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INDUSTRIAL HYGIENE CONCERNS
ASSOCIATED WITH OIL SHALE DEVELOPMENT*

Harry J. Ettinger
Industrial Hygiene Group
Health Division
Los Alamos Scientific Laboratory
Los Alamos, New Mexico

I. INTRODUCT ION

Health protection concerns (including industrial hygiene, safety, and
occupational medicire) must be evaluated to insure that development of the oi)
shale industry proceeds without significant risk to the health of the workers
involved. These concerns need to be identified in the early stages of develop-
ing this industry.

To previde a basis for discussing potential health protection concerns
related to 011 shale, it is necessary to briefly discuse the magnitude and
characteristics of this resource; the alternate proposed technologies; and the
unit operations which make up the operating system. This subject has been
detailed in many publications, among them reports prepared for the Environmen-
tal Protection Agency.l'2 This discussion will be 1imited to providing suf-
ficient background to put industrial hygiene and other health protection coun-
cerns in persgactive, and will include a brief description of typical technol-
ogies under consideration. It will not provide a detailed description of these
technologies, or attempt to cover all the alternate technologies which may be
applied to the development of oil shale. However, a basis for considering
potential health protection problems associated with development of this in-
dustry will be established.

IT.  BACKGROUND

011 shale is one of the largest undeveloped fossil cnergy resources in
the United States. It is estimated that high grade shale (greater than 25
gallons per ton), capable of providing 600 billion barrels of oil, exists in

*Work pervormed at the Los Alamos Scientific Laboratory under the auspices of
the U.S. Deparument of Energy, Contract No. W-7405-ENG-36.
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Utah, Wyoming, and Colorado. If we assume one hundred percent recovery of the
0il from this resource, and our present domestic use rates, this represents on
the order of a one hundred year supply. In addition to this high grade re-
source, there is estimated to be 1,600 billion barrels of oil in lower grade
(less than 25 -allons per ton) shale in the continental United States.3’4 A
resource of this magnitude can be an important factor in alleviating the cur-
rent energy problems which forces the United States to rely extensively on oi}
imports.

Current research is directed at development of efficient mining, proces-
sing, and refining techniques in an effort to tap this large potential source
of oil. During this development period, occupatioral health studies are nec-
essary to assure that working conditions, and the potential health problems
associated with this industry, are properly evaluated to ascure adeguate health
protection for workers in existing and future facilities. Data developed under
present operating conditions must be carefully analysed and extrapolated to
permit application to large commercial systems planned for the future. These
extrapolations, may involve significant uncertainties because of changes be-
tween development and commercial scale operations. However, such extraplations
are necessary to assure that commercial facilities incorporate appropriate and
adequate control procedures.

"011 shale is a rock in which the mineral portion is associated with
high molecular weight organic mater fal n a complex manner. The mineral por-
tion is primarily a marlstone or mixture of calcium and magnesium carbonates
(dolomite) with smaller portions of quartiz and silicates. Small amounts of
sodium and aluminum materials also occur a:z pocket. in some o0il shale deposits.
The organic portion is principally a material called kerogen, whish is of such
high molecular weight that it i{s not extractablz by ordinary aromatic solvents.
A second organic constituent 1s bitumen, which 's extractable by benzene and
other so1vents.5"

In order to obtain oil from this material, it is necessary to decompose
the kerogen in some manner, and convert it into compounds *that cen be separated
from the mineral matter either by distillation or solvent extraction. O0ii
retorting processes currently under investigation use heat, usually derives
from combus tion of a smal) part of the ruterial used in the process, to achieve
this ynal.

-2-



There are three general methods for commercially extracting oil from
shale. These are: 1in-situ; modified in-situ (MIS); and above ground retort-
ing.

For the in-situ process, separation is obtained by ignition of the mate-
rial underground using an external source of fuei, and then establishing a
continuous process as the kerogen decomposes and the oil and gases are driven
off while the remaining carbon in the o0il shale burns to sustain the tempera-
ture. This requires that the mineral be broken up underground so that air can
enter, and the oil can escape and be removed through an opening distant from
the flame.

A modification of this process, called the Modified In-Situ process
(M1S), first involves the removal of 20 to 40 percent of the mineral by mining.
Columns of approximately 100 to 150 feet in diameter, and several hundred feet
high, are then rubblized by explosives to create a matrix with voids sufficient
for air and product penetration. This rubblized column is ignited at the top
so that heat pyrolyzes the kerogen to produce a mist which can be collected at
the bottom of a column. In order to provide a commercial size facility, on
the order of 100 or more rubblized columns will be operated simultaneously.
Since a significant fraction of the mineral is extracted in this process, it
is 1#ely that an above ground ratort will be operated in conjunctinn with tre
MIS process.

The third process, which probably is furthest along the road to commer-
cialization, involves above ground retorting. This requires mining the mate-
rial in relatively large mines, and handl‘ng large quantiti.s of material.

For a commercial facility one would expect to handle one to two tons of mined
material per barrel of oil produced. This would result in 50,000 to 100,000
tons per day being produced as a solid waste product 11 a typical commercial
size facility. While room and piller mining appears .o be the most 1ikely
process, open pit mining may also be employed when geologi:al conditions are
appropr fate, After mining, the material will be traniporteo to a crusher to
size it for retorting in an above ground retort. Waste materiai will result
from the crushing operation (material of inapproprizte sizes), and from the
retort (spent shale). During the retorting process waste gases and uerosols
will be collected separately from the product. The crushing operation may be
located remote from, close to, or within the mine area. Retorting may involve
combustion within the retort (direct process) or by mixing pre-heated gases or
solids with the ofl shale (indirect process).
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IIT. INDUSTRIAL HYGIENE CONCERNS

Some of the major industrial hygiene concerns which are associated with

operations of this type include the following:

1. [Inhalation of dust, gases, and vapors associated with mining.

2. Inhalation of dust, gases, and vapors associated with conveying
large quantities of materials from the mine, to the crusher, to the
retort, to the waste pile.

3. Inhalation of dust, gases, and vapors resulting from fugitive emis-
sions from the retort or crusher.

4. Inhalation of dust, gases, and vapors resulting from managing the
waste pile.

These four concerns may be considered as a single item; that is pro-
tecting the worker against inhalation of potentially toxic materials.
Based on the materials to be handled, and fieid studies which have been
performed, exposure to silica appears to constitute a significant con-
cern. This is not a new or unique probiem, but is one which will require
careful attention during development of the industry. In addition, there
is concern with exposure to organics, trace metals, oxides of nitroger,
carbon monoxide, 502. aldehydes associated with operation of diesel
equipment in mining operations, and mixtures of chemicals unique to the
0il shale processes.

5. Skin or inhalation exJosure to hydrocarbons or metals which may be
potential carcinogens.

6. Exposure to materials during routine or atypical operations which
can result in dermatitis or skin sensitization.

7. Exposure (inhalation or skin contact) during normally scheduled
maintenance operations.

8. Exposure to noise levels associated with some unit operations.

9. Exposure *o excess ive heat sources associated with some unit opera-
tions.

10. Need for respiratory protection for non routine (maintenance) or
special vperations.

Many of the industr ial hygiene concerns previously 1isted are not unique

to the development of 011 shale. They have been controlled in the mining, and
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chemical industries, and many of these control procedures are currently used
to protect oil shale workers. However, the MIS process nrc-cats several unique
industrial hygiene concerns,

To assure that a scientific basis for dev2loping the necessary controls
exists, industry, the American Petroleum Institute, the Department of Energy,
the Environmental Protection Agency, and the National Institute for Occupa-
tional Safety and Health have invested considerable time, money, and effort
into field sampling studies and assessments to develop the necessary data. A
review of some of these studiess"12 indicate that much information is known
about existing or past oil shale operations. 1In some instances data was pri-
mar1ly designed to evaluate environmental concerns, with industrial hygiene
applications being a secondary consideration. However, since workers will
constitute tie mut significant population at risk, it is desirable that future
studies forus on evaluating industrial hygiene and safety risks. This focus
1s necessary since any extrapolati.n from existing relatively small facilities,
to future commercial size systems, is dependent on obtaining data from field
studies wnich can directly relate potential worker exposure to the different
unit operations. With tihis information industrial hygiene concerns in future
oi1 shale facilities, which will be different in type and size, can be designed
to adequately control worker exposures. This extrapolation problem is com-
pounded by the fact that existing operations are experimental in nature, and
typical operating charcteristics are difficult te define.

It must be realized that future critical exposure conditions may be re-
lated to present atypical expcsure situutions rather than "normal” conditions,
Datz obtained under these atypical situations cannot be ignored.

Prev iously pubiished studies also suffer from generally being in-house
reports (i.e. EPA, DOE, LASL, or Bureau of Mines) which have 1ot undergone the
scrutiny of peer review associated with publication in the open literature.

It 1s important that reports summarizing studies in this area he submitted for
publicacion in the open literature.

Some conc¢lusions from the referenced studies include the following:

1. Dust exposure to siliceous materials during mininy, crushing, and
waste disposal present a potential problem, and will require the
application of engineering controls., Even allowahle nuisance dust
Tevels are exceeded.



Fugitive emissions from above ground retorting operations will re-
quire careful attention including maintenance of seals, develpment
of standard operating practices, and availability of appropriate
control equipment.

Size characterization of airborne dusts show that these materials
are within the respirable size range for many operations, and could
present an inhalation hazard.

Immediately following blasting, gas and vapor levels exceed allow-
able 1imits, therefore ventilation and work practices must be incor-
porated into designs to avoid unacceptabie worker exposures. This
may be especially critical in the MIS process.

The presence of extractable organics suggests the need for worker
protective clothing which will limit skin exposure to those materials
that may constitute a potential source of skin sensitization, or
dermatitis. These materials may also be potential carcinogens.
There is a need for total respirator programs to provide worker pro-
tection for some activities that are not amenable to engineering or
administrative controls.

There is a wide variation in the dust, gas, and vapor contaminant
levels measured due to the different operations, and changes in the
operational characteristics of processes under development. This
indicates the need for relating air concentrations of contaminants
to operating characteristics of the unit operation.

The prevention of occupational traumatic injury is a significant
health concern.

Medical evaluations of the Parahn workers indicate no health problems
or effects associated with these o1l shale operations. However,
these conclusions are 1imited oy the relatively small number of in-
cividuals and few long term exposures represented by these studies,
and 1imited data correlating exposure with the individual worker.



IV.  ACTIONS REQUIRED TO ASSURE ADEQUATE CONTROLS

Many of the previously identified concerns are amenable to engineering
and administrative controls. The industry is well aware of most ¢f these po-
tential prohlems and are actively working to implement programs to evaluate
and control these problems to assure that workers are adequately protected.
Safety, industrial hygiene, and occupational medicine programs have been ini-
tiated to develop data to provide an estimate of the potential hazard and to
assure that adequate controls are used.

It is important to distinguish between hazard and toxicity when consider-
ing necessary control practices. In estimating hazard it is necessary to in-
tegrate the toxicity of the material with the potential for worker ‘exposure
(in terms of concentration and time) to these materials. Simply focusing on
toxicity can lead to mis-direction of available resources.

Most of the concerns previously noted can be controlled with existing
technologies involving individually or a combination of:

1. Local exhaust ventilation and air cleaning.

2. Enclosure and confinement of dust sources.

3. Development of detailed industrial hygiene and safety work practice
guidelines. These would cover what health protection practices the
individua) worker must follow, as well as the responsibility of man-
agement and supervisory personnel,

4. A training program to make workers aware of potential health and
safety hazards, and assure familiarity with appropr iate work prac-
tices.

5. A management commitment to assure that work practices are fnllowed,
and engineering controls are maintained to satisfy the original de-
sign criteria, or mdification of these design criteria based on new
information.

6. The establishment and maintenince of an industrial hygiene sampling
pragram to continually evaluate potential hazards to the worker.
This is especially critical because of the changing nature of the
operations during the development and initial commercialization

phase.



7. Involvement of industrial hygiene and safety personnel in all phases
of process development and engineering design to assure that proper
cons ideration is given to engineering controls (local ventilation,
noise control etc.), maintenance requirements, atypical coperations,
and human factors.

8. Establishment of a complete respirator program to assure that use of
this control procedure provides the level of protection expected.

9. Establishment of quidelines for the use of protective clothing and
good hygienic practice consistent with the potential for skin expo-
sure to toxic materials.

10. Establichment of a hearing conservation program, which will include
audiometric testing: guidance for the use of hearing protective
equipment: and noise surveys to define potentially hazardous areas.

11. Estahlishment of an occupational medicine program to monitor workers
health.

12. Air sampling at selected work sites to provide input to ongoing tox-
icology efforts.

These programs will provide a high degree of assurance that workers
health will be adequately protected under most circumstances. However, there
are some potential problems which cannot be quantified at the present time.
These require close monitoring of the workers health (as part of satisfying
requirement 11 above), and an investment in applied studies in the lab and
field. The three most critical problems falling in this area relate to:

1. Hazards associated with the Modified In-Situ technology which will

present problems different from other existing technologies:

2. tvaluation of the toxicity of hydrocarbons which may present a po-
tential carcinogenic hazard to the workers;

3. Development of the ability to extrapolate from existing development
- pilot scale operations to commercial facilities.

The Modified In-Situ pr ucess presents a work situation where on the order
of 100 rubblized columns will be in operation at any one time in a commercial
facility. This will require simultaneous activities in developing columns for
rubblization, while other columns are being fired to produce 0il, and other
colums are in some stage of shut down or abandonment. This work situation
represents a unique condition because of the different potential nazards ac-
sociatea with the different operations, and the presently unknown factors de-
fining releases from in-situ retorts in different states of operation. This
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problem deserves special attention to evaluate the magnitude of the potential
hazard, and to develop control strategies (involving engineering, administra-
tive, and work practice procedures) to assure adequate worker protection.

In the pust industrial hygiene field studies have emphasized the concen-
tration and size characteristics of dusts. This rust be expanded to determin:2
the specific chemical composition of the gases and vapors present as a resu!l®.
of each operation, and the potential for these materials to be inhaled, inges-
ted, or result in skin contact to the worker. This will require a more sophiis-
ticated sampling and analytical chemistry effort than was performed in pas:
industrial hygiene studies. A major concern will be the varied hydrocarbons
associated with different aspects of the unit operations. These data should
provide input to toxicological studies.

Existing facilities are inherently one of a kind and ever changing since
0il shale technologies are in the development stages. Future operatiors will
probably involve higher levels of automation, more reliable control sys;tems,
and more constant operating conditions. An analytical model musi be reveloped
to permit extrapolation from data obtained in existing facilities to predict
potential exposures in future systems.

V. FUTURE RESEARCH NEEDS

There have been several reports dealing with research needs for health,
safety and environmental prohlems associated with development of the 0il shale
1ndustr~y.4'13'15 The most recent of these,14 which is the most detailed,
established general and specific research requirements and priorities for var-
jous hez1th and environmental .elated concerns associated with 01l shale.
Based on these reports, and the previously detailed industrial hygiene and
health related concerns associated with davelopment of the oil shale industry,
the following ten research priorities are identified below:

1. Analysis of the potential industrial hygiene and safety hazards as-
sociated with simultaneous development, operation and abandonment of
multiple retorts in a commercial size todified In-Situ o1l shale
system. This will require consideration of various aspects of what
appears to be a very complex problem. Specifically, the following
points must be addressed:
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a) A field sampling program should be initiated as part of the de-
velopmental stages of modified in-situ operations to determine
the characteristics of the particulates, gases and vapors re-
leased during each part of the life cycle of these retorts
(i.e., during development, operation, shut down and abandonment).
It is likely that data of this type will be site and process
specific. Sampling should also attempt to characterize condi-
tions during a typical operating situations.

b) Establish a strategy for the consecutive development of retorts
within limited space confines so as tc minimize the potential
for worker exposure between adjacent retorts under routine,
non-routine and emargency operating conditions.

¢) Evaluate the reliability and effectiveness of engineering or
administrative controls used to provide barriers between adjacent
Modified In-Situ retorts.

Perform field sampling studies to characterize the gases, vapors,

and particulates associated with the various unit operations for

above-ground retorting. Primary attention should be directed toward
the analysis of gases and vapors using analytical procedures such as
gas chromatography (GC), high performence liquid chromatography

(HPLC), and GC-MS to identify and quantitate specific or classes of

hydrocarbons associated with normal and maintenance operations.

These air sampling results should be closely related to the
operating conditions in order to facilitate extrapolation to future
processes. In all likelihood, data of this type will be process and
site specific and considerable attention must be directed toward
interpreting the data to permit extrapolation to the next generation
of above-ground retorting unit operations.

These data should also be reviewed in light of existing allowable
atmospheric concentrations for this industry. Application of the
coal tar pitch volatile standard, originally developed for coke
ovens, should be reconsidered in light of volatile contaminants as-
sociated with oil shale.

Data obtained in field studies noted in {1) and (2) should be pro-

vided as input to toxicology studies so that the long and short term

toxicological effects can be estimated. It seems desirable that
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initial toxicology studies snhould focus on working witn complex mix-
tures which are representitive of the material present i the work
place and potentiazl exposures atmospheres, ~ather than working with
igentified single- or multi-component campounds. For this reasgn it
is critrcal that th2 industrial nygiene and toxicalogy studies be
closely coupled. Tha results of tnese taxicology studies should be
promptly disseminated back to the industrial nygienmist, and indivi-
di321s responsinle for gperation and design af oil snale facilities.
One potantial stucy which might 3ssist in providing data relat-
ing tox1City to ratort oparating chiracteristics is the devalopment
aof an experimental retart to h2 used in conjunction with animal tox-
icalogy studies. This wosoil parmit animal exposures under controlled
reta-~t concitions. While this will not simulate any one process, “t
will provide infgrmation on the variation in toxiczlogical effezts
as a functian of retort operating parameters.
[niriation 2f a prospective epidemialog.cal study to detarmine the
nealtn effacts (if any) associated with working in the 011 shale
ndustry. A& part of this affort, careful a=tention should be made
t) inr2grating epidemiolagical data agbtiined witm work astivitias of
tne indiy1auals s9 that the potential Jr 3aztual expasure of th2 ir-
d1v7uual to specific cantaminants can be hettar estimated.
Evaluate any special safety pronlems associatad with mining 911
snala. This would include roof stability for hign roof mines, and
the handling cf extremely large gquantities of wastie materials,
Evaluate tne importance of dresel fumes as a innalation nazard to
miners 1n tha oil snale industry Tnis probl=m is not unique to 21!
shale, nowerer, the synergystic action of diesel fumes with atmo-
spheric cortaminants associated with gil shale may pr 2sent some
un ique pronlems.
Development of passive air sampling inst-umentation for moniloring
specific gases and vapors present in significant quantities in tne
var fous otl snale unit aperations. This sampler development effort
should be keyed to those contaminants identified as being the major
gases and vapors of concern (based un corcentration and potential
toxicity as identified by 1. 2, and 3) to o1l shale wor-ers.
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8. Develop analytical and modeling procedures to permit extrapolation
of data and risk assessments obtained from existing oil shale opera-
tions to large scale commercial facilities planned for the future..
This ability to extrapolate from existing 0il shale facilities to
future facilities is a critical need to avoid major wncertainties in
the future.

9. Initiate laboratory studies tc esaluate the effectiveness of exist-
ing protective equipment (gloves, air purifying respirators, etc.)
for those gases and vapors of major concern in the oil shale indus-
try.

10. Develop an information dissemination system to provide for prompt
transfer of information develcped by operating personnel, field stu-
dies, and laboratory and clinical research activities.

The above ten recommendations are not meant to be all inclusive, and in

many instances, are not unique for 0il shala. They are presented as a starting
point Tor the panel discussion at this meeting.
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