps), from the regenerator flue gas, during sampling of
the various streams, and during maintenance and housekeeping activities.

Enclosed buildings housing equipment are of great advantage during the win-
ter months, reducing maintenance due to freezeups and also facilitating any
work on the equipment. The major disadvantage of these buildings which do
not have mechanical ventilation is that the potential for vapor (e.g., PAH)
accumulation from spills and fugitive emissions greatly increases. Heavy-

C-84



fraction pumps, such as those for slurry recycle and decant oil, have been
associated with fugitive PAH emissions in previous surveys. It is espe-
cially important at this unit that these pumps be maintained properly and
that the workers spend as little time as possible in this building. The
building housing the base of the reactor, regenerator, and flue gas cooler
also houses process streams containing PAHs; however, fugitive emissions are
not expected to be as 1ikely here since pumps are not involved. Increased
PAH levels should not be a factor in the compressor room since heavy-fraction
streams are not normally present there. The control room is not air-condi-
tioned or under positive pressure, and is frequently downwind of the produc-
tion areas. This is of particular concern since several operators spend a
considerable portion of their shift there.

The regenerator flue gas first goes to a flue gas cooler and then to an
electrostatic precipitator to remove catalyst fines before being discharged
through a stack into the atmosphere. The recovered heat produced here is
used to generate steam.

Most process stream samples are collected during the evening (1500-2300) or
morning (2300-0700) shifts; samples are not normally collected during the day
shift. Laboratory technicians collect gas samples (e.g., regenerator flue
gas) using a rubber inner tube; the unit operators (usually the helper) col-
lect liquid samples (e.g., naphtha, light cycle gas oil, slurry recycle,
fresh feed) by the open spigot-and-bottle method without sampling loops.

The samples are taken to the laboratory for analysis.

Exposure during routine maintenance is difficult to minimize, especially if
it occurs in any of the enclosed buildings. There are concrete floors with
effective sewer systems in the pump buildings and throughout the unit, sim-
plifying cleanup procedures. The refinery has its own craft maintenance
crews (e.g., pipefitters, electricians) that provide preventive and repair
services. The last major turnaround for this unit was during September 1978.

Hard hats and safety shoes are worn routinely on these units, and eye pro-
tection is available. There are no routine operations that require the use
of respirators; however, NIOSH-approved air-purifying and self-contained,
breathing-air respirators are available. These respirators are maintained
by the foremen.

Delayed Coker Unit (Pressure Coke Still)
Unit and Process Description

The delayed coker unit is referred to as a pressure coke still (PCS) at this
refinery. Although it is slightly different from the other delayed coker
units surveyed during this study, the thermal cracking process is essentially
the same. Therefore, for the purposes of this study, this unit is considered
a delayed coker unit. It is located at the east end of the production area,
directly east of the FCCU (Figure C-30). This unit, built in 1946, has two

pairs of 44-foot coke drums with a daily capacity of about 125 tons of
sponge coke.
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Figure C-32 illustrates the layout of this unit which covers an area of
about 150 by 150 feet. The large brick building at the north end of the
unit houses the control and locker rooms and two pump rooms. The larger of
the two pump rooms is called the "hot pump room" and contains several heavy-
fraction pumps including the charge pumps. Just to the south of the hot
pump room are the #1 and #2 tower fractionators, the coke tower (an open,
multilevel structure that includes the four coke drums), and the soaker. To
the north and west of the building are the blowdown tank, Tean oil cooling
box, naphtha accumulator, and coke handlers' Tocker and wash room. The
charge furnace and absorber are in the southeast corner of the unit. The
ground level of the entire unit is constructed of concrete.
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Figure C-32. Refinery I delayed coker unit (pressure coke still).



The coke drums are cut with a steam-driven mechanical drill; the drill shaft
is housed beneath each drum below ground level. As the coke is cut, it
falls onto a moving conveyor belt which loads a dump truck positioned just
to the west of the charge furnace. The truck takes about 10 loads of coke
per cutting to a nearby company that performs a calcining operation. The
company is located about 300 yards east of the unit within the refinery
boundary lines.

The type of coke produced here is a #2 grade, referred to as sponge coke.
The charge is a mixture mainly of vacuum residual from the crude unit with
smaller amounts of 1light cycle gas oil and decant oil from the FCCU and re-
cycled gas oil ("clean 0i1"). This mixture is pumped to the #1 tower frac-
tionator that separates the lighter fraction from the heavy "black oil."
This black oil is pumped directly to the soaker, while the lighter fraction
goes on to the #2 tower fractionator where "clean o0il" is separated from the
naphtha and fuel gas fraction. The clean oil is pumped to the charge fur-
nace, then to the soaker where it mixes with and heats the black oil. This
heated mixture of clean and black o0ils is then directed to one of the four
drums where the thermal cracking process begins. Each drum as a 32-hour
cycle, with coke formation lasting about 16 hours. Because there are four
drums, one drum is cut every 8 hours. The lighter vapor fractions of the
thermal cracking operation are removed from the top of the drum and recycled
back to the #1 tower fractionator. The clean o0il, most of which is not
thermally cracked, is included in this recycled portion. Products from this
unit, other than sponge coke, include fuel gas, propane, butane, naphtha,
cycle gas oil, and cycle fuel oil.

About 6 hours before the cutting operation is scheduled, coke formation is
stopped by switching the feed valve to the other drum of the pair. Immedi-
ately, steam is introduced into the charge 1ines to cool the drum. This
lasts about an hour, and then water is added to further cool the drum (3
hours). Six hours after the valve is switched, the top and bottom of the
drums are opened; the coke is then cut from the bottom with the steam-driven
metal drill. The cutting operations lasts about 2 hours.

After cutting is completed, the top and bottom of the drum are replaced; the
drum is pressure-tested for seal, heated, and is ready to begin coke forma-
tion when the charge valve is switched from the other drum.

Work Force

The work force for the delayed coker unit is divided into two groups, the
operational group and the coke-handling group. The two-person operational
group works the normal 8-hour shift; following is a brief description of
their job activities.

® Stillman: Has overall responsibility for the operations of this
unit, including coke cutting; works closely with the controlman
and head cleaner. Normally spends from 25 to 33% of his shift
in the control room; the rest of the shift he patrols the entire
unit, including the various levels of the coke tower, to monitor
the other operators and to detect any equipment malfunction.
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Other duties include opening and closing valves to direct process

streams, oiling the various pumps, and occasionally collecting
process stream samples (e.g., fresh feed).

® C(Controlman: Spends the great majority of his shift in the control
room, monitoring and logging in the various meters and charts on
the control board. Works closely with the stillman. He normally

collects two process stream samples (i.e., naphtha and clean o0il)
during each shift.

The coke-handling group is normally made up of the head cleaner and still
cleaner who also work the normal 8-hour shift. During the survey, there
were also two trainees for the still cleaner position. Following is a brief
description of the duties of the two regular coke handlers.

® Head Cleaner: Supervises the entire cutting operation. His duties
include directing the positioning of the deheading platform and
cutting engine, supervising the deheading operation, opening and
closing various valves for water and steam lines, and performing
the actual cutting. The cutting station is on the ground level
about 10 to 15 feet from the cutting engine. After cutting is
finished, he spends part of the remainder of his shift in the coke
handlers' locker and wash room.

® Still Cleaner: Works under the supervision of the head cleaner.
Deheads the top and bottom of the drum, positions the deheading
platform and cutting engine, positions and secures the steam
lines, and cleans the area of loose coke. He also operates the
dump truck.

Control Measures

The coke-cutting operation is one of the few in a refinery that is not a
closed system. Because of this, it is more difficult to minimize worker
exposure during this operation. During every cutting cycle, the top and
bottom of the drum must be opened manually; the deheading platform, the cut-
ting engine, and blades must be positioned; the coke must be cut by the head
cleaner; and the general area must be cleaned of loose coke. At this unit a
metal drill is used to cut the coke instead of the more usual hydraulic type,
and the driller (head cleaner) is positioned at ground Tevel instead of in
the penthouse located at the top of the drum. The cut coke falls directly
onto a conveyor that loads a dump truck. There are several important advan-
tages and disadvantages concerning worker exposure associated with the coke-
cutting method used at this unit.

The use of the conveyor belt to move the coke directly to the dump truck
eliminates the necessity of a crane or any other type of coke-handling
equipment that has been associated with worker exposure to PAHs in previous
surveys. The elimination of the enclosed room at the top of the drum (pent-
house) is also an advantage since this room is considered a likely area for
PAH accumulation. However, at this unit the driller (head cleaner) was
situated within 15 feet of the bottom of the drum being cut and occasionally
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directly downwind of the steam and particulates being genera?ed. The coke
at this point has been cooled and hydrocarbon vapor is not likely, but expo-
sure from dermal contact and to coke particulates is likely.

The mechanical cutting eliminates the copious amounts of water associated
with hydraulic cutting and also eliminates the related water-holding and
recycling structures (e.g., sluiceway, containment pit, filtering system).
The disadvantage of the decreased water usage is the increased potential for
coke dust generation. However, this was not noticed during the survey; this
may be due to the fact that the drums are filled with water for cooling, and
the coke is sufficiently wet to suppress dust generation during cutting.

The opening of the top and bottom of the drum was done efficiently and
quickly. The two cleaners normally open the top and bottom of the drum
within about 45 minutes. The cutting engine is positioned directly beneath
the drum and, at this point, the still cleaner must manually position the
cutting blades so that they are in the correct cutting position. The still
cleaner normally wears a slick suit and face shield during this operation
since considerable water is still draining from the drum. Cleanup is per-
formed at the end of each cutting operation. This consists of removing
fallen coke from around the conveyor system and hosing down the entire area.

A1l workers at this unit wore hard hats and safety shoes. Although cover-
alls were provided by the company, at least during the survey, they were not
normally worn. Lockers and wash facilities were available in both the main
control room (operational workers) and the separate building for the coke
handlers. Shower facilities are located near the front entrance of the re-
finery. There are no routine operations that require the use of respirators;
however, NIOSH-approved air-purifying and self-contained, breathing-air res-
pirators are available. The operations crew ate in the control room; the
coke handlers ate and rested in their separate building. Neither room was
air-conditioned or under positive pressure.

Like the FCCU, the pumps are in enclosed rooms without mechanical ventila-
tion. PAH accumulation is a possibility, especially in the larger hot pump
room which contains several heavy-fraction pumps. It is important that the
pumps be properly maintained to minimize fugitive emissions and that the
operators spend as little time as possible in the enclosed pump rooms.

The steam that is used to cool the drums is sent through a blowdown drum
before it is vented to the atmosphere. A flare is available for turn-
arounds or any other conditions that might require it.

Asphalt Processing Unit (Vacuum Pipe Still)

Unit and Process Description

The asphalt processing at this refinery is limited to the vacuum distilla-
tion process which is part of the crude unit; the bottoms from the fraction-
ating tower are pumped to storage (and blending) and to the delayed coker
unit as asphalt without any further processing. The atmospheric and vacuum
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distillation processes are located together at the west end of the produc-
tion area (Figure C-30) and called the vacuum pipe still (VPS). The VPS is
monitored out of the control room which is also shared with the adjacent
hydrotreating and reformer units. The asphalt production capacity of this
refinery is about 1,500 bbl/day.

Work Force
No worker is assigned full time to the vacuum section of the VPS. One or

more of the outside operators spend a small part of their shift covering the
equipment associated with asphalt processing.
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APPENDIX D

PAH EXTRACTION AND ANALYTICAL PROCEDURES
(FOR AREA CASSETTES ONLY)

The Chromosorb-102 (C-102) absorbant and stainless steel backup screen were
placed in a foil-wrapped soxhlet extractor fitted with a 500-m% round-bottom
flask, and extracted with 300 mg of glass-distilled methylene chloride/
methanol (1:1; v:v) for 22 hours. The extract was concentrated to approxi-
mately 10 m% in the round-bottom flask fitted with a 3-ball Synder column.
The concentrate was filtered through a Millipore sample clarifier (0.45-um
Teflon filter) into a 15-mf screwcap centrifuge tube. The extract was
further concentrated in a Kontes heating block, regulated at 35°C under a
stream of purified nitrogen. When approximately 1 m& in volume, the concen-
trate was quantitatively transferred to a 2-m% serum vial, fitted with a
Teflon-1ined rubber septum and crimp cap, and stored at -20°C in the dark
until analysis.

The extraction procedure used for the silver-membrane filter was a modifi-
cation of the NIOSH-validated Method No. P&CAM 217 (NIOSH, 1977). The
modifications included multiple extractions instead of a single extraction,
and cyclohexane in place of the leukemogenic benzene. The silver-membrane
filter was ultrasonically extracted in a 200-watt Bransonic-52 bath for 15
minutes with 5 mg of glass-distilled cyclohexane. The extract was placed in
a 15-mg centrifuge tube. This process was repeated two additional times.
Once filtered, the extract was placed in a heating block regulated at 63°C
and concentrated to approximately 1 mf. The extract was then quantitatively

transferred to the serum vial containing the C-102 extract and subsequently
placed in the freezer at -20°C.

Just prior to analysis by gas chromatography/mass spectrometry (GC/MS), the
combined extract was further concentrated at ambient temperature under puri-
fied nitrogen to approximately 200 uf. The volume of the extract was mea-
sured with a calibrated syringe. D;, anthracene (hydrogen atoms replaced by
deuterium) was added at a concentration of 100 ng per 100 u2 of extract as
an internal reference standard.

The extracts were analyzed on a Finnigan Model 4023 Gas Chromatograph/Mass
Spectrometer (GC/MS) that includes the 2300 Data General computer system. A
glass jet separator was used as the interface. Electron impact spectra are
obtained in a repetitive scanning mode. Operating conditions are summarized
in Table D-1. Columns were conditioned at 300°C for 48 hours. The MS is
scanned from 40 to 350 AMU at 158 AMU/second. The accelerating voltage is
3.5 kV, emission current 500 mA, and the electron energy is 70 eV. The MS
is calibrated with perfluorotributylamine with a calibration range from 69
to 614 AMU. Masses are assigned to the computer using a least-squares
qna]ys1s to an error of less than 150 millimass units. The mass spectrum

is stable to £0.05 AMUs or better over an 8-hour period.
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Table D-1. Chromatographic operating conditions.

GC Column: 6 ft x 0.079 in i.d. glass column packed with
3% 0V-17 80/100 mesh Supelcoport

Injector Temperature: 260°C
GC/MS Interface Temperature: 300°C
Transfer Line Temperature: 280°C

MS Ionizer Block Temperature: 300°C

Carrier Gas Flow: Helium, 10 m&/min
Initial Temperature: 50°C; held 4 minutes
Program Temperature: 8°C/min

Final Temperature: 26C°C; held 50 minutes

Synthetic quantitative mixtures of PAHs were prepared to verify each stage
of GC/MS operations and to standardize the data processing parameters such
as response thresholds and time windows for peak identification.

A11 GC analyses of the referenced PAH compounds produced symmetrical Gaussian
peaks with the exception of quinoline, which tails slightly. Table D-2 lists
the 23 PAHs or groups of PAHs that were analyzed by this method along with
their retention times relative to D,, anthracene and the extracted ion used
to quantitate the individual compounds found within the elution time window.

PAHs are identified and quantified by external concentration calibration.
Use of D,, anthracene provided an internal standard for relative retention
time calculations. Due to its chemical reactivity, its use as an internal
quantitation standard was considered inappropriate. All the PAHs have been
measured separately (externally) from the sample extracts. The measured
detector response from the external standard was used to calibrate the con-
centration measurement of the same compound in the sample.
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Table D-2. Parameters used for identification
and quantification of PAHs.

Relative retention

Compound ME* | time (6 replicates)
1. Naphthalene 128 0.527 + 0.G05
2. Quinoline 129 0.611% 0.004
3. 2-Methylnaphthalene 142 0.616 + 0.005
4. 1-Methylnaphthalene 142 0.634+ 0.003
5. Acenaphthalene 152 0.757 £ 0.002
6. Acenaphthene 154 0.780+ 0.003
7. Fluorene 166 0.854 + 0.007
8. Phenanthrene/Anthracene 178 1.001+ 0.005
Dio Anthracene 188 1.000
9. Acridine 179 1.026 = 0.005
10. Carbazole 167 1.062 + 0.003
11. Fluoranthene 202 1.172 + 0.003
12. Pyrene 202 1.206 + 0.002
13. Benzofluorene 216 1.268 + 0.003
14. Benz(a)anthracene/Chrysene/Triphenylene 228 1.397 £ 0.004
15. Benzo(e)pyrene/Benzo(a)pyrene 252 1.610 £ 0.005
16. Perylene 252 1.629+ 0.009
17. Dibenz(a,j)acridine 279 1.838+0.139
18. Dibenz(a,i)carbazole 267 1.891+ 0.029
19. Indeno(1,2,3-cd)pyrene 276 1.918 £ 0.033
20. Dibenzanthracene 278 1.927+£0.034
21. Benzo(g,h,i)perylene 276 2.017 £0.037
22. Coronene 300 2.964 £ 0. 106
23. Dibenzpyrene 302 3.176 £ 0.099

* Mass/Charge.
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APPENDIX E

SURVEY DATA

Table E-1. Environmental conditions during surveys.
Refinery Date Shift General conditions Temp[earca)ture Re]atw?%l;unndny w1nd{:1§}l1?c1ty
A 11/30/79 | Day Clear -1-10 12 - 40 4-13
12/1/79 | Day Clear 0-7 52 - 60 3-6
Evening | Clear 0-7 52 - 60 3-6
B 12/4/79 | Day Clear 10-17 37 - 57 2-17
12/5/79 | Day Clear 14 - 23 28 - 48 7-9
C 12/13/79 | Morning | Overcast with moderate rain 10- 16 45 - 75 5-15
Day Overcast with light rain 9-12 93 (noon)
12/14/79 | Mcrning { Clear, overcast 10 - 13 70 - 80 10 - 15
Day Light rain 9-13 97 (noon)
D 1/16/80 | Day Cloudy 13-21 68 -85 3-5
1/17/80 | Day Cloudy 16 -21 70-75 3-12
E 4/2/80 | Day Partly cloudy 7-21 40 - 80 3-12
4/3/80 | Day Clear 7-21 35-80 0-10
F 5/14/80 | Day Clear 13-17 47 - 53 2-10
5/15/80 | Day Clear 13-20 32 -60 3-12
G 5/28/80 | Evening | Clear 26 - 31 26 - 42 5-10
5/29/80 | Day Light rain, clear 18 - 29 45 - 70 5-7
5/30/80 | Day Overcast, partly cloudy 20 - 29 59 -73 3-12
H 6/11/80 | Day Partly cloudy 13-27 44 - 60 4-12
6/12780 | Day Partly cloudy 13 - 22 44 - 65 0-3
I 8/13/80 | Day Partly cloudy 16 - 27 35 -69 0-3
8/14/80 | Day Overcast, clear 15 - 27 40 -75 0-10
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Table E-4. Refinery A: PAH analytical results (ug/m?)
for area samples collected at the asphalt
unit and upwind Tocations®

AREA

Sample Location: (A-1] (A7) UPWIND

Sample Date: | 11/30 [ 11/30 | 12/1 12/1 11/30 | 12/1

Sample Type:| Total Resp. | Total | Resp. Total | Total
Sample Volume (2): 831 823 157 744 922 873

o, sample Time: | Yo% | Ties | a7 | oy | Yeos | is
(2) | Naphthalene* 2.14 1.27 0.33 0.59 0.40 0.29
(2) | Quinoline* 1.49 | o0.55| 0.13 | =P — | 0.07
(2) [2-Methylnaphthalene 8.04 4.71 1.12 1.59 0.19 0.04
(2) |1-Methylnaphthalene 4.63 3.00 ] 0.43 0.95 0.11 0.01
{2) |Acenaphthalene 0.10 -- = == -- o
(2) | Acenaphthene 4,55 0.52 -- -- -- -
(3) |Fluorene 7.61 0.56 -- -- <0.01 --
(3) |Phenanthrene*/Anthracene* 1.66 1.14 0.03 0.15 0.07 --
(3) |Acridine 0.30| 0.20 -- -- <0.01 -
(3) |Carbazole 0.09 0.07 -- -- <0.01 -
(4) | Fluoranthene 0.03 0.05 -= - 0.02 --
(4) | Pyrene* 0.09 | 0.08 - 0.03 0.04 -

(4) |Benzofluorene == sz o - — s

(4) Benz(a)anthracene*/
Chrysene*/Triphenylene

(5) Benzo(e)pyrene*/
Benzo(a)pyrene*

(5) [Perylene -- -- -- -- -- --
(5) [Dibenz(a,j)acridine* - -- -- -- -= <=
(5) |Dibenz(a,i)carbazole* -- -- - -- -- --
(6) | Indeno(1,2,3-cd)pyrene* -- -- - -- -- -
(5) |Dibenzanthracene*@ -- -- -- -- - -
(6) |Benzo(g,h,i)perylene -- -- . -- -- --
(7) |Coronene == - -= - <0.10 -

(6) |Dibenzpyrene*c s e 5 == = =

TOTAL 30.73 | 12.15 | 2.04 331 0.83 0.41

* Suggested as having some cancer-causing potential.
Blank values have been subtracted from data. Data have not been corrected for
temperature and pressure variation; maximum deviation would be within 2% of

b actual values.

- "--" designates compounds not cetected.
Specific isomers not distinguishable by analytical method; reported value repre-
sents any one or combination of existing isomers.
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Table E-7.

Refinery B: PAH analytical results (ug/m®) for area

samples collected at the asphalt units and upwind

location®

Sanpe Location: | ASPIAT BLOAING JREA | DERSPALTINE ARERT 13
Sample Date:| 12/4 | 12/4 | 12/4 | 12/4 12/5 12/5 12/4
Sample Type: || Total | Resp. | Total | Resp. Total | Total Total
| e O e ol
No. Sample Time: iz = - = = = S
1410 | 1410 | 1416 | 1417 1432 1430 1420
(2) | Naphthalene* 1.13 | 1.50:| 0.37 | 2.21 0.12 2.68 0.28
(2) | Quinoline* 0.05 | 0.06 | 0.08 | 0.09 0.12 0.35 0.10
(2) | 2-Methylnaphthalene 0.85 | 1.09 | 0.56 | 1.55 0.49 5.22 0.31
(2) | 1-Methylnaphthalene 0.69 | 0.64 | 0.36 | 1.22 0.40 3.19 0.20
(2) | Acenaphthalene 0.00 | 0.02 | 0.01 | 0.03| 003 | -2 |<0.01
(2) | Acenaphthene <0.01 | 0.02 | 0.01 | 0.03 0.04 0.14 0.03
(3) | Fluorene 0.02 | 0.03 | 0.04 | 0.04 0.07 0.14 0.03
(3) | Phenanthrene*/Anthracene* | 0.07 | 0.06 | 0.11 | 0.10 0.13 0.29 0.06
(3) | Acridine <0.01 | 0.02 -= 0.02 0.03 -- 0.01
(3) | Carbazole <0.01 | 0.01 -- |<0.01 0.01 -- 0.01
(4) | Fluoranthene 0.01 | 0.01 | 0.01 | 0.01 <0.01 -- <0.01
(4) | Pyrene* 0.02 | 0.02 |<0.01 | 0.02 <0.01 - <0.01
{4) | Benzofluorene -- -- -- - -- - -
(8 | st rionenteone |01l | = | = | = | = 0.04
(5) Bgnzo{e)pyrene*! . . -_ . . _ _
enzo(a)pyrene*
(5) | Perylene = == - -- = == --
(5) | Dibenz(a,j)acridine* -- - - - = =x -
(5) | Dibenz(a,i)carbazole* 0.04 | 0.05 -- - - - s
(6) | Indeno(1,2,3-cd)pyrene* -- -- = E= -- -- e
(5) | Dibenzanthracene*© -- - == —= — = i
(6) | Benzo(g,h,i)perylene -- - = = o == e
(7) | Coronene - -- -- -- - -- -
(6) | Dibenzpyrene*e . o — = e == e
TOTAL 2.89 | 3.53 | 1.55 | 5.32 1.44 12.01 1.07
; Suggested as having some cancer-causing potential.

Blank values have been subtracted from data.

Data have not been corrected for

temperature and pressure variation; maximum deviation would be within +2% of actual
values.
b

-" designates compounds not detected.
Specific isomers not distinguishable by analytical method; reported value represents

any one or combination of existing isomers.
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Table E-10. Refinery C: PAH analytical results (ug/m*®) for area
samples collected at the asphalt units and upwind

location@
#1 Vacuum Unit #4 Vacuum Unit
Sample Location: AREA AREA UPWIND
A-1 A-2 A-3 A=
sample Date: | 12/13 | 12/13 | 12/14 E??f; 12/14 | 12/14 12/14
Sample Type: Total Resp. Total Total Total Resp. Total
Ring Sample Volume (2);: 774 779 812 761 15 668 963
No. Sample Time: 0752~ 0752- 0740~ 2310- 0025- 0025~ 0829-
1515 1515 1522 0637 0700 0658 1614
(2) Naphthalene* 1.24 1519 0.66 3.64 0.45 3.26 0.06
(2) Quinoline* ¢ L 1.01 0.40 0.40 _h 0.15 -
(2) 2-Methylnaphthalene 3.44 3.49 1.26 3.76 0.67 2.01 -
(2) 1-Methylnaphthalene 2.16 2,29 0.84 3.06 1,66 1.85 --
(2) .Acenaphthalene 0.40 0.32 0.07 0.09 0.08 0.03 --
(2) Acenaphthene 0.83 0.79 0.13 0.18 0.19 0.08 --
(3) Fluorene 0.73 0.69 13 0.19 D17 0.06 -
(3) Phenanthrene*/Anthracene* 2.56 2.14 032 0.37 0.30 114 0.01
(3) Acridine 0.94 0.73 0.35 0.13 0.10 0.03 -
(3) Carbazole 0.52 0.44 0.06 0.13 0.04 0.07 --
(4) Fluoranthene 0.32 0.26 -- 0.14 0.03 0.04 -
(a) Pyrene* 0.45 0.37 0.17 0.15 0.04 0.09 -
(4) Benzofluorene 0.74 0.58 0.11 0.09 r= = ==
(4) Eggiigiﬁgfp;iﬁggg;i1ene 0.19 0.22 | o0.08 0.10 o 0.03 =
oy [ BRreoi e sunne 0.06 | 0.05 | 0.10 0.14 = -- --
(5) Perylene -- 0.03 0.13 0.12 == = =
(5) Dibenz(a,j)acridine* - 0.07 as e = iz .
(5) Dibenz(a,i)carbazole* -- 0.17 .- 0.14 -- 0.19 ==
(6) Indeno(1,2,3-cd)pyrene* -- -- == == = == =
(5) Dibenzanthracene*d = = e = = i =X
(6) Benzo(g,h,1)perylene -- -- - -- - 0.06 --
(7) Coronene - == i = = = n=
(6) Dibenzpyrene*e == == = == b i 2
TOTAL 15.71 | 14.84 | 4.77 12.83 4.73 8.09 0.07

* Syggested as having some cancer-causing potential.
a glank values have been subtracted from data. Data have not been corrected for temperature and pressure

variation; maximum deviation would be within £2% of actual values.

b u__v designates compounds not detected.
@ Specific fsomers not distinguishable by analytical method; reported value represents any one or combination

of existing isomers.
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Table E-14.

personal and area samples collected at the

deasphalting unit and upwind locations@

Refinery E: PAH analytical results (ug/m®) for

Sample Location: | —prMEA - OPERATOR | SSISTANT orermi | ueuino
Sample Date: 4/2 4/3 4/2 4/3 4,2 4/3 [ 4/2] 4/3 4/2 4/3
Rin Sample Volume (&): 878 789 879 858 864 836 b 838 850 700
No. Sample Time: 0738- | 0735- 0721- | 0718-| 0723- | 0731- 0731- || 0758- | 0623-
1440 | 1424 1436 | 1427 1437 1429 1422 1459 | 1213
(2) | Naphthalene* 36.93| 24.92 || 18.13| 2.52| 42.15| 19.69 1.71 | --° | o0.29
(2) | Quinoline* - 0.06 -- <0.01] 0.12 -- -- - <0.01
(2) | 2-Methylnaphthalene 2.81| 2.31| 1.47| 0.57| 4.67| 0.81 0.38] -- | 0.24
(2) | 1-Methylnaphthalene 1.07| 1.06| o0.81] 0.33] 2.25| 0.40 0.36 || -- 0.25
(2) | Acenaphthalene - 0.04 -- -- 0.04 -- - e o
(2) | Acenaphthene -- 0.11 -- 0.02| 0.18 -- <0.01 -- --
(3) | Fluorene - 0.07 -- == 0.09| -- -- -- --
(3) | Phenanthrene*/Anthracene* 0.33| 0.18 0.33( -- 0.22]| 0.39 0.05 -- --
(3) | Acridine -- 0.05 -- -= 0.03 | -- -- -- ==
(3) | Carbazole <0.01| 0.01 - -= ~= -- -- -- --
(4) | Fluoranthene 0.01| 0.03 -- -- | <0.01| -- -- -- --
(4) | Pyrene* 0.01| 0.04 = - == == -- -- --
(4) | Benzofluorene -- == == -- -- -- -- - -
(4) Bgnz{a]anthraqene*f = . - - . . . . -
hrysene*/Triphenylene
(5) Benzo(e)pyrene*/ - _ _ - - o . . .
Benzo(a)pyrene*
(5) | Perylene -- - am =5 -- -- -- -- --
(5) | Dibenz(a,j)acridine* - -- -- -- -- -- - -- --
(5) | Dibenz(a,i)carbazole* -- -- -- == - -= -- -- --
(6) | Indeno(1,2,3-cd)pyrene* -- -- -- -= —= -- -= - --
(5) | Dibenzanthracene*d -- -~ -- -- -- -- -- - =
(6) | Benzo(g,h,i)perylene - - == -- - -~ -- -- --
(7) | Coronene -- -- -- - -- . - - -
(6) | Dibenzpyrene*d -- -- -- -- -- -- - -- -
TOTAL 41.16 | 28.88 || 20.74 | 3.44 | 49.75 | 21.29 2.50 0.00 0.£§‘ﬂ

* Suggested as having some cancer-causing potential,
Blank values have been subtracted from data.

b

d Sp
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Data have not been
pressure variation; maximum deviation would be within +2% of actu
Sample lost.
-" designates compounds not detected.

ecific isomers not distinguishable by analytical method
combination of existing isomers.

corrected for temperature and
al values.

5 reported value represents any one or




Table E-15. Refinery F: PAH analytical results (ug/m®) for personal
and area samples collected at the FCCU%4

sample Location: F-1AR_EAF-2 SUPERVISOR | #1 OPERATOR | #1. OPERETOR | e T

Sample Date: | 5/14 | 5/15 5/14 1 5/15 | 5/14 | 5/15 %ﬁ%ﬁ 5/15 | 5/14 [ 5/15 | 5/14 | 5/15

Ring Sample Volume (£): Ogig b O?ig éig?ﬂ D?Eé Ugég dﬁba 941 882 932 900 926

No. sanple Ting: - - - - —[0801- [ 0749- | 0800~ | 0802- | 0759~ | 0758~ |

1515 1535 | 1553 | 1531 | 1535 | 1532 | 1541 | 1519 | 1543 | 1529 | 1542

(2) | Naphthalene* 2.96 0.51 3.06 | 1.78 | 2.39 0.25| 0.44 | 0.58 0.55| 0.68 | 0.42
(2) | Quinoline* e e e - . - - . - - -
(2) | 2-Methylnaphthalene 9.73 0.61 311 | 2.5 | 223 0.74| 0.50| 0.91 0.56 | 1.03 | 0.43
(2) 1-Methylnaphthalene 5.93 0.45 1.88 1.11 | 1.40 0.46 | 0.30( 0.65 0.33 | 0.64 | 0.29
(2) | Acenaphthalene 0.39 - - - -- - -- -- -- -- | 0.01
(2) | Acenaphthene 1.57 0.24 0.72 | 0.45 | 0.84 0.32| 0.17 | 0.20 0.19| 0.29 | 0.08
(3) | Fluorene 1,32 0.15 0.30| 0,21 | 0.23 0.19| 0.09| 0.04 0.12 | 0.14 | 0.02

(3) | Phenanthrene*/Anthracene* 7.82 0.28 0.48 | 0.13 | 0,17 0.09 o -- 0.05| 0.14 | 0.04
(3) | Acridine = == | D] == o= o5 - o = s -
(3) | Carbazole - - -- -- == 0.05| 0.02| -- -- 0.03 ==
(4) | Fluoranthene 0.56 - - 0.02 - 0.02 | <0.01 -- | <0.01| 0.02 --
(4) | Pyrene* 1.70 -- -- | 0.03 | -- 0.06| 0.02| -- 0.02 | 0.08 | --
(4) | Benzofluorene - -- -- -- -- | <0.01| -- - — - o
Ol it ol T B I I B I I I L
(5) Benzo(e)pyrene*/ . . . - — . . — = o =2

Benzo(a)pyrene*

(5) | Perylene -- -- -- -- -- -- -- -- -- - --
(5) | Dibenz(a.j)acridine* - -- -- -- -- -- -- -- -- -- -=
(5) | Dibenz(a,i)carbazole* -- -- -- -- -- -- -- -- - -- ==
(6) | Indeno(1,2,3-cd)pyrene* -- - -- -- -- - - - -- - --
(5) | Dibenzanthracene*d - -- -- <a == -- -- <= -- -- --
(6) | Benzo(g,h,i)perylene -- -- - -- -- -- -- -- - -- -=
(7) | Coronene -- -- -- .- -- == == -- - -- ==
(6) | Dibenzpyrene*d -- - -- -- - -- -- -- -- -- --
TOTAL S2h7 2.24 | 9.55 | 5.88 | 7.26 | 2.21 | 1.54 | 2.38 | 1.82 | 3.07 | 1.29

* Suggested as having some cancer-causing potential.
2 Blank values have been subtracted from data. Data have not been corrected for temperature and pressure variation;
b maximum deviation would be within x2% of actual values.
Sample lost during analysis.
@ n_." designates compounds not detected.
Specific isomers not distinguishable by analytical method; reported value represents any one or combination of
existing isomers.
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Table E-17.

Refinery F: PAH analytical results (ug/m?)

for area samples collected at the asphalt
units and upwind locations%

Sample Location: [ A-] AREAR_Z UPWIND

Sample Date: 5/14 5/15 5/15 5/14 5/15

e | e R T EE e i S

No. Sample Time: | 550 | 1600 | 1503 | 1459 | 1512
(2) | Naphthalene 2.8 1.39| -2 || o20]| --
(2) | Quinoline* -- -- -- -- --
(2) | 2-Methylnaphthalene 6.08 5.14 | 0.62 0.07 ~=
(2) | 1-Methylnaphthalene 6.32 4.28 0.34 0.07 --
(2) | Acenaphthalene -- - - - -
(2) | Acenaphthene -- 0.72 -- -- --
(3) | Fluorene 115 0.72 0.05 <0.01 --
(3) | Phenanthrene*/Anthracene* 0.98 0.68 | 0.12 -- --
(3) | Acridine - 0.31 | 0.06 . =
(3) | Carbazole -- 0.06 | 0.24 -- -
(4) | Fluoranthene 0.04 -= 0.08 -- --
(4) | Pyrene* 0.07 | <0.01 0.25 -- --
(4) | Benzofluorene -- -- -- -- --
o |pemiracemet || e | | -
(5) Benzo(e)pyrene*/ o i o =2 =

Benzo(a)pyrene*

(5) | Perylene -- -- -- -- ==
(5) | Dibenz(a,j)acridine* == = == = ==
(5) | Dibenz(a,i)carbazole* - o - - led
(6) | Indeno(1,2,3-cd)pyrene* -- <= == s =
(5) | Dibenzanthracene*¢ -- -- -- s e
(6) | Benzo(g,h,i)perylene -- -- o o —
(7) | Coronene - o= — s =
(6) | Dibenzpyrene*® - == = S 3=
TOTAL 17.32 | 13.30 1.82 0.34 0.00

* Suggested as having some cancer-causing potential.
4 Blank values have been subtracted from data.
for temperature and pressure variation; maximum deviation would be within

+2% of actual values.
"--" designates compounds not detected.
Specific isomers not distinguishable by analytical method; reported value

represents any one or combination of existing isomers.
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