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SECTION B 

HEALTH.. AND SAFETY ASSESSPlJ~NT 

1. (} INTRODUCTION 

This heal th  and safety assessment  is developed in s u p p o r t  of the Synfuels 

Feasibili ty Study for the  Crow Tribe of Indians.  I t  ident i f ies  and assesses 

potential  worker health and safe ty  hazards and recommends control s t ra te -  

gies inc lud ing  en~nee rod  cont ro ls ,  work pract ices  and protect ive equip-  

m e n t  to p reven t  or minimize these  hazards.  
~,.'. 

. .  • .., :.' 

The p~oposed plant is  in the  preliminary stage of development;  therefore ,  

this  "assessment is lhnited to p rov id ing  a basis for control  .strategies. It is  

premature to list specific control methods since equipment, operating pro- 

cedures, and staff organization a~ not formalized. 
-:.:. 

This assessment is based on a re~riew of the Process Design Basis (ref 1) 

and technical information in the :~terature. The proposed plant has many 

process units which are similar to those currently operating in petroleum 

refineries wlth proven records of safe operation. However, there may be 

a potential for greater numbers and higher concentrations of toxic 

subs tances  in the gasifier. 

Relevant  technical information regard ing  occupational  health and safety 

haza rds  and control measures for  synfuels plants  similar to the  one under  

considerat ion is based orx exper ience  with commercial and  pilot plants .  

This  assessment  highl ights  potent ia l  health and safei~y hazards  in synfuels  

p!ants  which include toxic gases ,  potential carcinogenic  substances ,  and 

harmful  physical  agents .  However,  these potential  haza rds  can be effec- 

t ively mitigated by engineered controls and work practices. 

1-1 • II SUi~&T 11 'ill1 IL~'III~LON (~n INE 
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1.0 (Continued) 

i. .. 

Health and safety studies identifying the potential risks and the methods 

of mitigating these risks will be established durinE the detailed engineering 

phase of  the work. Additionally, Sasol can provide health and safety tech- 
nical expertise and information, as part of the licensing agreement. 

In addison to informing the client of potential hazards and control 

strategies, this assessment can facilitat'e responses on health and safety to 

concerned outside ps~ties such as labor organizat|ons , uermittm g agencies, 

technical societies, and the, general public concerned with protecting the 

environment. 

• '~,? ~.. 

..::* :.)" 

This assessment indicates that workers at the proposed Crow Tribe of Indi- 

ans Synfuels plant can be effectively protected from health and safety" haz- 

ards by integrating the control measures presented in Sections 7.0 and 

8.0. The selection and implementation of these integrated controls will be 

dictated by a combination of economics, feasibility and effectiveness. 

1-2 
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2.0... SUMMARY 

The objective of~'this heal th and safety assessment  is to provide necessa ry  

information for :~consideration in t h  e eng inee r ing  design of the  p roposed  
synfuals plant:" By effectively reduc ing  the  potential  hazards  to workers  

in the early ~tages of  plant  design and development ,  the r i sk  of adverse  
health and safety ef fec ts  can be substant ia l ly  lowered. This is a worth-  

while objective for plant  personnel  p rov id ing  benef i ts  to the  client hi  the  

form of; reduced  liabili ty due to decreased  li t igation and reduced  insurance  

premiums, h igher  p roduc t iv i ty  arising from fewer plant shutdowns ,  lower 

absenteeism and labor  t u rnove r  rates and  decreased  medical and heal th  

care costs due to less  in jury  and il lness.  

The information inc luded  in this  assessment  provides  a basis for i n t e g r a t -  
ing engineered con t ro l s  into the design and layout  of the plant .  Also, i t  

can he useful  in se lec t ing process and safe ty  equipment which r e spond  to 

health needs ,  and  in ident i fying s taf f ing requi rements  for hea l th  and 

safety personnel .  

A review of the  Occupational Health and Safety  Administration (OSHA): 

regulations was u n d e r t a k e n .  These are t h e  only regulat ions applicable to 

the  proposed p lan t .  There  are ~ recommendations,  guidel ines,  codes 

and s tandards  deve loped  by government  and  indust r ia l  organizations which 
are taken into account  in this  assessment .  

Another input to the assessment is a review of the available health and 

safety data base. Potential health and safety hazards are identified 

according to the various process units of the plant. In addition, health 

and safety effects are  explained for each of t h e  hazards .  

•...? 
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.0 (Continued) 

Based on the above inputs,  controls to prevent or mitigate the potential 

h a z a r d s  are r e c o m m e n d e d .  Heal th  a n d  s a f e t y  r e l a t e d  c o n t r o l s  . a r e  d i s -  

c u s s e d  and  s u m m a r i z e d  in  t e r m s  o f  d e s i g n  c o n s i d e r a t i o n s ,  p lant  l a y o u t  a n d  

reliability analyses. 

Work practices that supplement engineered controls are divided into special 
procedures, administrative controls, personal protection equipment, and 

medical surveillance and monitoring. In each case,  the special require- 

ments are identified and solutions proposed. Emergency considerations are 

also addressed. 

,>.' 
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: 3.0 SCOPE OF ~/ORK 

.? ~.,~ 

The LURE1 coal gasification process generates emissions which are-~.ifferent 
.6.- 

f r o m  those" assoc ia tedwith  more conventional plants. A few of.:.tl~ emis- 
sions contain potentially hazardous materials. It is imperative that the 

plant designer recognizes that although these potential hazards to personal 

health are not yet well documented and defined, contr~l equipment and 

methods to protect operating p'e~sonnel must be included in the plant 

design. However, most of the hazards are commonly f~und in petroleum 

refineries and chemical processing plants. In addition, the only truly 

unique equipment found in the synfuels p.~ant is the gssifier vessel and 

accessories. The operating record of Lurgl coal gasification plants has 

equalled that of most heavy industries over the past decade. 

3. I HEALTH 

The health assessment will include the following items: 

(1) A review of applicabl.-, federal, tribal, state and local health 

regulations; review of codes and guidelines from allied industries 

such as petroleum refining, petrochemical, coal mining and 

conversion processes. 

(2) A review of control measures ~tzrrently in use ,  including 

published judgements on their effectiveness.  This information 

may be taken from National Institute for Occupational Safety and 

Health (NIOSH) health studies ,  coke oven operations, coal l ique- 
faction units ,  the CRESAP pilot plan. t facility in West Virginia, 
and commerelal-seele plants in South Afrlom. 

3-1 
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8. I (continued) " 

t 

(3) A technical description of the various health control measures 

that are included in the plant design.  These include engineered 
control, work praeticos, protective clothing,  sanitation, work- 

place and personnel monitors, as well as surveillance an.d record 
keeping.  ':~ ,~ 

• .  

, : .  

(4) A review of physical contact with,  or inhalation of potentiaR.y 
hazardous or toxic products, emissions or effluents. 

(5) A.':review of exposure to vibration o~ noise in specific areas 

within the plant. .: 

3.2 SAFETY 

The safety assessment, win include: 

(1) A description of'  both general and specific safety control 

measures to be implemented during construction and operation 
phases of the synfuels  plant.  These measures include 
engineered controls, work practices and procedures ,  monitoring, 

nq~se control, protective clothing and equipment. 

(2) Review of physical contact with hot equipment or corrosive 

materials. 

3 - 2  
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4,0 FACILITY DESCRIPTION 

The plant is a complete "grass roots! ~ facility for. the conversion of coal 

into con~.umer 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 b y - p r o d u c t s  t rea t ing  processes are l icensed by 

Lurgi  and have been successful ly  demonstrated 'on a commercial scale in 

South Africa. The methanation p~ocess is  also based on Lurgi  technology.  

The off-si te and ut i l i ty  systems for this  plant  are all based on cdmmercially 

proven technology.  

The plant uses the best available co~trol technology to protect the local 

environment. Particulate matter and sulfur oxides are removed from flue 

gases~ coal dust is contained within closed con'veylng and storage systems. 

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

discharge.  Solid wastes from the plant are made suitable for  safe disposal 

as landfill .  Mechanical equipment is designed for low noise operation to 

maintain the ~elatively quiet local environment:  

4.1 PROCESS DESCRIPTION 

Coal enters the plant at the Coal Screening Unit which classifies and dis- 

tributes the as-recelved~!coal to provide sized coal (2 Inch x 1/4 inch) for 

feed to Lurgi gasifisrs and coal fines (lees than 114 inch) for boiler fuel. 

• . • • .  

• Coal is gasified by reaction with steam and oxygen. The resultant gas is 

.cooled and combined with gas produced in the Texaco P a ~ t l  Oxidation 

Unit.  The combined stream is reacted in a Lurgi  Shift  Conversion Unit to 

generate  addit ional hyd rogen  b y  the  react ion CO + HsO = CO 2 + H.2. The 

SbiR .Conversion Unit produces  the p rope r  Hs-tO-CO ratio for the  methane 

syn thes i s  reaction. 

~. 4-1 ~. ~ ~ ~ l~r.m ~ 
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4.1. (Continued) 

The shifted gas is cooled, condensing steam and hydrocarbons. Products 

' :...from the gas cooling area are a llqnid stream called ngas liquor" containing 

wiite~,, phenols ,  t a r s ,  oils, and naph tha  and a "raw gas '~ containing h y d r o -  

gen ,  carbon  monoxide, carbon dioxide,  su l fur  compounds,  methane and 

l ight  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 

methauation,  naphtha  which is  ~iydrotreated for sale as a potential  gasoline 

blending component,  and two e£fluent s treams;  a COs-rich acid gas stream 

containing the  sulfur  and l ight hydrocarbon  compounds and an HzS r ich  

acid gas stream containing COs and light hydrocarbons .  

A Lurgi Methanation Unit reac ts  carbon monoxide, carbon dioxide and 

hydrogen  in the  pure  gas to p roduce  methane.  An excess of carbon diox- 

ide  is fed to the, Methanation Unit and is removed in the  SNG Purification 

and Compression Unit.  The resu l tan t  p roduc t  "SNG" is compressed to p ipe-  

line del ivery p ressu re .  

The gas l iquor produced in the  Gas Cooling Unit flows to the  Lurgi  Gas- 

Liquor Separation Unit where gas-l iquor is separa ted  into aqueous and 

hydrocarbon  streams. : 'The hydrocarbon  water stream flows to the  Tar  

Distination Unit .for f u r t h e r  p rocess ing .  The aqueous stream flows to the  

Phenosolvan Unit. The phenols  are ext rac ted  and sent  to the  Texaco Par -  

tial Oxidation Unit.  The aqueous stream, af ter  phenol  removal, flows to 

the  U.S.  Steel Ammonia Recovery Unit whe re  ammonia is recovered and 

pur i f ied  to produce  a saleable by-product . ;  

*1 m t 
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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 Hydrotreafing 

Unit and a tar/oil  stream sent to the Texaco Partial Oxldation Unit. The 

Lurgi Naphtha Hydrotreating Unit hydro t rea ts  the naphtha  recovered in 

the Rectisol and Tar Distillation Units to reduce the sulfur ,  oxygen,  

nitrogen and reactive unsa tura ted  hydrocarbon content of the naphtha. 

The naphtha product is suitable for use as gasoline blending component. 

In the Partial Oxidation Unit the phenols, ta r  and oii are  reacted ~dth 

oxygen to produce additional "raw" synthesis gas. This gas is sent to the 

Shift Conversion Unit. The HzS rich add gas stream from the Rectisol 

Unit is enriched in HzS 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 recovery. The COs-rlch acid gas stream from the 

Rectisol Unit is also processed in the Stretford Unit. The Sulfur Recovery 

Unit off-gas containing some hydrocarbons an~l unreacted sulfuT compounds 

is incinerated in the Steam SupS'heating Unit to convert these compounds 

to carbon dioxide and to sulfur dioxide. The flue gas is discharged to the 

atmosphere. 

4.1.2 UTILITIES AND OFFSITES 
i i 

Coal fines ate sent to the coal f i red steam boilers where 1500 psig super- 

heated steam is generated. The steam flows to the power generation unit 

where steam turbine driven generators produce the total power requirement 

for the plant plus surplus power for sale. 

The boiler flue gas is  treated for sulfur removal using lime in a 

Davy McKee Saarberg-Hoelter Desulfurization Unit. A flue gas containing 

a low concentration of 80 e is produced and a nonhazardous gypsum sludge 

suitable for landfill is recovered.  

, ' 4 - 3  
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4. i, 2 (Continued) 

The plant water management system is  based on a zero l iquid discharge 

phi losophy.  The aqueous streams generated  in the facilities are processed  

in an activated s ludge treatment sys tem.  The Process Cooling Towers are 
des igned to evaporate the treated wastewater .  

The balance of  the uti l ity and offs ite  units  are similar to conventional 

ref inery sys tems .  Therefore,  they  are not  described in this  section.  

' ;° . 
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5.0 REVIEW OF OCCUPATIONAL HEALTII 

AND SAFETY REGULATIONS AND GUIDELINES 
, ,  | ,  i 

5.1 INTRODUCTION 

T h i s  s e c t i o n  d i s c u s s e s  o c c u p a t i o n a l  h e a l t h  a n d  s a f e ~  r e g u l a t i o n s  a n d  

guidellnes appllcable to the proposed ptant. Federal Occupational Safety 

and Health Administration (OSHA) standards are the only regulatol-y 

requirements pertinent to this project with regard to occupational health 

and safety. This section also discusses National Institute for Occupational 

Safety and Health (NIOSH) guidelines and industr ial  guidelines. Since 

OSHA regulations, NIOSH, and industrial  guidelines periodically change ,  

they  will be reviewed agahl dur ing  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 heal th  

s tandards .  In some oases state and local governments share responsibili ty 

for administering occupational health and safety s tandards .  Approximately 

one- thi rd  of the states have requested author i ty  for workplace inspections 

and other  activities be delegated to them. Delegation of author i ty  is 

granted only after a detailed plan of implementation at the state level  is 

developed and approved by OSHA. 

The Federal OSHA Office in Billings, Montana, was contacted to obtain a 
summary o f  applicable occupational health and safety regulations. OSHA 
personnel  stated that  it  is the only governmental agency authorized to p ro-  

mulgate and enforce health and safety s tandards  applicable to the  synfuels  

plant ,  since the state has not requested to be  ,~Y~gated this author i ty  

(ref .  2). OSHA compliance inspections can be  ex~_~ed  once or twice per  

y e a r .  

5-1 I I 
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5.2 (Continued) 

OSHA standards applicable 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 plant are found in the Federal 

Construction Standards (ref. 4). :,: 

All industr ies  and construction projects must comply with the above s tan-  

dards .  Tables 5-1 and 5-2 summarize the major standards impacting plant 

design , constr~etlon and operation. OSHA has no current  plans t o  

promulgate speaifle 's tandards for the coal gasification indus t ry  (ref.  S). 

5.3 DISCUSSION OF GUIDELINES 

5.3.1 NIOSH Guidelines 

NIOSH is an agen0y of the U.S.  Department of Health end Human Services 

which develops and recommends standards to OSHA. NIOSH has addressed 

and continues to s tudy  potential 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 as guidelines in the design and operation of the proposed 

plant.  These guidelines have been reviewed in p repar ing  the Identification 

and Assessment section. 

5-2 
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5,3.2 Industrlsl Guidelines 

Several industrial organizations such as the Ameri ic~n Society of Mechanical 

Engineers (ASME), the American National Standards Institute (ANSI), the 

Nalional Fire Proteclion Association (NFPA), the American Petroleum Insti- 

tute (API), and the National Gas Processors Supplies Association (NGPSA), 
have developed codes and standards based  on industrial  e x p e r i e n c e .  These 

industriai  codes  are recommended p r a e ~ c e s  although compliance i s  vo lun-  
ta~f .  Many OSHA stm~dards have  been  adopted f~om t h e s e  industrial  
codes .  Appendix  A summarizes the  major aweneies and organlzat ions  whose 

standards or codes are relevant to the proposed gasification process. 

Although only a small portion of all indus~rlal codes have been adopted by 

OSHA, compliance With applicable, industrial codes is essential to a-~,oid 

criminal negligence suits if major accidents occur. Incorporating industrial 
recommendations and othel" self-Lmposed l'ules of conduct  enhances  the  reli-  
ability of the plant and the welfare of its workers. 

5.3 .3  Revis ions  and Additions to E xistinv~ R e ~ l a t i o n s  

OSHA regulations periodically Qhange due to factors such as political cli- 

mate, lobbying by labor groups, new health and safety da~a or litigation. 

Therefore, it is n e c e s s a ~  to review and update all pending or proposed 

regulations as well as e~dsttng regulations before beginning detailed engi- 
neering. 

Information on current, pending and proposed OSHA regulations is obtained 
by contact ing  t h e  OSHA Public Information Office in Wasl~Ing-ton, D.C.  
(ref .  27) .  
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5 . 3 . 4  General Duty Clause 

./.' 

The Occupational Safe ty  and Health Act ( r e f .  8) ,  which es tab l i shed  OSHA, 

contains a general  duty clause - Section 5 (a) (ref. 1). This clause 

states: 

"Each employer shall furnish to each of his. employees 
employment and  a place o f  employment which are f ree  

from recognized  hazards  t h a t  a re  caus ing  or".'~are l ikely to 
cause death'::or serious physical harm" t o  his employees." 

The. ramification/implication of this clause is that the employer is also 

responsible for protect ing his workers from all potential safety and health 

hazards for which no OSHA standard exists ,  but  are recognized vn'thin the 

industry.  :~ 

5 .S .5  Selected OSHA Re~ulations 

Tables 5-1 and 5-2 l is t  cu r r en t  OSHA regula t ions  tha t  win or  may have  a 
major impact on the  destEn,  cons t ruc t ion  and  operation of  the  p roposed  

plant .  

S - 4  
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:. TABLE 5-1 

SELECTED OSHA. REGULATIONS IMPACTING THE CROW TRIBE OF INDIAN8 • ,. ,i = ii 

:' SYNFUELS FEASIBILITY STUDY* 

~f"\ 

Regulation Title .of 
Designation Regulation 

S u b p a ~  A General 

..Descri'p.tion o f  Ap.plicable Re,relation .. 

Assigns bas ic  ~ s p o n s i b i l t t y  of occu-  
pational heal th  and safety to . the 
employer - tha t  no employee is 

required  to work  in surroundingz or  

under  condit ions detrimental to the  

employees welfare. 

Subpart C General Sa fe ty  

and H e a t h  

Provis ions 

1910.20 Access to 

employee 

exposure and 

medical 

records  

This standard requires an employer who 

m~Intains or oontraets for ,employee 

mediQal reQords to preserve those 

records. These medical records 

include (I) information indicative of 

employee exposures to toxic materials 

or harmful physical agents, 

(2) results of ~edioal examinations 

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

*These reEulations are from the OSHA General Industry Standards. 

29 CFR 1%10. 
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TABLE 5-1 (Con t inued )  

SELECTED OSHA REGULATIONS IMPACTING THE CROW TRIBE OF INDIANS 

SYNFUELS FEASIBILITY STUDY 

Regulation TRIe of 
Designation Re~latlon. 

1910.20 

' ( C o n r a d )  

Description of, ApI~lieable Regulation 

a n y  employee medica l  compla in ts  r e l a t -  

i n g  t o  w o r k e r  e x p o s u r e .  

Whenever an employee or designated 

representative requests access to a 

record, the employer shall provide 

access to that employeeVs medical 

records in a reasonable ~me. 

The employer shall also assure immedi- 

ate access of representatives of OSHA. 

Rules of aEeney pracl;ioe and. procedure 

goverrAn R OSHA aeoess",are contained in 

29 C F R  1913 .10 .  

This subpart also has rules on the 

t,-ansfer of medical records  when an 

employer ceases to do business,  The 

employer shall e i ther  t r ans fe r  these 

r e c o r d s  to t he  s u c c e s s o r  employe r  o r  

p r e s e r v e  t h e s e  r e c o r d s  f o r  t h i r t y  

y e a r s .  
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TABLE 5-1 (Continued) 

SELECTED OSHA REGULATIONS IMPACTING THE CROW TRIBE OF INDIANS 

SYNFUELS FEASIBILITY STUDY 

'\ 

m" 

Regulation 
D esi~nation 

Title of 
Regulation Description of Applicable Regulation 

Subpart G Occupational 

Health and 

Environmental 

Control 

1910.94 Ventilalion This standard lists many ventilation 

standards" for operations such as 

~Tinding, polishing, abrasive blast- 

Ing, spPay finishing and' degTeasing 

solvent handlin E. Generally, the 

maintenance and post-staPtup construc- 

tion will be impacting by this 

standard. 

This standard essentially lists some 

of the requirements for the equipment 

used to maintain the air contaminant 

standards listed in 1910,1009. 

1910.95 Occupational 

noise exposure 

This s tandard  has been reeent iy  

amended to inciu'de a hearing conserva-  

tion program which ~equires: (1) pro-  

r id ing personal  pt~otection devices to 

all employees exposed to a TWA* of 

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

5-7 

, ...... "_.. 

i u~l ~ O ~  ~ IE~ ~T~ I ~ I ~ T  I I  TT~ ~ l ~ T m a  o~ THE 

• -...:'" 

P 
P 



p 
D 

TABLE 5-1 (Continued) 

SELECTED OSHA REGULATIONS IMPACTING THE CROW TRIBE OF INDIANS 

SYNFUELS FEASIBILITY STUDY 
i 

Regulation Title of 
Desi~natlon Requiatio n 

1910.95 

(Cont'd) 

1910.96 Ionizing 

radiation' 

1910.97 

Description ,of Applicable ReQ~zlatlon 

85 dBA or gTeater ,  ( re f .  2) monitoring the  
work place for noise when information 

indicates  tha t  any  employee exposure 

may equal or exceed 8S dBA or alcove 

and (teE. 5) an audiometer testing 

program for sll employees exposed to a 

TWA of 85 dBA or above and maintaining 

records  of work place and personal 

noise exposure measurements.  Sound 
frequency is eonsldered in audio 
measul-ements. 

Additionally, this standard lists per- 

mlssible duration times for sound lev- 

els over 90 dBA, 

...~o. " ~.,. 

radiation 

This standard will apply to radiation 

p r o d u c i n g  e q u i p m e n t  o r  s o u r c e s  s u c h  a s  

x - r a y  maebAnes used  for nondest ruct ive  

teslin E, or radiation sources such as 

radioeobalt for radioEraphy. 

This standard will apply to radiation 

sources such as mierewave equipment. 

..y." 
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T A B L E  5-1 ( C o n t i n u e d )  

SEL]~CT~.D OSHA REGULATIONS II~PACTING THE CROW TRIBe. OF INDIANS 
i ,  

SYNFUELS FEASIBILITY STUDY 

Regulation Title of 
Designation Regulation 

Sub.part H Hazardous 

materials 

Subpart J Personal Protec- 

tive Equipment 

Subpart K Medical and 

~rst Aid 

Subpart  L 

S u b p a ~ N  

Fire Protection 

Materlal Hap.- 
dling and 

Storage 

, Descriptio n of Applicable Regulation 

This subpart  lists s tandards  for han-  
dling hazardous materials such as, 

acetylene, hydrogen, flammable liq- 
uids, and anhydrous ammonia. 

This subpart lists general standards 

for personal protective equipment such 

as safety glasses, respirators, hard 

hats and safety shoes. The employer 

will be responsible for supplying 

these protective devices. 

This subpa~t requires  the employer to 

ensure  the ready availability of medi- 

cal personnel for advice and consulta- 

tion on matters of personal health.  

This subpart  lists general  s tandards  

for common fire protection equipment 

such as ext inguishers ,  sprinklers ,  

hose systems end signaling systems. 

This subpart  draws extensively from 

NI~PA Standards.  

The particular significance of this  

subpar t  is the s tandards  applicable 

to overhead and gan t ry  cranes which 

• 5 - 9  

• • . i i ii I 

is $1Jiuzcr 11o 1 ~  ~ l l ~ t m  o 111| 
~ &T I r M r  n u l ~ l w *  ~ ~ 

p 



p 
P 

TABLE S-1 (Continued) 

SELECTED OSHA REGULATIONS IMPACTING THE CROW TRIBE OF INDIANS 
• ,,.. 

SYNPUELS FEASIBILITY STUDY . .  .- 

Regulation 
Desi~na~on 

Subpart N 

(Cont'd) 

Title of 
Re~nlatlon Description of Applicable Regulation 

may be a part of foreign licensor's 

packaged englnee1"Ing designs. Lurt,,i 
gasiflez.s usually heve buil t- in lift- 

ing devices to facilitate maintenance. 

The lifting devices on foreign 

designed process units will be 

required to meet U,S. OSHA Standards. 

Subpart Z 

1910.1000 

Toxic and Hazard- 

ous Substances 

Air 

Contaminants 

, . . . .  

This sec t ion  defines exposure cri teria 

as well as listing quantitative expo- 

sure  s tandards for air contaminants 

sue~ as CO, HtS and coal dus t .  The 

complete list,  Table Z-I,  is quite 

extensive.  Generally, these exposure 

standards are the average minimum lev- 

els that  produce measurable effeQts on 

humans. This list of  air contaminants 

and eo~eesponding exposure standards 

should serve as g u i d e l i n e s  for ~ . n c o r -  

poraflng engineered controls into the 

plant design. 

5-10 
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TABLB 5-I (Continued) 

S3LECTED OSHA REGULATIONS II~PACTING THE CROU TRIBE OF INDIANS 
i ,ll 

,. '.i SYNFUELS FEASIBILITY STUDY 
, , ,  m, 

Regulation 
DesignatiOn , 

1 9 1 Q . 1 0 2 9  . 

Tit]~ ~ f  
Regulation 

Coke oven 

em~saions 

D e s c r i p t i o n  o f  A p p l i c a b l e  R e R ~ l a ~ l o n  

Coal gasification is  similar to coke 

product ion .  Although this  s tandard  

applies to the operation of coke 

ovens, the relative si dlarity of 
produc ing  coke by des t ruc t ive ly  dis-  

t i l l ing and carbonizing coal to coal 

~asification gives th is  s t anda rd  
g rea t e r  importance in the  absence  of  
specif ic  coal gasification standards. 
This standard should provide operators 

of coal gasification units a guideline 

for operating and maintaining these 

uni t s .  

5-11 

p .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .. 



P 
P 

TABLE 5-2 

SELECTED OSHA REGULATIONS IMPACTING THE CONSTRUCTION OF THE CROW 
i , • ,H, H. 

TRIBE OF INDIANS SYNFUELS FACILITY* 
i i • 

Regulation Title of 
No. Re~tTation 

i: 

Subpart A General 

1916.3 Inspections - 

right of 
entry 

Subpar t  C General Safe ty  
and Health 

Provisions 

1926.21 Safety training 

and education 

Description of Applicable Re~datlon 

This section gives the Secretary of 

Labor or any authorized representative 

the right of entry to any site of con- 

strucfion to inspect a facility for 

compliance with the safety and health 

standards. 

Requires construction contractors to 

establish and supervise programs for 

the education and training of 

" employees in the recognition, avoid- 
anQe and prevention of unsafe condi- 

tions. Employees required to handle 

or use harmful substances shall be 

inP.tructed r ega rd ing  t h e ~  safe h e n - .  

dllng and use, and be made aware of 

the po~.ential hazards, personal 

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

SELECTED OSHA REGULATIONS IMPACTING THE CONSTRUCTION OF THE CROW 

TRIBE OF INDIANS SYNFUELS FACILITY 

Regulation Title of 
No. Regulation D, escrtpflo, n of Applicable Regulation 

1926.21 

(Cont'd) 
h y g i e n e  a n d  p e r s o n a l  p r o t e c t i v e  m e a s -  

u r e s  r e q u i r e d .  All e m p l o y e e s  r e q u i r e d  

to enter  into confined or enclosed 

'spaces shall be instructed as to the 

nature of hazardsinvolved,  the neces- 

sary precautions to be taken and in 

the use of protective and emergency 

equipment required. 

S u b p a r t  D Oooupa t iona l  

Health and . 

Environmental 

Controls 

T h e  s u b p a r t  i s  s imi la r  to  S u b p a ~ t  G 

in the General Indust ry  Standards. 

It lists requirements for medical 

services and first aid, vermin con- 

trol, employee food s e t t e e  facilities 

and rad~mtion exposure protection. 

1926.52 Occupafionsl.: 

noise exposure 

Refer to 1910.94 

1926.55 Gases. vapors, 

fumes, dusts and 

mists 

R e f e r  to  1910.1000 

5-13 
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TABLE 5-2 (Cont inued)  

SELECTED OSHA REGULATIONS IMPACTING THE CONSTRUCTION OF THE CROW 

TRIBE OF INDIANS SYNFUELS FACILITY 
i n 

Regulation Title of 
No. Regulation D,,escription of Applicable Re~l, ation 

Subpart E Personal Protec- 
tive and Life 
Saving Equipment 

This suhpa~ lists requirements for 
personal protective devices such as 
goggles, face shields, resphmters, 
safety belts, lifelines and landyards. 

This subpart also lists requirements 
for temporary heating devices. 

5 -14 
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6.0 IDENTIFICATION AND ASSESSMENT 

OF POTENTIAL HEALTH AND SAFETY HAZARDS 

6.1 INTRODUCTION 

This section discusses .d summarizes potential occupational health and 

safety hazards associated with the proposed facility. Potential hazards are 

addressed aeeordin E to a unit process number sequence established by 

Fluor's design basis (ref. 1). An attempt is made to subdivide the 

pcrtential hazards into worker health and worker safety categories. The 

basis for this subdivision is that health hazards are generally related to 

discernible disease stressest that Is, imbalances or disruptions of 

regulatory mec~-anlsms responsible for smooth and effective organ 

functioning. Safety hazards generally involve harm to workers that may 

be of an immediate and/or violent nature and are generally related to 

accidents and injuries. These include burns, electrical shocks, cuts, 
bruises, sprains, broken bones, loss of limbs, eyes and hearing. It is 

noted that in some eases a specific health hazard may lead to 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 sinEle 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 health and safety hazards in the synfuels plant 

resul ts  from leaks, spills and fuEitlve emissions du~_n~ operation, main- 
tenance or sampling. Many of the potential exposures  are similar to those 
experienced in the petroleum and petrochemical industr ies .  In coal Easifi- 

cation fac41ifies, the main products  are methane, carbon monoxide, hyd ro -  

gen,  and carbon dioxide, Low concentrat ions of s traight  chain hyd roca r -  

bons,  polynuclear aromatic hydrocarbons (PNA's) and heterocyclic aromatic 

compounds are also formed dur ing  the coal ga~flcation process .  PNA~s and 

heterocyclic aromatic compounds are derived from a combination of the com- 

plex chemical s t ruc tu re  of coal and the gasification conditions. These 

6-1 ] ....... 
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6.1 (Continued) 

compounds are suspected of being carcinogenic. The SASOL I Plant in 
South A ~ e a  is a more complex petrochemical fa<~lity than the proposed 

synfuels plant, yet it has operated successfully without any reported 

adverse health impacts. Nevertheless, this assessment will address the  

potential health hazards due to the presence of suspected carcinogens and 

to.~ie substances. 

Table 6-1 summarizes the general health and safety hazards 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, k dis- 

eussion of the health hazards is presented and is followed by a similar 

discussion of safety hazards.  

6.2 BEALTH HAZARDS j, , i | 

Bealth hazards in the proposed plant are exposure to ehemieal and physical 

agents .  Chemical agents, consist oft % 

(1) solids including coal and catalyst dust ,  ash, spent catalyst,  
sludges, spent e~ttvated carbon or ion exchange resin, sulfur,  

inorganic salts. 

• "L,:" 

(2) liquids including t a r s :  oils, gas-liquor, naphthas,  filter back- 

wash, fi l trates,  phenols, and methanol. 

(3) gases and vapors including ~ b o n  monoxide, carbon disulfide, 

carbon dioxide, hydrogen sulfide, ammonia, hydrogen,  nitzegen 

oxides, methanol, and hydrogen chloride and organic vapors. 

Physical agents include: noise, ionizing or nonionizf~[~ radiation, 

asphyxiants,  heat ,  and cold. 

6-2 
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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 exis t ,  are summarized in Table 6-3. 

Table 6-4 is a list  of t race elements typically found in coal ( re f .  5) and 

for which OSHA standards  exist (ref.  3).  The presence and concentrat ion 

of t race elements will depend on such factors  as coal type,  location in coal 

seem, and the process  conditions. The concentration of t race elements in 

the atmosphere should present  a minimal health risk to plant personnel .  
Some potential hazardous substances do not have OSHA standards. In 

some of these cases, NIOSH recommendations or threshold limit values of 

the American Conference of Governmental Industrial Hygienists should be 

consulted (refs. 9, I0). In other eases, 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 s tudy  indicating adverse  worker health ef fects  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 p res su re  direct  
coal liquefaction facility.  Although the West Virginia process dif fers  signi- 

ficantly from the proposed plant,  some of the  chemical substances produced 

may result in similar potential health hazards .  Skin cancers were repor ted  

for ten workers in the West Virginia facility at an incidence ra te  signi- 

ficantly higher than  expected in the general  t~opulation. However, i t  was 

noted that  the workers  in this plant did not maintain good personal 

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 .  I0) .  However, a follow-up, s tudy  
reported by NIOSH (ref .  10) suggested tha t  the  West Virginia workers  did 
not have an increased  r isk of sys temic  cancer ,  which was the  origh~al 

reason for conducting the s tudy.  The only other  available evidence of 

increased cancer r isk  to coal gasification workers  are from the studies of 

6-4 - -  i 
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6 o 2 (Continued) 

. 

coke oven and gas workers where similar kinds and concentrat ions of 

chemicals were emitted to the work environment (refs. 5, 10). However, 

in these cases the emissions were not oontaincd as they would be during 

normal operation in the proposed plant. 

Current industrial hygiene practices that have been employed in coal gasi- 

fication and liquefaction pilot plants in the U.S. appear to be successful. 

No adverse health effects have been reported to date. 

Coal gasification facilities may have higher  concent ra t ions  of potential ly 

carcinogenic subs tances  than  in the petroleum i n d u s t r y .  However,  with 

good engineered controls  and work pract ices ,  many of  the potential haz -  

a rd s  a re  minimized or  p r e v e n t e d .  

6.3 SAFETY HAZARDS 
i i H 

Safe ty  professionals genera l ly  consider  the term s a f e t y  to mean an env i ron-  

ment f ree  from man-eqnipment-matez~lal in terac t ions  tha t  result  in acci-  

den t s .  The term accident  has  evolved to mean an occur rence  leading to 

physicaT harm, p r o p e r t y  damage,  or bus iness  i n t e r rup t i on  resul t ing from 

an undesired event. Most safety programs address accident prevention in 

the precontact, contact, and postcontact stages. Preventing accidents 

duFln g the design stage is a p~imary goal. However, because of economies 

and practlealifles, not all potential accidents can be addressed at this 

stage. The contact stage generally involves addressing potential safety 

issues not incorporated into the engineering designs. Postcontaet accident 

control involves prompt investigation of an accident by identifying the 

cause and recommending controls to ensure that slmila~ losses are prevented 

ht t he  future. 

Process safety controls Me established within the petroleum and petro- 

chemical industries fox' a bz'oad range of production facilities. Such con- 

trols are generally Incorporated into the design, construction, and 

-- i 
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6. $ (Continued) 

operat ion of  chemical process  p lan ts .  Controls include adherence  to piping 

and vesse l  codes,  material specif icat ions,  and operat ion prac t ices  to ensure  

worker ' s  safe ty  and to maintain p rocess  reliability. 

In t he  p roposed  synfuels p lan t ,  t he  ma~or safer T hazards  include worker 

exposure  to heat  s t ress ,  cold,  genera l  accidents,  and  in jur ies  such as 

those associated with moving equipment and Coraponents, fire, and 

explosion.  In &ddition, some safe ty  hazards  always ex is t  because  of human 

e I ~ O r .  

Table 6-2 l is ts  the potential  occupational heal th and safety  hazards 

accord ing  to process  uni ts .  Control  technologies and inves t iga t ive  actions 

to p r e v e n t  vr  eliminate these  haza rds  are listed in Table 7-1o 

6-6 r i ! i 

I ~ [ ~  WTH| K ~ O N  ©M IHE 
Hlm~ PA~ 0 II~ i~lln ~ ~m~ uemo 

• i i - 



D 
P 

) 

iL 

e- 

0 

= "a 

I. 

v "a 

= 

m~ 

~',-, = o ~..= 

~ ,  • 

ra 

.[-, 

I :  

E= 

0 0 

,w,-I o,~ 

6 - ' 7  
i i i  I " 



p P 

i 
~<1 ,I 

l l " i  ~ 1,12 

~ ~ ~s I 

,- ~ ~,1' g .  ,~,-,~ ~><~ ~:~,.~ 

. ~  :~ ~.~c~_~o~ ~ ~ ; ; : ~  :~,~.~.~ 

~ N 

o 

0 

6 - 8  
_ le I | ,e 

I IS | Y i C L ' ?  I ~ l~M11il~l,~lo I~ I  I N |  

l lOl l l l l  I l i i l l l  lki l l i l  I f l l l l l i  Oi lrll,,~ l l l i M I  



P 

,'., 

o {J 
v 

U} 
U~ 

0 

< 

u: 

,< 

< 

8 

¢J 

E 
0 

0 
f~ 

~w 

~w,~ ~ ,'~'~ ;;;~,,:I 

~.~ ~ ~ ~ 

{n w < 

° 

o 

6 - 9  

o 

r~ 

(1) 
E 

[.w 

tr~ 

! I 

o 

O _ O  n~ N 

~ ~ ~ '~ .~  

. ..,,..:,-, • ° 

LS ~X~ m n~ ItlISIiIG~pN ©~I IIIE 

P 
D 



. . . . . . . . . . . . . . . .  p 

iio 

! ° °  

C 

U~ 

,G 

¢~ ~ ,  - 

,~ ~ , ~  
• ,t,,,, ~ r,,) °~.~ 

i : :  

, ~ 

' 

~ E ~  o m 

6LIO 

LO ~--I 

~ . 

0 

- ¢ : ~  .,., 0 w 



P 

o 

0 

0 

E 
E 
0 

t~ 

c~ 

I 

N 0 *" ,  ,-,~ 

o , ~  

~ .  
~ ,~ .~. 

0 

,.2 

rn m~c:~ 

• ~ ~ 

• ~ ~'~. ~°= e~ 

m 
m 

~r 

=0 
0 
U 

6-11 

o ~ ' E  

.~ ~ 

" ~  
• ~ .~.~ 

~G ~'JTG 

0 

13" 0 

0 

i i  _ _  I _ i l l  

mTTCE PAq[ LLT |HE FRgJiT OF TMtl n~L~JT I 

. . ° ~  

p 
p . . . . . . . .  . , - . 



p ................................................................... ~. .......................................................... - .................... ' p 

( 

o 
r~ 

0 

[..t 

< 

2 

1 

U 

u) 
4..) 

.E~ 
E 
o 

r.) 

¢J 

~4 

c~ 

rn 

c~ 

e~ 

~ . ~  o 

I~ ~.~ 

" . ~ . ~  ~ 

~ ' ~ . ~  

I> 

0 

! 

C~ 
G) 

I 
c~ 
E 

a] 

Q) a) 

. ® ~  .~'~ 

6-: I .2 

q-t 

o 

~Sg 

~18UIUU~ U l * ~  M S T I O ~  Cn I M  

P 
D 



p 

I 

I1: 

11 

I I  I/~ 
Ii ,=: 

¢ := 
< 

,.~ o ~  

0 

il 

U'I 
,i-I 

~ I I I  ~"~ "~  

~ F -  ~ 1 ~  C~ 

I~ " "  ~ ~ : : ~  "~  "~  

+.I 

• .::: ~ (~ .  
o ..?.:,~ !~ 

• i', 1) 

N 

~V 

i,-I 
4.1 

o 

o 

6 - 1 3  

U3 t n  

Q) • (l) 

o 

S 

O i l  

~ °  ~l.~ ~i o o . ~  ~ 

Ill l-4 

UI 

i ± ,  , m ! 
I I  f'Jll~'T 11 I~1 l l l l lmCl~  ON I011 

P 
p 



D "" 

.< 

i 

O m  

o~ . ~  

~ . ~ ®~: 

!0 o ~ 

t ' 4  4ea • gJ  

~ ;::: ~ ~ ,~  • 

,, .,-~.~ ~ ~ - ~ 

~F Q 

~o 

L.,,. 
v-4 

6 - i 4  

IS 8U~' ; '  u I ts 8tmucmn u ; . I  
~ncE P~E M IHt ~ ~ mL~ R ~ r  



i- 

I- 

E. 

c 

ID 

! 

E ~  

c~ 

~O,cl 
.~ ~ 

• . . ®  o ~  

;~ ~ "  .~,~ ~ ® .  

r~ 

0 

.i .i 

O 

E 

co 

i - I  

U 

o ~z3 

r~ 

~F 

r..i 

6 -3 .5  
i • J ± USi M DI~L~"JUB[ C~ IU[I~BI bAI'A J 

I 

".i 
%" 



I 

t~ 

°i 
o 

] 

t~ 

~ka 

0 
f~ 

;4 

tJ 

.~ ~ m~,.~ "~ ~ _ ~  

,~"~ ~ ~'~-.~ ~ . ~ , ¢ ~  i'~ ~" 

o 

o 

,o 

,.,=- ~~ 
.o 

~I,~ 
~-~ ,~ 

t~ 

o 

m 

6 - : L . 6  

r-i 

i° J~ 

@ 
w 

Z 

~, Om 

i ~ . 

~ o ~'~ 

w 

r~ 

, l ~  i ! 
H f]I,%'t,,lSUP.[ OF l l ~  DATA 

i i  SUO/rG'T NI ;HI, liEl~rrJGllOn @M |ME 



;I 

o 

I= 

i 

= 

r.) 

I= 

r..i 

I 

.~ -~=~ ~ 

o o = r j  

I,-I 

- ~  ~ e ' ~  ~ ~ 
~ ' ~  = 

o ~o " Z  ~ ~ '=  ~ 

° 

~ . ~  

~r 

0 

a= 

CA 

~-~ i.~ "°'.-~°'~" ';-- ;'' I 



P 

E 

,¢I 

b 

Z 
0 

;I 

m 
P. 

~S 

,-4 

v-{ 

m 2, I~ 

°~, ~ ~ 

m 

U~ 

O 

t ~  

2, 
Q ~  

IZ 

Pl 

m Q 
a) 

6-18 l ' '  ! U,~A Oa mVA~U~ CW It~Jfl ~AM 
Ls suau~,T ae ~ ntssmcTra ea tNt 

H i J u  F ~  ~ vat neat  u ~ Hmm 



p 

I -  

, . , . ,  i 
o 

U 

0 

0 

6 - 1 9  

• ~ ( ] ' )  

o~ 

~ ~ . 

. 

~ ° 

0 " 

• o ~ 

• ~ C~ 

~ ° 

G) 

E 

.q4 

i- ii 
J ~  inn _ i J 

- A ~  Oil ! ~ t ~ 8 1 ~ [ - ~ [ 1 o ~ 1  ~ A  



P D 

~L 

B o 

c~ 
~m 

I 

m m ~ ' ~  

E ~ ®  , 

. .  ~ ~ . ~  

~ o . ~  
'~ .~_. . . .~ .  ~ ,-.. 

~,~ 

~ o ~  

!. 

0 

m 

6 - 2 0  

0 
Z 

o 

0 

a ~  111 

G) 
0"] 

r.) 

C,r~ 

r..I 

I 

Q; 

m 

G) 

G) 

E ' -~ i 

U~IXl OI~L~IUK OF lit~llt 
IS ~lUlll~ t l lR I  ilslrh~lfiOll Wi I M  

PJKiI~ AT |Nit ¥11P.,~ ~ Tlll~ r, ,,=,= , 



E 
u 

4 ~  

< 

• ~ . ~  

m 

s ~  
o 

E 

U 

~-~ 

4~ '~.~.. 

0~ 

• I= 

~,.~ 

m 

"r~ 

E 

¢J 

.~.I0 

~ D  

6 - 2 1  

E 

E 

1--1 

e~° 

E N 

f,-I -r-I .r-~ 

q ~ 

NI 

i i , i i  i 

J USt H OIS~13dl[ I IEI~II b i l l  | 
i 

m ~aOJr ~ i IHI I r , ~ ' l l O I  {~ IMi t 
Imllrs ~1~ llr IUt t i l l  I vlml I B - - t  



ii 
!1 
@ 

T/J 

w 

o~ 

m ~  

rJ 

o) i 

m 

~ . 

w 

~3 

(9 

o 

6 - 2 2  ! 

~,~ 

"1=1 

i i • i 
i 

H m$CL'~IUX£ OF IEI~M D&~t | 

I IS B U I ~ [ ~ '  I I  ~ IESIIW~tOI!  ~.'t 1HIE 

PIV~E M IIIF. ~ m ~ KI~NLT 



p 

0 

v 

il ° 

¢ 

o 

[]  

! 

o 

I1) 
IQ 
II) 

o 

6 - 2 3  II IIJIU~C? II fill KIIIII~II|II Om II4I 



P 

i ,  

......i.: 

[-t 

,,¢ 

N 

C 

, . . . . . . . . . . .  , . . . . . . . . . . . . . . .  i-: " ' . . . .  , . . 

i ' . . . . 2 :  

• i 

= , ¢  

O~ ,¢ 

N 

~.~ 

m 

, ~  II1 
, l , J  ~ , , I  

m ~ 

e n ~  

! ! 
0 ~ o  

u ~  

o 

L~ 

~bO .0 

e 

t 

~ . ~  

! . o  

6 - 2 4  

[ " I unOil m ~ l R ~  ~ EP,.l~ MTA 



P 

C ,. 

~p +! 

il 
+I 

Z 

t~ 
0 

Q ~ 
II1 IN 

V 

!, 
~,~ ~. 

~ LCa 

=,,¢ 

,¢ 

A : i"  
( ~  +,, 
r,3 

m 

6 - 2 5  

E 
u 

0 

m . m  
¢'1 ~'l'q ~ ' .  

E 
c~ 

0 * 

ii, ! 

bO 
I= 

03 

• . . , ~  ~ ~ 

4.l 
¢Q 

0 
r3 

u u  ol  msC..'~l~ l i  ;[r~Jn b~A ! 
i 11 ~llJ IU r.Gl' I I  T ~ .  IIF.~IIIL'IIOil {,'1 1141[ 

I l i on  I '9 PAlilr AIr |Hit  IF ImJ~r l  l k t  ~ , l l l ~ l l r  

+* 



P 
P 

iI 

'S2 e 

°~ ~ 

o 

.el 

~g 
~..~ ~.~ ~°~' ~ 
o~-~1 

~ p 

"m 

~m 

Lg 

2~ 

~o 

rn 

¢m 

~g,-4 

b.~.= 

" o 

0p,l ~ 

~ . ~  

6-26 

t ~  
~ .o  v 

O 

~m5 

IS $1JJurGr IBlrl4K H ~ t ~ N  ON 



P 
P 

o ~ , ~  

il 0In 
[~r.J ! 

~, , , ,  

I::=1 

'E 
0 

:i 

r ~  o 

.,'- : ... 

.~.~ 
, - I ~  

,~ q ~ 
~ . ~ - ~  ~ 

! 

~ ... , 

~ ~ - ~  ~., ~ 

¢=  

0 

6 - 2 7  

"E 

L'- 
o 

o 
o 

• ' ~ C ~  .,~ ~U . ~  

, ~  

, ~ 0 r..0..s 

!~.~.~ 
! ~ IIS . , .  .~  

I 

i.r'.P. . .  

L 

I . . . .  i o ~  R UtSC&L~ILE~ ~EK'm OArA 
, '  l i t  IrnmII,I£L~IF 1 1 " 1 1 |  Ilirqrnraln@,ll0nm ~ w ~  



~'. 

, .~  

~ 0 ~ I  !~ 

r ~  

I 

0 

m 

~ '~  
~'m.~ 

o 

6-28 

~ . ~  ~ ,  c~ ~, o ~ ' ~  
o ' ~  ~ . ,  ~ . .  ~ I ~  

~ r ' s :  . , . ~ .  r..,~m ~,_ . .  m , ~ . , . , r ~  _ o ~ : ~  

~.~'~ ~ ~ ~ ~.-~ 

-. :.,... -~ ... 

'N g • . . ®  

~ ~  

• ~o~.!~ 
~1,=1 

,, , %'" 

I ~J ! I 
¢s sulu[,~ ~ l i~ K~li~mn SN IX| 

NOTI~ r/~t R ii~. f~g¢ll'i~ mi~- lwlaml 



~ A  

r~ ! 
~)  

N ~ 

• ~I~1 ~ e .~ r.: .~ ~ ~ ~. .~ 

r~ 

~ ~ ~F ~ o ~ o ~ o o  

~'-d 

°~-zl I 
~),~ 
Q) 

C/200 

aS,~ 

A - ~ q  

- _ _  u rl 
~ F .  Oil O t ~ U S L l U  OF M I ~ I I t  baTa 

• a StJB~:Cl'111 m t  e~S1~110a OR I # i  



".." . • , . .  

:::.... 
TABLE 6-4 

OSHA STANDARDS FOR SOME COAL-RELATED TRACE-ELEMENTS 

Trace Element (Chemical Notation) 

Antimony & compounds (Sb) '"~!: 
Arsenic metal & compounds (As) 

Barium (BaY 

Beryllium (Be) 

Boron (B) 

Cadmium (Cd) 

Chromium VI (Or) 
Cobalt (Co) 
Copper (Cu) 
Lead (Pb) 
Lithium (Li) 

Magnesium (ME) 

Mercury (Hg) 

Molybdenum (Mo) 

Nickel (Ni) 

Selenium (Se) 

Silver (Ag) 

Tin (Sn) 

OSRA Standard, mg/m s 
(8 hr .  time weight 
average, except as 
noted) 

0.5 
0.5 

0.5 

0,002| 0.005-*C; 0.025-30 rain. peak 

0.7 

0.2; 0.6-C (Cd dust) 0.1; 3-0 (Cd 

fume) 
1 (metal a insoluble salts) 
0.1-(metsl, fume, dust) 
0.1-(fume) 1-(dust a mists) 
02. (inorganic compounds & leads) 
0.025 (as lithium hydride) 

15 (magnesium oxide fume) 

1 mgJl0mS-C 0.01 (alkyl mercury); 

0.04-C 

5-(soluble compounds); 15- (insoluble 

compounds as Mo) 

0.007-(nickel ca~bonyl) 1-(metal & 

soluble compounds as Ni) 
O.2-(selentum compounds as Se) 

0.Ol-(met~ & soluble compounds as 

2-(inbrganic compounds except 
oxides) as Sn 

6-30 t . . . . . . . . .  ! 
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TABLE 6-4 (Continued) 

OSHA STANDARDS FOR SOME COAL-RELATEDTRACE-ELEMENTS 

Trace Element (Chemical Notation) 

Uranium (U) 

Yttrium (Y) 

Zinc (Zn) 

OSHA Standard, m~Im s 
(8 l~v. time welgh~ 
average, except as 
noted) 

0.25-(insoluble compounds as U) 

0.05-(soluble compounds as U) 

1 

1-(zlnc chloride fume) 

5-(zinc oxide fume) 

Modified from References 3-II 

C Ceiling value 



7.0 CONTROLS FOR PROTECTING 
, m, , 

WORKERS FROM EXPOSURE TO HAZARDS 

7.1 GENERAL DISCUSSION 

This section p resen t s  and summarizes controls that can be used  to protect 

worker health and safety in the proposed synfuels plant. Employees who 

will work in this  plant, as those in o ther  chemical, petrochemical plants 

and refineries, will be exposed to various potential hazards. These 

include risks of inhalation, skin absorption or possibly ingestion of 

hazardous chemicals and contaminants, exposures to harmful physical 

agents such as radiation or noise, and injuries due to accidents .  These 

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

There are basically three elements essential  to control of occupational 

hazards. Those are engineered controls (direct ly impact the design and/6r  
operation of the plant) ,  work pract ices  including administrative controls 

(provide additional protection when engineered 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).  ~Vhere possible, engineered controls should 

be considered the first  line of defense for  protecting workers and reducing 

exposures to within established limits or  s tandards .  

Control monitoringj while not a technique for  reducing worker  exposure ,  is 

critical to the ent ire  control effor t .  This is because monitoring ins t ru -  

ments ver i fy  the  controls' effect iveness,  detect  additional hazards  that  may 

warrant controls and when used in conjunction with warning devices alert 

workers to hazards  immediately th rea ten ing  life and health. Monitoring is 

discussed in the  next  section with work practices,  personal protective 

equipment and clothing and emergencies. 

7-1 
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7.1 (Continued) 

' 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 reasons. Information on engineered controls 

in this section is based on several NIOSH documents (5, 10, 6,22). In 

addition, current state of the art information on engineered controls has 

been obtained through discussions with NIOSH and DOE personnel 

(23, 15). 

The following examines 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 a given control method will provide both health 

and safety protection. ':/ 

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 

isolated 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 another method for reducing 

exposure at the source. 

Table 7-1 provides an overview of recommended controls, including 

engineered controls, work pract ices  and protect ive equipment and clothing 

for each of the process  units  in the plant. Also inoluded ave potential 

hazards  for which the controls Me needed and general  comments where 

appropriate.  

i ' -- m i I 



"l. 3 DESIGN CONSIDERATIONS 

~Under normal operating conditions the major portion of the proposed plant 

is a closed process* ensuring no leakage of potentially hazardous materlals. 

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 associated with the process materials are not 

unique in that they are recognized problems throughout the chemical 

process industries. What is unique is that coal gasification emissions can 

be potentially carcinogenic because they contain N-heterocyclic aromatic 

and polynuolear aromatic (PHA) compounds. Petroleum-derived materials 

generally do not contain as high concentrations of these compounds as 

materials derived from coal gasiflcati0ti processes. Because many of these 

materials are potentially carcinogenic, reliable engineered controls are 

needed. In some cases engineered controls ave supplemented with work 

practices, administrative controls, and protective equipment and clothing to 

achieve worker protection. 

There are a number of design factors that are listed in this synfuels study 

that require engineered controls to ensure worker protection. These 

include: (a) maintenance and repair ;  (b) valves; (c) seals; (d) flanges; 

(e) pressure  vessels; (f) process lines; (g) drains and sumps; (h) proc- 

ess sampling; (i) hot surfaces;  and (m) fail safe design. Each of these 

are described in more detail below. 

?. 3.1 Maintenance and RepaiP 

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.  Equipment to be maintained or 

*Closed Process - all process materials are contained to prevent emissions 

within the work environment. 

| ts s , Jm:~  u m~. m a m m m .  , , , , m t  
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7.3.. 1 (Continued) 

repaired is designed to facilitate depressurization, and if necessary, 

isolated from the process streams by valves or blinds, and purged with 

inert gas or steam and then air. 

7.3.2 Valves 

General valve components are designed to withstand the effects of erosion 
end corrosion in operations processing coal and ash. l~or pressure relief 

valves, discharges a~e directed away from potential work areas to minimize 

personnel exposure .  : 

7.3.3 Seals 

Potential worker exposure due to fugitive emissions and leaks can be 

minimized through proper selection of seals. Rotating shafts are designed 

so that seals are compatible with the process  fluid environment. 

.3.4 Flan~es 

Frequency and sever i ty  of leaks have been reduced by grooved, concentric 

or other nonflat mating surfaces (5). Retlghtening the bolts pr ior  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 

accordance with the  American Society of Mechanical Engineers (ASME) 

Codes. Rdlief valves located on pressure  vessels  are located or des igned to 

prevent blockage by  tars  and solids or viscous materials. Redundant  

I . 7 - 4  



' t .  3.5 (Continued) 

valves are used where probability of blockage i s  high. Vessels are 

designed to p reven t  accumulation of  solids and l iquids requi r ing  manual 

eleanout.  

?. 3.6 Process  Lines 

Design of  p rocess  l ines for  liquids and gases  should p reven t  erosion,  leaks  

and solids accumulation, 

?.3.? Drains and Sumps 

Drains and sumps are  des igned as closed sys tems to p reven t  emission of  

toxic or  flammable gases  and vapors .  Explosimeters and /o r  combustion 

monitors and venti lat ion systems are u sed  in conjunction with drains  or  

sumps to p reven t  explosive concentrat ions from accumulating. Dedicated 

sumps should rece ive  leakage from most pumps ,  va lves  and f langes.  

? .  3.8 Process Sampling 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  materials,  psr t ieu lar ly  flammable and toxic subs tances  from 

the  sampling lines bu t  not  the sampling vesse l .  Discharges of res idual  

material are rou ted  to a dedicated sump. Gas b leed  lines discharge to a 

collection system for  o/eanup and disposal  (1O). 

7°3.9 Control Room Desi~rn 

The control room needs  to remain functional in the  event  of emergency.  

This room is des igned to withstand accident  such as explosions and f i r es .  

Should a ca tas t rophe  occur ,  control room personnel  a re  able to shut  down 

a specific area or  the  ent i re  plant.  

?-5 
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? .3.9 (Continued) 

Hazardous or contaminated mater~Rls are p r even ted  from en te r ing  the  

control room air supply by drafting air from a safe area. 

7.3.10 Noise Control 

Noise may occur in and around most moving equipment, components, and 

high velocity process lines (10). Equipment and components are designed 

to minimize worker noise exposu£~. Where this  is impractical,  reduct ion of 

noise levels is considered b y  Selecting acceptable equipment ,  by  isclat ing 

the  noise source in the plant ,  or  by  us ing  acoustical insulat ion,  bar r ie r s  

or  enc losures .  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 contact with high velocity fluids. Corrosion 

refers to the deterioration of equipment or component materials due to 

Chemical action. 

?. 3,12 Hot Surfaces 

Because of the high operating temperatures in the gasification process, 

insulation is needed to protect workers from coming into contact wlth hot 

surfaces. Insulation materials used on process equipment are nonreactive 

with the process i'luids. 

- | _ _  i n  e i 
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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 

non-hazardous situation. For example, if the pneumatic system in the 

plant fails, all pneumatic valves dependent upon this system fail in a mode 

that wilt 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 dur ing situations when excessive concentrations of 

toxic gases, vapors,  dusts ,  fumes or aerosols cannot be controlled. This 

includes maintenance and repair  operations, part icularly Where weldin E is 

performed. Local ventilation may also be needed a round ' the  coal handling 

end prepamation areas par'dcularly for size Teduction equipment. General 
ventilation systems are necessazsr for such enclosed areas as laboratories, 

locker rooms, lunchrooms, administrative offices and maintenance buildings. 

7.4 PLANT LAYOUT 

A carefully designed plant layout (plot plan) can provide intrinsic health 

and safety protection by methods such as segregating high risk process 

units, and, providln K adequate workspace for unencumbered maintenance, 

repair a~d operations. Loss prevention can be incorporated into the plot 

plan by collectively eonsiderinE the demands of process design, construe- 

don of the facility, normal operation, maintenance, repair, process sam- 

pling, personal welfare and potential emergency situations. 

Typical of the questions that  are asked include: If a fire broke out in the 

tank farm unit ,  would there  be sufficient distance between the fire and 

adjacent units? Generally, the answer to these questions is based o n  an 

industrial  recommended practice such as "General Recommendations for 

Spacing" ( 2 6 ) .  In this example, the occasion~' .high winds at the plant 

'i == - = "  7 - 7  " I = s m ~ , . ~ , ~ . m . . ~ , , ~  ! 



7.4 (Continued) 

site may require ~ e a t e r  spacing between units in case of a fire. The 

following are general plant layout considerations that have been applied to 

the facility design. 

f .  4.1 Control Room 

The control rOOm is located in relation to the process scheme to facilitate 

operation, a safe distance from any unit vulnerable to fire or explosion. 

The air supply for the contz~l 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 to permit safe orientation of the fur -  

naces, flares, compressors, dusty operators (coal), and cooling towers. 

7.4.3 Equipment Erection 

Erection problems are antiaipated regarding location of major equipment. 

.:.~enersliy, ms]or fixed equipment is located away from congested"'are~s in 

the plant to permit erect.ion st any phase of construction, and to permit 

maintenance after s tar tup.  

°". i'. 
• . :  - 

7.4.4 Maintenance Methods 

Maintenance methods and frequency for major equipment is established. 

Equipment requiring frequent attention has easy accessibility. 

7.4.5 Sp~.n~  

Within ba t te ry  limits, spacing is .sufficlent to avoid compounding f i r e  
exposure problems. 

f - 8  OR Dl~"l.~dlt| ~ I1[1¢11 DATA 
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7.4.6 Vessels and Tanks 
• ..... • 

Vessels and tanks with large liquid hoid-up volumes are located where any 

accidental  drainage can be safely contained by  dikes .  

7.5 SAFETY CONTROLS 

?, 5 .1  General Discuss ion  

Safety has come to 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 ~nvoiving a single 

incident in the work environment. 

Most safety-related controls are designed to prevent accidents involving 

machines, fans, fires, or explosions. Engineered safety controls In~ude 

guards on pumps, insulation of pipes and equipment, pressure relieving, 

level control valves, guard rails, and nonslip surfaces to prevent falls as 

wen as techniques for detecting flammable or explosive gases and vapors. 

In addition to general accidents and injuries that may occur in the pro- 

posed plant, potential safety hazards due to potentially flammable and 

explosive substances need to be controlled. These types of hazards are 

controlled by the following (ref. 28): 

(1) Elimination of ignit ion sources such as open flames and l ights ,  

smoking, equipment capable of genera t ing  spa rks ,  welding or  gas 

equipment.  

(2) Construct ion of bui ldings/faci l i t ies  to avoid collection of dus t  on 

beams, ledges ,  etc.  Vacuuming i's advisable.  

i .. . in i 
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7 . 5 . 1  

(3) 

(Continued) 

Construction of equipment that is dust-tight and strong enough 

to contain explosion pressures - o r  have adequate ventilation to 

prevent an explosion from being catastrophic. 

(4) Location of dust collectors outside of.buildings. 

C5) Specification of inert atmospheres for grinding, conveying and 
similar types of equipment. 
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8.0 WORK PRACTICES 

8.1 GENERAL 

Work p rac t i c e s  are defined as all a spec t s  of an i ndus t r i a l  heal th and 

safety program not covered by engineered controls. These practices 

supplement the engineered controls described in Section ~ of this report to 

provide additional protection from occupational health and safety hazards. 

Work practices cover special procedures, administrative controls, personal 

protective clothing and equipment, and medical surveillance and 

monitoring. The objective of this section is to provide g~idelines 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 coal gasification plants, they include general practices employed 

in industry, particularly in petroleum refineries and the chemical industry 

(10, 3, 20). 

8.2.1 Tra in ing  

Employees should be trained to become knowledgeable about the nature of 

plant hazards and safety provisions available to prote, t themselves. 

I 

i "  

I 

* In th i s  sec t ion ,  health e x p o s u r e s ,  r i sks  or  hazards  r e f e r  to discernible  

disease s t r e s s e s  while safe ty  r i s k s  or  hazards  a~e r e l a t ed  to accidents  and 

injuries (See  Section 6.1 of th i s  s ec t i on . )  
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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) Periodic training of employees working in hazardous areas 

informing them of the nature  of the specific hazards to which 

they are exposed, work pract ices ,  personal protection, industrial 

hygiene and medical surveillance programs. 

(3) Training in methods of handling hazardous substances, pro- 

cedures for cleaning up 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 health and 

safety groups. In this way, all aspects of startup, operation, shutdown, 
and maintenance are optimized by "being integrated into one plan. In 

developing these pzoeedures, consideration is given to minimizing worker 

exposure to health and safety hazards. Examples of operating procedures 

that reduce such hazards are: 

(1) Maintenance du.ring plant shutdowns because the number of 

workers at risk is minimized, and the hazard potential is lower. 

(2) Periodic cleanups, reconditioning or replacement of parts or 

equipment that need frequent  maintenance is recommended. Such 

equipment, particularly at critical areas, should be scheduled for 

8-2 i - i 
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8.2.2 (Continued) 

thorough maintenance checks at appropriate intervals according 

to manufacturers ~ recommendations and operating experience. 

(3) Proper venting and 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 to avoid leaks. 

8.2.3 Personal Hygiene 

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: 

(I) 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, 

dt~inking, or smoking to clean areas only. 

(4) Observing and reporting any injuries or suspicious lesions to 

ensure prompt medical diagnosis and treatment. 



8.2.4 Workplace Monitoring 

The purpose  of workplace monitor ing is' to ident ify and characterize work- 

place hazards  so that  they  can be  mitigated and to ensu re  that  engineered 

controls  are effective. Before  plant s ta r t -up ,  a basel ine inventory is 

p r e p a r e d  of  hazardous subs t ances ,  physical factors ,  and  safety r isks to 
which employees may become exposed  as par t  of their  work.  Characteriza- 
tion of process  stream cons t i tuen t s  as well as area monitor ing,  and hazard 

detect ion are oarried out .  This  information is usefu l  to determine oom- 

pliance with promulgated and  recommended s t andards ,  selection of health 

and safe ty  protective equ ipment ,  establishment of r egu la ted  areas,  and 

recommendations for work-place monitoring. 

Workplace monitoring includes  personal  exposure measurements  needed to 
estimate the average levels of eontamlnaflon encountered by an employee 

during a typleal work day. The chemical substances and physical agents 

that need to be considered for such monitoring are elaborated in Table 

?-I of this repor t .  

~1onitoring should Include t he  following: 

(1) Gases such as carbon  monoxide and hydrogen  sulfide 

(2) Coal dust  ( including silica content  for heal th  evaluations, and 

coal dust  explosion index)  

(3) Some organic vapors  

(4) Noise 

Exposure monitoring is car r ied  out  by  ei ther  having the  employee wear the 

monitoring equipment, or  by  locat ing it  in the  immediate ~rIcinity of the  

employee. Personal ~:sampling pumps ,  monitoring b a d g e s ,  and ba t te ry-  
• ,., , 

opera ted  personal dosimeters are  usually used for employee monitoz~,g. 
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8. S. 4 ( C o n t i n u e d )  

When this is not feasible, monitoring in the immediate environment of the 

employee is undertaken using a wide range of direct reading instruments 

as well as sample collection devices. 

The purpose of a~ea monitoring is to measure  the concentration or  level of 

a part icular  hazard  within a given location of the plant.  Area monitoring 

is carr ied out periodically to detect  chanEes in exposure levels ,  evaluate 

chan~es in the plant or employee practices, and characterize maintenance 

and other periodic operations. The schedule for such monitorin~ will 

depend on the baseline levels and their relations to acceptable limits. 

Area monitoring can be done using a wide var ie ty  of portable field i n s t r u - .  

ments, and fixed monitoring installat ions.  Both direct reading ins t ruments  

with recorders  which automatically . t rack  changes,  or sample collecting 
devices requ i r ing  processing which provide information on ins tan taneous  

conditions and t r e n d s  can be employed. 

The purpose  of hazard  detection monitoring is to warn employees of unsafe  

environments.  Portable monitors are usua l ly  used to warn workers  of 

explosive or combustible atmospheres, inadequate  oxygen supply ,  or  haz- 

ardous concentra t ions  of gases,  Fixed location monitors can also be used 

in locations amenable to them, such as in confined spaces where process 

leaks or other  haza rds  can occur.  Surface  contamination such as poly- 

nuclear aromatic spills may be detected b y  surface monitors u s i n g  fl~o- 

rescence. However, this  is an area where  fu r the r  research is needed  to 

develop be t t e r  detect ion methods. Records  of  monitoring should be kept .  

They should include concentrations and levels of hazards ,  f r equency  and 

severi ty of leaks by  process area,  and  l i s t ing  of remedial actions u n d e r -  

taken.  The records  provide a m e a n s  of comparing performance with objec- 

t ives,  and  fop d i rec t ing  future  effor ts  to problem areas.  These data  also 

provide a necessa ry  input  together  with the  medical records  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  af ter  the employment of occupationally exposed work- 

ers  has ended (3). 

8.2.5 Decontamination 

Cleanup or decontamination practices ave employed to remove or reduce the 

levels of contamination of working surfaces, equipment, clothing, and 

personnel.  Special decontamination is practiced following accidental spills 

of hazardous materials, or indication of h i g h  levels of contamination 

found by industrial  hygiene surveillance. Routine decontamination is 

recommended when materials, equipment, or personnel move from special 

r isk areas to cleaner par ts  of the plant. Thus ,  workers should be provide 

with clean change rooms and washing facilities to decontaminate themselves 

af ter  leaving the  special r isk areas,  and their  "contaminated" clothing 

should undergo periodic decontamination in appropriate laundries. Some 

protective clothing is disposable and should be t reated as contaminated 

waste after use.  Furthermore,  an adequate number of washrooms should 

be provided throughout  the plant to facilitate frequent  cleansing by  

workers. 

Emergency personal decontamination stations for washing eyes or showering 

to remove harmful materials should be provided. For example, emergency 

showers and eye washers are recommended throughout the plant. 

It should be reemphaalzed that all decontamination and personal hygiene 

prac~ees should be supplemented ~d_th a continual worker educa~on pro-  

gram. Periodic practice del ls  ave essential to ensure the effeetiven¢.~s 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 area. Their purpose is to reduce health and safety risks to 

both employees and visitors. 

8.3.i 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 

requir ing special attention are the potential risk areas where exposure to 

coal derived oils, tars ,  and e ther  hazardous materials is possible ( e . g . ,  

coal preparation, gasifiers, gas-liquor separators ,  gas cooling facilities). 

Procedures and measures restricting a c c e s s  o f  ~ I s t t o r s  and employees t o  

hazardous areas include the following: 

(1) Procedures and possibly barriers controlling the  access of non- 

employees beyond the gates of the plant. 

(2) Visitors ~llowed access to the plant should be accompanied at all 

t i m e s  by a proper escort .  

(3) Limiting access to hazardous areas of the  plant should be 

achieved by  posted restr ict ions and controlled access entries 

which limit en t ry .  It is recommended that those areas of the 

plant or  site where potential health and safety hazards exist 

( e . g . ,  areas where process or effluent streams may contain 

potentially carcinogenic ta rs  and oils or high concentrations of 

toxic materials) should be well marked. 

,• 
_ ~ m i D  i n i 
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8,3.2 Confined Space Entry 

A permit system is recommended to cont.1 entz~ of workers into confined 

spaces that might contain explosive or toxic gases, or oxygen deficient 

atmospheres (ref. 10). Entry procedures should be adopted to safeguard 

t he  workers ,  such as aeslEnment of  personal  pro tec t ion  equipment ,  

survei l lance by  an employee outs ide  the  vesse l  and vent i la t ion 

requirements. 

8.3.3 Look-out and Tag-out 

Employment: of comprehensive look-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 locking it out - bring then to a Zero Energy State 

(ZES) before stsxtlng maintenance work. Tyl~ieally, this procedure 

assigns each responsible party ~ (i.e., shift supervision, electrician, 

pipefiller) a lock and key to lock-out potentially dangerous equipment. 

Tags are/win also be used to document work in progress and to facilitate 

maintenance records. 

8.3,:4 Identification and Marking 

Equipment and materlals that are ,moved from potentially contaminated areas 

such as process areas to clean areas such as outside the plant or to repair 

shops should be clearly identified. Brightly colored tags are recommended 

to wax~t employees that a potentlal hazard exists. Color codes are also 

recommended to caution workers of potential risks. 

8-8 i ., ... i I 
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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. ~,~aintsin- 

ing records of the following activities is recommended: 

(I) Training and fol low-ups 

(2) P reven t ive  maintenance 

(3) Equipment reliability information 

(4) Inves t iga t ion  of  acc tdents  

(5) Indus t r i a l  hygiene data  

(6) Medical information 

8.3 .6  Worker Rotation 

Rotation of  employees  has been  u s e d  to limit the  e x p o s u r e  of individual  

workers to hazardous chemienls or to physical agents. Tlzls approach can 

help keep exposures of individual workers below the maximum permissible 

limits in situations where they cannot be feasibly controlled by other 

methods, measurements should be made in such eases to assess the expo- 

sures. However, overall exposure is not reduced by rotation, rather, the 

same exposure is spread over a larger number of employees. Such a 

practice should be employed in situations where lower individual exposures 

provide less overall hazards. This is not the case with respect to such 

subs t ances  as ca rc inogens ,  where  e f f ec t s  a re  conserva t ive ly  cons ide red  to 

be  pro~.ortlonal to dose and cumulat ive o v e r  the  lifetime of w o r k e r s ,  with 

little c~edlt to repair mechanisms to reduce the effects. 

8-9 J 



8.4 PERSONAL PROTECTIQE 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 ave important when 

engineered controls are not adequate during routine operations, mainte- 

nance, repair, and special emergencies. 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 reliability, 

8.4. i Work Clothing 

Comfortable protective blothing is recommended that minimizes dermal 

exposure by covering skin surfaces, provides repellency against process 

liquids, and reduces the p~ssage of vapors and aerosols (ref. 5). White 

jumpsult eoverans are preferred because they are comfortable, 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 wlth coal-derlved 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- 

sible contamination of footwear should use impervious overshoes ( ref .  10). 

8-10 i l 11glJIU~ l~ llEZllUC1~om ©~ IM| 



. .  

8.4 .3  Respira tory  Protect ion 

Respira tors  should be p rov ided  to protect  workers  from airborne hazardous  

materials.  They should be used  mainly du r ing  emergency conditions such  

as leaks p~oduclng high concentrations of toxic gases and certain mainte- 

nance operations (e.g., du~Ing vessel entry when CO or HaS levels are 

h|Eh and 0 s levels are low or where high concentrations of t o x i c  sit"borne 

contamination exist). There are no universal respirators, and the selec- 

tion of a suitable r e sp i ra to r  is  determined by the  characterls t ics  of p a r -  

t icular toxicants  or a sphyxian t s  (11). In some cases,  communications 

equipment should be added  to the  respira tor .  

8 .4 .4  Heaving Protect ion 

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-hour expo- 

sure (3)(e.g., Coal Screening and Distribution Units). There are two 

t ypes  of basic ear p ro tec to r s  available, namely: 

(1) Ear muffs tha t  fit over  the  entire ear .  

(2) Ear plugs  tha t  are inse r t ed  into the  ear .  

Selection among these  two types  should be left  mainly to the discret ion of  

the  worker ,  based on comfort (10), and to the  indus t r i a l  hygienis t ,  based  

on effect iveness .  

A hear ing  conservat ion program should be es tabl ished according to OSHA 

Standard  (3).  It should evaluate  the  need for noise protect ion t h r o u g h o u t  

the  plant ,  provide hear inE protect ion to exposed  workers ,  and instl~uct 

them in the  care and use  of  hear ing  protect ion devices .  



8.4.5 Other Protective Equipment and Clothing 

Special situations may require special protective equipment. Safety shoes 

and hard hats are necessary to protect against falling objects or crushing 

hazards. Face shields, and safety glasses provide protection from flying 

objects, and protect welders from U.V. radiation during welding. Barrier 

creams may be useful in Seducing skin contact with tar and tar oil, but 
their effectiveness has been questioned (ref. I0). Appropriate cleansing 
materials and cleansing agents should be employed which are capable of 

removing such contaminants cool derived oils and tars from the skin, 

clothing, equipment and work surfaces (5). However, regular soap is 

recommended for use in showering. 

8.5 MEDICAL SURVEILLANCE AND MONITORING 

Medical surveillance of workers  is a common practice in indus t ry  (ref.  50). 

It is important for early detection and assessment of exposure to hazardous 

materials. Medical surveillance is also necessary for  early detection of 

adverse  health effects before ariy medical treatment~ can proceed. • . ; , . , . ;  

8.5.1 Pre-employment Physical Examinations 

These examinations serve three purposes: 1) a general check of fitness; 

2) as. a baseline for further routine examinatlons; and 3) for identification 

of higher risk individuals who may require more frequent medical follow-up 

( e . g . ,  older individuals tha t  are over 45 years  of age, those with five 

yea rs  of work with similar substances and part icular ly those with existing 

lung disease, marked abnormal bronchial mucosa, or bladder  tumors to be 

advised as necessary (ref .  5) .  

Pre-employment examinations usually include (modified from [5]):  

( I )  Occupational history 
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8.5. I (Continued) 

'% 

(2) Medical history 

(3) Baseline laboratory analyses including blood cotmt and routine 
urinalysis 

(4) Visual acuity 

(6) Audiometric examination 

(6) Pulmonary ventllatory function (forced vital capacity-FVC and 

forced expiratory volume in 1 second,-FEV-1) 

, (7) Gener81 physical examination 

(8) Other examinations fitting specific job requirements sueh as 

OSHA's requirement for certification of fi tness to use 

respirators, and skin examLgation 
"', ]. 

t 

8.5.2 Regular Checkups * : : :  

Regular checkups to detect incipient disease,  physiologic changes ,  bio- 

chemical deviations, or evidence of adsorption of toxic agents.  The fre-  

quency of examinations depends upon exposure and r isk considerations. 

The examination should include (modified from [4]): 

(1) Pulmonary function 

(2) Chest X-ray 

(3) Audiometrlc 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  

af ter  an individual is t ransfer red  to o ther  job categories, It should be 

followed up periodieaUy, depending on exposure  end risk consideration.  

The same examinations for which basel ines  have been performed are 

sugges ted .  

8.5.4 Records and Services 

Full medical records ,  including work his to ry  and exposure data should be 

preserved  for 30 yea r s  af ter  termination of an employee (4). All or par t  

of the  medical surveillance can be provided through a contract with outside 

organizations or th rough  the development of in-house o~pability. 

In addition, the law requires  that a d i spensary  or first aid stat ion be  

provided for emergency care.  The s taff ing and facilities for this  station 

depend upon the level of  medical care to be  provided on site. 

T 

8-14 

i B s u ~  I o n . m e r e . .  m ~ . i  
m'reC+ e m  m m t  m m .  m,~ m m ' t  

0 
P 



.. ........ ,., 

:~ :,. 

° 

9.0 EMERGENCIES 

b 

9.1 GENERAL 

Emergency is defined by Webster as "any sudden or u.nforeseen situation 

that  requires  immediate act ion."  It can range in sever i ty  from such inci- 

dents  as a minor spill of  acid or contaminant to a remotely probable 

catastrophic event such ss a major fire or explosion involving severe 

eapRsl losses, injuries and deaths. It is reasonable to assume that some 

hazardous situations can occur in all industrial plants requiring written 

.emergency plans to mitigate them. 

I, 

Emergencies are classified as minor when they pertain to limited damages to 

propex:ty and materials or to minor inj'uries, temporary incapacitations to 

workers and plant shut-downs. Emergencies are considered catastrophic 

when they lead to loss of life, permar~evt"£ncapacitation, or major economic 

loss. It should be?remembered, however, that minor emergencies can 

develop into major~' ones,  p a r t i c u l a ~  when there  is  lack of p roper  
L 

response , . . .  
• ~ . .'~J :,' 

9.2 COMMON TYPES OF EMERGENCIES 

( 

Emerffeneles are commonly classified either acccrdinff to their  origins or to 

the  typos  of hazards.  Origins include hazards der ived  from equipment, 

chemical substances,  power sources ,  or operat ions.  Types of hazard 

Include explosion, electrocutlon, polsoning, and dismemberment b y  

machines and equipment. In some situations, multiple hazards exist such 

as combined fire and explosion associated with coal dus t  or hydrogen 

sulf ide.  

Standards  and c~des 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 (Engineered 

Controls and Work Practices.) 
, ,m , ,n 
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9.3 PREVENTION 0F AND COPING WITH EMERGENCIES 

A successful program to prevent and cope ~th emergencies 

around the following seven basic elements: 

(1) Declaration of management policy and leadership; 

are built 

(2) Assignment of responsibility, authority,, and accountability; 

(3) Maintenance of safe working conditions (covered in Section 7.0 

and 8.0) ; 

(4) Establishment of safety training (covered in Section 8.0); 

(5) Establishment of an acddent reporting and analysis system 

(covered in Section 8.0). 

(6) Creation of medical and first aid programs (covered in 

Section 8.0). 

(7) Acceptance of personal accountability by employees. 

It is thus important that all managers and supervisors be assigned specific 

responsibilities for maintaining a safe and healthful workplace. They 

should be given incentives and authority to carry out the~ responslbfl- 

ifies, as well as belng held accountable for results (ref. 29). Motivation 

and accountability should be extended to all employees with respect to the 

seven objectives. In addition, establishing emergency response programs, 

including f i~f lght ing ,  decontamina~ion,...medical, and first  aid p~o~ams is 

necessary.  

9-9. 
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9.4 . EMERGENCY PLANS 

The main reasons for formulation of emergency plans are: 

(1) Reduce response time and thus prevent a smaller emergency from 

develop- ing into a more serious one. Often, slight delays in 

response can have far reaching impacts that may aggravate the 

situation. 

(2) Optimize response by defining lines of authority, scopes of 

responsibility, optimal assessments and deployment of available 

emergency resources, identification and correction of deficienG~es 

in existing emergency response plans, and obtaining support 

from ali levels of authority. 

(3) Emergency plans should be prepared for both the construction 

and operational stages of the planet. They should cover such 

emergencies as construction and transportation accldents,':..fires, 

explosions, release and exposure to toxic chemicals. Emergency 

procedures developed '£or the construction and chemical indus- 

tries should provide a basis for the plans*. 

The emergency plan must bring together, in one document, all data rele- 

vant to a comprehensive emergency control operation. It should include 

the following: 

(1) Identification of emergency si tuat ions,  including all of the 

hazardous situations, their  scopes ,  failure mechanisms and 

descrlptIon of  c o n t r i b u t o ~  hazards .  

\ 
! 

m 

* NOT]h For f u r t h e r  d~scusston see references  30-35. 
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9.4 (Continued) 

(2) Deseri.Dtion and evaluation of emergency controls designed to 
minimize damages such as automatic sprinkler systems, automatic 

shut-offs, monitoring and warning systems. 

(3) Description and evaluation ~of the emergency response including 

~mmediate actions by persons on the spot as well as those of 

following response teams. 

(4) Capabilities, traininff and drills of emergency responders .  

(5) Emergency equipment capability and availability for different 

types of emergencies including locations of equipment, 

maintenance, and reliability. ... 

(6) Other available resources  such as communication systems, 
transportation,  utilities and services,  emergency access routes,  

safety zones, evacuation and rescue routes .  

(7) Mutual aid agTeements with organizations, their  capabilities and 

availability, including description of emergency arrangements 

made with them, and the necessary response times. 

Emergency plans and p ~ e e d u r e s  should be developed, documented .and 

provided to all appropriate personnel prior  to the  operation of the plant.  

The emergency services should be specified for general emergencies such 

as fires, explosions, floods and earthquakes. They should also cover 

specific hazards characterist ic to o081 gasification plants  in general and 

m 

* NOTE: Per further details see references 5, 36, ~ 37. 
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9 .4  (Cont inued)  

those  unique  to th is  plant such as spi l ls ,  and air re leases  of speeiJ~'e 

hazardous  materials*. The emergency services  of  the plant should be 

adequate  unt i l  community-provicled emergency serv ices  or those  of  mutued 

aid organizat ions  arrive.  

. ' .. 
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10.0 CONCLUSIONS 
l J= 

This comprehensive assessment provides the basis for identifying potential 

hazards and recommending controls that should be considered in the pro- 

posed plant. The following ~clusions ape drawn from the health and 

safety assessment. 

(I) It it important to antielpste health and safety issues at the es~ly 

stage of teehnologlcal development. Their integration into the 

design and operation of a plant can prevent potential problems 

and reduce costa by optimizing process/control interfaces and 

minimizing retrofit  needs. 

(2) The na ture  of health and safety hazards, engineered controls, 

work practices and protective equipment and clothing in a 

synfuels plant are similar to those found in industries such as 

petroleum refining, petrochemicals and coal c~emtcals. Additional 

health and safety measures will be practiced to alleviate the 

concerns about the l a t e r  numbers and increased concentrations 

of 'potential carcinogenic compounds associated with the coal 

gastfier. 

(3) Maintenanee 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-  

trial operations. Therefore,  in order  to reduce potential risks 

to workers,  consideration of exposures during maintenance and 

repair  should be included in the final engineering design. 

(4) The information used in this assessment:-is derived from litera- 

ture reviews based on pilot plant studies. Although there  are 

no  published results of worker exposure to hazards in commerdal 

synfuel  plants, nea~ly 30 yea~s of commerdal oper~.tion at SASO~. 
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10.0 (Continued) 

exis ts .  These data are p ropr ie t a ry ,  b u t  ave available t h rough  

l icensing agreements  l~ith SASOL. In the  in ter im,  t he re  is some 

uncer ta in ty  which has been offset  by recommending a comprehen-  

sive program of engineered controls and work pract ices  to 
minimize worker  r i sk .  

The only health and safety regulat ions applicable to the  proposed  synfuel  

plant  are those promulgated by  OSHA. Designs,  however ,  are based also 

on exist ing recommendations,  guidelines,  codes and s t andards  by  

government  and indust r ia l  organizations.  

There  is an OSHA "general  du ty  clause" which requires  the  employer to 
provide  "a p l ace  of employment f2:ee from recognized hazards . "  This 

clause leaves t he  employer vulnerable to liability charges  even i f  the  OSHA 

regulat ions a r e  fulfilled. In an attempt to overcome these problems,  the  

heal th  and safety assessment  covers all major guidelines and codes which 

are  applicable to the  proposed plant .  If followed, they  will reduce  

subsequent  liability. 

There  ave several  lines of defense to protect  worker  health and safety.  

The  f i rs t  and foremost is the  application of engineered  controls .  These 

are  supplemented by  work pract ices ,  inc luding administrat ive controls ,  

indus t r ia l  hygiene and "medical surveil lance,  and protect ive equipment and 

clothing.  Specific protect ion s t ra tegies  are determined by  a balance 

be tween the  degree  of worker  protect ion and work requi rements .  
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GLOSSARY 

Acute:  Generally refers  to poisonous effects pro-  

duced within a shor t  period of time (min- 

u tes ,  hours) resul t ing in severe biological 

harm or death. 

Anesthesia: Loss of sensation, 

Asph~xiant: 

CanGer: 

A substance or condition thai causes 

asphyxia-unconsciousness or death caused 

by  lack of oxygen.  

, . .  • , 

A malignant neoplasm (tumor or new 

growth).  

Carcinogen: A cancer-causing subs tance .  

Cardiovascular: Of or relating to pumping of blood by  the 

heart  through the blood vessels .  

Central Nervous System: 

The concentration that  should not be 

exceeded even instantaneously.  

The brain and spinal cord (protected by  

the '  skull and ve r t eb ra l  column). 

Chronic: 
i i i  , 

dBA: 
m 

Generally refers  to poisonous effects pro-  

d uced over a long per iod of time (months 

to ye~'~'s) almost always debilitating. 
/ 

Decibe'~ is a unit measurement of noise on 

the "A".:weighing network.  

i '  
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Glossaz-y (Continued) 

Dermal: Of or pertaining to skin. 

Explosim, eter: Monitoring device for measuring atmos- 
pheres containing potent ia l ly  explos ive  
s u b s t a n c e s .  

Frostbi te :  

Hazard: 

Relatively minor destruction of tissue due 

to exposure to cold temperatures. 

An existing or potential condition that may 

result in a mishap. 

Impact (Impulsive) Noise: 

Lagging:  

Those variations in noise levels that 

involve maxima at intervals greater than 

one per second. 

Material used to insulate against noise. 

I~Zutagenie: Causing change; inducing genetic mutation. 

Pneumoconiosis: 
, m  , ,  

Black Lung disease; accumulation of coal 

dust in lungs. 

R i s k :  

,T ,eratogenie: 

An e x p r e s s i o n  of  possible  loss  in  te rms  of  
h a z a r d  seve~I ty  and haza rd  p robab i l i t y .  

Tend in  K to  p ~ d u c e  malformations of  the  

f e t u s  wi thout  inducing damage to the  

mother  o r  kil l ing the f e t u s .  



p 
p 

Glossary (Continued) 

Threshold Limit Value 

CTLV) : 

To~cologic:  

Refers to airborne conditions of substances 

and represents conditions under which it 

is believed that nea~ly all workers may be 

exposed without adverse effects. 

Harmful or  poisonous effect of a chemical 

agent .  

. . . . . . . . . .  , , . . , 
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Appendix A 
;. 

ORGANIZATIOHS OR AGENCIES WHO DEVELOP CODES~ STANDARDS OR 

RECOMMENDATIONS THAT ARE RELEVANT TO COAL GASIFICATION 

Organizati0nlAgency 

American Gas Asso~tlon 

Amel:ioan Institute of  Steel 
,.., Cons t ruc t i on  

American "National Standards 
Institute 

American Petroleum Institute 

American Society of Mechanical 
." Engineers 

Amerlean Socie ty  of Testing 
Materials 

American Welding Society 

American Water Works Assoc. 

Acronym Area(s) Rel~tdd to Coal 
Gasification 

AGA Gas handling equipment 

AISC Steel seotions, beams, ~O~.JatS, 
anffles 

ANSI Pressure piping 

API 

ASME 

ASTM 

AWS 

AWWA 

Department of Energy DOE 

Federal Aviation Administration FAA 

Environmental  P ro tec t ion  Agency  EPA 

National  B o a r d  o f  Fire  U n d e r -  
w r i t e r s  

National ELectrical Manufacturers' 
Association 

NBFU 

NEMA 

A-1 

Comprehensive applications in 
an areas of processing except 
coal hand l~  and gasification 

Boilers~ inspection, care, 
welding 

Metallurgical t e s t i n g  

Welding procedures 

Pipes, valves, channels, and 
other water treatment 
equipment 

Health, safety, environmental, 
emergency plans 

Stack heights 

Menitorin¢, emiss lons ,  con-  
trols = gu ide l ines ,  
regulat ions  

p r e v e n t i o n / c o n t r o l  

Electric devices 

I ....... I | r 
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Organization I Affency 

Nation~ Fire Protection 
Association 

National InstRute for 
Occupational Safety and 
Health 

National Safety Counoil 

Occupational Safety and 
Health Administration 

Public Health Bexwice 

Temperature Exchange 
Manufacturers Association 

Uniform Building Code 

Appendix A (Continued) 

Acronym Are~:~'~%) Related to Coal 
G~fleation 

NFPA Fire prevention and control 

NIOSH Occupational health and safety 

NSC 

OSHA 

Accident prevention, safe 
materials handling 

Occupational health and safety 
regulations 

PHS. Public health 

TEMA Heat exchangers 

UB C Building construction/ 
materials 

'l 
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