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NOTICE

Portions of this Report were prepared by Fluor Engineers and Con-
structors, Inc., sclely for the benefit of the Crow Tribe of Indians and
not for the purpose of reliamee by any third party. Fluor mskes no
guarantees and assumes no liebility to any third party with respect to sny
Information contained herein. Third parties using information contsined in
this Report do so at their own risk, and any use thereof shall constitute a
release to Fluor and the Crow Tribe from any lisbility in connection there-
with whether arising in contract, tort, or otherwise, and regardless of the
“fault or negligence of Fluor or the Crow.Tribe.
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" SECTION B
HEALTH. AND SAFETY ASSESSMENT

1.0 INTRODUCTION

This health and sefety assessment is developed in support of the Synfuels
Feesibility Study for the Crow Tribe of Indiens. If identifies and assesses
potentisl worker health and safety hazards and recommends conirol strate-
gies including engineered controls, work practices and protective equip-
ment to prevgnt or minimize these hazards.

The proposed plant is in the preliminary stage of development; therefore,
this “assessmgnt is Umited to providing 2 basis for control strategies, It is
premature to:"list specific conirol methods since equipment, cperating pro-
cedures, and staff o‘rganization‘am'e not formalized.

R

This assessment is based on a review of the Process Design Basis (ref 1)
and technieal informetion in the "iiterature. The proposed plant hes many
process units which are similar to those currently operating in petroleum
refineries with proven records of safe operation. However, there may be
a potential for greater numbers and higher concentrations of toxie
aubstances in the gasifier.

Relevant technical information regarding occupationel health and safety
hazards and control measures for synfuels plants similar to the one under
eonsideration is based on experience with commercial and pilot plants.

This agssessment highlights potential health and safety hazards in synfuels
plants which include toxic gases, potential carcinogenic sﬁbstances, and
harmful physical agents, However, these poiential hazards can be effec-
tively mitigated by engineered controls and work practices. "
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1.0 (Continued)

Health and safety studies identifying the potential risks and the methods
of mitigating these risks will be esteblished during the ‘detgiled engineering
phase of the work. Additionally, Sasol can provide health and safety tech-
nical expertise and informstion, as part of the Licensing agreement.

In addi'.&i:.':hm;o informing the client of potential hazards and control
strategies, “this assesement can facilitate responses on heglth and safety to
concerned outside parties such as labor organizations, permitting agencies,
technical societies, and the general public cancerned with protecting the
envircnment. ’

This assessment indicates that workers at the proposed Crow Tribe of Indi-
ans Synfuels plant can be effectively protected from health and safety” haz-
arda bf integrating the control measures presented in Sections 7.0 and .
8.0. The selection and implementation of these intégrated controls will be
dictsted by & combination of economics, feasibility and effectlveness.
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2.0.. SUMMARY

The objective of ‘this health and safety assessment is to provide necessary
information for.consideration in the engineering design of the proposed
synfuels plant,s By effectively reducing the potential hazards to workers
in the early gﬁ;ages of plant design and development, the risk of adverse
health and sa.fety effects can bhe substaxitially lowered. This is & worth-
while objective for plant personnel providing benefits to the client in the
form of; reduced lability due to decreased litigation and reduced insurance
premiums, high;ar productivity arising from fewer plant shutdowns, lower
absenteeism and labor turnover rates and decreased medical and health
care costs due to less injury and illness.

The information included in this assessment provides a basis for integrat-
ing engineered controls into the design end layout of the plant. Also, it
can be useful in selecting process and safety eguipment which respond to
health needs, and in identifying staffing requirements for heslth and
safety personnel.

A review of the Occupational Heglih and Safety Administration (OSHA):
regulations was underteken. These are the only regulations applicable to
the proposed plant. There are also recommendations, guidelines, codes
and standards developed by government and industrial organizations which
are taken into account in this assessment.

Another input to the assessment is a review of the available hesglth and
safety data base., Potentlal heslth and safety hazards are identified
sccording to the various process units of the plant. In addition, hesith
snd safety effects are explained for each of the hazards.
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2.0 (Continued)

Based on the above inputs, controls to prevent or mitigate the potential
hazards are recommended. Health and safety related controls .are dis-
cussed and summarized in terms of design considerations, plant 1é§out and
rellability analyses.

Work practices that supplement engineered controls are divided into special
procedures, administrative controls, personel protection equipment, and
medical survelllance and monitoring. In each case, the specis! require-
ments are identified and solutions proposed. Emergency considerations are
also addressed.
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3.0 SCOPE OF WORK

The I;urgi'coal gasification process generates emissions which are different ’
from thosé' associsted with more conventional plants, A few of:the emis-
sions contain potentially hazardous materials, It is impgz-étiire that the
pleant designer recognizes that alti{ough these potential hazards to personal
health are not yet well documented and defined, control equipment and
methods to protect operating p'eﬁonnel must be included in the plant
design. However, most of the hazards are commonly f&imd in petroleum
refineries and chemieal processing plants. In addition, the only truly
unique equipment found in the synfuels plant is the gasifier vessel and
accessories. The operating record of Lurgl coal gasification -plants has
equalled that of most heavy industries over the past decade.

3.1 HEALTH
The heelth assessment wiil include the following items:

(1) A review of spplicsble federal, tribsl, state and local health
regulations; review of codes end guidelines from allied indusiries
such as petroleum refining, petrochemicel, coal mining and
conversion pi‘ocesses. ‘

(2) A review of control measures currently in wuse, including
publiched judgements on their effectiveness. This information
may be taken from National Institute for Occupational Safety and
Heslth (NIOSH) health studies, coke oven operations, coal lique-
faction units, the CRESAP pilot plant facility in West Virginia,
and commercial-scale plants in South Afriea.
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3.1 (Continued)

(3) A technical deseription of the various health control ;inexisures
that are included in the plant design. These include engineered
control, work practices, protective clothing, sanitation, work-
place and personnel monitors, as well as surveillance and record
keeping. h ‘ o

(4) A review of physical contact with, or inhalation of potenuahy
hazardous or toxic producis, emissions or effluents.

(5) A»"‘“review of exposure to vibraticn or noise in specific areas
within the plant.

3.2 SAFETY

The safety assessment. will inelude:

1)

(2)

A description of both genersl sand specific safety control
measures to be implemented during construction snd operation
phases of the ynt‘uel.s‘ plant, These measures Iinclude
engineered controls, work practices and procedﬁres, monitoring,
noise control, protective clothing and equipment.

Review of physical contact with hot equipment Oor corrosive
materials.,
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4.0 TFACILITY DESCRIPTION

The plant is & complete "grass roots" faecility for the conversion of coal
into consumer energy products, primarily pipeline quality substitute natu- -
ral gas (SNG) and electrical power for export. Coal from either the West-
moreland Mine or the proposed Shell mine and raw water from the Bighorn
River are the only natural resource materials used in the plant.

The coal gasification and by-products tresting processes are licensed by
Lurgi and have been successfully demonstrated on e commercial secale in
South Africa. The methanation process is slso based on Lurgi technology.
The off-site and utility systems for this plant are sll based on edmmercially
proven technology,

The plant‘ uses the best evailable control technology to protect the local
environment. Particulate, matter and sulfur oxides are removed from flue
gases; coal dust is contpined within closed conyeying and storape systems.

‘The plant water management system is designed to achieve zero effluent

discherge. Solid wastes from the plant are made suitable for safe disposal
as landfill. Mechanical equipment is designed for low noise operation to
maintain the relatively quiet local environment.

4.1 PROCESS DESCRIPTION

Coal enters the plant at the Coal Screening Unit which classifies and dis-
tributes the as-received coal to provide sized coal (2 inch x 1/4 inch} for
feed to Lurgi gasiflers and coal fines (less than 1/4 inch) for boiler fuel.

-Coel is gasified by reaction with steam and oxygen. The resultant gas is
-.cooled and combined with gas produced in the Texaco Partial Oxidation

Unit. The combined stream is reacted in a Lurgi Shift Conversion Unit to
generate additional hydrogen by the reaction CO + H,0 = CO, + Hy. The
Shift  Conversion Unit produces the proper H,-to-COC ratio for the methane
s*ynthesm reaction,

L 41 USX UN DISCL20URE OF REFCRT LATA
1532 BILCT T TAE RESTRICTIZN ON TRE
NATICE 2AGE AT THE FRONT 8F TNIX REFORT




4.1 (Continued)

The shifted gas is cooled, condensing steam and hydrocarbons. Products
_from the gas ‘eooling area are a liquid stream called "gas liquor” containing
ivﬁtar', phenols, tars, oils, and naphthe and a "raw gas" conteining hydro-
gen, carbon monoxide, carbon dioxide, sulfur compounds, methane and
light hydrocarbons. '

In the Gas Purification area, the Lurgi modified Selective Rectisol Unit
condenses naphtha and removes carbon dioxide and sulfur compounds from
the raw gas. Products from the Gas Purification area are a pure gas for
methanation, naphtha which isﬁ}ri'ydrotreated for sale as a potential gasoiine
blending component, and two ¢ffluent streams; a CO,-rich acid gas stream
containing the sulfur and light hydrocarbon compounds and an H,8 rieh
acld pas stream containing CO; and light hydrocarbons.

A Lurgi Methanation Unit veacts carbon monoxide, carbon dioxide and
hydrogen in the pure ges to produce methane. An excess of carbon diox-
jde is fed to the Methenation Unit and is removed in the SNG Purification
and Compression Unit, The resultant product "SNG" is compressed to pipe-
line delivery preasure.

The gas liquor produced in the Gas Codling Unit flows to the Lurgi Gas-
Liquor Sepevation Unit where gas-liquor is separated into agueous and
hydrocasrbon streams. ""'M'I‘he hydrocarbon water stream flows to the Tar
Distillation Unit .for further processing. The aqueous stream flows to the
Phenosolvan Unit. The phenols are extracted and sent to the Texaco Par-
tial Oxidation Unit. The aquecus stréan;, after phencl removsl, flaws to
the U.S. Steel Ammonia Recovery Unit ‘where ammonia is recovered and
purified to produce a saleable by-produect.
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4,1 (Continued)

The Tar Distillation Unit separates the hydrocarbon stream containing tars,
oils, and naphtha into a naphtha stream sent to the Naphtha Hydrotreating
Unit and a tar/oll stream sent to the Texaco Partial Oxddation Unit. The
Lurgi Naphtha Hydrotresting Unit hydrotreats the naphthe recovered in
the Rectisol and Tar Distillation Units to reduce the sulfur, oxygen,
nitrogen and reactive unsaturated hydrocarbon content of the naphtha.
The naphtha product is suitzble for use as gasoline blending component,

In the Partial Oxidation Unit the phenols, tar and cil are reacted with
oxygen to praduce additional "raw" synthesis gas. This gas is sent to the
Shift Conversion Unit. The H,S rich acid gas stream from the Rectisol
Unit is enriched in H,S content in a Shell ADIP Unit and processed in a
Claus Unit for sulfur recovery. The Claus Unit off~gas is processed in a
Shell SCOT Unit and flows to a Peabody-Holmes designed Stretford Unit
for by-product sulfur recevery. The COy~rich acid gas stream from the
Rectisol Unit is aiso processed in the Stretford Unit, The Sulfur Recovery
Unit off-gas contsining some hydrocarbons and unreacted sulfur compounds
is incinerated in the Steam SuﬁEi:heaﬁng Unit. to convert these compounds
to carbon dloxide and to sulfur dioxide. The flue gas is discharged to the
atmosphere.

4.1,2 UTILITIES AND OFFSITES

Coal fines are sent to the cosl fired steam bailers where 1500 psig super-
heated steam ie generated, The steam flows to the power generation unit
where steam turbine driven generators produce the total power requirement
for the plaht plus surplus power for sale.

The boiler flue ges is treated for sulfur removal using lime in a
Davy McKee Sasrberg-Hoelter Desulfurization Unit. A flue gas conteining

a low concentration of SO, is produced and a nonhazardous gypsum sludge
suitable for landfill is recovered.

4-3 | veen oo or nevcer oua

13 SURJICT YD THE RESTRILTION ON THE

BATIET DANK AT 1M PRKNT 86 ok anmane




4,1,2 (Continued)

The plent water management system is based on a zero liquid discharge
philosophy. The aqueous streams generated in the facilities are processed
in an activated sludge treatment system. The Process Cooling Towers are
designed to evaporate the treated wastewster,

The balance of the utility and offsite units ave similar to conventional
refinery systems. Therefore, they are not described in this section.
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5.0 REVIEW OF OCCUPATIONAL HEALTH
AND SAFETY REGULATIONS AND GUIDELINES

5.1 INTRCDUCTION

This section discusses occupational health and safety regulations snd
guidelines applicable to the proposed plant. Federal Occupetional Safety
and Health Administration (OSHA) standards are the only regulatory
requirements pertinent to this project with regard to occupationzl health
and safety. This section also discusses National Institute for Occupational
Bafety and Health (NIOSH) guidelines and industrial guidelines. Bince
OSHA regulations, NIOSH, and industrial guidelines periodicaily change,
they will be reviewed again during the detailed engineering phase of the
work.

5.2 DISCUSSION OF REGULATIONS

OSHA, an agency of the U.S, Department of Labor, is responsible for moni-
toring work environments in the U,S. for compliance with safety and health
standards. In some cases state and local governments share responsibility
for administering occupational heaith and safety standards. Approximately
one-third of the states have requested authority for workplace inspections
and other sactivities be delegated to them. Delegation of authority is
granted only after a detailed plan of implementation at the state level is
developed and approved bs} OSHA.

The Federal OSHA Office in Billings, Montana, was contacted to obiain a
summary  of applicable occupational heslth and safaty regulations. OSHA
personnel stated that it is the only governmental agency authorized to pro-
mulgate and enforce health and safety standards applicable to the synfuels
plant, since the state has not requested to be J:'ogated this authority
(ref. 2), OSHA compliance inspections can be ex_ ::ted once or twice per
year.
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5.2 (Continued)

OSHA standards spplicable to the design and operation of the plant are
found in the Federal General Industry Standards (ref. 3). The Standards
applicable to the construction of the plent are found in the Federal
Construction Standards (ref. 4). N

All industries and construction proiecta must comply with the above stan-
dards. Tebles 5-1 and 5-2 summarize the major standards impecting plant

.desig-n, construction and operation. ©OSHA has no current plans to
promulgate specific standards for the coal gasification industry (ref. 2).

5.3 DISCUSSION OF GUIDELINES

5.3.1 NIOSH Guidelines

NIOSH is an agency of the U.S. Department of Health gnd Human Services
which develops and recommends stendards to OSHA. NIOSH has addressed
and continues to study potentisl hazards related to coal gasification plants
and has published several documents on which to base possible future
standards (refs.5 and 6).

NIOSH'!'s recommendations do not have the force or effect of law, however,
they can serve es guidelines in the deslgn and operation of the proposed
plant, These guidelines have been reviewed in preparing the Identification
and Assessment section.
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5.3.2 Industrial Guidelines

Several industrial organizations such as the Ameﬁcén Society of Mechanical
Engineers (ASME), the American Nationsl Standards Institute (ANSI), the
Nationel Fire Protection Association (NFPA), the American Petroleum Insti-
tute (API), and the National Gas Processors Supplies Assoclation (NGPSA),
have developed codes and standards besed on industrial experience. These
industriai codes are recommended practices glthough compliance is volun-
tavy. Many OSHA standards have been adopted from these industrial
codes. Appendix A summarizes the major agencies and organlzations whose
stax;darcls or codes are relevant to the proposed gasification process.

- Although only 2 small portion of all industrisl codes have been adopted by
OSBA, compliance with applicable . industrial codes is essential to avoid

criminal negligence suits if major accidents oceur, Incorporsting industrisl

recommendations snd other self-imposed rules of conduct enhances the reli-
ability of the plant and the welfere of its workers.

5.3.3 Revisions and Additions to Existing Regulations

OSHA regulations periodically chenge due to factors such as political cli-
mate, lobbying by labor groups, new health and safety data or litigation.
Therefore, it is necessary to review and update all pending or proposed

regulations as well as existing regulations before beginning detsiled engi-
neering.

Information on current, pending and proposed OSHA regulations is obtained
by contacting the OSHA Publc Information Office in Washington, D.C.
{ref. 27).
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5.3.4 General Duty Clause

The Occupsationgl Safety and Health Act (ref. 8}, which established OSHA,
containg & general duty clause ~ Bection 5 (a) (ref. 1). This clause
states:

"Each employer shall furnish to each of his employees
employment and a place of employment wf_nich ere free
from recognized hazards that are causing 01-3"1,_ are likely to
cause death“or serlous physieal harm’ to his émployeas.“

The. ramification/implication of this clause is that the employer is also
responsible for protecting his workers from sll potentiel safety and heslth
hazards for which no OSHA stendard exists, but are recognized witkin the
industry,

5.8.6 Selected OSHA Regulations

Tables 5-1 and 5-2 list current OSHA regulations that will or may have a
major impact on the design, construction snd operation of the proposed
plent,
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TABLE 6-1

SELECTED OSHA REGULATIONS IMPACTING THE CROW TRIBE OF INDIANS
*  SYNFUELS FEASIBILITY STUDY*

Regulation Title .of

Desipnation  Resgulation -Deseription of Applicable Regulation .

Subpart A General Assigns basle regponsibility of ocen-
pational health and safety to the
employar - that no employee is

required to work in surroundings or
under condifions detrimental to the
employees welfare,

Subpart C General Safety

. and Heelth
Provisions
1910,26 Access to This standard requires an employer who
employee maintains or contracts for employee
exposure and medical records to preseﬁé those
medical records. These mediesl records
records include (1) information indicative of

employee exposures to toxic materials
or harmful physical agents,
{2) results of medicel exzaminations

and laboratory tests, (3) any opinions
or recommendations of a physician or
other heslth professionals, (4) and

*These regulations are from the OSHA Genersl Industry Standsrds,
(I 29 CFR 1910,
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TABLE 5-1 (Continued)

SELECTED OSHA REGULATIONS IMPACTING THE CROW TRIBE OF INDIANS
SYNFUELS FEASIBILITY STUDY

Regulation Title of

Designation  Regulation. Description of Applicable Repgulation
i0i0.20 any employee medical complaints relat-
" (Cont'd) ing to worker exposure.

Whenever an employee or designated
representative requests access to a
recbrd, the employer shall provide
access to that employee's medieal

records in a reasonsble time.

The employer shall alse assure immedi-
ate access of representatives of OSHA.
Rules of sgency practice end. procedure
governing OSHA access .are contained in
28 CFR 1013.10.

. ‘

This subpart also has rules on the
transfer of medical records when an
employer ceases to do business. The
employer shall either transfer these

records to the successor employer or
preserve these records for thirty
years.
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TABLE 5-1 (Caontinued)

SELECTED OSHA REGULATIONS IMPACTING THE CROW TRIBE OF INDIANS

SYNFUELS FEASIBILITY STUDY

Regulation Title of :
Designation Regulation Description of Applicable Repulation
Subpart G Occupational
' Health and
Environmental
Control
1910,94 Ventilation This standard lists msny ventilation
standards for operations such as
grinding, polishing, abrasive blast-
ing, spray finishing and degreasing
solvent handling., Generally, the
~ maintenance and post-startup construc-
tion will be impacting by this
standard.
This standard essentially Hsts some
of the requirements for the equipfnent
used to maintain the air contaminent
standards Hsted in 191C,1000.
1910.95 Occupational This standard has been recently

noise exposure

amended to include a hearing econserva-
tion program which requires: (1) pro-
viding personel protection devices to
all employees exposed to a TWA* of

*TWA - time weighted average for an eight hour period.

IR OR CHSTROSURE GF BERCHT BATA
- 3 SULLCT W THE AESTRICTION BH THE

-_'l



TABLE 5-1 (Continued)

SELECTED OSHA REGULATIONS IMPACTING THE CROW TRIBE OF INDIANS

SYNFUELS FEASIBILITY STUDY

Regulation Title of
Designation  Regulation

Description of Applicable Regulation

1910.95
(Cont'd)

1910.96 Tonizing

radlation "~

1910.97  Nis -idng
radiation

85 GBA or greater, (ref. 2) monitoring the
work place for noise when information
indicates that any employee exposure

may equal or exceed 85 dBA or above

and (ref. 5) an sudiometer testing
program for sll employees exposed to &
TWA of 85 dBA or above and maintgining
records of work place and personal

noise exposure measurements. Sound

frequency is considered in audio
measurements.

Additionally, this standavrd lists per-
missible duration times for sound lev-
els over 90 dBA,

This standard will apply fo radiation
producing equipment or sources such as
x-ray machines used for nondestiructive
testing, or radiastion sources such as
radiocobalt for radiography.

This standard will gpply to radistion
sources such as microwave eguipment.

5-8 "L ON DISSISBIAR OF REPCRT DATA
13 SURICCT W0 THE RESTRICITN ON THE
NOTICT PAGE AT J1LE FRONT OF INIS REFORT




TABLE 5-1 (Continued)

SELECTED OSHA REGULATIONS IMPACTING THE CROW TRIBE OF INDIANS

SYNFUELS FEASIBILITY STUDY

Regulation Title of
Designation  Regulation Deseription of Applicable Regulation
Subpart H Hazardous This subpart lists standards for han-
- materials dliing hazardous materials such as,
acetylene, hydrogen, flammable lig-
uids, and anhydrous ammonia.
Subpart J Personal Protec- This subpart lists general standards
tive Equipment for perscnal protective equipment such
as safety glasses, respirators, hard
hats and safety shoes. The employer
will be responsible for supplying
these protective devices.
Subpart K Mediéal and This subpart requires the emplover to
First Ajid ensure the ready availability of medi-
cal personnel for advice end consulta-
tion on matters of personsl health,
Subpart L Fire Protection This subpart lists general stendards
for common fire protection equipment
such as extinguishers, sprinklers,
hose systems and signaling systems.
This subpart draws extensively from
NFPA Standards.
Subpart N Material Har- The particuler significance of this
dling and subpart is the standards applicable
Storage to overhead and gantry cranes which
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TABLE 5-1 (Continued)

SELECTED OSHA REGULATIONS IMPACTING THE CROW TRIBE OF INDIANS
SYNFUELS FEASIBILITY STUDY R

Regulation Title of
Designation Regulation Description of Applicable Regulation
Subpart N may be a part of foreign licensor's
{Cont'd) packeged engineering designs., Lurgi
gasifiers ususlly heve built-in lifi-
ing devices to facilitate maintenanca, 1
The lfting devices on foreign '
designed process units will be
required to meet U.S. OSHA Standards.
Subpart 2 Toxic and Hazard-
"' ous Substances
A
1910.1000 Air This section defines exposure criteria
Contaminants as well as listing quantitative expo-

5-10 USE O MECLISURE OF REFAT BATA

sure standards for air contaminants
such as CO, H,S and coal dust. The
complete list, Table Z-1, is quite
extensive. Generally, these exposure
standards are the average minimum lev-~
els that produce measurable effects on
humans. This list of air contaminants
and corresponding exposure standards
should serve as guidelines for incor-
porating engineered controls into the
plant design. ;
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TABLE 5":'1. {Continued)

SELECTED OSHA REGULATIONS IMPACTING THE CROW TRIBE OF INDIANS
" SYNFUELS FEASIBILITY STUDY

N

Regulation Titlo ‘of

Designaticn  Regulation Description of Applicable Regulation
1910,1028 - Coke oven Coal gesification is similar to coke
emissions production. Although this standard

applies to the operation of coke
ovens, the relative similarity of
producing coke by destructively dis-

tilling and cerbonizing coal to coal
gasification gives this standard
greater importance in the absence of
specific coal gasification standards.
This standard should provide operators
of coal gasification units a guideline
for operating and maintaining these

units.
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TABLE 5-2

SELECTED OSHA REGULATIONS IMPACTING THE CONSTRUCTION OF THE CROW
TRIBE OF INDIANS SYNFUELS FACILITY*

Regulation Title of
No. Regulation Description of Applicable Regulation

Subpart A General

1916.3 Inspections - This section gives the Secretary of
right of Labor or any authorized representative
entry the right of entry to any site of con-

struction to inspect a facility for
compliance with the safety and heslth

standards.
Subpart C General Safety
and Health
Provisions
1926.21 Safety training Requires construction contractors to
and education establish and supervise programs for

the education and training of
-amployees In the recognition, avoeid-
‘anee and prevention of unsafe condi-
tions. Employees required to handle
or use harmful substances shall be
inetructed regarding their safe han- -
dling and use, and be made aware of
the potential hazards, personsl

*These regulations are from the OSHA Construction Standards, 29 CFR 1926.
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TABLE 5-2 (Contlnued)

SELECTED OSHA REGULATIONS IMPACTING THE CONSTRUCTION OF THE CROW
TRIBE OF INDIANS SYNFUELS FACILITY

Regulation Title of

No. Regulation Description of Applicable Regulation
1926,21 hygiene and personal protective mesas-

(Cont'd) ures required. All employees required
‘ ta enter Into confined or enclosed
'spaces shall be Instructed as to the

nature of hazards involved, the neces-
sary precautions to be taken and in

the uvse of protective and emergency
equipment required..

Bubpart D QOccoupationsl . The subpart is similar to Subpart G
Health and in the General Industry Standards.
Environmental It lists requirements for medical
Controls services and flrst aid, vermin con-

trol, employee food service facilities
and radiation exposure protection.

1926.52 Occupationsl « Refer to 1910.94
noise exposure

1926.55 Gases, vapors, Refer to 1910,1000
fumes, dusts and
mists
5-13 » G231 Of OITCLISURE OF KEP2RT BATA
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TABLE 5-2 {Continued)

SELECTED OSHA REGULATIONS IMPACTING THE CONSTRUCTION OF THE TROW
TRIBE OF INDIANS SYNFUELS FACILITY

Regulation Title of

No. Regulation Description of Applicable Regulation
Subpart E Personal Protec- This subpert lists requirements for
tve and Life personal protective devices such as

Saving Equipment gogegles, face shields, respirators,
safety belts, lifelines and landyards.
. This subpart also lists requirements

for temporary heating devices.
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6.0 IDENTIFICATION AND ASSESSMENT
OF POTENTTAL HEALTH AND SAFETY HAZARDS

6.1 INTRODUCTION

This section discusses .d summarizes potential occupational health and
safety hazards assoclated with the proposed facility. Potentinl hazards are
addressed according to a unit process number sequence established by
Fluor's design basis (ref, 1). An aftempt is made to subdivide the

potential hazards into worker health and worker safety categories, The
basis for this subdivision is that heslth hazards are generally velated to
discernible disease stresses, that is, imbalsnces or disruptions of
. regulatory mechanisms responsible for smooth and effective organ
functioning. Safety hazards generally involve harm to workers that may
be of an immediate andf/or violent nature and sre generally related to
accidents and injuries. These include burns, electrical shocks, cuts,

bruises, sprains, broken bones, loss of limbs, eves and hearing. It is
noted that in some ceses a specific health hazard may lead io a safety

hazard or sometimes the converse may be true. For example, both health
and safety hazards exist for hydrogen sulfide. It is an acute toxic hazard
(inhalation of 1000-2000 ppm may be fatal after a single breath} but in
higher concentrations (4.3 vol percent is the lower explosive limit), it is
also a potential explosive hazard. '

In general, the potential heaith and safety hazards in the synfuels plant
resulta from leaks, spills and fagitive emissions during operation, main-
tenance or sampling. Meany of the potential exposures are similar to thos=
experienced in the petroleum snd petrochemical industMes. In coal gasifi-
cation facilities, the main products are methane, carbon monoxide, hydro-
gen, and carbon dioxide. Low ‘concentrations of streight chain hydrocar-
bons, polynuclear aromatie hydrocarbons (PNA's) and heteroeyclic aromatic
compounds are also formed during the coal gasificatlon process. PNA's and
heterocyclic aromatic compounds are derived from a combination of the com-
plex chemiesl structure of coal and the gasification conditions. These

CAE D DISTLYSURL OF AEPLRT LATA
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6.1 (Continued)

compounds are suspected of being carcinogenic. The SASOL I Plant in
South Africa is a more complex petrochemical facility than the proposed
synfuels plant, yet it has operated successfully without any reported
adverse health impacts. Nevertheless, this assessment will address the
potentisl heslth hazards due to the presence of suspected careinogens and
tozic substances.

Table 6~1 summarizes the pgeneral health and safety hazarde to which
_ workers may be exposed in the key process unit areas of the proposed
plant. Table 6-2 is a comprehensive summary of potential health and
safety hazards and their effects according to process unit number. A dis-
cussion of the _vhealth' hazerds is presented and is followed by a similar
discussion of safety hazards. .

6.2 HEALTH HAZARDS

Bealth hazards in the proposed plant are exposure to chemical and physical
agents. Chemical agents consist of:
N

(1) solids including coal and catalyst dust, ash, spent catalyst,
sludges, spent activated carbon or ion exchange resin, sulfur,
inorganic salts.

(2) Mquids including tars, oils, gas-liguor, naphthas, filter back-
wash, filirates, phenols, and methanol.

(3) gases and vapors including carbon monoxide, carbon disulfide,
carbon dioxide, hydrogen sulfide, ammonia, hydrogen, nitrogen
oxides, methanol, snd hydrogen chloride and organic vapors.

Physical agents include: noise, lonlzing or noniurgizing radiation,
asphyxiants, heat, and cold. ‘ -
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6.2 {Continued)

Chemical and physical agents that may be present in a specific process
unit, and for which OSHA standards exist, are summarized in Table 6-3.

Teble 6-4 is a list of trace elements typically found in coal (ref. 5) and
for which OSHA standards exist (ref. 3). The presence and concentration
of trace elements will depend on such factors as coal type, location in cosl
seam, and the process conditions. The concentration of trace elements in
the atmogphere should present an minimel hesith risk to plant personnel.
Some potential hazardous substances do mnot have OSHA stenderds, In
‘some of these cases, NIOSH recommendations or threshold lmit wvalues of
the American Conference of Governmentsl Industrial Hygienists should be
consulted (refs. 8, 10). In other cases, no standards or guidelines exist.
In these cases. ¥For example, in the case of PNA's which are suspected

carcinogens, the coal for exposure should be as low as practical.

The only published study indicating edverse worker health effects in a
synfuels plant comes from information collected at Institute, West Virginia
in the early 1950's (refs. 5, 10). This plant was a high pressure dirsct
coal liguefaction facility. Although the West Virginia process differs signi-
ficantly from the proposed plant, some of the chemical substances produced
may result in similex potential health hazards. 8Kkin cancers wera reported
for ten workers in the West Virginia facility at an incidence rate signi-
ficantly higher than expected in the general population. However, it was
noted that the workers in this plant did not maintasin goed personsl
hygiene practices. Comprehensive industrial hygiene measures, as used
today in all U.S. synfuels pilot plants, were not implemented in the West
Virginia plant until after the cancers were identified, The data does
suggest a risk of skin cancers (ref. 10). However, a follow-up study
reported by NIOSH (ref. 10) suggested that the West Virginia workers did
not have an inereased risk of systemic cancer, which was the original
reason for conducting the study. The only other avallable evidence of

increased cancer risk to coal gasification workers are from the studies of

6-4
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6.2 (Continued)

coke oven and gas workers where similar kinds and concentrations of
chemicals were emitted to the work énvironment (refs. 5, 10). However,
in these cases the emissions were not contsmined as they would be during
normal operation in the prop?sed plant,

Current industrial hygiene practices that have been employed in coal gasi-
fication and liguefaction pilot plents in the U.S. appear to be suceasssful.
No adverse health effects have been reported to date.

Coal gasificetion facilities may have higher concentrations of potentially
carcinogenic substances then in the petroleum industry. However, with
good engineered contirols and work practices, many of the potential haz-
ards are minimized or prevented.

6.3 SAFETY HAZARDS

Safety professionals generally consider the term safety to mean an environ-
moent free from man-equipment-material interactions that result in acci-
dents. The term accident has evolved to mean an occurrence leading to
physical harm, property damage, or business interruption resulting from
an undesired event. Most safety programs address accident prevention in
the precontsct, contact, and postcontact stages. Preventing accidents
during the design stage is a primary gosl. However, because of economics
and practicalities, not ail potentisl accidents can be addressed at this
stage. The contact stage generally involves addressing potential safety
issues not incorporated into the engineering designs. Postcontact accident
control involves prompt investigation of an accident by identifying the
cause and rccommending controls to ensure that similar losses are prevented
in the future.

Process safety controls are estsblished within the petroleum and petro-
chemical industries for a broad range of production facilities. Such con-
trols are pgenerally incorporated into the design, construction, and

6-6
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6.3 (Continued)

operation of chemicsl process plants. Controls include adherence to piping
end vessel codes, muterial specifications, and operation practices to ensure
worker's safety and to meintain process reliability.

In the proposed synfuels plant, the major safety hazards include worker
exposure to heat streas, cold, general accidents, and injurles such as
those associated  with moving equipment and components, fire, and
explosion. In additien, some safety hazards always exist because of human
error. ‘

Table 6-2 lists the potential occupational heslth and safety hazards
according to process units. Control technologies and investigative actions
to prevent or eliminate these hazards are listed in Table 7-1.
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TABLE 6-4

OSHA STANDARDS FOR SOME COAL-RELATED TRACE-ELEMENTS

Trace Element (Chemical Notation)

Antimony & compounds (3b)
Arsenic metal & compounds (As)

Barium (Ba)
Beryllium (Be)
Boron (B)
Cadmium (Cd)

Chromium VI (Cr)
Cobalt (Co)
Copper (Cu)
Lead (Pb)
Lithium (%Li)
Magnesium (Mg)
Mercury (Hg)

Molybdenum (Mo)

Nickel (Ni)

Selenium (Se)
Silver (Ag)

Tin (Sn)

6-30

OSHA Standard, mg/m?
(8 hr. time weighi
average, except as
noted)

0.5

0.5

0.5

0,002; 0.006- C; ©,025-30 min. peak

0,7

0.2; 0.6-C (Cd dust) 0.1; 3-C (Cd
fume)

1 (metal & insoluble salts)

0,1-(metal, fume, dust)

0.1-(fume) 1-(dust & mists)

02. (inorgenic compounds & leads)

0.025 (as lithium hydride)

15 (magnesium oxide fume)

1 mg/19m3-C 0,01 {alkyl mercury);
0.04-C

5=(soluble compounds); 15-(insoluble
compounds as Mo)

0.007-(nickel carbonyl) 1-(metal &
soluble compounds as Ni)

p.2-(selenium compounds as Se)

0.01-(metal & soluble compounds as
Ag) '

2-{iriorganic compounds except
oxides) as Sn
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TABLE 6-4 (Continued)

OSHA STANDARDS FOR SOME COAL-RELATED TRACE-ELEMENTS

Trace Element (Chemical Notation) OSHA Standard, mg/ms
(3 hr. time welght
average, except as

noted)
Uranium (U) . 0.25-{insoluble compounds as U)
0.05-~(soluble compounds as U)
Yttrium (Y) 1
Zine (Zn) 1-(zinc chloride fume)

5-(zinc oxide fume)

Modified from References 3-11
*®
€ Ceiling value
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7.0 CONTROLS FOR PROTECTING
WORKERS FROM EXPOSURE TO HAZARDS

7.1 GENERAL DISCUSSION

This section presents and summarizes controls that can be used to protect
worker health and sefety in the proposed synfuels plant. Employees who
will work in this plant, as those in other chemicsl, petrochemical plants
and refineries, will be eoXposed to +various potential hazards. These
include risks of inhalation, skin absorption or possibly ingestion of
hazardous chemicals and contaminants, exposures to harmful phjsical
agents such as rediation or noise, and injuries due to accidents. These

risks could occur during a plant upset, leak, spill, or during maintenance.

There are basically three elements essential to controil of occupational
hazarde. These are engineered controls (directly impact the design and/oér
operation of the plant), work practices including administrative controls
(provide additional protection when enginesred controls are not adequate
or feasible and are generally based on prior experience and subjective
judgement), and personal protective equipment and clothing (used when
neither engineered controls nor work practices provide acceptable pro-
tection to compliance levels). Where possible, engineered controls should
be considered the first line of defense for protecting workers and reducing
exposures to within established limits or standards.

Control monitoring, while not a technique for reducing worker exposure, is
critical to the entire conirol effort. This is because monitoring instru-
ments verify the controls' effectiveness, detect additional hazards that may
warrant controls and when used in conjunction with warning devices alert
workers to hazards immediately threatening life and heslth. Monitoring is
discussed in the next section with work practices, personszl protective
equipment and clothing and emergenciles.
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7.1  (Contnued)

" There are several foreign plants in operation, including the SASOL com-
plex in the Republic of South Africa, using similar technology to the
proposed synfuels plant, " In the case of SASOL, the lack of published
information is for proprietary ressons. Information en engineered controls
in this section is hased on several NIOSH documents (5, 10, 6,22). In
addition, current state of the art information on engineered controls has
been obtained through diseussions with NIOSH and DOE personnel
(23, 13).

The following exemines engineered controls to protect worker health and
safety. Discussions are included on design considerations and plant
‘layout. It is noted that although health and safety controls are discussed
separately, in many cases a2 given control method will provide both health

and safety protection. . X

7.2 HEALTH-RELATED CONTROL CONSIDERATIONS

Engineered controls are used to reduce or minimize exposure to chemical
and physical agents. Some engineered controls have been used at the
source of exposure, including substitution of less hazardous substances for
ones that are identified to be hazardous. The source of exposure may be
isclated from the rest of the process by physical enclosure. Preventive
maintenance can be used to reduce the risk of leakage resulting from
fugitive emissions. Local exhaust ventilation is ancther method for reducing
exposure at the source.

Table 7-1 provides an overview of recommended controls, including
engineered controls, work practices and protectve equipment and clothing
for each of the process units in the plant. Also included are potential
hazards for which the controls are needed and general comments where
appropriate,
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7.3 DESIGN CONSIDERATIONS

‘Under normal cperating conditions the major portion of the jproposed plant
is & closed process* ensuring no leakage of potentially hazardous materials.
However, during maintenance, repair, process sampling, or due to fugitive
emissions, some process materials may escape into the work place. Most of
the potential health hazards sssociasted with the process materiasls are not
unique in that they are recognized probiems throughout the chemical
process indusiries. What is unigue is that coal gasification emissions can
be potentially carcincgenic becausa they centsin N-heterocyclic aromatic
and polynuclear aromatic (PHA) compounds. Petroleum-derived materials
generslly do not contsin as high concentrstions of these compounds as
materials derived from conl gagificatiori processes. Because many of these
materials are potentially ocarcinogenic, vreliable engineersd conirols are
needed. In some cases engineered controls are supplemented with work
practices, administrative controls, and protective equipment and clothing to '
achieve worker protection. '

There are a number of design factors that are Hsted in this synfuels study
that require engineered controls to ensure worker protection. These
include: (a) maintenance and repsir; (b) valves; () sesls; (d) flanges;
(e) pressure vessels; (f) process lines; (g) drains and sumps; (h) proe-
ess sampling; (i) hot surfaces; and (m) fail safe design. Each of these
are described in more detail below.,

7.3.1 DMaintenance and Repair

Workers performing these activities have the highest risk of exposure or
contamination with potentially hazardous process materials, The proposed
synfuels plant is designed so that maintenance and repair operations are
performed with minimum worker exposure. Eguipment to be maintained or

*Closed Process - all process materisls are contained to prevent emissions
within the work environment.
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7.3.1 (Continued)

repaired is designed to facilitate depressuriiation, and if necessary,
isolated from the process streams by valves or blinds, end purged with
inert gas or steam and then air.

7.3.2 Valves

CGeneral valve components are designed to withstand the effects of erosion
and corrosion in operations processing coal and ash. For pressure relief

valves, discharges are directed away from potential work areas to minimize
personnel exposure.

7.8.3 Seals

Potential worker exposure due to fugitive emissions and leaks can be
minimized through proper selection of seals. Rotating shafts are designed
80 that seals are compatible with the process fluid environment.

7.3.4 Flanges

Frequencey and severity of leaks have been reduced by grooved, concentric
or other nonflat mating surfaces (5). Retightening the boits prior to and
after the process has reached operating temperature is usually successful
in stopping leaks.

7.3.5 Pressure Vessels

Pressure vessels containing flammable process fluids are designed in
accordence with the American Society of Mechanical Engineers (ASME)
Codes. F‘éﬁef valves located on pressure vessels are lacated or designed to
prevent blockage by tars and solids or viscous materials. Redundant
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7.3.5 {Continued)}

valves are used where probability of blockage is high. Vesselgé are
designed to prevent accumulation of solids and liquids requiring manual
cleanout.

7.3.6 Process Lines

Design of process lines for liquids and gases should prevent erosion, leaks
and solids aceumulation.,

7.3.7 Drains and Sumps

Drains and sumps sre designed as closed systems to prevent emission of
toxic or flammable gases and vapors. Explosimeters andfor combustion
monitors and ventilation systems are used in conjunction with drains or

sumps to prevent explosive concentrations from accumulating. Dedicated

sumps should recelve leakage from most pumps, wvalves and fianges.

7.3.8  Process Sempling Equipment

Sampling systems using a sample vessel are designed into the proposed
synfuel plant system. The sample system has a flush and purge system to
remove process materidls, particularly flammable and toxic substances from
the sampling limes but not the samp]inﬁg' vessel, Discharges of residual
material are routed to a dedicated sump. Gas bleed lines discharge to a
collection system for cieanup and disposal (10).

7.3.9 Control Rocm Design

The control room needs to remsin functional in the event of emergeney. -

This room is designed to withstand accident sueh as explosions and fires,
Should 2 catastrophe occur, control room personnel are able to shut down
a specific area or the entire plant.
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7.3.8 (Continued)

Hezardous or contaminated materials are prevented from entering the
control Toom air supply by drawing air from a safe area.

7,3.10 Noise Control

Noise may oceur in and around most moving equipment, components, and
high velocity process lines (10). Equipment and components are designed
to minimize worker ncise exposure, Where this is impractical, reduction of
noise levels is considered hy" selecting acceptable equipment, by isciating
the noise source in the plant, or by using acoustical insulation, barriers

or enclosures, Noise contours may be needed to select engineered noise
controls,

7.3.11  Erosion/Corrosion

Materials of construction for process equipment and components are
selected to provide maintenance free operation for extended operating
periods, "Erosion and corrosion may become significant problems because of
the high temperatures and pressures used for coal gasification process
streams. In this case, erosion refers to a wearing of equipment or
component material due to contaet with high velocity fluids. Corrosion
refers to the deterioration of equipment or component materiels due to
chemical action.

.7. 3.12 Hot Surfaces

Because of the high operating temperatures in the gasification process,
insulation is needed to protect workers from coming into contact with hot
surfaces. Insulation materials used on process ec;uipment are nonreactive
with the process fluids.
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7.3.13 Fail Safe Design

This type of design factor ensures that the failure of any safety
component used in the proposed synfuels process will always result in a
nen-hezardous situation. For example, if the pneumatic system in the
plant fsils, a1l pneumatic valves dependent upon this system fail in 2 mode
that will not contribute to adverse health and safety conditions for
workers.

7.3.14 Ventilation

Ventilation systems should be designed to draw air from safe areas. Local
ventilation is provided during sltuations when excessive concentrations of
toxie gases, vapors, dusts, fumes or aerosols cennot be controlled. This
includes maintenance and repsir operations, particularly where welding is
performed. Local ventliation may also be needed arcund the coal handling
and preparation areas particularly for size reduction equipmeni. General
ventilation systems are necessary for such enclosed areas as laboratories,
locker rooms, lunchraoms, adminiégrative ofﬁms and maintenance buildings.

7.4 PLANT LAYOUT

A carefully desig'ried plant layout (plot blan) can provide intrinsic health
and safety protection by methods such as segregeting hieh risk process

units, and, providing asdequate workspace for unencumbered maintenance,

repair and oparations. Loss prevention can be incorporated into the plot
p-lan by collectively considering the demands of process design, construe-
tion of the fmcllity, normal operation, maintensnce, repair, process sam-
pling, personal welfare and potential emergency situations.

Typical of the questions that are esked include: If a fire broke out in the
tank farm unit, would there be sufficient distance between the fire and
adjecent units? Generally, the answer to these questions is kased on.an
industrial recommended practice such a&s "General Recommendations for
Spacing" (26). In this example, the oecasioﬁgf!-high winds et the plant
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7.4 (Continued)

site may require greater spacing between units in cese of a fire, The
foliowing are general plant layout considerations that have been epplied to
the facility design.

7.4.1 Conirol Room
The control room- is located in relation to the process scheme to facilitate
cperation, a saefe distance from any wunit vulnereble to fire or explosion.

The air supply for the control room operators is drawn from a safe area
(i.e., an area not vulnerable to atmospheric contamination),

7.4.2 Prevailing Winds

The prevailing winds are identified tc permit safe orientstion of the fur—
naces, flares, compressors, dusty operators (ecoal), and cooling towers.

7.4.8 Eguipment Erection

Erection problems are enticipeted regarding location of major equipment.
r{enerally, major fixed equipment is located away from congested"'areas in
the plant to permit ere%;‘iion at any phase of consiruction, and to permit
maintenance afier startup.

7.4.4 Maintenanca Methods

Maintenance methods and frequency for major equipment is established.
Equipment requiring frequent attention has easy accessibility,

7.4.5 Spacing

Within battery limits, spacing is . sufficlent to avold compounding fire
exposure problems. '
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7.4,6 Vessels and Tanks

Vessels and tanks with large liguid held-up volumes are located where any
accidental dreinage can be safely contained by dikes.

7.5 SAFETY CONTROLS

7.5.1 General Discussion

Safety has come tc mean an environment free from man-equipment-material
interactions that result in accidents. Safety controls are thus techniques
to reduce injuries caused by accidents or from exposure mvolving a single
indident in the work environment.

Most safety-related controls are designed to prevent accidents involving
machines, falis, fires, or explosions. Engineered safety controls include
guards on pumps, insulation of pipes and equipment, pressure relieving,
level control valves, guard rails, and nonslip surfaces to prevent falls as
well as technigques for detecting flammable or explosive gases and vapors.

In addition to genersl accidents and injuries that may occur in the pro-
posed plant, potenﬁal safety hazards due to potentially flammable and
explosive substances need to be controlled. These types of hazards are
conirolled by the following {(ref. 28):

(1) Eliminatlon of ignition sources such as open flames snd lights,
smoking, equipment capable of generating sparks, welding or gas
equipment.

(2) Construction of buildings/{acilities to avold coliection of dust on
beams, ledges, ete, Vacuuming is advisable,

AUSEOR DISELISURL OF REFZRT Lath
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7.5.1

3

4)

(5)

(Continued)

Construction of equipment that is dust-tight and strong enough
to contain explosion pressures - or have adequate ventilation to
prevent an explosion from being catastrophie.

Location of dust collectors cutside of-buildings,

Specification of inert atmospheres for grinding, conveying and
similar types of equipment.
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8.0 WORK PRACTICES

8.1 GENERAL

Work practices are defined as all aspects of an industrial health and
safety program not covered by engineered controls. These practices
supplement the engineered controls described in Section 7 of this report to
provide additional protection from occupational health and safety hazerds.
Work practices cover special procedures, administrative controls, personal
protective élothing and equipment, and medical surveillance and
monitoring. The objective of this section is to provide guidelines on the
types and coverage of major work practices required for the proposed
plant.

8.2 SPECIAL PROCEDURES

These are procedures that govern work practices in the plant. They are
intended to prevent or reduce the levels of health and safety risks to
which employees may become exposed. In addition to specific procedures
typical to cosl gasification plants, they include general practices employed

in industry, particularly in petroleum refineries and the chemical indusiry
{10, 3, 20).

8.2.1 Training

Employees should be trained to become knowledgesble about the nature of -
plant hazards and safety provisions avallable to proter b themselves.

* In this section, heslth exposures, risks or hazards refer to discernible
disease stresses while safety risks or hazards are related to accidents and
injuries (See Section 6.1 of this section.)

8—1 ' URE LR RIS MHIRE AF BUAIRS . ume



8.2.1 (Continued)
Training should include:

(1) Initial orientation of all employees with exposure potential on the
nature of the hazards, and the protective measures available.

(2) Periodie training of employees working in hazardous areas
informing them of the nature of the specific hazards to which
they are exposed, work practices, personal protection, industrial
hygiene and medicel surveillance programs.

(3) Training in methods of handling hazardous substances, pro-
cadures for cleaning wup spills, personal protective equipment

requirements and emergency procedures.

8.2.2 Operating Procedures

It is good practice to develop detailed operating procedures in close
cooperation with plant engineers, maintenance personnel, and hesith and
safety groups. In this way, all sspects of startup, operation, shutdown,
and maintenance are optimized by '.‘being integrated into one plan. In
developing these procedures, consideration is given to minimizing worker
exposure to heslth and safety hazerds. Examples of operating procedures
that reducé such hazards are:

(1) Meintenance during plant shutdowns because the number of
worlkers at risk is minimized, and the hazard potential is lower,

(2) Periodic cleanups, reconditioning or replascement of parts or
equipment that need frequent maintenance is recommended. Such
equipment, particularly at eritical areas, should be scheduled for
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8.2,2 (Continued)

thorough maintenance checks at appropriate intervals according
to manufacturers' recommendations and operating experience.

{(3) Proper venting snd purging of lines, vessels, and closed spaces
should be undertaken to prevent asphyxiation of workers, or
their exposure to toxic materials.

(4) Appropriate pressurization procedures for high pressure systems
are necessary fo avoid leaks.

8.2,3 Personal Hyglene

Good “personal hygiene practices are important for the control of exposure
of workers to toxic substances, Instructions developed in facilities that

prepare or use coal derived products should be considered (10,20). They
include: . '

(1) Minimizing worker contamination or exposure through various
preventive and decontamination procedures.

(2) Prompt removal of the contamination from workers though
frequent washing and change procedures.

(3) Prevention of ingestion of contaminants by workers through
measures such as avoiding facial contact, and limiting eating,
diinking, or smoking to clean areas only.

(4) Observing and reporting any injuries or suspiclous lesions to
ensure prompt medical diagnosis and treatment.

8-3 I 52 0N DISTACSUNL 07 REPEAT LaTa



8.2.4 Workplace Monitoring

The purpose of workplace monitoring is to identify and characterize work-
place hazards so that they can be mitigated and to ensure that engineered
controls are effective. Before plant start-up, a baseline inventory is
prepared of hazardous substances, physical factors, and safety risks to
which employees may become exposed as part of their work, Characteriza-
tion of process stream constituents as well as area monitoring, and hazard
detection are carried out. This information is useful to determine com-
pliance with promulgated and recommended standards, selection of health
and safety protective equipment, establishment of regulated areas. and
recommendations for work-place monitoring.

Workplace monitoring includes personal exposure measurements needed to
estimate the average lewvels of eontanﬂnaﬁon encountered by an employee
during a typical work day. The chemical substances and physical agents
that need to be considered for such monitoring are elaborated in Table

7-1 of this report.

Monitoring should include the following:

(1} @Geses such as carbon monoxide and hydrogen sulfide

(2) Coal dust (including silica content for health evaluations, and
coal dust explosion index)

(3) Some organic vapors
{4) Noise

Exposure monitoring is carried out by either having the employee wear the
monitoring equipment, or by locating it in the immediate vicinity of the
employee. Personal “sampling pumps, monitoring badges, and battery-
operated personal dosimeters are usually used for employee monitorir.g.
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8.2.4 (Continued)

When this is not feasible, monitoring in the immediate environment of the
employee is undertaken using & wide range of direct reading instruments
as well as sample collection devices.

The purpose of area monitoring is to measure the concentration or level of
a particular hazard within a given location of the plant. Ares monitoring
i{s carried out periodically to detect changes in exposure levels, evaluate
changes in the plant or employee practices, and characterize maintenance
and other periodic operations. The schedule for such monitoring will
depend on the baseline levels and their relations to acceptable limits,

Arves momitoring can be done using a wide varlety of portable field instru-.

ments, and fixed monitoring installations. Both direct reading instruments
with recorders which automatically track changes, or sample collecting
devices requiring processing which provide information on instantaneous
conditions and trends can be employed.

The purpose of hazard detection monitoring is to warn employees of unsafe
environments. Portable monitors are usually used to warn workers of
explosive or combustible atmospheres, inadequate oxygen supply, or haz-
ardous concentrations of geses. Fixed location monitors csn also be used
in locations amensble to them, such as in confined spaces where process
leaks or other hazards can occur. Surface contamination such as poly-
nuclear aromatic spills may be detected by surface monitors using fluo-
resconce. However, this is an area where further research is needed to
develop better detection methods, Records of monitoring should be kept.
They should include concentrations and levels of hazards, frequency and
severity of leaks by process srea, and listing of remedie]l actions under-
tgken. The records provide a means of comparing performance with objec~
tives, and for directing future efforts to problem areas. These data also
provide a necesssry input together with the medical rTecords to evaluate
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8.2,4 (Continued)
health risks and impacts to workers. Medical records are kept for a
minimum of 30 years after the employment of occupationally exposed work-

ers has ended (3).

8.2.5 Decontamination

Cleanup or decontamination practices are employed to remove or reduce the
levels of contamination of working surfaces, equipment, clothing, and
personnel. Special decontamination is practiced following accidentel spills
of hazardous materials, or indication of high levels of contamination
found by industrial hygiene surveillance. Routine decontamination is
recommended when materials, equipment, or personnel move from special
risk areas to cleaner parts of the plant. Thus, workers should be provide
with clean change rooms and washing facilities tao decontaminate themselves
after leaving the special risk areas, and their “contaminated" -clothing
should undergo periodiec decontamination in appropriate laundries. Some
protective clothing is disposeble and should be treated as contaminated
waste after use. Furthermore, an adequate number of washrooms shouid
be provided throughout the plant to facilitate frequent cleansing by
workers,

Emergency personal decontamination stations for washing eyes or showering
to remove harmful materlals should be provided. For example, emergency
showers and eye washers asre recommended throughout the plant.

It should be reemphasized that all decontamination and personal hygiene
practices should be supplemented with a continual worker education pro-
gram. Periodic practice drills are essentiel to ensure the effectivencss of
these programs.
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8.3 ADMINISTRATIVE CONTROLS

These are primarily measures and procedures which control and record the
movement of visitors, workers, materials and equipment into and through

the plant srea. Their purpose is fo reduce heglth and safety risks to
both employees and visitors.

8.3.1 Restricted Areas

Nonemployees access into the plant should be controlled, as well as access
of employees to hazardous areas within the plant. Areas of the plant
requiring special attention are the potential risk areas where exposure to
coal derived oils, tars, and other hazardous materials is possible (e.g.,
coal preparation, gasifiers, gas-liquor separators, gas cooling focilities).

Procedures snd measures restricting scecess of visitors and employees to
hazardous areas include the following:

(1) Procedures and possibly barriers controlling the access of non-
employees beyond the gates of the plant.

(2) Visitors sllowed access to the plant should be accompanied at all
times by & proper escort.

(3) Limiting access to hazardous areas of the plant should be
achieved by posted restrictions and controlled access entries
which limit entry. It is recommended that those areas of the
plant or site where potential heaith and safety hazards exist
(e.g., areas where process or effluent streams may contain
potentially carcinogenic tars and cils or high concentrations of
toxic materials) should be well marked.
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8.3.2 Confined Space Entry

A permit system is recommended to control entry of workers into confined
speces that might contein explosive or toxic gases, or oxygen deficient
atmospheres (ref. 10), Entry procedures should be adopted to safeguard
the workers, such as assignment of personal protection eguipment,
surveillance by an employee outside the wvessel and ventilation
requirements.

8.3.3 Lock-out and Taginut

Employment- of comprehensive lock-out and tag-out procedures that enable
the isolation of risks. Plant equipment is operated by some form of
energy. The best methol to prevent these energy sources from accidently
injuring a worker is lecking it out - bring thén to a Zero Energy State
(ZES) before sterting maintenance work. Typically, this procedure
assigns each responsible party - (i.e., shift supervision, electricion,
pipefiller) a lock and key to lock-out potentially dangerous equipment.
Tags are/will also be used to document work in progress and to facilitate
maintenance records.

8.3.4 Identification and Marking

Equipment and materials that are -moved from potentially contaminated areas
such as process areas to clean areas such as ouiside the plant or to repsir
shops should be clearly identified. Brightly colored tags are recommended
to warn employees that a potentlal hazerd exists. Color codes are also
recommended to caution workers of potential risks,

8-8 ) USE 0N ONICLYSURE OF REAZAY DATA
. 13 3UBICCT F TRE RCSTMCIION ON INE

RATICE DAAE AT TLE EMAMY AE ¥urs Rrhane



8.3.5 Recordkeeping
Records should be developed and maintained which assist health personnel
and plant management to characterize potential risks, mitigative actions,

and detect any adverse health effects resulting from exposure. UMaintain-
ing records of the following activities is recommended:

(i) Training and follow-ups

(2) Preventive mgintenance

(3) Equipment reliability information
(4) Investigation of sccidents

(5) Industrial hygiene data

(6) Medical information

8.3.6 Worker Rotation

Rotation of employees has been used to limit the exposure of individual
workers to hazardous chemicaizs or to physical agents. This approach can
help keep exposures of individual workers below the maximum permissibie
limits in situations where they cannot be feasibly controlled by other
methods. messurements should be made in such cases tn assess the expo-
gsures. However, overall exposure is not reduced by rotation, rather, the
same exposure is spread over a larger number of employees. Such s
practice should be employed in situations where lower individual exposures
provide less overall hazards. This is not the case with respect to such
substances as carcinogens, where effects are conservatively considered to
be pro@orﬁonal to dose and cumulative over the lifetime of workers, with
Hitle crhlledit to reprir mechanisms to reduce the effects.
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B.4 PERSONAL PROTECTIVE EQUIPMENT AND CLOTHING

Provision and proper employment of personal protective equipment and
clothing in synfuel plants help to prevent the exposure or reduce the
adverse health effects of worker exposure to hazardous materials, Employ-
ment of personal protective clothing and equipment are important when
engineered controls are not adequate during routine operations, mainte-
nance, repair, and speecisl emergencles. There is no personal protective
equipment that is universal in all cases. Selection depends on the types
of situations anticipated and requires tradeoffs among several options
(ref. 5). Proper maintenance should be undertaken for all protective
equipment to ensure religbility. '

8.4.1 Work Clothing

Comfortable protective elothing is recommended that minimizes dermal
exposure by covering skin surfaces, provides repellency against process
liquids, and reduces the passage of vapors and aerosols (ref, 5). White
jumpsuit coverells are preferred because they are comfortgble, one piece,
and show contamination more clearly (ref. 5). Impregnation with {fire
retardants can further reduce fire risks.

8.4.2 Gloves and Footwear

Gloves and footwear should be worn to reduce skin contamination by pre-
venting contact with coal-derived materials and organic solvents. Work
shoes with steel toes can also provide safety protection. However, work-
ers involved in the cleanup of spills or in other operation involving pos-
gible contamination of footwesr should use impervious overshoes (ref, 10).
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8.4.3 Respiratory Protection

Respirators should be provided to protect workers from airborne hazardous
materials. They should be used mainly during emergency conditions such
as leaks producing high concentrations of toxic gases and certsin mainte-
nance operations (e.g., during vessel entry when CO or Hg8 levels are
high and O, levels are low or where high concentrations of toxic airborne
contemination exist). There are no universal respirators, and the selec-
tion of a suitsble respirator is determined by the characteristics of par-
ticular toxicants or asphyxiants (i1). In some cases, communications

equipment should be added to the respirator.

8.4.4 Hearing Protection

Hearing protection should be used in areas of the plant where noise levels
are in excess of the OSHA standard of 90 dBA during an 8~hdur expo-
sure (3). (e.g., Cosl Screening and Distribution Units). There are two
types of basic ear protectors available, namely:

(1) Ear muffs that fit over the entire ear.
(2) Ear plugs that are inserted into the ear.

Selection among these two types should be left mainly to the discretion of
the worker, based on comfort (10), and to the industrial hygienist, based
on effectiveness.

A hearing conservaiion program should be established sccording to OSHA
Standard (3). It should evaluate the need for noise protection throughout
the plant, provide hearing protection to exposed workers, and instruct
them in the care and use of hearing protection devices.

8-11 U3 CA OISCLOSINE OF REPSHI BATA

A BIIALre b s mme——amian oot =t

|



8.4.5 Other Protective Equipment and Cldthing

Special situations may require special protective equipment. Safety shoes
and hard hate are necessary to protect against falling objects or crushing
hazards. Face shields, snd safety glasses provide protection from flying
objects, and protect welders from U.V. radistion during welding. Barrier
creams may be useful in reducing skin contact with tar and tar oil, but
their effectiveness has been questioned (ref. 10). Appropriate cleansing
materials and cleansing agents should be employed which are capable of
removing such contaminants cool derived ofls and tars from the skin,
clothing, equipment and work surfaces (6). However, regular soap is
recommended for use in showering,

8.5 MEDICAL SURVEILLANCE AND MONITORING

Medical surveillance of workers is a common practice in industry (ref. 50).
It is important for early detection and assessment of exposure to hezardous
materials., Medical surveillance is also necessary for early detection of
adverse health effects before any medical treatment: can proceed,

8.5.1 Pre-employment Physical Examinations

These examinations serve three p{:rposes: 1) a general check of fitness;
2) as & baseline for further routine examinations; and 3) for identification
of higher risk individuals who may require more frequent medical follow-up
(e.g., older individuals that are over 45 years of age, those with five
years of work with slmilar substances and particularly those with existing
lung disease, marked abnormal bronchial muecosa, or bladder tumors to be
advised as neceasary (ref. 5). '

Pre-employment examinations usually include (modified from [51):

(1) Occupationsl history
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(2)

)

(4)

(58)

(6)

¢ (T

(8)

(Continued)
Medical history

Baseline laboratory anelyses inclu;ling blood ccunt and routine
urinalysis

Visugol acuity
Audiometric examination

Pulmonary ventilatory function (forced vital capacity-FVC and
forced expiratory volume in 1 second,-FEV-1)

General physical examination
Other eoxaminations fitting specific job requirements such as
OSHA's requirement for certification of fitness to use
respirators, and skin examination

: L

8.5.2 Regular Checkups

Regular
chemical

checkups to detect inciplent disease, physiologic changes, bic~
deviations, or evidence of adsorption of toxic agents. The fre-

gquency of oxeminations depends upon exposure and risk considerations.
The examination should include (modified from [4]):

1)

(2)

(3)

Puimonary function
Chest X-ray

Aundiometric examination
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8.5.2 (Continued)
{4) Skin examination
(5) Urinalysis
(6) Serum analysis

8.5.3 Termination Examination

Termination examination should be performed at the end of the project or
after an individual is transferred to other job categories, It should be
followed up periodically, depending on exposure and risk consideration.
The same exeminations for which baselines have been performed are
" suggested.

8.5.4 Records and Services

Full medical records, including work history and exposure dsta should be
preserved for 30 years efter termination of an employee (4). All or part
of the medical surveillance can be provided through a contract with outside
organizations or through the development of in-house capability. )

In addition, the law requires that a dispensary or first aid station be
provided for emergency care. The steffing end facilities for this station
depend upon the level of medical care to be provided on site.
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9.0 EMERGENCIES

by
v

9.1 GENERAL

Emergency is defined by Webster as "any sudden or unforeseen situation
that requires immediate action.” It can range in severity from such inci-
dents as 8 minor spill of acid or contaminant to & remotely probable
catastrophic event such gs a major fire or explosion involving severe
capital losses, injuries and deaths. It is reasonable to assume that some
. hazardous situations can occur in all industrisl plants requiring written
.emergency plans to mitigate them.

Emergencies are classified as minor when they pertain to limited damages to
property and materials or to minor 1njm'1es. temporary incapacitations to
workers and plant shut-downs. Emergenmes are considered ecatastrophic
when they lead to loss of life, permanen" ‘incapacitation, or major economic
loss, It should be remembered, however, that minor emergencies can
develop into ma;or: ones, particulary when there is lack of proper
response.. S

9.2 COMMON TYPES OF EMERGENCIES

Emergencies are commonly classified either according to their origins or to
the types of hezards. Origins include hazards derived from equipment,
chemical substances, power sources, or operations. Types of hazard
include explosion, electrocution, poisoning, and dismemberment by
machines and equipment. In some situations, multiple hazards exist such
as combined fire and explosion associated with coal dust or hydrogen
sulfide,

Standards and codes covering the workplace as well as most operations and
equipment are discussed in Section 5.0 (Health and Safety Regulations).

Control measures have been covered in Sections 7.0 and 8.0 (Enpgineered
Conirols and Work Practices.)
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9.3 PREVENTION OF AND COPING WITH EMERGENCIES

A successful program te prevent and cope with emergencies are built
around the following seven basic elements:

(1)

(2)

(3)

(B

(5)

©)

&)

Declaration of management policy and leadership;
Assignment of responsibility, authority,, and accountability; -

Maintenance of safe working conditions (covered in Section 7.0
and 8.0);

Establishment of safety training (covered in Section 8.0);

Establishment of an saccident reporting and analysis system
{covered in Section 8.0).

Creation of medlecal and first aid programs (covered in
Section 8.0).

Acceptanee of personal accountability by employees.

It is thus important that all managers end supervisors be assigmed specific
responsibilities for meintaining a safe and healthful workplace., They
should be given incentives snd authority to carry out their responsibil-
ities, as well as being held asccountable for resulis (ref. 29). Motivation
and aceountahiliiy ghould be extended to all employees with respect to the
seven objectives. 'In addition, establishing emergency response programs,
Including firefighting, decontsmination,..medical, and fHrst aid programs is
NecessaEry,
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9.4 . EMERGENCY PLANS

The main reasons for formulation of emergency plans are:’

(1)

(2)

(3}

Reduce response time and thus prevent a smaller emergency from
develop- ing into a more serious one. Often, slight delays in
response ean have far reaching impacts that may aggravate the
situation.

Optimize response by defining lines of authority, scopes of
respohsibi!ity, optimal assessments and deployment of available
emergency resources, identification snd correction of deficiencies
in existing emergency response plans, and obtaining support
from ali levels of authority.

Emergency plans should be prepared for both the construction
and operational stages of the plant., They should cover such
emergencies as consiruction and transportation aceidents,  fires,
explosions, release and exposure to toxic chemicals, Emergency
procedures developed for the construction and chemical indus-
iries should provide a basis for the plans*,

The emergency plan must bring to"gether, in one documernt, all data rele-
vant to a comprenensive emergency control operation. It should include
the following:

(1

Identificution of emergency situations, including all of the
hazardous situations, thair scopes, fellure mechanisms and
description of eontributory hazards.

* NOTE: For further discussion see references 36-35,
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9.4 (Continued)

(2)

(3)

4

(5)

(6)

(N

Description and evaluation of emergency conirols designed to
minimize damages such as automatie sprinkler systems, aw.}tomatic
shut-offs, monitoring and warning systems.

Description and evaluation.of the emérg‘ency response including
immediate actions by persons on the spot as well as those of
following response teams.

Capabilities, trsining and drills of emergency responders.

Fmergency equipment capability and aveilability for different
types of emergencies including locations of equipment,
meintenance, and reliability.

Other avsilable resources such as communication systems,
transportation, utilities and services, emergency access routes,
sefety zones, evacuation and rescue routes.

Mutual aid agreements with orgenizations, their capabilities and
availability, including description of emergency arrangements
made with them, and the necessary response times.

Emergency plans and procedures should be developed, documented and
provided to all appropriate personnel prior to the operation of the plant.
The emergency services shouid be specified for general emargencies such
as fires, explosions, floods and earthquskes. They should also cover
specific hazards characteristic to cosl gasification plants in general and

* NOTE: For further details see references 5, 36, & 37.
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8.4 (Continued) !

those unique to this plant such as spills, and air releases of specifie
hazardocus materials*. The emergency services of the plant should be
adequate until community-provided emergency services or those of mutual
aid organizations arrive. '
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10.¢ CONCLUSIONS

This comprehensive assessment provides the basis for identifying potential
hazards and recommending controls that should be considered in the pro-
posed plant. The following coneclusions are drawn from the health and
gsafety nssessment.

1)

(2)

(3)

CY

It it important to antieipate health and safety issues at the early
stage of technological development, Thejr integration into the
design and operation of a plant can prevent potential problems
and reduce costs by optimizing . process/control interfaces and
minimizing retrofit needs.

The ‘nature of health and safety hazards, engineered contrals,
work practices and protective equipment and clothing in a
synfuels plant are similar to those found in industries such as
petroleum refining, petrochemicals and cosl chemicalz. Additional
health and safety measures will be practiced to slleviate the
concerng sbout the larger numbers snd increased concentretions
of potential carcinogenic compounds associated with the coal
gasifier.

Maintenance and repair operations are the main source of worker
exposure to process materials via inhalation and dermal routes of
contamination. This is consistent with findings of many indus-
trizl operations. Therefore, in order to reduce potential risks
to workers, consideration of exposures during meintenance and
repair should be included in the final engineering design.

The information used in this assessment:<is derived from Htera-
ture reviews based on pilot plant studies. Althongh there are
no- published results of worker exposure to hazards in commercial
synfuel plsnts, nearly 30 years of commercial opers..tion at SASOL
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106.0 (Continued)

exists. These data are proprietery, but are available through
licensing agreements with SASOL. In the interim, there is some
uncertainty which has been offset by recommending a comprehen-—
sive program of engineered controls and work practices to
minimize worker risk.

The only heslth and safety regulations applicable to the proposed synfuel
plant are those promulgated by OSHA. Designs', however, are based also
on existing recommendations, guidelines, codes and standards by
government and industrial organizations.

Thei-e is an OSHA "“general duty clause"™ which requires the employer to
provide "a place of employment free from recognized hazards." This
clause leaves the employer vulnerable to liability charges even if the OSHA
regulations are fulfilled. In an attempt to overcome these problems, the
health and sefety assessment covers all major guidelines snd codes which
are applicable te the proposed plant. If followed, they will reduce
subsequent liability,

There are several lines of defense to protect worker health and safety.
The first 2nd foremost is the spplication of engineered controls. These
are supplemented by work practices, including administrative controls,
industrial hygiene and medical surveillance, and protective equipment and
clothing., Specific protection strategies are determined by a balance
between the degree of worker protection and work requirements.
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GLOSSARY

Acute: Generally refers to poisonous effects pro-
duced within a short period of time (min-
utes, hours) resulting in severe bioclogical
harm or death.

Anesthesia: Loss of sensation.
Asphyxiant: ' A subsiance or condition that causes

agphyxis-unconsclousness or death caused
by lack of oxygen.

Cancer: A malignant mneoplasm (tumor or new
growth).

Carcinogen: A ecancer-causing substance.

Cardiovascular: : Of or relating to pumping of blood by the

heart through the blood vessels.

Ceiling: ' The concentration that should not be
exceeded even instanteneously.

Central Nervous System: The brain and spinal cord (protected by
the skull and vertebral column).

Chronic: . Generally refers to poisonous effects pro-
duced over a long period of time (months
to years) almost slways debilitating.

dBA: Decibei{ is a unit measurement of noise on
the "A™ weighing network.
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Glossary {Continued)

Dermel: Of or pertaining to skin.

Explosimeter: Monitoring device for measuring atmos-
pheres containing potentially explosive
substances.

Frostbite: Relatively minor destruction of tissue due

to exposure to cold temperatures.

Hazard: An existing or potential condition that may
result in & mishap,

Impact (Impulsive) Noise: Those -variations in noise levels that
involve wmeaxima at intervals greater than
one per second.

Lagging: _ Material used to insulate ageinst noise.
Mutagenie: Causing change; inducing genetic mutation.
Pneumoconiosis: Black Lung disesse; aecumulation of coal

dust in lungs.

Risk: An expression of possible loss in terms of
hazard severity and hazard probability.

Teratogenic: ' Tending to produce malformations of the
fetus without inducing damage to the
mother or killing the fetus.
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Glossary {(Continued)

Threshold Limit Value

Refers to sirborne conditions of substances

(TLV): and represents conditions under which it
is believed that nesrly all workers may be
exposed without adverse effects.

Toxicologic: Hormful or poisonous effect of a chemical
agent.
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APPENDIX
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Appendix A

ORGANIZATIONS OR AGENCIES WHO DEVELOP CODES, STA)‘lNDARDS OR
RECOMMENDATIONS THAT ARE RELEVANT TO COAL GASIFICATION

Organization/Agency

Acronym  Area(s) Related to Coal
Gasification
American Gas Assoeiaﬁon AGA Gas hendling equipment
Amexican Instituie of Steel AISC Steel sections, beams, jeints,
.- Construction angles
American "National Standards "ANSI Pressure piping
Institute ‘
American Petroleum Institute APl Comprehensive applications in
all areas of processing except
coal hendling snd gasification
American Society of Mechanical  ASME Boilers; inspection, care,
" Engineers ' welding
American Soclety of Testing ASTM Metallurgical testing
Materials -
Americen Welding Society AWS Welding procedures
American Water Works Assoc. AWWA Pipes, valves, channels, and
other water treatment
equipment
Department of Energy DOE Health, safety, environmental,
emergency plans -
Federsl Aviation Administration  FAA Stack heights
Env"ironmeﬁtal Protection Agency EFA Monitoring, éinissions. con-
trols. guidelines,
regulations ’
National Board of Fire Under- NBFU Fire preventlon/control
writers
National Elsctrical Manufacturers NEMA Electric devices
Association
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Appendix A (Continued)

Organization/Agency Acronym Arerizy Related to Cogl
Gasification
National Fire Proteciion NFPA Fire prevention and control
Association
National Institute for NIOSH Occupational health and safety
Occupational Safety and
Health
National Safety Council NSC Accident preventlon, safe
materials handling
Occupational Safety and OSHA  Occupationsl health and safety
Health Administration regulations
'Public Health Service PHS. Public health
Temperature Exchange
Mgnufacturers Association TEMA Heat exchangers
Uniform Building Code UBC Building construction/
inaterials
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