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hazard s In t he d evelopMent of a s ynt het ic fuels I ndu stry, 
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NOT I C E :  Th e proj ec t th at i s  th e subj ect of th i s  report was approved 
by th e Gov ern i ng Board of th e Na t i on a l  Res earch Counc i l ,  whose  
members are  drawn from th e counc i l s  of the  Nat i on a l  Academy of  
Sc i ences , t h e  Nat i on a l  Ac ademy of Eng i n eer i ng ,  and  th e I n st i tute  of 
Med i c i n e .  Th e members of  the  Commi ttee respons i b l e for the report 
were chos en for the i r  s p ec i a l competences and w i th regard to 
appropr i ate  b a l anc e .  

Th i s  report h a s  b een r ev i ewed b y  a group other t han t he  au thor ' s  
accord i ng to procedu res approved by a Report Rev i ew Commi ttee 
cons i s t i ng of members of  th e Nat i on a l  Academy of Sc i ences , the 
Nat i on a l  Academy of Eng i n eer i ng ,  and  th e I nst i tute of Med i c i n e .  

Th e Nat i on a l  Res earch Counc i l  was es t ab l i s hed by t h e  Nat i on a l  Academy 
of Sc i ences i n  1 9 1 6 to as soc i ate  the  broad commun i ty of sc i enc e  and 
t echno l ogy w i th the  Ac ademy ' s  purpos e of  furth er i ng k now l edge and of 
adv i s i ng the fed�ra l  government . The Cou nc i l operates in accordance 
w i th g en era l  po l i c i es d et erm i n ed by th e Academy under th e author i ty 
of i t s congres s i on a l  charter of 1 863 , wh i ch estab l i s hes the  Academy 
as a pr i v ate , nonprof i t ,  s e l f-govern i ng membersh i p  corporat i on .  Th e 
Counc i l  h a s  b ecome the  pr i nc i pa l  operat i ng agency of both the 
Na t i on a l  Ac ademy of Sc i ences and th e Nat i on a l  Ac ademy of Eng i n eer i ng 
i n  the conduct  of  th e i r  s erv i c es to th e government , the  pub l i c ,  and 
th e s c i en t i f i c  and  eng i n eer i ng commun i t i es .  It  i s  adm i n i stered 
j o i n t l y  by both Academ i es and  the  In st i tu te  of Med i c i n e .  The 
Na t i on a l  Ac ademy of  Eng i n eer i n g and  th e I n s t i tute  of Med i c i n e were 
es tab l i s h ed i n  1 964 and  1 9 70 , respect i v e l y ,  under the  ch arter of the 
Na t i on a l  Ac ademy of Sc i ences . 

Th e study cu l m i n at i ng w i th th i s  r eport was performed under contract 
n umb er OE-AC0 1 -8 1 EV 1 0659 between the u.s. Departmen t of En ergy and 
th e Nat i on a l  Academy of Sc i enc es . 

Pr i nted i n  th e Un i ted States of Amer i ca 
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PR EFACE 

Th e future commerc i a l i z at i on of a synthet i c  fu e l s i ndustry i n  the 
Un i ted States requ i res c arefu l cons i derat i on of a var i ety of 
techn i c a l , econom i c ,  env i ronmenta l ,  s afety , and h ea l th prob l ems .  One 
cons i derat i on i nvo l ves i dent i fy i n g  and contro l l i ng any novel  s afety 
hazard s  th at  may be as soc i ated w i th th e d es i gn ,  s i t i ng ,  operat i on ,  
and decommi s s i on i ng of comp l ex synthet i c  fu e l s fac i l i t i es .  To th i s  
end , the  En v i ronmen t a l  and Safety Eng i neer i n g Di v i s i on of th e U . S .  
Department o f  Energy ( DOE ) requested that t he  Nat i on a l  Research 
Counc i l  exam i n e  whether there may be poten t i a l s  for unconven t i on a l  
s afety h az ards i n  t he  d eve l opment o f  a synthet i c  fue l s  i ndustry , and 
wh ether the current and  propos ed s afety contro l pract i ces are 
adequate to protect t he  work er and t he  env i ronment . In add i t i on ,  DOE 
s tres s ed th e i mport anc e of ev a l u at i n g s afety hazards  that mi ght occur 
due to a s hort -term c atas troph i c  ev ent . l The Commi ss i on on 
Eng i n eer i ng and Techn i ca l  Systems through  i ts Energy Eng i neer i ng  
Bo ard es tab l i s hed the  Commi ttee on  Synth et i c  Fue l s Fac i l i t i es Safety 
to carry out  thes e tas k s  and to i dent i fy th e spec i f i c  s afety areas 
where further research and d eve l opment ( R&D )  are n eeded . 

The commi ttee ' s  efforts focused on techno l og i es for produc i ng 
syn thet i c  fue l s from coa l and o i l s h a l e for wh i ch p i oneer p l ants are 
und er con struct i on or  des i gn and that  appear therefore to have the 
greatest potent i a l  for b e i n g  commerc i a l i z ed in  th e Un i ted States by 
the year 2000 . Thes e techno l og i es i nc l u d e  gas i f i cat i on and 
l i qu efact i on processes for coa l , and  aboveground r etort i n g ( AGR ) 
proces ses for o i l sh a l e ;  the  commi ttee does not expect i n  s i tu 
techn i qu es for s h a l e o i l recovery to p l ay as  l arge  a ro l e-during th i s  
t i me . Processes for extract i n g o i l from tar  s ands  and from heavy o i l 
sources are  not addressed i n  th i s  s tudy s i nce  th e commi ttee j udged 

l Th e c au s es of catas troph i c  events  can  be n atura l - -earthquak es , 
w i ndstorms , f l ash  f l ood s , tornadoes --or  man -made--sabotage ,  bomb i n g .  
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th em to be  we l l demonstrated and  be l i ev ed th ey wou l d  not present  
unconven t i on a l  s afety and hea l th r i s k s --at l east  not on th e order of 
those th at m i ght  be as soc i ated w i th a devel op i ng o i l s ha l e  and coa l 
convers i on i ndustry .  I n  pursu i ng i t s charge ,  the commi ttee he l d a 
two-day work s hop dur i ng January 1 982 to rece i v e  i n put from groups 
s u ch as academi c research ers ; program p l ann ers represent i ng agenc i es 
whos e respons i b i l i t i es i nc l ude p l ant s afety ; p l ant des i gn compan i es ;  
l abor un i on s ; env i ronment a l  groups ; and representat i ves from the 
ch emi ca l , o i l s h a l e ,  and coa l i ndustr i es .  Th e mater i a l  recei v ed by 
th e commi ttee at th e work shop--through the  presentat i on of forma l 
papers , g enera l  part i c i pant d i scuss i ons , and br i ef i ngs  prov i ded by 
DOE - -supp l i ed th e back ground mater i a l  (much of wh i ch i s  i n  the 
Append i x ) for the commi ttee ' s  report . 

I t  i s  i mportan t to not e that the  primary emphas i s  i n  th i s  
document i s  on h az ards that  cou l d  endanger work er s afety and h ea l th ,  
s u ch as acu t e  exposures to tox i c  substances , f i res , exp l os i on s , and 
d i sab l i n g  and fata l  acc i dents . However , th e commi ttee a l so be l i ev ed 
i t  i mportant  to not e acute  hazards that m i ght cau s e  l atent  and 

· 

chron i c  occupat i on a l  h ea l th prob l ems and l ong-term d etr iment to the  
env i ronmen t . Thu s , safety i s  broad ly  def i ned ,  a l thou gh th i s  document 
ref l ects  DOE ' s  i nterest i n  h av i ng the  commi ttee addres s pr imar i l y  
haz a rd - and s afety-re l ated i s sues . 
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SUMMARY 

SUMMARY OF F I ND I NGS 

o Th e ant i c i pated product i on rate of the U . S .  synth et i c  fuel s 
i ndus try dur i n g  the n ext  dec ade  i s  30 , 000 to 50 , 000 barrel s per 
d ay ( BP D )  for coa l u t i l i z at i on w i th an equ i va l ent  amount of 
s h a l e l i qu i ds .  Th i s  s l ow i ndustr i a l  devel opment prov i des an 
opportun i ty to d ev el op from f i rst -generat i on p l ants ( a )  
effect i v e  techno l og i c a l  impl ementat i on and ( b ) s afe and 
env i ronmenta l l y acceptab l e  d es i gns . Operat i ng exper i ence w i th 
f i rs t -generat i on p l ants shou l d  be  u s ed to as s es s  a i r  q ua l i ty 
r i sk s , waste d i spos a l  and contro l systems , p l ant v u l nerab i l i ty ,  
reg i on a l  d eve l opment programs , and l ong -term and l arger-sca l e 
soc i oeconomi c d i s l ocat i ons . The i n i t i a l p l ants s hou l d  be 
carefu l l y mon i tored i n  a l l of thes e  areas . 

o In g enera l ,  para l l el s  ex i s t between synthet i c  fue l s t echno l og i es 
and convent i a l  energy processes , and thu s  common a l i t i es ex i s t i n  
potent i a l haz ards and d emonstrated contro l methods and 
strateg i es .  Yet , there are s i gn i f i cant techno l og i ca l  extens i ons 
that mus t  b e  c arefu l l y  mon i tored and ev a l uated .  The assoc i ated 
hea l th and safety h az ards are h i gh l i ghted i n  th i s  report . Wh i l e  
th e  u l t i mate growth of th e i ndustry w i l l  represen t  major 
mater i a l s h and l i ng and d i spos a l  prob l ems ,  spec i a l  areas of 
vu l nerab i l i ty to s abotage and n atura l di s as ters were not 
i dent i f i ed .  I n  synthet i c  process es us i n g  coa l s ,  th e gas i f i er or 
l i quef i er represents on l y  1 5  to 20 percent  of tota l  i nv estments 
wh i l e  oth er components  i nvo l v e  tested techno l og i es .  Sca l e-u p  of 
aboveground s ha l e o i l recovery p l ants does not appear to 
i nd i cate  unusu a l  techno l og i c a l  r i sk s .  

o Carefu l atten t i on s hou l d  be  pa i d ,  part i cu l ar l y  dur i ng the 
dep l oyment of the f i rst  generat i on of synfue l s p l ants , to ( a )  
i ndustr i a l  hyg i ene ch aracter i zat i on o f  occupat i on a l  h az ards ; ( b )  
med i ca l  surve i l l ance ,  i nc l ud i ng b i o l og i c a l  and ep i demi o l og i ca l  
mon i tor i ng ; ( c ) tox i co l og i c a l  i nv es t i gat i ons , i nc l ud i ng 
synerg i sms ; and ( d ) i nterfac i ng ( a )  through ( c ) i n  an 
occupat i on a l  h ea l th program .  

x i  
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o A commi ttee of experts i n  t he  h ea l th f i e l d ,  po l i cymakers from 
the concerned compan i es ,  and experts from un i vers i t i es and 
government agenc i es s hou l d  d eterm i ne what h ea l th and exposure  
d at a  shou l d  be  co l l ected for  a reg i s try for each  synfue l  work er 
and for each synfuel  i ndustry ,  how th e d ata  shou l d  b e  s tored and 
u s ed , and who shou l d  have acces s to such dat a .  

o In v i ew of expected l onger-term growth of an i ndustry w i th v ery 
substan t i a l  mi n i ng operat i on s , i mprovements  shou l d  b e  sought i n  
m i n e  s afety and m i n i ng techno l ogy . 

o Part i c u l ar atten t i on mu st  b e  pa i d  to th e management and tra i n i ng 
of competent workers i n  order to assure  the s afe and re l i ab l e 
operat i on of synfue l s p l ants . 

o Regu l atory requ i rements  affect i ng h ea l th and s afety for both 
con s truct i on and operat i on s nou l d  adequate l y s afeguard the work 
force and the env i ronment and shou l d  accurate ly  ref l ect the best 
ava i l ab l e  current i nformat i on . 

SUMMARY OF I S SUES , I NFORMATION NEEDS ,  AND POL ICY  OPT IONS 

Th e  des i gn ,  s i t i ng ,  con struct i on ,  operat i on ,  and decommi s s i on i ng  of 
coa l g as i f i c at i on , coa l  l i quefact i on ,  and o i l s h a l e fac i l i t i es cou l d  
present s afety r i s k s  both to synfue l s work ers and to the  
env i ronmenta l  system u n l ess  c arefu l contro l s are exerc i s ed .  Many of 
thes e hazards are expected to be s im i l ar to those  as soc i ated w i th 
conven t i on a l  m i n i ng ,  m i ner a l  process i ng ,  cok i ng operat i ons , and 
ref i n i n g of petro l eum . However , becau s e  of the  chemi c a l  and phys i c a l  
propert i es o f  coa l  and s ha l e  a n d  the i r products , t h e  types of 
techno l og i es to b e  emp l oyed , and  th e s c a l es of the i r  operat i on s , i t  
h as been s uggested that u nconvent i on a l  h az ards may occur . 

The fo l l ow i n g  i s s u es s ummar i z e  th e de l i b erat ions  and work of the 
Commi ttee on Synthet i c  Fue l s Fac i l i t i es Safety i n  ev a l u at i ng th e 
v ar i ou s  techno l og i es and the i r  potent i a l s  for unconvent i on a l  s afety 
h az ards as descr i bed i n  Ch apters 2 and 3 of tn e report . Th e i r 
s ugges t i on s  for res earch and deve l opment { R&D ) to further improve the 
s afety and re l i ab i l i ty of future synfue l s  p l ants  { Ch apter 4 ) and the  
mechan i sms that mi ght a i d i n  th e generat i on and gather i n g  of such 
d ata  ( Ch apter 5 ) are presented . 

I s sues 

Wh i ch Techno l og i es Are Expected To S i gn i f i cant ly  Affect Domest i ca l ly  
Produced Syn th et i c  Fue l s Dur i ng  t he  Next 20  Years ? 

Th e m i n i ng and proces s i ng techno l og i es expected to s i gn i f i cant l y 
affect domes t i ca l l y  produced supp l i es of synth et i c  gaseous  and l i qu i d  
fue l s by the  year 2000 i nc l ud e :  coa l gas i f i cat i on , d i rect and 
i nd i rect coa l l i q uefact i on , and o i l s ha l e recovery u s i ng aboveground  

x i i 
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retort i ng ( AGR ) ; mod i f i ed i n  s i tu ( M I S ) and true i n  s i tu ( T I S )  
proces s es are not expected-ro p l ay a l arge ro l e  dur i ng  th i s  per i od .  

How Large W i l l  a Synthet i c  Fue l s Industry Be by the Turn of the 
Century?  

A goa l for synthet i c  fue l s was  s et i n  1 980 under the Energy Secur i ty 
Act :  the goa l was for an i ndus try that wou l d  convert coa l , o i l 
s h a l e ,  peat , and t ar s ands  to synthet i c  fue l s that  cou l d  b e  u s ed as 
s ubs t i tutes for n atura l gas and petro l eum ( i nc l ud i ng crude o i l ) , 
petro l eum products , and c hem i c a l  feeds tock s to be  produc i ng the  
equ i va l en t  of at  l ea s t  500 , 000 BPD  of crude o i l by  1 987 , i ncreas i ng 
to 2 m i l l i on BPD  by 1 992 .  However , th e 1 987 and 1 992 goa l s  now 
appear unrea l i st i c ; i t  i s  un l i k e l y  th at an  i ndus try produc i ng 500 , 000 
BPD w i l l  be s een at  the ear l i es t  b efore th e m i d - 1 990 • s .  
Neverthe l es s , i t  i s  appropr i ate  to v i ew th e 1 980 • s  as  the  decad e for 
the construct i on of commerc i a l  p i oneer p l ants pr i or to l arge-sc a l e 
commerc i a l i z at i on dur i ng  th e 1 990 1 s  and  th e n ext  century .  

Are There S i mi l ar i t i es and D i fferences Between Synfuel s Techno l og i es 
and Ex i s t i ng Energy Convers i on Techno l og i es ? 

Un conven t i on a l  aspects of th e synthet i c  fue l s techno l og i es i nc l ude  
the  gas i f i ers  for coa l gas i f i cat i on , a nd  i n  some process es the  gas 
proces s i ng or c l ean i ng sys tems . The  coa l  l i quefac t i on un i ts are a l l 
of nove l  d es i gn .  The comb i n at i on of high temperatures and pressures 
i n  hydrogen -r i ch env i ronments , and f l ow i ng  eros i ve and corros i v e  
mater i a l s ,  may pos e unusu a l  stres s  o n  certa i n equ i pmen t u t i l i zed i n  
d i rect or i nd i rect  coa l l i q uefact i on fac i l i t i es .  For o i l s ha l e 
recovery , the  raw sh a l e dus t , s pent s h a l e ,  and  retort gas es produced 
i n  both AGR and M I S  proces s i ng h ave  some nove l  ch aracter i s t i cs . 

Some aspects  of o i l sh a l e underground mi n i ng d i ffer from other 
m i n i ng .  Wh i l e  some m i nes u s e  l arge open i ngs  and h i gh extract i on 
rates and some operate under gassy cond i t i on s , on l y  o i l sha l e m i nes 
and some s a l t mi nes operate under a l l th ree cond i t i ons  
s imu l taneous l y .  I n  add i t i on ,  the fact that i n  M I S  recovery mi n i ng 
and retort i ng are both t ak i ng p l ace underground at u nprecedented 
l eve l s at the  s ame t i me i n troduces a s et of c i rcumstances not 
prev i ous ly  exper i enced i n  other underground commerc i a l -sca l e  m i n i ng 
act i v i t i es .  

Thos e  areas where synfue l s techno l og i es are comparab l e  to 
ex i st i ng energy convers i on techno l og i es and thos e aspects  wh i ch are 
u nconven t i on a l  are h i gh l i gh ted i n  Tab l e 1 .  

x i i i  
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TABLE 1 S i mi l ar i t i es a nd Di fferences Between Syn fue l  a nd Ex i s ti ng Co nvent i ona l  Energy 
Convers i on Tec hno l og i es 

Synfuel s Technol og i es 

Coal Gasi fication (Surface) 

Jndt rect Coal Li quefacti on 

Direct Coal Li quefacti on 

... 

Ot l Shal e  Recovery 

Aboveground Retorting 

Modi fi ed .!!!. }!!!!. 

Si •i l arities to Existing 
Energy Convers i on Technol og i es 

Many unit operati ons and process i ng steps s i •i lar to 
those 81pl oyed t n  oil refi neri es , power pl ants , and 
coke ovens. 

Essential l y  st •il ar to coal gasification techni ques. 

Overall operat i on paral l el s  conventional  petrol eu• 
refineri es. 

Bas t e  •ining technol ogy co-parabl e to that 81pl oyed 
for recovery of coal , i ron , and copper. 

The processes i nvol ved i n  retorti ng and upgrading 
(e .g. ,  •terial s handl i ng ,  crushing , solids heating 
and cool t ng ,  waste disposal , and the handl ing of 
l i quids) are sl•i l ar to those used in other opera­
tions such as •tneral  processi ng and conventional 
petrol eua refini ng. 

Sa• as for aboveground retorting except for 
underground retorting. 

Unconventi onal Aspects of 
Synfuel s Technol ogi es 

The gasi fi er itsel f; and in SOle processes 
the gas processing or cleaning syst815 
(e.g,, the tar knock out unit operation) . 

The abi l t ty of equipment to contain process 
under high pressures �nd temperttures In 
hydrogen-rich environments at commercial 
scal e ,  e.g. , the potential for flange leakage 
and the adequacy of process components such 
as sl urry pu.ps to handle slurry strea•s. 
The abi l ity of vessels to withstand hydrogen 
attack and to .alntaln safe operating tempera­
tures at co.�erctal scal e . 

Unprecedented scal e of •ines for large-scale 
operations could require different approach 
in regard to •terials handltng, aining 
engineering, and design and fabrication of 
equipaent. Use of larger than usual diesel• 
powered equi ... nt underground. 

Characteristics of raw shale dust, spent 
shale, and retort gases associated with 
both aboveground retorting and •Mitfied .m_ situ processes. 

High t81peratures and ftres Involved in 
aodtfied in situ processes; aining and 
retort i ng��aking place underground at 
unprecedented l evel s at s.- ti•e. Process 
not tested over long period of ti• at 
significant scal e. Leaching requires further 
study to achteve effective control. 
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Wh at Potent i a l  Safety and Hea l th Haz ards Assoc i ated w i th Coa l  
Convers i on Fac i l i t i es Requ i re Contro l s? 

Th e poten t i a l  s afety and hea l th haz ards assoc i ated w i th coa l 
gas i f i c at i on and l i q uefact i on fac i l i t i es i nc l ude  f i res and 
exp l os ion s , and pos s i b l e  exposure  to var i ou s proces s emi s s i on s  and 
wastes wh i ch are tox i c .  I n  part i cu l ar the  pos s i b i l i ty ex i sts  for 
expos ures to known mutagen s or carc i nogen s  and to a w i d e  range of 
organ i cs wh i ch may be genet i c  tox i ns . Many of thes e  h azard s  are 
rou t i n e l y  managed i n  comparab l e  i ndustr i a l  fac i l i t i es .  Th e fo l l owi ng  
r i s k s  are  noted as  hav i ng u nconven t i on a l  aspects  wh i ch ,  i f  not 
proper l y  ant i c i pated and i f  appropr i ate  contro l s trateg i es are not 
d es i gned and fo l l owed , h ave  th e poten t i a l  to cause  n ew s afety and 
h ea l th r i sk s . 

F i res and exp l os i ons  are noted as hazards b ecau se  compres sed 
oxygen ( 02 ) may be  u s ed i n  the  gas i f i cat i on of coa l or the  
gas i f i cat i on of res i du a l  mater i a l  from d i rect coa l l i q uefact i on .  In  
genera l , the h i gh er the  compres s i on ,  the  greater the  hazard . The 
presence of sma l l q uant i t i es of 02 i n  the  recyc l ed ,  i nv erted , hot 
gas dur i ng  coa l  pu l ver i z i ng and dryi n g  i s  a l so a potent i a l  cause  of 
f i re or expl os i on .  A further pos s i b i l i ty of exp l os i on resu l ts from 
th e  pres ence  of  l arge amounts  of coa l d u s t . Wh i l e the occurrence  of 
a f i re or exp l os i on due  to s uch h azards  i s  not un i qu e ,  an occurrence  
in  a coa l convers i on fac i l i ty w i th l arge amounts  of poten t i a l ly  
f l ammab l e  a nd  exp l os i ve mater i a l s under h i gh pres s ures and 
temperatures cou l d  pose  a h azard of unconven t i on a l magn i tude .  

Tox i c  gases , s uch as  hydrogen s u l f i de  ( H2S )  and c arbon 
monox i de ( CO ) ,  are a hazard becau s e  they may fie produced i n  h i gher 
concentrat i on s  than i n  ex i s t i n g ,  commerc i a l -s i z ed energy convers i on 
fac i l i t i es .  Coa l  tars from g as i f i cat i on are h azardou s i f  not 
proper ly  h and l ed ,  bec au s e  th ey conta i n l arge amounts of known 
carc i nogen s . The l i k e l i hood of exposure  to oth er potent i a l ly  tox i c  
res i dues o f  coa l  gas i f i cat i on and l i q uefact i on i s  a l so o f  concern , 
and precaut i on s  must  b e  tak en to protect  both operat i n g and 
ma i nten ance  personne l  from exces s i ve contact w i th thes e  mater i a l s .  
S i nce  i nd i rect coa l  l i quefact i on i nvo l ves coa l  gas i f i cat i on as part 
of th e process , many of the h azards  are s im i l ar .  

I n  d i rect coa l  l i quefac t i o n , there i s  a h i gh potent i a l  for l eak s 
to occur  u nder the h i gh operat i ng pres s ures and temperatures , thus  
rel eas i n g hot concentrated tox i c  and carc i nogen i c  mater i a l s (for 
examp l e , o i l -so l i d  s l urri es and H2S ) wh i ch cou l d  resu l t  i n  burns 
and other cont act  i nj ur i es . The potent i a l  for work er exposure  to 
h i gh ly tox i c  s ubstances i s  a l so con s i dered a maj or hazard . 

XV 
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Wh at Are the Potent i a l Safety and Hea l th Hazards Assoc i ated w i th Oi l 
Sh a l e  Recovery Pr i or to Contro l ?  

The s i mi l ar i ty of o i l s ha l e open -p i t  and underground m i n i ng to 
con vent i on a l  m i n i ng i ndustr i es makes i t  pos s i b l e  to proj ect l i k e l y  
occupat i on a l  s afety and h ea l th r i sk s . These are l arge ly  i d ent i f i ed 
as due  to f i res , exp l os i ons , and resp i ratory i l l n es ses . 

Neverthe l ess , some aspects of s ha l e m i n i ng wh i ch have the 
potent i a l to i ncrease  s afety and hea l th r i sk s  d i ffer from thos e of 
other m i n i ng .  Such r i s k s  i nc l ude  concerns rel at i ng to the sca l e-up 
of s afety equ i pment for the s i ze of d i ese l -powered equ i pment used i n  
underground sh a l e  m i nes and the very l arge i nventor i es of exp l os i ves 
wh i ch m i ght l ead to techn i ca l  detonat i on prob l ems .  Al so the 
potent i a l for s i l i c a -dust - i nduced f i broses or for synerg i st i c  
exposure effects from o i l s ha l e dust  and d i ese l  exhaust  products has 
not been fu l l y determ i n ed .  

Spent sh a l e conta i n i ng s i l i c a  dust  w i l l  a l so b e  gen erated dur i ng 
retort i ng operat i ons . Un l es s  proper l y  managed , the h and l i ng of spent 
s ha l e m i gh t  pos e h az ardous resp i ratory exposures . Wh i l e  l i tt l e 
stat i s t i c a l  i nformat i on i s  current l y  ava i l ab l e  on the hea l th and 
s afety effects  of  s h a l e o i l retort i ng and ref i n i ng ,  t he  r i sks  are 
expected to be  comparab l e  to those i n  i ndustr i es us i ng s im i l ar 
techno l og i es .  

Wh at Measures W i l l  Be Tak en Dur i ng  the Deve l opment of the Synthet i c  
Fue l s Industry To Reduce  Safety , Hea l th ,  and Env i ronmenta l  R i sks ? 

Some comb i n at i on of the fo l l ow i ng  measures , wh i ch wh i l e  common to 
mos t  i ndustr i a l  operat i ons  w i l l  neces s ar i l y  vary i n  syn thet i c  fue l s 
fac i l i t i es because  of s i te-s pec i f i c ,  t echno l ogy-s pec i f i c ,  and 
mater i a l -spec i f i c  d i fferences w i l l  be  tak en : { a )  carefu l s i te 
s e l ect i on to m i n i mi z e  rami f i cat i ons  to the  tota l env i ronmenta l 
system ;  { b ) th e des i gn and ma i ntenance  of s afe work i ng cond i t i ons ; 
{ c ) the se l ect i on of process and po l l u t i on contro l techno l og i es and 
s trateg i es to reduce  th e rel eas e  of a i rborne emi ss i ons , aqueous 
eff l uents , and s o l i d  wastes ; { d )  th e i n s t i tut i on of i ndustr i a l  
hyg i ene  and work er trai n i ng programs ; ( e )  h ea l th survei l l ance , 
i nc l ud i ng exposure mon i tor i ng and record k eep i ng ;  and { f ) emergency 
p l ans  and procedures . 

Can Safety R i s k s  Be M i n im i zed Effect i ve ly  Dur i ng Both Normal  and 
Catastroph i c  Cond i t i ons  i n  F i rst -Generat i on Synth et i c  Fuel s 
Fac i l i t i es? 

A certa i n  l ev e l  of uncerta i nty and r i sk i s  i ntroduced where 
techno l ogy exten s i ons  { s pec i a l l y  des i gned or mod i f i ed equ i pment , for 
examp l e )  are n eeded and where n ew d eve l opment approaches are be i ng  
cons i dered ; a l so wh ere contro l techno l og i es and strateg i es h ave  not  
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yet been t ested at commerc i a l  s ca l e ,  on comparab l e  waste  streams , or 
for pro l onged per i od s  of t i me .  However , i n  genera l ,  d u e  to the l arge 
number of para l l el s  noted between synthet i c  fue l s fac i l i t i es and 
conven t i on a l  energy convers i on p l ants , and thu s  s im i l ar i t i es i n  both 
thei r potent i a l h az ards and th e proposed contro l s trateg i es ,  there 
appears to be  every reason to be l i eve  that f i rs t -generat i on synthet i c  
fue l s fac i l i t i es c an b e  d es i gn ed and bu i l t  i n  accordance  w i th 
es tab l i shed standards and pract i ces and w i l l  comp l y  w i th ex i st i ng 
regu l atory requ i rements . Moreover , i f  conserv at i ve p l ann i ng and 
des i gn efforts are app l i ed to syn thet i c  fue l s p l ants  th e  probabi l i ty 
of process u ps ets from n atural  d i s asters wou l d  l i k e l y  not b e  any 
greater than thos e exper i enced i n  estab l i shed i ndustr i es . I n fact , 
thes e  fac i l i t i es s hou l d  have  a l ess -th an -average s u scept i b i l i ty to 
damage from earthquak es or hurr i canes because  of the i r i n l and 
l ocat i ons . In  add i t i on ,  s ecur i ty r i sks  for synthet i c  operat i ons are 
expected to be  comparab l e  to  secur i ty r i sk s  for s i m i l ar m i n i ng or 
petro l eum-re l ated operat i ons . 

Yet , i t  i s  es sent i a l th at the f i rst  generat i on of synthet i c  
fue l s p l ants b e  carefu l l y eva l uated and mon i tored w i th respect to 
th e i r  rel i ab i l i ty and s afety , and that R&D be d i rected toward areas 
of l i m i ted exper i ence and uncerta i nty .  Exper i ence  ga i ned and 
i nformat i on gathered dur i ng the construct i on and operat i on of these  
f i rs t -gen erat ion  fac i l i t i es w i l l  prov i d e  the foundat i on n eeded for a 
techno l og i c a l l y  sound , as  wel l as s afe ,  synthet i c  fuel s i ndustry . 

Informat i on Needs 

The ant i c i pated s l ow deve l opment of synfue l s t echno l og i es prov i des 
the opportun i ty to c l ar i fy the potent i a l for s afety h az ards to the 
work force ,  to the env i ronmen t ,  and to the pub l i c .  Al though the 
commi ttee be l i eves that adequate data curren t l y  ex i st to proceed w i th 
commerc i a l  proj ects , i t  d i d  s uggest areas where add i t i on a l  R&D cou l d  
b e  d i rected toward furth er improvement s  i n  the s afety and rel i ab i l i ty 
of future synfu el s p l ants . 

Techno l og i ca l  R&D 

Two ma i n  areas were i dent i f i ed re l at i ng to techno l og i ca l  R&D for 
future  synthet i c  fue l s fac i l i t i es .  Thes e  rel ate to component areas 
th at i nvo l v e  the mod i f i cat i on or redes i gn of commerc i a l l y  ava i l ab l e  
equ i pment to f i t more s evere  serv i c e  requ i rements  and the adequacy of 
ex i s t i ng m i ne  s afety techno l og i es for the s afe des i gn and operat i on 
of l arge-sc a l e m i n i ng act i v i t i es as soc i ated w i th the product i on of 
sha l e  o i l .  Research pr i or i t i es shou l d  be d i rected toward 
improvements i n  thes e two areas , both of wh i ch are cr i t i ca l  to 
ma i nta i n i ng cont i nu i ty of proces s operat i ons  and i nvo l ve the h i ghes t  
r i sk potent i a l  t o  work ers . 
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Env i ronmenta l  R&D 

Wh i l e  the es tab l i shment of contro l techno l og i es and strateg i es for 
synthet i c  fue l s fac i l i t i es h as been based on e i th er t echno l ogy 
transfer from convent i on a l  energy fac i l i t i es or p i l ot p l ant 
character i z at i on and demons trat i on ,  the commi ttee percei ves the need 
to mon i tor the i r performance  i n  f i rst -generat i on synthet i c  fue l s 
p l ants . Such res earch wou l d  be  typ i ca l  of that requ i red to mon i tor 
or proof tes t  any f i rs t -of-a-k i nd sys tem and shou l d  address the 
mon i tor i ng and l ong -term re l i ab i l i ty and operab i l i ty of both 
i nd i v i du a l  and i ntegrated contro l t echno l og i es ,  as  wel l as the 
cont i nued assessment of the potent i al effects  of po l l utants on the 
env i ronment . Spec i f i c  R&D  recommendat i ons were grouped under the 
fo l l ow i ng  areas : so l i d  waste  management , transport of po l l utants , 
and potent i a l effects of po l l utants  on the  env i ronment . 

Hea l th Effects R&D 

Th e hea l th concerns as soc i ated w i th the deve l opment of synthet i c  fuel  
proces ses were thought to be  of greater concern for work ers in  the  
synthet i c  fue l s i ndus try than for the genera l  pub l i c .  Med i ca l  
surve i l l ance o f  work ers , mon i tor i ng worker exposures , i nst i tut i ng 
eng i neer i ng contro l s ,  tra i n i ng competent work ers , prov i d i ng educat i on 
about hea l th and persona l  hyg i en e ,  ma i nt a i n i ng str i ct i ndustr i a l  
hyg i ene  s tandards ,  i n st i tut i ng a work er reg i s try for the ear l i est  
pos s i b l e i dent i f i c at i on of man i fest hea l th effects , and eva l uat i ng 
the  tox i c i ty of process emi ss i ons  and product s treams are a l l k ey 
areas that form the bas i s  for a program that guards agai n s t  potent i a l  
adverse  hea l th effects i n  synthet i c  fue l s fac i l i t i es .  Th e commi ttee 
stressed that ongo i ng programs d i rected toward assess i ng hea l th 
effects assoc i ated w i th s ha l e o i l ,  coa l gas i f i cat i on , and d i rect  coal 
l i quefact i on shou l d  cont i nue  to rece i v e  res earch emphas i s ,  as shou l d  
ev a l u at i ons  of work er tra i n i ng fac i l i t i es and person a l  protect i ve 
equ i pment . 

Po l i cy Opt i ons  

Some mechan i sms for  generat i ng and gather i ng R&D data  warrant 
cons i derat i on .  Th es e are h i gh l i ghted be l ow .  

The Need for Shar i ng Commerc i a l  P l ant Data  

Wh i l e  a cons i derab l e amount of env i ronmenta l  and h ea l th d ata has been 
deve l oped from p i l ot -sca l e efforts and w i l l  be  further ref i ned by 
ongo i ng  research programs , the  most  cruc i a l d ata  are thos e th at w i l l  
be  obta i ned from tne  l arge-sca l e  demons trat i on and commerc i a l  
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u n i ts ant i c i pated to b e  b u i l t  i n  the  n ext  d ecade .  It  w i l l  be  w i th 
thes e commerc i a l un i ts that an understand i ng can b e  d evel oped of the 
emi ss i ons , effect i v enes s  of env i ronmenta l  contro l t echno l og i es ,  
work er env i ronments , and var i ou s  hazards . Thu s ,  the commi ttee 
be l i eves i t  i s  v i t a l  that i ndustry , th e government- - l oca l , state ,  and 
fed era l - -and th e research commun i ty tak e  fu l l  advantage  of the 
res earch opportun i t i es offered by th e gather i ng and an a l ys i s  of data  
rel ated to env i ronmenta l and h ea l th effects of thes e  f i rs t -generat i on 
fac i l i t i es .  The b as i c  i s s ues th at n eed to be  reso l ved i nc l ude : how 
such a research program s hou l d  be put  together , who shou l d  fund i t ,  
where th e d ata  s hou l d res i de ,  who s hou l d  h ave  access to s uch dat a ,  
and wh at  th e procedure for shar i n g  t h e  f i nd i ngs  shou l d  be . 

Th e commi ttee conc l uded th at , s i nce  so many i s s ues are i nvo l ved ,  
perh aps i t  wou l d  be  appropr i ate  to set up a work i n g  group or 
commi ttee to d ev i se a mechan i sm for d ev el op i ng and s h ar i ng data among 
countr i es , compan i es ,  governmen t agenc i es ,  res earchers , l abor , 
v ar i ous i nterest groups , and th e pub l i c .  Th i s  p l an m i ght i nc l ude  
such th i ngs  as  work shops , i n ternat i on a l  conferences , i nternat i ona l  
commi ttees , a nd  so  forth . I t  i s  a s sumed that s uch a group  wou l d  be  
in  contact w i th synthet i c  fue l s compan i es ,  agenc i es ,  sc i ent i f i c  
soc i et i es ,  and i nd i v i du a l s ,  not on l y  i n  t h e  Un i ted States but  a l so 
abroad , i n  order to bu i l d  a consensus  on the proper approach to th i s  
comp l ex prob l em .  

Hea l th Survei l l ance 

A mechan i sm th at wou l d  a i d  i n  th e gath er i ng and ana l yz i ng of s afety 
and h ea l th i nformat i on wou l d  be a synthet i c  fu e l s h ea l th reg i s try or 
reg i str i es for the  h ea l th records of work ers i n  the  i ndustry .  Such a 
reg i s try cou l d  b e  extreme l y  benef i c i a l  for the accurate 
i dent i f i cat i on of occupat i on a l l y  i nduced d i s eases w i th a l ong  l atency 
per i od .  Al so , a reg i s try wou l d  prov i d e  the  data  for case-contro l 
s tud i es and cros s -s ec t i on a l  med i c a l  stud i es ,  and wou l d  a l l ow th e 
rap i d  i dent i f i c at i on of u nexpected prob l ems .  

Th e power of ep i demi o l og i ca l  s t ud i es to detect work -re l ated 
hea l th hazards i ncreases w i th the  number i n  a group  bei ng  stud i ed .  
Therefore ,  i t  i s  d es i rab l e for the  var i ous compan i es to co l l ect  the 
same data  in th e s ame format by the s ame procedures so that 
epi d emi o l og i ca l  s tud i es can be  c arr i ed out on emp l oyees in  s i m i l ar 
j obs acros s the i ndustry .  Accord i ng l y ,  a commi ttee of experts 
( part i cu l ar l y  ep i demi o l og i sts , phys i c i ans , i ndustr i a l  hyg i en i s ts ,  and 
tox i co l og i s ts ) and po l i cymak ers from concern ed compan i es ,  
un i v ers i t i es ,  and government agenc i es shou l d  cons i der the t i m i n g  for 
es tab l i sh i ng a reg i stry , as wel l as determi n i ng what d ata  shou l d  be  
co l l ected for each work er and  for each i ndustry ,  how the data shou l d  
b e  stored and u s ed ,  and who shou l d  have acces s to such data . The 
format for record i ng the data  and the l ength of t i me the data are to 
be reta i n ed shou l d  a l so be estab l i shed by th i s  commi ttee . In 
add i t i on ,  the commi ttee shou l d  estab l i sh procedures for preserv i ng 
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1 

I NTRODUCTION 

OVERV I EW 

Ov er the  pas t severa l years cons i derab l e debate has taken p l ace 
regard i ng the most  appropr i ate  path to assur i ng s ecure energy 
supp l i es .  An i mportant step i n  devel op i ng new energy supp l i es 
rel ates to evo l v i ng a comprehens i ve po l i cy th at reduces demand 
through conservat i on .  However , there are l i m i ts  to the sav i ngs that 
can be  accomp l i shed through any conservat i on efforts . I t  i s  because  
of  th i s  fact , among others , that  the  Un i ted States has a l so adopted a 
po l i cy of exp l or i ng and deve l op i ng energy a l t ernat i v es .  Many 
a l ternat i ves are be i ng con s i dered , i nc l ud i ng enhanced o i l recovery , 
expanded coa l  deve l opment , so l ar-therma l energy u t i l i z at i on and 
photovo l t a i c s , w i nd energy , ocean -therma l grad i ents , i ncreased 
nuc l ear f i s s i on for power gen erat i on ,  nuc l ear fus i on ,  b i omass 
combus t i on , and the product i on of synthet i c  l i qu i d  and gas eous fuel s 
by th e convers i on of coa l , tar s ands , b i omass , and o i l s ha l e .  A 
potent i a l l y  i mportant step i n  th i s  move  toward s ecure energy supp l i es 
was made when former Pres i dent  Carter s i gned i nto l aw the Energy 
Secur i ty Act of 1 980 . The program that emerged ranged from promot i ng 
th e conservat i on of a l l energy sources to more spec i f i c  targets of 
creat i ng i ncreased energy s upp l i es from new ly  d i scovered f i el ds of 
o i l and gas . It stressed the u se  of ren ewab l e  resources , a l ong  w i th 
the determ i nation to d evel op abundant domest i c  fos s i l  fuel  sources 
s uch as  coa l . I n  add i t i on ,  f i n anc i a l  s upport was prov i ded --v i a the 
new l y  created Synthet i c  Fue l s Corporat i on - -for deve l op i ng synthet i c  
o i l and gas from the huge domest i c  depos i ts of coa l , o i l sha l e ,  and 
tar sands . 

In add i t i on ,  a goa l for synthet i c  fue l s  was s et i n  1 980 : an 
i ndus try that wou l d  convert coa l , o i l s ha l e ,  and tar s ands to l i qu i d  
fuel s s hou l d  be  produc i ng the equ i v a l ent o f  a t  l east 500 , 000 barre l s 
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per day ( BPD ) by 1 98 7 , i ncreas i ng to 2 mi l l i on BPD  by the  turn of the 
century . However , the  goa l i s  now unrea l i st i c and i t  i s  u n l i ke l y  
th at a n  i ndus try produc i ng 500 , 000 B P D  w i l l  be  s een a t  t h e  ear l i est  
before the  m i d - 1 9 90 ' s .  Neverthel es s , i t  i s  appropr i ate to  v i ew  the  
1 980 ' s  as th e decade for the cons truct i on of commerc i a l p i oneer 
p l ants pr i or to l arge-sca l e  commerc i a l i z at i on dur i ng th e 1 990 ' s  and 
th e next century .  Th i s  re l at i ve l y  s l ow rate of growth prov i des an 
opportun i ty to devel op from f i rst-generat i on p l ants effect i v e  
techno l og i c a l  imp l ementat i on o f  s afe  and env i ronmenta l l y acceptab l e  
des i gns . 

REPORT ORGAN I ZAT ION 

Th e rema i n i n g chapters of th i s  study are organ i zed as fo l l ows : 

o Ch apter 2 - - "Techno l og i c a l  Ov erv i ew" d i scusses synthet i c  
fue l s d eve l opment i n  the Un i t ed States . Coa l  gas i f i cat i on , coa l 
l i qu efact i on ,  and o i l sha l e  recovery process es cons i dered most  l i k e ly  
to  be  commerc i a l i zed by  the  year 2000 are  descr i bed . S im i l ar i t i es 
and d i fferences are noted between each spec i f i c  t echno l ogy and other 
energy convers i on fac i l i t i es .  Unconvent i on a l  aspects  of the 
techno l og i es th at m i ght  affect work er hea l th and s afety and th e 
env i ronment are h i gh l i ghted . 

o Ch apter 3 - - "P l ant Hazard s  and Occupat i on a l  Safety and 
Hea l th "  f i rs t  i dent i f i es the  u nconven t i on a l  s afety , hea l th ,  and 
env i ronmenta l  h az ards potent i a l l y  as soc i ated w i th coa l gas i f i cat i on , 
coa l  l i qu efac t i on , and o i l s ha l e recovery techn i qu es pr i or to the 
app l i cat i on of contro l mechan i sms . Th e remai nder of the  ch apter 
dea l s  w i th approaches curren t l y  used or  propos ed to i d ent i fy and 
reduce h az ard s th at m i ght  occur d ur i ng  the ear ly  phases of  the  
synfu el s i ndustry .  Where data perm i t ,  the  po l l ut i on contro l 
equ i pment , eng i neer i ng contro l s ,  ma i ntenance pract i ces , mon i tor i ng 
procedures , work er tra i n i n g programs , and genera l i ndustr i a l  hyg i ene  
programs are  ev a l u ated w i th respect  to  thei r effect i v eness  i n  
reduc i ng o r  e l im i nat i ng the s afety r i sk s prev i ous ly  i dent i f i ed .  

o Ch apt er 4- - " Informat i on Needs . "  Th i s  ch apter i d ent i f i es 
thos e areas where furth er R&D i s  needed to i mprove  component  
re l i ab i l i ty and  performance ,  env i ronmenta l  mon i tor i ng ,  and  worker 
hea l tn and s afety . 

o Chapter 5 - - " Po l i cy Cons i derat i ons . •• Th i s  d i scuss  i on 
pres ents  some mechan i sms that m i ght a i d  i n  th e generat i on and 
gather i ng of n eeded R&D i nformat i on ,  such as  that h i gh l i ghted i n  
Ch apt er 4 . 
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TECHNOLOG I CAL OVERV I EW 

I NTRODUCT ION 

Th e m i n i ng  and process i ng techno l og i es that are expected to 
s i gn i f i cant l y  affect domest i ca l ly  produced s u pp l i es of synthet i c  
gaseous  and l i qu i d  fuel s by th e year 2000 are d i scussed i n  th i s  
ch apter . Th ese t echno l og i es are :  coal gas i f i cat i on ,  d i rect and 
i nd i rect coa l l i qu efact i on , and o i l s ha l e recovery us i ng abov eground 
retort i ng ( AGR ) ;  mod i f i ed in  s i tu ( M I S ) and true  i n  s i tu ( T I S )  
process es are not expected-re-play a l arg e ro l e  i n-th l s  t ime sca l e .  
Aspects o f  th es e  t echno l og i es may affect t h e  safety and h ea l th of 
work ers i n  thes e synfue l s i ndus tr i es ,  as  wel l as th e phys i cal  
env i ronment . l The fo l l ow i n g  s u bj ects are  pr es ented as  b ack ground 
to th e anal ys i s  pres ent ed i n  s ubsequen t  chapters of th i s  report : 

o Br i ef s ummar i es of the  h i s tory and s tatus  of each of the  
three  techno l og i es - -w i th emphas i s  on  U . S .  proj ects .  

o Descr i pt i ons of the  proces s t echno l og i es .  
o Summar i es of the  techno l og i c a l  read i nes s of each 

part i cu l ar proces s , h i gh l i ght i ng thos e aspects  of th e 
techno l og i es that  are s i mi l ar to ex i st i ng energy 
convers i on fac i l i t i es and those  aspects that are u n i qu e  to  
synfu e l s act i v i t i es .  

l Thes e h eal th and env i ronment a l  concerns are be i ng  addres s ed dur i n g  
th e techn i ca l  devel opment o f  each proces s by maj or research programs 
funded by both government and pr i vate d eve l opers . A data  bas e i s  
be i n g  gen erated from th i s  res earch bas ed on the  operat i on of l arge­
s ca l e  p i l ot p l ants  (and i n  some cas es , commerc ia l  p l ants ) to perm i t 
the  des i gn of appropr i at e  env i ronmental contro l s  and safeguards to 
meet regu l atory req u i rements . As d i scussed i n  Chapter 3 , exper i ence 
ga i n ed from comparab l e  i ndustr i es shou l d  be  app l i c ab l e i n  he l p i n g  to  
def i n e  safeguards and eng i n eer i ng contro l s that w i l l  be  requ i red to  
reduce  th e occurrence  of poten t i a l  s afety , h eal th , and  env i ronmental 
hazards . 
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H I STORY AND STATUS OF U . S .  S YNFUELS PROJECTS 

Coa l  Gas i f i cat i on 

Coa l  gas i f i cat i on p l ants h ave  been commerc i a l l y  operated abroad for 
many decades . Pri or to 1 945 , commerc i a l  gas i f i ers were a l so w i de ly  
operated i n  th e  Un i ted States . S i nce th at t i me ,  because  of th e 
i ncreas i ng ava i l ab i l i ty of cheap natura l gas , th e number i n  u s e  has 
decreased to th e po i nt where on l y  a few sma l l i ndustr i a l  gas i f i cat i on 
fac i l i t i es are now operat i ng i n  th i s  country . 2 However , i ncreas i ng 
cos ts for natura l gas and major techno l og i ca l  advances i n  coa l 
gas i f i cat i on ,  a l ong w i th a des i re to prov i de d i vers i f i ed  sources of 
en ergy , have l ed to renewed i nteres t  i n  coa l gas i f i cat i on 
techno l og i es .  At present , one commerc i a l u t i l i ty-s i z ed fac i l i ty i s  
under con struct i on and shou l d  be i n  product i on by the mi d - 1 980 ' s .  
Devel oped by the  Great P l a i ns Gas i f i cat i on As soc i at i on i n  Mercer 
County , North Dakota , i t  i s  expected to produce 1 3 7 . 5 x 1 06 
s tandard c ub i c  feet per d ay ( SCF/D ) of  h i gh -Btu gas by 1 984 . 3 In 
add i t i o n ,  a number of sma l l er -sca l e  gas i f i cat i on p l ants are i n  
operat i on .  Th ese i nc l ude ,  for examp l e ,  th e Tennessee Va l l ey 
Author i ty ' s  "Ammon i a -from-Coa l "  Texaco gas i f i er demonstrat i on p l ant 
l ocated i n  Al abama , and e i gh t  l ow-Btu gas i f i ers l ocated i n  i ndustr i a l  
p l ants i n  Pennsyl van i a ( i nc l ud i ng Haze l ton Br i ck ,  Caterpi l l ar 
Tractor , G l en Gery Operat i ons ) . 4 I t i s  i nteres t i ng to note that 
some authors have pred i cted that  by the year 2000 , about 2 7  percen t  
of the  potent i a l  gas s u pp l y  produced synth et i ca l l y  w i l l  come from 
coa l gas i f i cat i on . 5 

Coa l  L i quefac t i on 

There are two major categor i es of l i quefact i on processes - -d i rect and 
i nd i rect . In  the  d i rect  processes , th e coa l i s  h eated and 
hydrocracked under var i ou s  cond i t i on s  i n  order to convert i ts organ i c  
content  t o  l i qu i ds wh i ch are subs equen t l y  s eparated from the  product 

2J .  A .  Rob i n son , " Property Loss  Preven t i on Cr i ter i a  as  App l i ed to 
Coa l  Gas i f i cat i on Proj ects , "  paper presented at a conference on the 
Preven t i on of F i re and Exp l os i ons i n  the  Hydrocarbon Indu str i es ,  
sponsored by the Ins t i tute  of Gas Techno l ogy , Ch i cago , I l l i no i s , June  
7 ,  1 9 79 ,  p .  1 .  

3Nat i on a l  Coa l  As soc i at i on ,  Coa l Synfuel  Fac i l i ty Techno l o¥f 
( Wash i ngton , D . C . : Nat i on a l  Coa l  ASsoc 1 at 1on , NOvember 198 • 

4 Ib i d .  

5Rob i nson , op . c i t . , p .  1 0 .  
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stream conta i n i ng so l i ds .  In th e i nd i rect  process , th e coa l i s  f i rst  
gas i f i ed .  After the gas es produced are pur i f i ed ,  they are  converted 
cata l yt i ca l l y  to a var i ety of l i qu i d  products . 

Di rect l i q uefac t i on was i n  commerc i a l u se  i n  Germany dur i ng  the 
1 9 30 to 1 945 per i od .  Some 90 , 000 barrel s per day ( BPD )  of gaso l i ne 
were produced i n  some ten synthet i c  fue l s p l ants . Ind i rect coa l  
l i qu efact ion  w a s  f i rst  pract i ced commerc i a l l y  i n  Germany pr i or to 
Wor l d  War I I . I n recent years , i t  has been extens i ve ly  
commerc i a l i z ed for l i qu i d  f ue l  product i on i n  South Afr i c a .  The SASOL 
proces s i s  ava i l ab l e  under l i c ens e .  Ind i rect  l i q uefact i on has been 
u sed i n  th e  Un i ted States l argel y to prov i de feedstock for the 
chemi c a l  i ndu stry pr i or to Wor l d  War  I I .  However , coa l l i quefact i on 
for th e product i on of synthet i c  fue l s requ i res a far greater 
produc t i on c apac i ty ,  and thu s l arger p l ants . Consequen t l y ,  a n ew  
generat i on o f  d i rect and i nd i rect  l i q uefact i on t echno l og i es i s  be i n g  
deve l oped . 

D i rect Coa l  L i q uefact i on 

I n  th e 1 9 50 ' s ,  t he  Bureau of M i nes operated a sma l l d i rect 
l i quefact i on p l ant , 60 ton s  per d ay ( TPD ) , in  Lou i s i an a , Mi ssour i , 
mode l ed after Wor l d  War I I  German synthet i c  fue l s p l ants . Th e 
Mi s sour i  fac i l i ty i n  on e con t i nuou s three-month run produced on e 
m i l l i on g a l l ons  of gaso l i ne ( equ i v a l ent  to 265  BPD ) . 6 At th e s ame 
t ime ,  a 300-TPD d i rect l i quefact i on p l ant  was operated br i ef l y  by 
Un i on Carb i de Corporat i on .  

Th ere are a number of d i rect coa l l i quefact i on p i l ot p l ants i n  
operat i on i n  the  Un i ted States . Proc es ses u t i l i zed i nc l ud e  the 
cata l yt i c  Hydrocarbon Res earch proces s k nown as H-Coa l ,  the  Exxon 
Donor So l vent ( E DS ) process , 7 and the  So l v ent-Ref i n ed Coa l  ( SRC- 1 ) 
process . Shou l d  su pport b e  forthcomi ng  from th e Synthet i c  Fue l s 
Corporat i on ,  a l arge commerc i a l -s i z ed fac i l i ty- -As h l and O i l ' s H-Coa l  

6J .  P .  McGee,  " Notes on Coa l  Synfue l  Fac i 1 i ty Hazards , 11 

Correspondence to the Energy Eng i n eer i n g  Board ' s  Commi ttee on 
Synth et i c  Fue l s Fac i l i t i es Safety , January 1 982 ( s ee Append i x ,  
Paper J ) . 

7 Exxon Research and Eng i neer i ng Company announced i n  January 1 982 
that  the EDS coa l l i qu efact i on techno l ogy h ad been successfu l l y 
d emonstrated w i th I l l i no i s  coa l i n  the i r  250-TPD p i l ot p l ant . The 
techno l ogy was j udged a s ucc es s  after more  than 5 , 000 hours  of tests  
were conducted on 47 , 000 tons of I l l i no i s  h i gh -s u l fur b i tumi nous 
coa l . See Exxon Res earch and Eng i neer i ng Company , 11 E DS Techno l ogy 
Succesc;fu l l y Demonstrated on I 1 1  i no i s  B i tumi nous Coa l , 11 press  re l eas e 
( Fl orh am Park , New Jersey : Exxon Research and Eng i neer i ng  Company , 
January 28 , 1 982 ) . 
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Proj ec t ,  Breck enr i dge County , Kentucky- �ay beg i n  construct i on for 
product i on i n  the l ate 1 98o • s . 8 P i oneer p l ant devel opment of the 
SRC- I I  process has  been deferred becaus e  of cos t esca l at i on s , but  
p l ans are proceed i ng for the  devel opment of a p l ant u t i l i z i ng the  
SRC- 1  process . 

Th e  Internat i ona l  Energy Agency ( l EA ) has  recen t ly  (March 1 982 ) 
recommended undertak i ng the des i gn of severa l d i rect  coa l 
l i quefact i on p l ants of commerc i a l  sca l e as  the  n ext l og i ca l  step ; 
government support for such a program wi l l  be  requ i red .  

Th e  l argest  i nd i rect coa l l i quefact i on fac i l i ty i n  th e wor l d  i s  the  
SASOL-2 p l ant  in  Sou th Afr i ca . I t  i s  des i gned to produce 40 , 000 BPD 
of transportat i on fuel s ,  i nc l ud i ng gaso l i ne and j et and d i ese l  fuel s ,  
p l u s  20 , 000 BPD o f  chemi ca l  feedstocks . 9 A tw i n  of th i s  un i t ,  
SASOL -3 , i s  under construct i on .  Together w i th the 30-year-o l d  
SASOL- 1  p l ant th e tnree un i ts w i l l  s upp ly  over h a l f  of a l l l i qu i d  
fue l s for South Afr i ca .  No commerc i a l -s i zed i nd i rect  l i quefact i on 
p l ants for th e product i on of fuel  are operat i ng i n  th e Un i ted States 
today . ( Unt i l recen t l y ,  a 7 , 000-BPD fac i l i ty operated i n  
Brownsv i l l e , Texas , convert i n g  n atura l gas to gaso l i ne us i ng a 
process s im i l ar to that of i nd i rect l i quefact i on .  However , i t  was 
not s uccessfu l . )  

Sh a l e O i l Recovery 

Oi l s ha l e i s  a f i n e-gra i ned sed imentary rock conta i n i ng an organ i c  
mater i a l  k erogen that yi e l ds a synthet i c  o i l and gas dur i ng pyro l ys i s  
or retort i n g .  Oi l has  been produced from o i l sha l e  s i nc e  before 1 900 
i n  many parts of the  wor l d  ( for examp l e ,  Austra l i a ,  Spa i n , South 
Afr i c a ,  France ,  Germany , Sweden , Scot l and ) i nc l ud i ng the Un i ted 
States . Today ,  o i l s ha l e operat i ons ex i s t i n  the  Sov i et Un i on (wh i ch 
has th e l arges t curren t l y  act i ve o i l sha l e i ndu s try i n  th e wor l d ) ,  
Ch i n a ,  and Braz i l .  

A very l arge concentrat i on of h i gh -grade s ha l e  o i l i s  l ocated i n  
the Green R i v er Format i on , a geo l og i c  ent i ty under ly i ng  some 34 , 000 
square m i l es of terra i n  i n  northwestern Co l orado , southwestern 
Wyomi ng , and north eastern Ut ah . l O As shown i n  F i gure 1 ,  the  

BNa t i ona l Coa l  As soc i at i on ,  op . c i t .  

9 Jb i d . 

l Ooff i ce of Techno l ogy As sessment , u.s. Congress , An Assessment of 
Oi l  Sha l e  Techno l og i es (Was h i ngton , D . C . : U . S .  Government Print1 ng 
nrTTCe ,  June 1980), pp . 88-90 . 
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Figure 1 01 1 s ha l e  depos i ts of the Green River Forma t i on . 

SOURCE : D .  C .  Dunca n and  V . E .  Swa nson , Organic-Rich Sha l es of the 
Un i ted Sta tes a nd Wor l d La nd Area s , U.S. Geol ogical Survey C i rcul a r  
523 , 1 965 . 
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pr i nc i pa l  o i l s h a l e d epos i ts are found i n  the  P i ceance , U i nta , Green 
R i v er ,  and Washak i e  Bas i n s . Thes e areas , espec i a l l y  the P i ceance 
Bas i n ,  are among the most  i nten se ly  exp l ored geo l og i c  reg i ons  i n  the 
Un i ted States . Moreover , the major i ty of u . s .  o i l sh a l e devel opment 
act i v i t i es are tak i ng p l ace  i n  t he  P i ceance Creek Bas i n .  

There are three gener i c  types of o i l s h a l e techno l ogy :  
conven t i on a l  m i n i ng w i th AGR ; M I S recovery ; a n d  T I S .  The l argest  
aboveground  retorts th at  have  been tested at Co l orado s i tes are  the 
semiwork s of  the  Un i on O i l 11 A 11 d i rect l y  h eated d ev i ce and the  TOSCO 
I I  i nd i rect hot so l i ds retort that are  about  on e tenth of the s i z e of 
p l anned commerc i a l retorts of th es e  compan i es . l l  Deve l opers i n  
Utah , i nc l ud i ng the  Wh i te R i ver ,  Sand Was h ,  and Paraho-Ute proj ects , 
a l so p l an to u t i l i z e  the  AGR approach . 

A few proj ects  may b e  deve l oped us i ng M I S  techno l ogy , but  these  
w i l l  repres ent on ly  a sma l l fract i on of tota l  product i on by  the  end 
of th e century .  Accord i ng to one ear l i er est i mate ,  a tota l  
product i on of about 450 , 000 BPD  i s  proj ected by  2000 , w i th somewhere 
between 300 , 000 and 350 , 000 BPD from AGR and the rema i n i n g d i v i ded 
between M I S  ( s ome 1 00 , 000 BPD ) and s evera l  sma l l proj ects test i n g  
d i fferent T I S  techno l og i es - -the  mos t  undevel oped o f  the three 
approaches . l 2  The pr i nc i pa l  M I S  deve l opment efforts h ave been 
conducted i n  conj unct i on w i th  the R i o  B l anco and Cathedra l B l uffs 
proj ects i n  Co l orado . Th ere are a l so two sma l l T I S  proj ects , one i n  
Utah ( Geok i net i c s ) and on e i n  Co l orado ( Equ i ty Oi l ) .  

l l co l orado Energy Research I n s t i tute and Co l orado Schoo l of M i nes 
Res earch Inst i tu t e ,  Oi l  Sh a l e  1 982 : A Techno l ogt and Po l i cy Pr i mer 
( Lak ewood , Co l orado : .  Co l orado Energy Research nstitute , November 
1 98 1 ) ,  p .  36 . 

1 2s�nfue l s Proj ect D i rectory : Sh a l e  (Was h i ngton ,  D . C . :  Pasha 
Pub 1 cat 1 on s , March 1 982) ; and Co l orado En ergy Research Ins t i tute and 
Co l orado Schoo l of Mi nes Research I n st i tute ,  op . c i t . ,  pp . 4 1 -5 7 . 

Copyright © National Academy of Sciences. All rights reserved.

Safety Issues Related to Synthetic Fuels Facilities
http://www.nap.edu/catalog.php?record_id=19584

http://www.nap.edu/catalog.php?record_id=19584


1 0  

SYNTHETIC  FUELS TE�HNOLOGY 1 3 

Coa l  Gas i f i cat i on l 4 

Descr i pt i on of Process 

Coa l  g as i f i cat i on i s  c arr i ed out  i n  a ga s i f i er ,  wh i ch i s  a f i xed -bed , 
a f l u i d i zed -bed , or an entra i ned -f l ow reactor . Gas i f i ers of var i ous 
d es i gn s  are commerc i a l ly  ava i l ab l e ,  w i th mod i f i ed d es i gns  expected to 
ent er th e mark et i n  th e future .  Coa l  gas i f i c at i on i nvo l ves react i on s  
of coa l w i th s t eam a n d  oxygen t o  produce a synthes i s  g a s  conta i n i ng 
carbon monox i de ( CO )  and hydrogen ( H2 ) ,  as  wel l a s  m i nor amounts  of 
c arbon d i ox i de ( C02 ) ,  l ow mo l ecu l ar we i gh t hydrocarbons ( HC ) , and , 
i n  some gas i f i ers , h i gher mo l ecu l ar we i ght  organ i c  compounds . Raw 
synthes i s  gas  a l so conta i ns a v ar i ety of  coa l -d er i ved contami nants . 
Th es e i nc l ude ammon i a  ( NHJ ) ,  hydrogen cyan i de ( HCN ) , hydrogen 
s u l f i de ( H2S ) ,  organ i c  s u l fur  compounds , trace e l ements , and 
en tra i ned part i cu l ate matter . Gas i f i ers  may be  categor i z ed accord i ng 
to the  amount  of  heavy organ i cs or coa l  t ars ( coa l  devo l at i l i z at i on 
products )  i n  th e synthes i s  gas  they produce . 

Su pport Fa c i l i t i es 

A fu l l -s c a l e commerc i a l c o a l  g as i f i cat i on fac i l i ty to s u p p ly  ut i l i ty 
s ector fue l  w i l l  proces s on the ord er of 1 2 , 000 to 30 , 000 TPD of coa l 
and  w i l l  y i el d  products  w i th energy contents  equ i v a l ent  to 20 , 000 to 
50 , 000 BPD of o i l .  For econom i c  reason s ,  such  fac i l i t i es are l i k e ly  
to b e  l ocated on  or  adj acent  to  a c apt i v e coa l m i n e .  I ndustr i a l  fue l  
ga s i f i cat i on p l ant s  may be  a fract i on of th i s  s i z e ;  for  examp l e ,  the  

1 3For det a i l ed d i scus s i ons  of t echno l og i c a l  as pects  of th es e  
proces s es , s ee t h e  fo l l ow i ng reports b y  t h e  U . S .  Department of 
En ergy ,  under Contract No . DE -AC0 1 -79ER 1 007 : Ass es sment of Long -Term 
Res earch Needs for Coa l -Gas i f i cat i on Techno l og i es ( Fos s i l  Energy 
Res earch Work i ng Group I ( FERWG) , Apri l 1 979 ) ; As ses sment of 
Lon -Term Res earch Need s for Coa l - L i quefact i on Techno i o  1 es ( FERWG 
roup- , arc ; and As s es sment o Lon�-Term Res earch Needs for 

Sh a l e-Oi l Recovery ( FERWG Group- I I I , March 1 81 ) .  Al so  see c .  Y .  wen 
and E .  S .  Lee ( eds . ) ,  Coa l  Convers i on Techno l ogy , ( Read i ng ,  
Mass achusett s : Add i son Wes l ey ,  1 979 ) ;  and R .  Probs te i n and R .  E .  
Hi ck s ,  Synth et i c  Fue l s ( New York , New York : McGraw H i l l ,  1 98 1 ) .  

1 4w .  E .  Corbett , w .  c .  Thomas , and  E .  H .  Rei ch l , " Factors Affect i ng 
the  Safety of Coa l  Gas i f i cat i on Fac i l i t i es , "  paper presented at the 
comm i ttee • s  Work s hop on Synthet i c  Fu e l s Fac i l i t i es Safety , La Jo l l a , 
Ca l i forn i a , January 1 982 ( s ee Append i x ,  Paper D ) . 
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proposed Memph i s  gas i f i cat i on i ndustr i a l  park fac i l i ty w i l l  consume 
3 , 200 TPD of coa l . 

Large oxygen p l ants and re l a t i ve l y l arge aux i l i ary power p l ants 
( 200 to 500 megawatts e l ectr i c a l  [MWe] ) w i l l  be  assoc i ated w i th 
commerc i a l u t i l i ty-s i zed gas i f i cat i on fac i l i t i es .  In  add i t i on , the  
subs tant i a l  mak e-up water requ i rement s  v ary w i th the  gas i f i er u sed 
and the  d es i gn of the  water management sys t em .  

The remova l  o f  contam i n ants  requ i res proces s i ng o f  the gaseous 
products downstream of the  g as i f i er .  Th i s  procedure i nvo l ves gas  
quench i ng and coo l i ng (w i th heat recovery where pos s i b l e )  and ac i d  
gas remova l  w i th s u l fur  recovery . Cata l yt i c  s t eps t o  convert the  
pur i f i ed synthes i s  gas i nto gas eous or l i qu i d  products  may be  u sed i n  
other fac i l i t i es .  Products  that  can  be made i nc l ude near l y  pure H2 
or CO , methane ( C H4 ) ,  methano l ( CHJOH ) , gaso l i n e ,  and many other 
ch emi ca l s .  

Many of th e u n i t  operat i ons  and proces s i ng steps i nvo l ved i n  coa l 
gas i f i cat i on are s i m i l ar to thos e used i n  other energy convers i on 
fac i l i t i es s uch as  o i l ref i n er i es ,  power p l ants , and cok e ovens . 
However , some fac i l i ty -spec i f i c d i fferences w i l l  occur  becau s e  of the 
gas i f i er i tse l f and downstream c l ean i ng of gases r i ch i n  H2S ,  
m i n era l s ,  and i n  some cases tars . 

Ind i rect Coa l  L i quefac t i on 

Descr i pt i on of Process 

I n d i rect  coa l l i quefact i on to produce synthet i c  fue l  f i rst  i nvo l ves 
gas i f i c at i on of the  coa l , as  descr i bed i n  the  prev i ou s  s ect i on ,  to 
y i e l d synthes i s  gas wh i ch i s  then converted to l i qu i d  fue l s under 
pressure  and i n  the presence of s u i tab l e cata l yst s . On e  type of 
proces s , the F i scher-Trops ch -type reactor , i s  pres ent l y  i n  commerc i a l 
operat i on at th e SASOL-2 p l ant i n  South Afr i c a . l S Large-sca l e  
commerc i a l  app l i cat i on s  of zeo l i te cat a l yst s  for synthes i s  are under 
deve l opment w i thout U . S .  government s upport and may wel l be i n  
operat i on by the end of the  decade .  

Fac i l i t i es 

F i gure 2 i s  a f l ow s h eet for the  proces s  proposed by the Tr i -State 
Synfue l s Proj ect . Th i s  proj ect , wh i ch has comp l eted a feas i b i l i ty 
study ,  i s  n ow i n  a two-year cooperat i v e  agreement f i n anced by a 
Department of Energy grant . l 6 Wh i l e th i s  i s  l arge ly  a coa l 

1 5 Nat i on a l  Coa l  As soc i at i on , op . c i t .  

1 6A .  d e  Leon , Man ager , Pub l i c  Re l at i on s , Tr i -State Synfuel s 
Company , Houston , Texas , Apr i l 30 ,  1 982 ; persona l  commun i c at i on . 
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Fi gure 2 A prel im i nary proce s s  fl ow d i a gram for t he Tr i -State Syn fu e l s Proj ect . I n  t he metha no l ­
to - ga so l i n e proc ess  su bbi tum i nou s coa l i s  fed i nto f i x ed - bed Lu rg i  ga s i fi ers . The coa l i s  ga s i fi ed 
by i nj ec t i on o f  steam and  oxygen whi c h  reacts  wi t h  t he coa l a t  h i g h  tempera tures  a nd pre ssures  to 
produce  raw ga s . The hot ga s es a re coo l ed a nd sent to t he Rect i so l  u n i t .  Tars , p heno l s , and  ot her 
l i qu i d s produced i n  t he ga s i fi c a t i o n  process  are sent to a l i qu i d  ga s i fi er where more raw ga s i s  
recov ered , sent  to ga s coo l ers a n d  then  to t he Rect i so l  u n i t where t he raw ga s i s  stri pped o f  
u ndes i red el ements . From the  Rect i sol  u n i t  the  synga s i s  proces s ed i n  a met ha no l synthes i s  u n i t .  
Approx ima tel y ha l f o f  t he synga s i s  moved to the  met ha n i zat i on u n i t , t hen pur i fi ed a nd recovered 
a s  s u b s t i tu te na tu ra l  ga s .  The met ha nol  produced i n  t he synt hes i s  u n i t i s  mov ed to the Mobi l 
met hano l - to -gaso l i ne fa c i l i ty . I n  t h i s proce s s  the  met ha no l i s  converted to ga so l i ne and sma l l 
amounts  o f  l i qu efi ed petrol eum ga s ( LPG ) . 

SOURCE : Tr i -Sta te Syn fu el s Compa ny , Hou s ton , Tex a s , Ma rc h 1 982 . 

...... N 
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gas i f i cat i on fac i l i ty ,  i t  i s  s hown for th e proposed product i on of  
methano l to gaso l i n e .  However , becaus e  o f  th e present unfavorab l e  
economi c c l i mate for th i s  synfuel  proj ect , i t  h as been deferred 
i ndef i n i te l y  as of Apr i l 1 982 . 

Di rect Coa l  L i quefact i on l 7 

Descr i pt i on of Process 

The operat i on of  d i rect coa l l i q uefact i on fac i l i t i es gen era l l y  
para l l e l s  that of convent i on a l  petro l eum ref i ner i es except for two 
areas of techno l ogy extens i on .  Such extens i ons  are n eces s ary due  to 
th e hand l i ng of so l i ds i n  h i gh -pres sure env i ronments . 

Al l process i ng s equences u s ed for d i rect hydrogenat i on i n  the  
product i on of coa l -der i ved l i qu i ds i nvo l v e  the fo l l ow i ng steps : ( 1 ) 
add i t i on of hydrogen to s upp l y  the  n eeded const i tu ents for the 
requ i red i ncreas e i n  hydrogen -to-carbon rat i o ; ( 2 )  crack i ng of the 
coa l i n  th e pres ence of hydrogen ( hydrocrack i ng )  to produce compounds 
of reduced mo l ec u l ar we i ght ; ( 3 ) remova l of s u l fur- and 
n i trogen-conta i n i ng compounds ( s uch as H2S and NH3 ) th at have 
been formed by hydrocrack i ng ,  as wel l as  remova l  of water produced by 
react i on w i th oxygen atoms conta i ned i n  t he  coa l ; and ( 4 ) appropr i ate 
proces s i ng  of the tar and coa l res i du es ( bottoms ) and separat i on of 
th e d es i red l i qu i ds from th e ash and from any rema i n i ng unreacted 
coal s .  

A gen era l i z ed f l ow d i agram for d i rect  coa l l i quefact i on i s  shown 
i n  Fi gure 3 . I t conta i n s  the major  proces s steps that tak e p l ace i n  
th e Gu l f  Oi l Company So l vent-Ref i ned Coa l  procedure ( SRC- 1 1 ) ,  the  
Exxon Donor So l vent process  ( E DS ) , and  the  cata lyt i c  HYdrocarbon 
Research process ( H-Coa l ) .  

Support Fac i l i t i es 

Th e s upport fac i l i t i es requ i red for i ntegrated and s e l f-conta i n ed 
d i rect  coa l l i q uefact i on con st i tute  the l argest port i on of the 
overa l l  p l ant ( for examp l e ,  the  d i rect l i quefact i on proces s steps of 
a commerc i a l -s i z ed EDS p l an t represent on l y  about  1 4 percent of i ts 
tota l  erected cost ) .  They are needed for s uch purposes as 

1 7The mater i a l  on th i s  process was drawn from the  fo l l owi ng : C .  W .  
d e  George ,  "Safety of Synthet i c  Fue l s P l ants , Di rect Coa l  
l i quefact i on , '' paper presented a t  t h e  commi ttee ' s  Work shop on 
Synthet i c  Fue l s Fac i l i t i es Safety ,  La Jo l l a , Ca l i forn i a ,  January 1 982 
( s ee Ap pend i x ,  Paper E ) . 
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Fi gure 3 A genera l i zed fl ow d i. a gram for d i rec t  coa l l i quefa c ti o n .  The 
raw coa l i s  fi r s t  dr i ed a nd gro und ( 1 ) to produce the feed coa l tha t i s  
mi xed ( 2 }  w i th a ( recyc l ed ) so l vent to produce a coa l s l urry to whi ch  
hydrogen feed i s  added i n  a ppropr i a te amo u n ts ( 3 ) . The l i qu i d  m i xture 
of coa l , so l vent , a nd hydrogen i s  then hea ted a nd d i s pers ed ( 4 )  before 
enteri ng  the l i quefa c t i o n  u n i t ( 5 ) . The l i quefi er may be a ca ta l yti c 
reactor (a s i n  the  H� Coa l proces s }  or  a therma l reac tor ( a s  for the 
SRC� I I  a nd E DS proces ses } .  Beca use  of the necessary presence o f  
mi nera l ma tter , bo th i n  the coa l a nd i n  the ( recycl ed )  so l vent , the 
so�ca l l ed therma l l i quefaction  o f  t he SRC� I I  a nd EDS proces s wi l l  a l so 
i nvol ve cata l yzed react i ons . After l i quefac ti o n , the react i o n  products  
undergo a s er ies  of s epa rat ion  s teps , begi n n i ng wi th ga s remo va l  ( 6 ) a nd 
pres s ure  reduc ti on  o r  l et.down (7 ) dur i ng wh i c h l ow mo l ecu l a r  wei ght  
hydrocarbons ( l i gh t  ends ) are s epara ted . At th i s po i nt ,  some o f  the  
so l vent may be  recyc l ed to  the  feed s l urry as  in  the  SRC� I I  process  ( 8 ) . 
Howev er , mos t o f  the heav i er rema i n i ng ma ter i a l  i s  now s u bj ec ted to o ne 
or  more proces s i ng s teps to sepa ra te the pri nc i pa l  l i qu i d  products from 
heavy l i qu i ds a nd sol i ds ( 9 } . The l a tter may be pa rti a l l y  pyro l yzed 
to generate feed hydrogen ( 10 ) a nd a s h  ( 1 1 ) wh i l e  the pri nc i pa l  l i que­
fa c t ion prod ucts enter a s epa rator ( 1 2 )  from wh i c h bo th des i red l i q ue­
fac t i on produc ts are recovered ( 1 3 )  and  recyc l ed sol vent  i s  bl ed ( 14 )  
for pri o r  so l  vent  hydrogena Uon i n  the EDS process  o r  for d i rec t reuse 
in  the coa l s l urry (as  i n  a vers i o n  of the SRC- 1 1  process ) .  

SOURCE : Fos s i l Energy Res ea rc h Work i ng Group- 1 1 , As s es sment  o f  Lo ng­
Term Resea rc h  Needs for Coa l -L i  ue faction  Tec hnol o i es , Con tra c t  No . 
DE-AC01 - 79ER1 000 Wa s h i ngton , D . C . : U . S .  Depa rtment o f  Energy , 
f1a rc h 1 980 } . 
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effect i ve ly  u s i ng ash bottoms , produc i ng hydrogen , treat i ng 
waste-water s treams , u pgrad i ng the l i qu i d  products , produc i ng steam , 
and stor i ng  and transport i n g  coa l . Thes e s upport fac i l i t i es are 
genera l l y  s im i l ar to the techno l ogy curren t l y  u s ed by petro l eum 
ref i ner i es and u t i l i ty power p l ants , w i th the  exc ept i on of the  un i ts 
for proces s i ng bottoms and for produc i n g  hydrogen . 

Depend i ng on coa l type ,  operat i ng cond i t i ons , and the  process 
u sed ,  50 to 70 percent  of the coa l feed i s  d i rect l y  converted to 
gas eous and l i qu i d  HC products , l eav i n g  a res i due  of und i st i l l ab l e  
tar , unreacted cok e ,  and as h bottoms . Th e effect i ve u t i l i z at i on of 
th e  carbon pres ent i n  thes e  bottoms i s  d es i rab l e  to i mprov e the 
therma l eff i c i ency and economi c attrac t i ven es s  of a d i rect coa l 
l i q uefact i on p l ant . There are s evera l  pos s i b l e a l ternat i ves for 
proces s i n g bottoms : d i rect  combus t i on of fuel ; part i a l  ox i dat i on to 
produce  a synth es i s  gas for u s e  as fue l  or for s ubs equent  upgrad i n g  
t o  hydrogen ; and s eparat i on o f  t h e  so l i ds  t o  i ncrea se  th e recovery of 
the nond i st i l l ab l e tar . 

Equ i pmen t 

Di rect coa l  l i quefact i on fac i l i t i es emp l oy th e commerc i a l l y  ava i l ab l e  
types of equ i pment u s ed i n  petro l eum process i ng fac i l i t i es ,  w i th some 
except i ons . Th e  n eed for s pec i a l i zed techno l ogy i s  re l ated to two 
character i s t i cs common to a l l d i rect  coa l l i quefact i on proces s es : 
( 1 ) h i gh pres sure  l eve l s and ( 2 )  the  pres ence  of  so l i ds .  ( For a 
deta i l ed d i scus s i on of thes e character i s t i cs , s ee Pos i t i on Paper E i n  
the Append i x ) .  

Sh a l e Oi l Recov ery l 8 

Descr i pt i on of Mi n i ng Process es 

Above�round Both AGR and M I S  retort i ng techno l og i es requ i re m i n i n g 
the o 1 l s ha l e ,  w i th m i n i ng requ i rements  for M I S  reduced by 7 5  to 85  
percent for equ i v a l ent product i on .  Open -p i t  m i n i ng may be  feas i b l e  
i n  areas where the  depos i ts are re l at i ve l y c l ose  to th e surface 
( s evera l  hundred feet or l es s ) .  Th i s  procedure  wou l d  i nvo l ve 
remov i ng the overburden (wh i ch i s  saved for future rec l amat i on ) i n  a 
step l i k e  manner to prevent the s t eep , d eep m i n e  s i des from 
crumb l i ng .  For commerc i a l -s i z ed o i l s ha l e p l ants , s urface mi nes 

1 8Th e mater i a l  on th i s  process was drawn from th e fo l l ow i n g : 
Off i ce of Techno l ogy Ass essment , op . c i t . , pp . 1 3 7- 1 53 ; Co l orado 
Energy Research I n s t i tute and Co l orado Schoo l of M i n es Research 
Inst i tute , op . c i t . , pp . 2 5 -36 ; and Fos s i l Energy Research Work i ng 
Group I I I ,  op . c i t . , p p .  1 -30 .  
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cou l d  be  as  l arge as  the  l argest i ron o r  copper m i nes i n  the  wor l d .  
( See Fi gure 4 . ) In areas where the overburden i s  th i nner than 200 
feet ( as i n  some areas of the  U i nta Bas i n )  str i p  m i n i ng may be  
empl oyed , u s i ng techno l ogy deve l oped for s urface coa l m i n i ng 
operat i ons . 

Underground To recover d eep d epos i ts of o i l s h a l e , underground 
m i n i n g i s requ i red . Room-and -p i l l ar m i n i n g i s  the mos t  advanced 
method u s ed to date . On l y about 60 percent of the  o i l s h a l e can be  
recovered i n  th e i n i t i a l m i n i n g program by  th i s  method s i nc e  some 
must  be l eft to s u pport the m i n e  roof . Underground m i n es that must  
prov i de as much as 1 00 , 000 tons of  rock each day to  s upport a 
50 , 000-BPD product i on scnedu l e  wou l d  be  among th e l argest  of th i s  
type i n  the  wor l d .  ( See Fi gure 5 . ) I t  shou l d  b e  noted , however ,  
that the i n i t i a l proj ect d u e  for commerc i a l i z at i on w i l l  m i n e  1 2 , 000 
TPD of h i gh -grade  ore to produce  1 0 , 000 BPD of syncrud e .  

Descr i pt i on of Retort i ng Process 

Aboveground Retort i nt The major i ty of U . S .  compan i es current ly 
i nvo l ved i n  the cons ruct i on of o i l s ha l e  demonstrat i on p l ant s  are 
us i ng aboveground proces s es , wh i ch are c l oser to commerc i a l i zat i on 
than e i ther M I S  or T I S .  Aboveground retorts are o f  two types : 
d i rect ly  h eated retorts u s e  h eat g enerated i n s i de the  retort i ng 
ves s el ( a s  i n  the Paraho d i rect proces s ; s ee Fi gure 6 ) wh i l e  
i nd i rect ly  h eated r etorts u s e  h eat generated outs i de th e v es se l  ( as 
i n  the Un i on B ,  TOSCO I I ,  and Lu rg i -Runrgas proces s es ) .  

In th e d i rect proc es s , h eat i s  transferred by f l ow i n g  gases 
generated w i th i n  the  retort as a resu l t  of the combu s t i on of 
carbonaceous retorted s h a l e  and pyro lys i s  gases . Th i s  process 
produces a s pen t s h a l e l ow i n  res i dua l carbon and a l so l ow-Btu  gas 
when a i r  i s  u s ed for burn i ng .  An examp l e  of one  type of d i rect l y 
heated retort was the Paraho Di rect  system deve l oped by the  Paraho 
Deve l opment Corporat i on .  

I n  tne i nd i rect proces s , combu s t i on does not  occur i ns i de the 
retort . There are at l east  two vers i on s  of th i s  process . In  one ,  
h eat i s  transferred by gases h eated outs i de th e retort ves se l . Th es e 
retorts produce  a carbon aceous s pent sh a l e  and a l so  h i gh -Btu gas . 
Ex amp l es i nc l ude  the  Un i on B ( s ee F i gure 7 ) ,  Paraho I nd i rect , and 
Super i or proces s es . In  a s econd vers i on ,  heat i s  transferred by 
m i x i ng hot s o l i d  part i c l es w i th the  o i l s h a l e .  Thes e retorts form 
s pent s h a l e that may or may not conta i n  carbon , and a l so  h i gh -Btu 
gas . Examp l es i nc l ude  th e TOSCO I I  ( s ee F i gure 8 )  and Lurg i -Ruhrgas 
process es ( s ee Fi gure 9 ) .  
Mod i f i ed i n  S i tu Retort i ng In  order to create p ermeab i l i ty i n  the 
underground oi l sha l e depos i ts ,  a port i on ( 1 5 to 25 percent ) of the 
depos i t  i s  m i n ed and removed by convent i ona l  methods . The rema i n i ng 
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Fi gure 4 B i ngham Ca nyon Open- Pi t Copper Mi ne , bel ong i n g  to Kenneco tt 
Mi nera l Compa ny { near Sa l t la ke C i ty ,  Uta h ) . Kennecott Copper ' s  
B i ngham Ca nyon mi ne  i n  Uta h removes a bo u t  390 , 000 to ns/day . By 
compa r i son , the  U . S .  Burea u o f  Mi nes , whi c h  co ns i dered 1 0  d i fferent 
mi n i ng  scena r i os des cr i bed a re pres enta ti ve  s ha l e mi ne  to produce  
450 , 000 tons  of  roc k  a nd 180 , 000  B P D . I t  wa s a s s umed tha t 2 . 5  to ns 
of roc k wou l d produce 1 ba rrel of o i l . A mi ne o f  that  s ca l e wa s 
determi ned to be a bo u t  2 m i l es l ong , 1 . 5 mi l es wi de , a nd 2 , 000  feet  
deep . 

SOURCE : Co l orado Energy Res ea rch I ns ti tu te and  Co l orado Sc hoo l o f  
Mi nes Res ea rc h I ns t i tute , O i l S ha l e 1 982 : A Technol ogy and Po l i cy 
Pr imer , November 1 981 , p .  26 . 
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Fi gure 5 Room-a nd-p i l l a r o i l s ha l e mi n i ng  method , c utaway v i ew .  The 
room- a nd - pi l l a r mi ne depi c ted a bove i s  the mi n i ng  pl a n  pro pos ed for 
Co l ony Devel opment ' s  46 , 000-BPD  fac i l i ty i n the P i cea nce Creek Ba s i n . 
The rooms a re 60  feet  wi de ; the  p i l l a rs  a re 60 feet s qua re1 the mi ne 
roo f i s  50 feet h i gh . Mi n i ng i s  conduc ted i n  two 30- feet  h i gh  benches . 
The upper benc h i s  mi ned fi r s t  by dri l l i ng bl a s tho l es  i n to the wa l l s  o f  
a produc t i o n  room a nd brea k i ng the s ha l e l oose  wi th expl os i ves . The 
broken  s ha l e i s  carri ed by tru c ks to crus hers , where i t  i s  crus hed to 
the s i ze requ i red by the TOSCO I I  a boveground  retorts . The wa l l s  a nd 
roo'T o f  the new room a re then " s ca l ed "  to remove �ha le · that was 
l oosened by the b l ast i ng  but  d i d  no t fa l l . Ho l e s a re dr i l l ed i nto 
the fl oor o f  the upper benc h , a nd a dd i t i ona l  roo f bo l ti ng i s  no t 
needed . The cycl e o f  dr i l l i ng ,  wa s des i gned to produce a bo u t  60 , 000 
tons  per day of s ha l e .  About  60 percent  of the s ha l e i n  the mi n i ng  
zo ne wa s to be  removed for proces s i ng the a boveground retorts . The 
res t was to rema i n i n  the s upport p i l l a rs .  

SOURC E : Offi ce  o f  Tec hno l o gy As s essme n t , U . S .  Congress , An Assessmen t  
o f  O i l Sha l e Tec hnol ogi es (Wa s h i ngto n , D . C .  U . S .  Governmen t Pri nti ng 
O ffi ce ,  June  1 980 ) , pp . 1 26- 1 27 .  
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Fi gure 6 The Pa ra ho Retorti ng Process  u s i ng a d i rect heat i ng mode . Th f s  
sys tem i s  s i m i l a r to the o l der ga s combus t i o n  des i gn .  Raw s ha l e i s  fed 
to the retor t through  a ro ta ti ng d i s tri butor a t  the to p .  I t  descends 
a s  a mov i ng bed a l ong  the  verti ca l a x i s of the retort . The s ha l e i s  
hea ted to pyro l ys i s  by a r i s i ng s tream o f  hot ga s es . O i l a nd ga s 
produc ed goes to co l l ecti ng tubes and  then to sepa ra ti ng  equ i pment . 
Res i dua l carbon i s  i gn i ted to produce hea t fo r pyrol yz i ng the raw s ha l e .  

SOURCE : O ffi ce  o f  Tec hno l o gy Asses sment , U . S .  Congres s , An As s es sment 
of Oi l Sha l e Tec hno l og i es  (Wa s h i ngto n , D . C . : U . S .  Governmen t Pri nti ng 
Offi ce , June 1 980) , p .  142 . 
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Fi gure 7 Un i on B Proces s ,  s howi n g  i nd i rec t heat i ng o f  s ha l e .  Thi s 
sys tem , wh i c h  ha s not been fi e l d tes ted , feeds s ha l e through  the  
bo ttom of the  i nverted cone ves se l . Hot ga ses  en ter the to p o f  the 
retort  a nd pa s s  down t hrough  the r i s i n g bed , ca us i ng kero gen pyrol ys i s . 
Sha 1 e o i l a nd ga s fl ow down , wi th  the o i l accumul a t i ng  a t  the bot tom . 
A portion  o f  the ga s es produced i s  u s ed to i nduce addi ti o na l  kerogen 
pyro l ys i s  and to rehea t the furnace . 

SOURCE : Offi ce  o f  Tec hno 1 o gy Asses sment ,  U . S .  Con gres s , An As sessme n t  
o f  O i 1 Sha l e Tec hnol og i es (Wa s h i ngto n , D . C . : U . S .  Go vernment Pri n ti n g  
O ffice , June  1 980 ) , p .  144 . 

Copyright © National Academy of Sciences. All rights reserved.

Safety Issues Related to Synthetic Fuels Facilities
http://www.nap.edu/catalog.php?record_id=19584

http://www.nap.edu/catalog.php?record_id=19584


FWE GM  
lO A_.. 

21  

I .. 

• 
I 

\IENTUII WET 
� 

Fi g ure 8 The TOSCO I I  proces s fo r o i l recovery from o i l s ha l e .  The 
TOSCO I I  sys tem u s es ho t ceramic  ba l l s  to ca rry hea t to fi nel y 
crus hed o i l s ha l e .  As the s ha l e a nd ba l l s  come i nto co ntact  wi th 
eac h  other , the s ha l e i s  hea ted to a bout  950° F (51 0° C )  wh i c h  i nduces 
retorti ng . After o i l va pors a nd ga s es are withdrawn , the o i l  is  
condensed . Some of t he gases  a re burned to rehea t the ceramic  ba l l s  
to a bout  1 , 200° F ( 650° C ) . 

SOURCE : O ffi ce  o f  Tec hno l o gy As s es sment ,  U . S .  Congres s ,  An As ses sment  
o f  Oi l  S ha l e Techno l o g i es (Wa s hi ngto n , D . C . : U . S . Go vernmen t Pri ntt ng 
Offfce , June 1980} , p .  149 . 
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WAST E  HEAT 
FLUE GAS WASTE 

SOLIDS 
TO WASTE 

Fi gure 9 Lurg i -Ru hrga s Process  for produc i n g  hydrocarbons  from o i l 
s ha l e .  The Lurgi -Ruhrga s reto rti n g  sys tem mfxes hot , retorted s ha l e 
wi th fi ne l y crus hed raw s ha l e .  Retorti ng ta kes pl ace  i n  a mecha n i ca l  
m i xer i n  wh i c h  gas  a nd s ha l e o i l  vapors a re wi thdrawn . Retorted 
s h a l e l ea ves the  mi xer , i s  hea ted to a bout  1 , 1 00° F ( 595°C ) , and i s  
returned t o  t h e  m i xer where t h e  retort process  begi ns a ga i n .  

SOURCE : Offi ce o f  Tec hno l o gy Assessment , u . s .  Congres s ,  An As ses sment 
o'f 0 1 1 S ha l e  Tec hno l ogi es (Wa s h i n gto n , D . C . : U . S . Government Pri n t i ng  
Offi c e ,  June 1 980 ) , p .  1 52 . 
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sha l e i s  b l asted i nto sma l l fragments  that f i l l  the  m i n ed -out areas . 
The rubb l e i s  then retorted and the  freed l i qu i ds and gas es are 
pumped from th e underground retort to th e m i n e  surface .  ( See Fi gure 
1 0 . ) 

True  i n  S i tu  Retort i ng No sha l e i s  m i n ed i n  T I S  processes .  The 
sha l e i s first  fractured and then retorted underground after 
preheat i ng to pyro lys i s  temperatures . Th e re l eased l i qu i ds and gas es 
are then pumped to the  surfac e .  Becau se  th i s  deve l opmenta l approach 
i s  i n  i ts i nfancy , i t  i s  not expected to s i gn i f i cant ly  affect the 
product i on of synthet i c  fue l s by the  year 2000 . For th i s  reason , T I S  
i s  n o t  d i scus s ed further i n  th i s  a sses sment . 

Descr i pt i on of Upgrad i ng and Ref i n i n g  Processes 

Systems for u pgrad i ng and refi n i ng sha l e o i l are comparab l e  to those 
u sed i n  convent i on a l  petro l eum ref i ner i es ,  except that heavy meta l s  
and n i trogen must  be  removed from the  crude s h a l e o i l and more 
hydrogen mus t  be  u sed than i s  requ i red w i th some convent i ona l crude 
o i l .  

CONCLUS ION 

As can be  s een from the forego i n g d i scuss i on of the synfue l s 
techno l og i es most  l i k e ly  to be  commerc i a l i zed w i th i n  the  n ext d ecade ,  
they vary both w i th respect to the i r  res emb l anc e  to  ex i st i ng 
techno l og i es and w i th respect  to the i r percei v ed d i fferences . ( See 
Tab l e 2 . ) 
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STEP A 

Fi gure 1 0  Mod i fi ed i n  s i tu  reto rt i n g . I n  M I S  proces s i n g  there a re 
two major  s teps , a s  s hown a bove . I n  the fi r s t  s tep , a tunnel  i s  dug  
to  the  bottom o f  an  o i l s ha l e bed , and  eno ugh  s ha l e i s  remo ved to 
crea te a room wi th  t he s ame cro s s - s ec t i o n  a rea a s  the future retort . 
Hol es  a re dr i l l ed through  the roo f  o f  th e room to the des i red hei ght  
o f  the  retort . They are  pac ked wi th expl o s i ves tha t a re detona ted i n  
the  s econd s tep . A c h i mney- s ha ped u ndergro und retort  fi l l ed wi th bro ken 
s ha l e res u l ts . The acces s tunnel  i s  then s ea l ed ,  a n  i nj ect i o n  ho l e  i s  
dr i l l ed from the s urface ( o r  from a h i gher mi n i ng  l evel ) to the top o f  
the rubbl e p i l e .  The p i l e  i s  retorted by i nj ec ti n g  a i r  a n d  burn i ng  
fuel  gas , and  heat from the combus t i o n  o f  the to p l ayers i s  carri ed 
downward i n  the gas s tream . Th e l ower l ayers a re pyro l yzed , and  the 
o i l vapors  a re swept down the retort to a s ump a t  the bo ttom from wh i ch 
they a re pumped to the  s urfa ce . The burn i n g  zone moves s l owl y down the 
retort , fuel ed by the res i d ua l ca rbon  i n  the retorted l ayers . When the 
zone reaches  the bottom o f  the  retort , the fl ow o f  a i r  i s  s topped , 
ca us i n g combus ti on to cea s e . 

SOURCE : Offi ce o f  Tec hnol o gy As s es smen t , U . S .  Con gres s , An As ses sment  
o f  O i l Sha l e Tec hnol o g i es (Was h i ngto n ,  D . C . : u . s .  Government  Pri nti ng 
Offi ce , June  1 980 ) , pp . 1 31 - 1 32 . 
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TABL E  2 S i m i l ar i ties  and  D i fferences Between Syn fuel  and  Ex i s t i n g  Conventi o na l  Energy 
Con vers i on Tec hno l o gi es 

Synfuels Technologies 

Coal &lstftcatton ( Surface) 

Indirect Coal Liquefaction 

Dt rect Coal Liquefaction 

Oil Shale Recovery 

Aboveground Retorting 

Modi ft ed .!!!. ll!!!. 

St•tlarttt es to Extsttng 
Energy Conversion Technologies 

Many untt operations and processing steps st•tlar to 
those .. ployed t n  otl reftnertes, power plants, and 
coke ovens. 

Essentially st •tlar to coal gastftcatton techniques. 

Overall operation parallels conventional petroleu• 
reftnertes. 

Baste • t n t ng technology co.parable to that a.ployed 
for recovery of coal, t ron, and copper . 

The processes involved t n  retorting and upgrading 
( e . g., .. tertals handling , crushing , solids heating 
and coolt ng , waste disposal , and the handlt ng of 
liquids ) are si•tlar to those used tn other opera­
tions such as •tneral processing and conventional 
petroleu. refining. 

sa .. as for aboveground retorting except for 
underground retorting. 

Unconventional Aspects of 
Synfuels Technologies 

The gastfter itself; and tn so.e processes 
the gas processing or cleaning syste.s 
(e . g ,, the tar knock out untt operation). 

The abtltty of equ i pment to conta i n  proc e s s  
under htgh pres s u r e s  ind t�peritures t n  
hydrogen-rich e nv i ro nm e n t s a t  commerci a l  
scale, e. g. , the potent ia l  for f l a nge l e� ka g e 
and the adequacy of process components such 
as slurry pu��ps to ha nd l e s l urry strea�as . 
The abtltty of ves sel s to wi t h s tand h1dro9en 
attack and to .. tntatn safe operating te.pera­
tures at co..erctal scale. 

Unprecedented scal e of mt nes for l a rge-sca l e  
opera t ions  cou l d  requ i re d i ffe r e n t  appro a c h  
I n  rega rd t o  ma teria l s hand l i ng ,  mi n i n g 
engi neeri ng , and des i gn and fabr i ca t i o n  o f  
equ i pmen t .  Us e o f  l a rger than u sua l d i e s e l ­
powered equ i pment underground . 
Characteristics of raw shale dust, spent 
shale, and retort gases associated wtth 
both aboveground retorting and •tfied .!!!. s i tu processes • 

H1 gh temperatures and fi r e s  I nvo l v ed  I n  
�d1 fl ed � s i tu proc e s s e s ; m i n i n g  a n d  
retort i ng both ta k i ng p l ace underg round at 
unprecedented l ev e l s  a t  s a m e  t i m e . Process 
not t e s t ed o v er l ong per i od of t 1 me a t  
s t gnt ft ca nt sca l e .  Leac hi ng requ i r e s  fu rther 
study to a c h i e v e  effec t i v e  contro l . 
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P LANT HAZARDS AND OCCUPAT I ONAL SAFETY AND HEALTH 

OVERV I EW 

A s trong env i ronmenta l  protect i on program has  been deve l oped i n  the  
Un i t ed St ates over the  p a s t  two d ec ades as  a con sequence  of  the  
pass age  of comprehen s i v e  po l l ut i on contro l l eg i s l at i on . Thes e l aws 
i nc l ude :  the  C l ean Ai r  Act , th e C l ean Water Act ,  the  Safe Dr i nk i ng 
Wat er Act , th e Surface Mi n i ng Con tro l and Rec l amat i on Act ,  and the 
Resource Conservat i on and Recov ery Act , a l ong  w i th n umerous po l l ut i on 
con tro l l aws and regu l at i on s  pas sed at the  state  and l oc a l  l eve l s . 
Wh i l e  th e l aws are not spec i f i ca l l y  d i rected toward synthet i c  fue l s 
fac i l i t i es ,  devel opers  of s uch fac i l i t i es mu s t  meet a l l thes e current 
l eg a l  env i ronmenta l  requ i rements . 

Moreover , federa l  l aws and s tandards have  a l so been des i gned to 
ens ure  occupat i on a l  s afety and hea l th .  Requ i rements  pas s ed under th e 
Occupat i on a l  Safety and Hea l th Ac t  of 1 9 70 ,  th e Fed era l  M i n e  Safety 
and Hea l th Amendment s  of 1 9 7 7 , and the Tox i c  Substances Con tro l Act 
of 1 9 76 i nc l ude  s pec i f i c  prov i s i ons for : d eve l opi ng  h ea l th s tandards 
th at  l i m i t work er exposure  to h az ardou s chemi ca l s  and to phys i ca l  
hazards s uch a s  no i s e ;  wear i ng and prov i d i ng person a l  protect i ve 
equ i pmen t ; mandatory heal th and s afety tra i n i n g programs ; 
spec i f i cat i on s for f i re protec t i on equ i pmen t ; frequent i n spect i ons  

· and  i n ves t i gat i on s  of m i n es ; and mon i tor i n g  the manufactur i n g ,  
proces s i ng ,  d i s tr i but i on , u s e ,  and d i sposa l  o f  ch emi ca l  s ubstances i n  
commerce .  I f  thes e requ i rements  are not met , perm i ts  may not be 
i s s ued to bu i l d and operate the  p l ant , or th e p l ant cou l d  be c l osed 
down once operat i on s  beg i n .  Wh i l e  the l ev e l  of enforcement may vary 
to some d egree among t he  states and mun i c i pa l i t i es ,  a spec i f i c  l eve l  
of  contro l has  been es t ab l i shed by  st atute for enforcement by  the 
U . S .  government . ( I t  i s  a l so i mportant to note th at other 
regu l at i on s  and s t andard s may be  forthcom i n g - -for examp l e ,  techno l ogy 
eff l u ent  s tandards for the  synfue l s i ndustry- -wh i ch wou l d  further 
s afeguard the  env i ronment and the  work er . ) 
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2 9  

Thus , i n  order t o  comp ly  w i th s uch regu l at i ons  a n d  t o  i ncrease  
the probab i l i ty that synfue l s fac i l i t i es w i l l  operate rel i ab l y  for 
l ong  per i ods  of t ime , l deve l opers of coa l convers i on and s h a l e o i l 
p l ant s  w i l l  emp l oy a vari ety of approaches to m i n im i z e  s afety r i sk s  
t o  t h e  worker , t h e  p l ant , and t h e  phys i ca l  env i ronment . Many methods 
for m i n im i z i ng h azards can be  adopted from thos e u s ed i n  other 
ex i st i ng fu l l -sca l e energy convers i on fac i l i t i es .  At th e same t i me 
certa i n  unconvent i on a l  aspects of the synfue l s techno l og i es d i scussed 
i n  th i s  report may requ i re t he  mod i f i cat i on of ex i s t i ng s afety 
contro l s  and pract i ces or the  deve lopment of n ew ones . 

Th i s  chapter f i rst  i dent i f i es some of the  unconven t i on a l  s afety , 
hea l th ,  and env i ronmenta l  hazards potent i a l l y  as soc i ated w i th coa l  
gas i f i cat i on , coa l l i qu efact i on ,  a n d  o i l s h a l e recovery t echno l og i es 
i n  the  abs ence  of the app l i cat i on of proper contro l mechan i sms . The 
rema i nder of the  ch apter exam i nes the  approaches curren t l y  u s ed or 
propos ed to ant i c i pate or  reduce  hazards that mi ght occur dur i n g the 
ear l y  ph ases of the synfue l s i ndustry . In add i t i on ,  coa l convers i on 
and sha l e o i l recovery p l ants  w i l l  b e  compared w i th convent i on a l  fue l  
operat i on s  to  a s ses s  i nherent  r i sks  from th e s tandpo i nt of  p l an t  
rel i ab i l i ty and suscept i b i l i ty to natura l d i s asters , s abotage ,  
s i te-s pec i f i c  r i sk s , a n d  t echno l ogy-spec i f i c  r i sk s . 

l The c ap i ta l  costs  of commerc i a l p l ants  ( 25 , 000-BPO equ i va l ent ) 
s hou l d  b e  v ery h i gh ,  i n  excess of $2 x 1 09 each . Such a heavy 
f i n anc i a l  commi tmen t  requ i res the expectat i on of rel i ab l e proces s 
operat i on s  for pro l onged p er i ods of t i me . Thus , to  protect th i s  
i nves tment deve l opers  shou l d  mak e every effort pos s i b l e to assure the  
construct i on of h az ard -free and s afe operat i ng p l ants . 
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I DENTI F I CAT ION  OF POTENTIAL  HAZARDS ASSOC IATE D 
W I TH SYNFUELS FAC I L I T I ES PR I OR TO CONTROL2 

I t  i s  recogn i zed that  there have  been s evera l  decades of i ndustr i a l 
exper i ence  w i th processes , mater i a l s ,  and fue l s i dent i c a l  and s im i l ar 
to those  encount ered i n  synfu el s proces ses . Thus , many of the 
potent i a l h azards assoc i ated w i th synfue l s opera t i on s  are the  s ame as  
thos e rout i ne l y  man aged i n  comparab l e  i ndustr i a l  fac i l i t i es .  Certa i n  
synfue l s proces s es ,  however , have nove l  as pects  that  have  th e 
poten t i a l  to cause  n ew s afety and hea l th hazards u n l es s they are 
adequate l y contro l l ed .  Major act i v i t i es ,  un i t  operat i ons , and 
cr i t i c a l  component s  of th e overa l l  synfue l s t echno l ogy cyc l e  that may 
enta i l some occupat i on a l  or env i ronmen t a l  h a z ards are  out l i ned 
be l ow .  Many o f  the r i s k s  noted i n  the fo l l ow i n g  d i scus s i on w i l l  be  
contro l l ed i f  th ey are proper l y  ant i c i pated and if  appropr i ate 
con tro l s trateg i es are des i gn ed and fo l l owed . If th ere are 
catastroph i c  fa i l u res i n  the  con tro l systems dur i ng or after p l ant 
operat i on , d amage cou l d  be  s evere and l on g  l as t i ng . The contro l and 
mi t i gat i on pract i ces current l y  i n  p l ace or proposed to addres s  
i d ent i f i ed haz ards a re  ex am i n ed l ater i n  th i s  chapter . 

2For a thorough d i scuss i on of potent i a l  occupat i on a l  and 
env i ronmen t a l  hazards  and r i s k s  assoc i ated w i th synfue l s fac i l i t i es ,  
s ee R .  Brown and A .  W i tter ( eds . ) ,  Hea l th and En v i ronmenta l  Effects 
of Coa l  Gas i f i c at i on and L i quefac t i on Techno l og 1 es , a workshop 
Summary and Pane l Report for the  Federa l  I n teragency Commi ttee on the 
Hea l th and Env i ronment a l  Effects  of Energy Techno l og i es ,  Con tract No . 
DOE/HEW/EPA-03 MTR -79W001 3 7 ( Mclean , V i rg i n i a :  Th e M I TRE  
Corporat i on , May 1 9 79 ) ;  R .  Brown ( ed . ) ,  Hea l th a nd  Env i ronmenta l  
Effects  of O i l  Sh a l e  Techno l ogy , a Work shop summary and Panel  Report 
for the Federa l Interagency Commi ttee on the Hea l th and En v i ronmenta l  
Effects  of En ergy Techno l og i es , Contract No .  DOE/ HEW/EPA-02 
MTR -79W00 1 36 ( Mc lean , Vi rg i n i a :  Th e M I TRE Corporat i on , May 1 979 ) ;  IWG 
Corporat i on and th e Center for Env i ronmenta l Sc i ences , Un i v ers i ty of 
Co l orado , Hea l th and En v i ronmenta l Effects  Document for Oi l 
Sh a l e- - 1 981  (Wash i ngton , D . C . : U . s .  Department of En ergy ,  November 
1 3 ,  1 98 1 ) ;  JRB As soc i ates , N I OSH Occupat i on a l  Haz ard Ass es smen t : 
Co a l  L i quefact i on ,  Vo l s .  I & I I ,  prepared for Nat i ona l  I n s t i tute  for 
OCcupat i ona l Safety and Hea l th ,  u . s .  Department of Hea l th and Human 
Serv i ces ( Wash i ngton , D . C . : U . S .  Government Pr i nt i ng Off i ce ,  March 
1 98 1 ) ;  Off i c e  of Techno l ogy Asses sment , U . S .  Con gres s , An As s es sment 
of O i l Sh a l e Techno l og i es ( Wash i ngton , D . C . : U . S .  Government 
Pri n t i n g  Offi c e ,  June  1 980 ) ;  and 0 .  Wh i te ( ed . ) ,  Proceed i ngs  of the 
Sympos i um on  As s es s i n g  the  I ndustr i a l  Hyg i en e  Mon i tor i n� Needs  for 
the Coa l  Convers i on and Oi l Sh a l e Industri es , NTIS BNL- 1002 Uc-4 1 
( Hea l th and Safety-TID-4500) , March 1 979 .  
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Coa l  Convers i on Proces ses 

Th e pres ent l y  ava i l ab l e coa l convers i on process es a l l i nvo l ve 
components  at  h i gh temperatu res and pres sures , conta i n i ng hydrogen , 
tox i c gases , and corros i ve and eros i ve l i q u i ds and so l i ds . Acute  
exposure of  work ers to i nt ermi tten t  h i gh fug i t i ve emi ss i on s  wou l d  
occur w i thout precaut i ons  and contro l s i n  t he  fo l l ow i ng  events : 
mech an i ca l  fa i l ure of proces s equ i pment and of rel ated contro l and 
mon i tor i ng components . 3  Furth ermore , the  g en erated waste s treams 
conta i n  substances that mus t  b e  con tro l l ed to preven t harmfu l effects  
on t he  env i ronment . Severe exposures cou l d  a l so res u l t  from s abotage 
or natura l d i s asters , as they wou l d  i n  any s i mi l ar fac i l i ty .  

Acutel y hazardous exposures t o  tox i c  o r  s uffocat i ng g as es and 
chron i c  major exposures to genet i c  tox i n s w i th a l atent  respons e  are 
cr i t i ca l  occupat i ona l  h az ard concerns for the synfue l s fac i l i ty 
pri mary reactor and pr imary product  c l eanup  un i t  operat i on s . 
F i xed -b ed coa l  gas i f i cat i on and d i rect coa l l i quefact i on produce 
i n termed i ate  products  and substant i a l amounts  of  by-products , b efore 
c l ean i ng and ref i n i ng ,  th at are mutagen i c  i n  a var i ety of i n  v i tro 
t es t s . 4 Some of thes e  mater i a l s h ave a l so been s hown to be­
carc i nogen i c  i n  an i ma l  expos ure tests . Thes e processes , as wel l as 
oth er coa l g as i f i cat i on t echno l og i es ( for i n stance ,  entra i ned and 
f l u i d -bed gas i f i cat i on ) a l so  produce  tox i c  s u l fu r - or n i trogen ­
compound gases and co . S 

Coa l  Gas i f i cat i on 

Occupat i on a l  Safety Concerns Coa l  gas i f i cat i on proces ses have  been 
i n  exi stence  for many years and a number of the  po i nt s  vu l nerab l e to 
acc i dents  are obv i ous  and we l l k nown . Gas i f i cat i on techno l ogy 
comb i nes  el ements  s i m i l ar to b l as t  furnaces , cok e-oven recovery 
p l ants , and those  ut i l i z ed i n  conven t i ona l  petro l eum ref i nery 
proces s es ( s u ch as synthet i c  ammon i a  p l ants ) .  S im i l ar i t i es perta i n  
to th e total  energy potent i a l con ta i ned i n  the  p l ant ( i nv entory ) ,  the  

3c .  W .  de  George ,  " Safety of Synthet i c  Fue l s P l ants , Di rect Coa l  
l i q uefact i on ,  .. paper presented at  comm i ttee ' s  Works hop o n  Synthet i c  
Fu e l s Fac i l i t i es Safety , L a  Jo l l a ,  Ca l i forn i a ,  Janu ary 1 982 ( s ee 
Append i x ,  Paper E ) . 

4srown and W i tter ,  op . c i t .  

5J .  P .  McGee ,  " Notes o n  Coa l  Synfuel  Fac i l i ty Hazard s , "  
correspondence to Energy Eng i neer i n g  Board ' s  Commi ttee on Synthet i c  
Fue l s  Fac i l i t i es Safety , January 1 982 ( s ee Append i x ,  Paper J ) . 
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temperatures and pres s ure l eve l s ,  and th e gas - ,  l i q u i d - and so l i d s ­
h and l i ng equ i pment and contro l s .  Most  i nd i v i du a l  h az ardous mater i a l s 
are we l l con tro l l ed i n  convent i on a l  ref i n i ng or oth er i ndustr i es . 
However , s pec i a l  res earch efforts are n eeded i n  the  ear l y  d ep l oyment 
of the  synfue l  i ndus try to i dent i fy and assure  the  contro l of  novel  
or u n u s u a l  comb i n at i ons  of tox i c , corros i ve ,  or eros i ve mater i a l s or 
process es wh i ch m i ght resu l t  i n  exaggerated or  unexpected hazard s . 

I t w i l l  b e  i mport ant ,  therefore ,  that the  exper i ence  g a i n ed i n  
comparab l e  i ndustr i es b e  proper l y  i ncorporated dur i n g  every stage of 
a synthet i c  fue l s proj ect , b eg i nn i ng w i th process des i gn ,  d eta i l ed 
eng i neer i ng  cons truct i on , tra i n i ng of work ers , and u l t i mate ly  
operat i on .  The h i gh cost  and comp l ex n ature of synthet i c  fuel s 
fac i l i t i es s uggest that the organ i z at i on s  ready to undertak e s uch 
v entures w i l l  h ave ready access to- -and w i l l  r i g i d l y  app ly--the 
proper measures to s afeguard the i r work ers and the i r i nvestment . 

Occupat i ona l  Hea l th Concerns Potent i a l  spec i f i c  hea l th h azards from 
coal  gas if icat i on pl ants  resu l t  from s i l i c a ,  meta l s ,  benzen e ,  
ph eno l i cs ,  po l ynuc l ear aromat i c  hydrocarbons ( PAH ) , h eterocyc l i c 
compounds , aromat i c  ami nes , s u l fur  compound s , and CO . Al though much 
work h as b een don e  i n  documen t i n g  the ex i stence of thes e  compounds i n 
the  proces s streams , there are few data  av a i l ab l e on fug i t i ve 
emi s s i on q u an t i f i cat i ons of worker exposure l eve l s at var i ou s  
fac i l i t i es . 6 Major sourc es of  personne l  exposure cou l d  occur from 
coa l s torage and hand l i ng ,  unconta i n ed emi ss i on s  from the 
gas i f i cat i on process and the  c l eanup  system,  and waste  d i s pos a l . ?  
En tra i ned gas i f i c at i on genera l l y requ i res a dry ,  f i ne ly  pu l ver i z ed 
coa l feedstock . Th e h ea l th concerns  as soc i ated w i th th e h and l i ng of 
th i s  f i n e  coa l i n  gas i f i cat i on p l ants are comparab l e  to those 
encountered i n  oth er coa l u t i l i z at i on techno l og i es and are rou t i n el y  
recogn i zed .  

Sma l l  l eak s i n  the  g as i f i cat i on and  c l eanup  sys tem are 
unavo i dab l e ,  part i cu l ar l y  dur i ng  the  start-u p , because  of many 
reactor and p i pe l i n e  connect i ons , s amp l e ports , and i n s trumentat i on 
i n s t a l l at i on s . 8 These  l eak s cou l d  endanger work er hea l th un l es s  
cont i n ued atten t i on i s  pa i d  t o  proper hou sek eep i ng .  Fug i t i ve proces s 

6J .  S i n gh ,  D .  Laz arev i c ,  and E .  F .  Vandergr i ft ,  11 Survey of Work er 
Exposures at a F l u i d i z ed Bed Coa 1 Gas i f i cat i on Fac i 1 i ty ,  11 paper 
pres ented at  The  Amer i can I ndustr i a l  Hyg i ene  As soc i at i on ' s  annua l  
meet i n g ,  Houston , Texas , 1 980 . Paper made ava i l ab l e to the  Commi ttee 
on Synthet i c  Fu e l s Fac i l i t i es Safety , January 1 982 ( s ee Append i x ,  
Paper Q ) . 

7 I b i d .  

8 Ib i d .  
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gases can be d i v i ded i nto tox i c  gases s u ch as  HzS , co , SOz 
( s u l fur d i ox i de ) , and CSz ( c arbon d i su l f i de ) ; and nontox i c  gases 
s uch  as  Hz , CH4 , C02 , and Nz ( n i trogen ) . 9 The tox i c  gases 
may d amage l ungs  ana  body t 1 s sues ; s evere enough  dos es cou l d  cause 
d eath ( for examp l e ,  a sma l l breach cou l d  res u l t  i n  a fata l 
concentrat i on of HzS ) . The nontox i c  gases , wh i l e  not d amag i ng to 
the l un gs and t i s sues , may cause  death by d i sp l ac i ng the necess ary 
oxygen s u pp l y . l O Moreov er ,  s i nce  many of the  emi ss i ons  s treams 
th at m i ght b e  rel eas ed conta i n  cons i derab l y  h i gher concentrat i on s  of 
CO and Hzs th an are produced i n  ex i st i ng commerc i a l fac i l i t i es ,  
such  as  ref i n eri es , they cou l d  affect work er hea l th n egat i ve ly  un l es s  
carefu l l y p l anned for a nd  contro l l ed . l l  

Gas i f i cat i on wastes that  mi ght  pos e  hazardous  hand l i ng 
s i tuat i ons  are : proces s  condensates from quench i ng and water 
scrubber operat i on s  that may conta i n  aromat i c  organ i cs ,  tox i c  trace 
e l ements , and d i s so l ved gases ; s l udge from b i o l og i c a l  ox i dat i on un i ts 
that may conta i n  adsorbed tox i c  trace e l ement s  or  organ i cs ;  and s pent 
cat a l ysts  that may conta i n a n umber of tox i c  trace e l ements . l 2 In  
part i cu l ar ,  measures to protect work ers who are i n vo l v ed w i th 
hand l i n g ,  s torage ,  and transportat i on of c arc i nogen i c  coa l  t ars w i l l  
b e  an i mportant component  of an overa l l contro l program . l 3 Rou t i ne 
ma i ntenance or ma i nten ance  operat i on s  fo l l ow i ng u n p l anned or 
catas troph i c  p l an t fa i l ure cou l d  resu l t  i n  s i gn i f i cant exposures of 
the i nvo l ved work force to chemi c a l  mutagen s  and carc i nogens . I n  
some cases , th ese  ma i nten ance  operat i on s  are  s ubcontracted , so  
rel evant hea l th effects  mi ght not  be  read i l y  i dent i f i ed .  

Soc i eta l  and En v i ronmenta l  Concerns Important sources of emi ss i ons  
are fug it i v e  l o s ses from the gas ificat i on and process i ng steps . 
Because gas i f i c at i on fac i l i t i es are c l osed and u s u a l l y  pressur i z ed 
systems , thes e fug i t i ve l os s es may be  the  major source of emi ss i ons . 
Th e em i s s i on s  may conta i n  h i gh concentrat i ons  of CO and HzS ,  and 

9McGee , o p .  c i t .  

1 0 Ib i d .  

l l w . E .  Corbett , W .  c .  Thomas ,  and E .  H .  Re i ch l , 11 Factors Affect i n g  
t h e  Safety o f  Coa l  Gas i f i c at i on Fac i l i t i es .. , paper presented a t  the  
commi ttee ' s  Work shop on Synthet i c  Fu e l s Fac i l i t i es Safety , La Jo l l a ,  
Ca l i forn i a ,  January 1 982 ( s ee Append i x ,  Paper D ) . 

1 2McGee ,  o p .  c i t .  

1 3corbett , Thomas ,  Re i ch l , o p . c i t .  
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thes e  tox i c  g a ses c au s e  breath i n g  d i ff i cu l t i es ,  l ung  d amage ,  and even 
death , d epend i ng on the  extent  of exposure .  

Al l coa l g as i f i c at i on fac i l i t i es ( j us t  a s  any  power p l an t ) w i l l  
produce  l arge  mas s es of s o l i d  mater i a l s that  requ i r e  d i spos a l . Thes e 
so l i d  wastes i nc l ude  ash  i n  v ar i ous forms , proces s add i t i ves , and 
i ncomp l ete ly  proces s ed products . Components  of thes e  so l i d wastes 
may i nc l ude  tox i c  trace e l ements  and water treatment s l udge . If 
th es e  po l l utants  mi grate  through th e wat er t ab l e or are re l eas ed to 
th e atmosph ere  through trans p i rat i on or w i nd  eros i on ,  s urface 
veget at i on and dr i nk i ng water supp l i es cou l d  become contam i n ated .  
Moreover , contami nated water cou l d  harm or k i l l  aqu at i c  b i ota  and , i f  
u s ed for the  i rr i gat i on of crops , cou l d  i ntroduce  tox i c  substances 
i nto th e food s u pp l i es .  Avo i d ance of thes e  contami n at i ons , to th e 
extent th ey are known , mu s t  be  bu i l t  i nto a l l p l ants . Moreover , the  
extent  of t hes e  effects , i f  any , mus t  be  c arefu l l y  mon i tored as  the  
f i rst  commerc i a l synthet i c  fue l s p l an ts  are  bu i l t  and operated . 

Co a l  L i q uefact i on 

Occupat i on a l  Safety and Hea l th Concerns l 4 Al tnough para l l el s  
c l ear ly  ex 1 st between the s afety and hea l th prob l ems ant i c i pated for 
th e d eve l op i ng d i rect  coa l l i quefact i on i ndustry and those typ i c a l l y  
accepted and exper i enced by the  petro l eum ref i n i ng and chemi c a l s 
i ndustry ,  c ert a i n  aspects of the  techno l ogy { i dent i f i ed i n  Ch apter 
2 ) , wh ere techno l ogy extens i on has  occurred , mi ght  pres ent 
unconvent i on a l  s afety and h ea l th h az ards that  are not yet fu l ly 
i d ent i f i ed .  For examp l e ,  the  compos i t i on of the  raw l i qu i d  products  
der i ved from d i rect coa l l i q uefact i on d i ffers mark ed l y  from tnat of  
petrol eum crude  o i l s  and d i s t i l l ates . Pr i or  to upgrad i ng ,  
coa l -d er i ved l i qu i ds h ave  a h i gh concentrat i on of aromat i c  
{ benzene- l i k e )  compounds conta i n i ng heteroatoms { for examp l e ,  s u l fu r ,  
n i trogen , a n d  oxygen ) ,  PAHs , and po lycyc l i c  organ i c  mater i a l  { POM ) . 
Th i s  d i fference  i n  compos i t i on i s  an  area of  occupat i on a l  concern , 
part i cu l ar l y  w i th respect  to tox i c i ty l eve l s .  Pr i mary , unref i n ed 
coa l l i q uefact i on products  have  been shown to b e  mucn  more  h i gh ly 
mut agen i c  than  convent i on a l  crude o i l or petro l eum products , and a l so 
more h i gh l y  mutagen i c  th an process ed or unproces s ed s h a l e o i l s . l S 

1 4For a d eta i l ed d i scuss i on of th e tox i co l og i ca l  s afety i s s ues 
as soc i ated w i th d i rect  coa l  l i qu efact i on ,  s ee G .  K .  V i ck , "The 
Tox i co l ogy Data  Base  and  Research Program P l ans for D i rect  Coa l  
L i qu efact i on , "  paper presented a t  th e commi ttee ' s  Work shop on 
Synthet i c  Fu e l s Fac i l i t i es Safety , La Jo l l a , Ca l i forn i a ,  Janu ary 1 982 
{ s ee Appen d i x ,  Paper S ) . 

l Ssrown and  W i tter , op . c i t .  
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Anoth er h az ard assoc i ated w i th any u se  of  coa l  i s  th e pos s i b i l i ty of  
coa l d u s t  exp l os i on s  i n  the  coa l -hand l i ng system .  Th i s  i s  th e s ame 
hazard ex i st i ng i n  a l l coa l -f i red u t i l i ty p l ants and an i mportant 
s afety cons i derat i on for coa l l i q uefact i on p l ants as  wel l . l 6  

Th e  eros i ve and corros i v e n ature  of th e proces s i ng so l i d s  and 
s l urr i es i s  a further spec i f i c  prob l em area . Proces s i ng of abras i ve 
s l urr i es , part i cu l ar l y  at h i gh temperatures and press ures , 
acce l erates eros i on and corros i on th at may cause  l eak s i n  process 
equ i pment . Leak s i ncreas e the  potent i a l  for work er sk i n  contact w i th 
proces s  mater i a l s ,  for i nh a l at i on exposure , for burns , and for 
f i res . Th e  mos t  common med i c a l  prob l ems exper i enced at p i l ot p l ants  
have b een d ermat i t i s ,  eye i rr i tat i on ,  and th erma l burns . l 7 

Prob l ems such  as eros i on ,  corros i on ,  and the p l ugg i ng of v a l ves 
h av e r equ i red s pec i a l equ i pment and carefu l mon i tor i ng and 
ma i nten ance  procedures i n  p i l ot fac i l i ty operat i ons . l 8 Attr i t i on ,  
p l ugg i ng , or fou l i ng of thes e  components  cons t i tute  potent i a l 
u nconvent i ona l  sourc es of  h az ardous proces s  upsets  or fug i t i ve 
emi ss i on s  and requ i re spec i a l  cons i d erat i on i n  th e des i gn of s afety 
re l i ef l i n es and s afety v a l ves . l 9  

A major haz ard to operators and ma i ntenance work ers i n  d i rect  
coa l  l i qu efact i on p l ants i s  the  h i gh l eve l  of ma i ntenance requ i red to  
assure  operat i on of s l urry-c arry i n g  proces s equ i pment .  The n eces s i ty 
for frequent  d i s as semb l y  and reas semb l y  of th i s  equ i pment can expose  
th es e  work ers exces s i ve ly  to h i gh ly carc i nogen i c  s l u rry s treams . 
Ma i ntenance  work ers i nvo l ved i n  p l ant turnarounds  or i n  act i v i t i es 
fo l l ow i n g  p l ant s h utdown after proces s fa i l ures or catastroph es cou l d  
rece i v e  subs tant i a l  expos ure to such s treams . 

Th e s evera l  preced i ng potent i a l  hazards for coa l l i quefac t i on 
proces s es have been s ummar i z ed i n  Tab l e  3 . 

Soc i et a l  and Env i ronmenta l Concerns Potent i a l r i sks  to soc i ety and 
to the tota l  en v i ronmenta l system assoc i ated w i th the  d i rect  
l i quefact i on of coa l w i l l  b e  s i m i l ar to those  d escr i b ed for coa l 
gas i f i cat i on fac i l i t i es .  

1 6d e  George ,  op . c i t .  

1 7 JRB  As soc i ates , o p .  c i t . , Vo l . I , p .  3 . 

1 8McGee , op . c i t .  

1 9d e George � op . c i t .  
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TABLE  3 Po tent i a l  Occ u pa ti o na l  Ha zards i n  Coa l L i quefact i o n  Pl a nts 

Sys tem , Un i t Opera t i o n , 
o r  U n i t Process  

Coa l - ha ndl i ng a nd prepa ra t i o n  
sys tem 

L i quefac t i o n  sys tem 

Sepa ra ti on  sys tem a nd 
upgrad i ng  a nd ga s pur i fi cat i o n  

S h i ft convers i o� 

Fi s c her-Tropscg o r  metha no l 
syn thes i s  u n i t- . 

Was te- trea tmen t fac i l i ti es 

�I nd i rec t l i quefac t i o n . 

Pote n ti a l  
Ha za rds 

Coa l d u s t , no i s e , fi re , expl os i on , a s phyx i a  ( n i tro gen a nd ca rbo n  
mo nox i de ) , ga ses , burns 

Phenol s ,  ammo ni a ,  ta rs , th i ocya na tes , PAHs , ca rbo n  monox i de ,  
hydro gen s u l fi de ,  hydrocarbo ns , fi res , exp l o s i ons , burns , 
h i gh pres s ure , no i se ,  a s h , s l a g ,  mi nera l res i du es , pri ma ry 
a roma t i c ami nes 

Same as a bove 

Ta r ,  na phtha , hydro gen cya n i de ,  fi re , ca ta l ys t  dus t , burns , ho t 
gases  ( ca rbon monox i de ,  hydro gen )  

Ca rbo n  mo nox i de , metha ne , n i c kel  carbo nyl , s pent  ca ta l ys t  dus t ,  
fi re , burns 

Hydrogen cya n i de ,  pheno l s ,  ammo ni a , parti c u l a tes , hydroca rbon 
va pors , s l udges , s pe nt cata l ys ts , s u l fu r ,  thi ocya na tes , ta rs 

NOTE : Occupa ti o na l  Sa fety a nd Hea l th  Admi n i s tra ti on  (OSHA ) ha s s ta nda rds for vari ous  c h emi ca l s tha t 
have been i dent i fi ed i n  the proces s  s treams o f  coal  l i quefa c ti o n  pi l ot pl a nts . Ex po s u re l i mi ts 
ha ve been es tabl i s hed for i nd i v i dua l  chemi ca l s .  I n  mos t  cases , the s u bs tances  pres ent  i n  coa l 
l i quefac t i o n  pl a nts wi l l  be compl ex mi xtures o f  these a nd o ther compou nds . 

SOURCE : JRB As soc i a tes , N I OSH  Occ upa t i ona l  Ha zard As s es sme n t : Coa l L i quefa c ti o n , Vo l . I I , prepa red 
fo r Na t i ona l  I ns t i tute fo r Occ u pa t i o na l  Sa fety a nd Hea l th , U . S .  Depa rtment of Hea l th a nd H uma n  
Serv i ces ( Wa s h i ngto n , D . C . : U . S .  Government  Pri nt i n g  Offi ce ,  Ma rc h 1 981 ) , p .  1 3 , mod i fi ed here 
by the  Commi ttee . 
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Sha l e Oi l  Recovery Process es 

Occupat i on a l  Safety Concerns 

Mi n i ng The s i mi l ar i ty of o i l s ha l e open -p i t  and underground mi n i ng 
to convent i on a l  m i n i ng i ndus tr i es ( coa l , tron a ,  s a l t )  mak e i t  
pos s i b l e t o  proj ect l i k e ly  occupat i on a l  s afety r i s k s . Dur i ng  m i n i n g ,  
acc i dent s  can  res u l t  from e l ectrocut i on , exp l os i on s  and f i res , rock 
and roof fa l l s ,  bumps , f a l l s ,  h eavy m i n i ng equ i pment , v eh i cu l ar 
traff i c ,  and f l ood i ng .  M i n i ng i s  a h i gh -r i s k occupat i on ( i n  1 9 78 , 
fata l i ty rates were s ev en t imes h i gher i n  m i n i ng and quarry i n g  than 
i n  manufactur i ng ,  and the  d i s ab i l i ty i nj u ry rates were tw i c e  as 
h i gh ) . 20 An exami nat i on of acc i d ent  reports comp i l ed by the M i n e  
Safety and Hea l th Admi ns trat i on between 1 979 and 1 980 i nd i cated that 
the acc i dent rate i n  underground o i l s ha l e m i n es was 90 percent 
h i gher th an th at of other nonmeta l  mi n i ng operat i on s . 2 1 Yet , i t  
shou l d  b e  noted that the l im i ted stat i st i ca l  data  bas e i s  i n adequate 
for purpos es of re l i ab l y  pred i ct i ng future performance of an o i l 
sha l e i ndustry .  Fu rthermore , s urface m i n i ng operat i ons are 
con s i dered to be two to three t i mes l es s  d angerous than underground 
operat i ons . 22 

Neverthe l es s , some aspects of o i l s h a l e underground m i n i ng 
d i ffer from other mi n i ng .  Wh i l e some m i nes u s e  l arge open i ngs  and 
h i gh extract i on rates and some operate under gassy cond i t i ons , on l y  
o i l s h a l e m i nes and some s a l t m i n es operate under a l l three 
cond i t i ons  s imu l tan eous l y . 23 Th i s  comb i n at i on m i ght  present  novel  
s afety hazards as yet unknown to th e m i n i ng i ndustry .  For examp l e ,  
t he  s i z e o f  d i ese l -powered equ i pment u s ed i n  o i l s ha l e  m i nes ,  when 

20 I WG Corporat i on and the  Center for En v i ronmenta l  Sc i ences , 
Un i v ers i ty of Co l orado , op . c i t . , p .  6 - 1 5 . 

2 1  Kay Krei s e ,  " Inj ury Exper i ence  i n  Nonmeta 1 1  i c  M i n i ng , " paper 
pres ented at  th e Fou rth Annu a l  Rocky Mounta i n  Center for Occupat i on a l  
and Env i ronmenta l  Hea l th ( RMCOEH ) ,  Occupat i on a l  and Env i ronment a l  
Hea l th Conference : Hea l th I s su es Re l ated t o  Met a l  and Nonmeta l l i c 
M i n i ng ,  Park C i ty ,  Ut ah , Apr i l 1 982  ( i n  pres s ) .  

22 IWG Corporat i on and th e Center for Env i ronmenta l  Sc i ences , 
Un i vers i ty of Co l orado , op . c i t . , p .  6 - 1 5 . 

23p .  A .  Ru t l edge ,  "M i n i ng Prob l ems Un i que  to O i l Sh a l e , " paper 
pres ented at commi ttee ' s  Work s hop on Synthet i c  Fue l s Fac i l i t i es 
Safety , La Jo l l a , Ca l i forn i a , January 1 982 ( s ee Append i x ,  Paper N ) . 
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th ey reach commerc i a l sca l es of operat i on ,  w i l l  be s evera l t i mes 
l arger than those  c urren t l y  ava i l ab l e .  I t  may not be  poss i b l e s imp l y  
t o  sca l e u p  th e temperature contro l s ,  f l ame arrestors , and emi s s i on 
contro l s from t he  sma l l er u n i ts . I f  l eak s were to  occur due  to 
i n effect i v e po l l u t i on contro l dev i ces , espec i a l l y  i n  gaseou s  mi n es ,  
exp l os i ons  and f i res m i ght resu l t . Moreover ,  d ue  to th e· s i z e of th e 
mi n i ng operat i on s , v ery l arge  i nv en tor i es of exp l os i v es w i l l  be 
s tock p i l ed or manufactured on s i te and emp l oyed . Un l es s  proper l y  
contro l l ed ,  the i r pres enc e  mi ght l ead t o  techn i ca l  d etonat i on 
prob l ems d ur i ng u s e  wh i ch wou l d  exacerbate th e curren t l y  l ow l eve l  of 
r i s k  assoc i ated w i th the  u s e  of exp l os i ves i n  conven t i ona l m i n i ng .  
I n  add i t i on ,  th ere i s  a l so concern for roof and p i l l ar s tructura l  
i nt egr i ty under the  ass au l t  of nearby mas s i ve u s e  of exp l os i ves . 

Un derground m i n i ng ,  i n  conj unct i on w i th M I S  retort i n g ,  m i ght  
expos e m i n ers to s afety r i s k s  not exper i enced i n  oth er underground 
m i n i ng act i v i t i es . 24 For examp l e ,  th e i ncreas ed potent i a l for 
exp l os i on s  and f i re from the burn i ng of retorts underground wh i l e  
operat i ons  cont i nu e  i n  another part of th e m i n e  cou l d  mak e th i s  
approach part i cu l ar l y  haz ardou s to th e s afety of the  work er ; recent  
stat i st i cs ,  b a sed on i ndustry-w i de acc i dent  rates , s uggest that th i s  
concern i s  l i k el y to  b e  v a l i d . 25 For examp l e ,  a major s afety i s s u e  
of th e M I S  proces s i s  the  pos s i b i l i ty that g a s  from the  retort cou l d  
l eak i nto th e m i n e  i f  th e n egat i ve pres sure sys tem on a retort 
ma l funct i ons . A gas l eak from an act i v e  retort cou l d  present an 
acute tox i c i ty h az ard or cou l d  be c atastroph i c  i f  i t  were to spread 
to an area of the  m i n e  be i ng  deve l oped w i th exp l os i ves . 

Retort i ng and Ref i n i ng Because  fu l l -sc a l e ,  commerc i a l o i l s h a l e 
retort i ng i s  a n ew techno l ogy i n  the  Un i ted States and has  on l y  been 
operated at t he  p i l ot t es t  s t age ,  no data  on acc i dent s t at i s t i cs are 
av a i l ab l e .  However , t h e  acc i den t rate  i s  expected t o  be  comparab l e  
to that  of an i ndustry tn at u s es s i mi l ar techno l ogy ( for examp l e ,  
l i mes tone ca l c i n i ng ,  roas t i ng o f  tacon i te and copper ores , and 
conven t i on a l  petro l eum ref i n i ng ) . 26 

24Sk e l l y  and Low , Eng i neers and Consu l tants , R&D Needs  for O i l 
Sh a l e Mi n i n  and Hea l th /Safety Techno l o  y :  F 1 na l Report (Wash i ngton , 

• •  Department  o En ergy , June 980 , p .  

25 IWG Corporat i on and th e Center for Env i ronmenta l  Sc i ences , 
Un i v ers i ty of Co l orado , op . c i t . , p .  6 -22 . 

26 IWG Corporat i on and the  Center for Env i ronment a l  Sc i ences , 
Un i vers i ty of Co l orado , op . c i t . , p .  6-23 . 
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Occupat i ona l  Hea l th Concerns27  

Mi n i ng Sev era l  potent i a l h ea l th haz ards m i ght be  as soc i ated w i th th e 
mi n i n g  of o i l s ha l e :  ( 1 ) l ung  d i s eas e resu l t i ng from th e i nha l at i on 
of o i l s ha l e  d u st  gen erated from b l as t i n g , dr i l l i ng ,  and v eh i c l e  
traff i c ;  ( 2 )  sk i n  d i s eas e and co l on and resp i ratory cancers  res u l t i ng 
from carc i nogen s  and trace e l ements that m i ght b e  produced i n  m i n i ng ;  
and ( 3 ) l os s  of hear i n g  and poten t i a l  n euro l og i c a l  damage caused by 
exc es s i ve l eve l s of no i se and body v i brat i on s  as a resu l t  of 
dr i l l i ng ,  b l as t i ng ,  and veh i c l e  traff i c  at the m i n e  s i te .  Thes e 
hazards cou l d  pose s u bstant i a l l y  greater r i sks  to underground o i l 
sha l e m i ners  than to those i nvo l ved i n  s u rface  operat i ons . Hea l th 
prob l ems caused by m i n i ng act i v i t i es ,  un l i k e  i nj ur i es caused by 
s afety prob l ems ,  can tak e much l onger to become man i fes t ( somet imes 
over 20 years ) .  

L i m i ted ep i demi o l og i ca l  s t ud i es of domest i c  o i l s h a l e  exper i ence  
have  i d ent i f i ed a h i gh er than norma l i nc i dence of res p i ratory canc er 
and c ancer of th e co l on . 28 However , a corre l at i on of the  cancer 
i nc i dence w i th o i l s h a l e occupat i ona l expos ures was confounded by 
smok i ng ,  w i th wh i ch th ere was a pos i t i v e  corre l at i on , 29 and by the  
pas t u ran i um-mi n i ng exper i ence of many of the  work ers . Cas e-contro l  
fo l l ow-u p  stud i es o f  t h e  exc es s  co l on cancer i nc i dence have  not been 
performed . Thes e domes t i c  stud i es have shown a pos i t i ve correl at i on 

27For a d eta i l ed d i scuss i on of the  tox i co l og i ca l  s afety i s s ues 
assoc i ated w i th o i l s ha l e recovery , see the fo l l ow i n g : A .  M .  Kap l an ,  
" U .  S .  O i l Sh a l e Industry : Hea l th and Env i ronmenta l  Effects , "  paper 
pres ented at the  commi ttee ' s  Work shop on Synthet i c  Fuel s Fac i l i t i es 
Safety , La Jo l l a ,  Ca l i forn i a ,  January 1 982 ( s ee Append i x ,  Paper G ) ; 
L .  M .  Ho l l and , " Hea l th Effects  of Oi l  Sha l e Deve l opment , " paper 
pres ented at the  commi ttee ' s  Work shop on Synthet i c  Fuel s Fac i l i t i es 
Safety , La Jo l l a ,  Ca l i forn i a ,  January 1 982 ( s ee Append i x ,  Paper F ) ; 
B .  C .  McKu s i ck ,  " Tox i co l og k a l  Safety I s s ues , •• mater i a l  prepared for 
the  Energy Eng i neer i ng  Board ' s  Commi ttee on Synth et i c  Fuel s 
Fac i l i t i es Safety , Febru ary 1 982 . 

28J .  Costel l o ,  " N I OSH Stud i es of O i  1 Sh a l e Work ers , •• paper 
pres ented at th e Fourth Annu a l  Rocky Mounta i n  Center for Occupat i ona l  
and Env i ronmenta l Hea l th ( RMCOEH ) Occupat i on a l  a nd  Env i ronmenta l 
Hea l th Conference : Hea l th I s s ues Rel ated to  Meta l  and Nonmeta l l i c 
Mi n i ng ,  Park C i ty ,  Ut ah ,  Apr i l 1 982  ( i n  press ) .  

29J .  Coste l l o ,  " Retros pect i ve Morta l i ty Study of Oi l  Sha l e Work ers 
1 948- 1 97 7 , "  Th i rteenth Oi l  Sha l e  Sympos i um Proceed i ngs ( Go l den , 
Co l orado : The Co l orado Schoo l of Mi n es Pres s , Apr i l  1 980 ) , pp . 
369-379 . 
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of ac t i n i c  k eratos es to o i l s h a l e work er exposures . 30 L i m i ted 
med i c a l  stud i es of o i l s h a l e work ers h ave  i dent i f i ed th e ex i st enc e of 
pn eumocon i oses i n  s ome wh i ch are rad i ograph i c a l l y  d i s t i nct  from 
s i l i cos i s  and coa l work ers • pn eumocon i os i s . 3 1 In  nondomes t i c  o i l 
s h a l e  exper i ence stud i es ,  the  Ins t i tu te  of Occupat i on a l  Med i c i ne i n  
Ed i nburgh i s  now pursu i ng stud i es of occupat i on a l  hea l th effects 
assoc i ated w i tn th e now -defunct  Scott i s h o i l sh a l e i ndustry .  Thos e 
efforts ,  s ponsored i n  part by tne  Department  of Energy , w i l l  fo l l ow 
u p  recent l y  repart ee pre l im i n ary stud i es of res p i ratory cancer i n  a 
l i m i ted n umber of ex -work ers . 32 

I t  i s  i mportant to note that res p i ratory i l l n ess es are common to 
mi n ers throughout  the wor l d .  Green R i v er o i l s h a l e conta i n s  a h i gh 
percentage  of s i l i con d i ox i de ( approx i mate ly  1 2  percent ) ,  and the  
d i s ab l i ng l ung  d i s ease  s i l i cos i s  cou l d  be  caused by  the i nh a l at i on of 
free s i l i ca . 33 Th e potent i a l for d u s t - i nduced f i broses or for 
synerg i st i c  expos ure  effects  on the o i l s ha l e work er from o i l s ha l e  
dust  and d i ese l  exh aust  products  h a s  not been fu l l y  d eterm i n ed .  

Les s i s  known about  the  poss i b l e  exposure to carc i nogen s  and 
trace e l ements  i n  o i l s h a l e m i n i ng .  Al though some of the  mater i a l s  
produced dur i ng the  mi n i ng of o i l sh a l e have  been l i nked to sk i n  
d i s ease ,  many more data  are need ed to r each conc l us i ve res u l ts .  

No i s e ,  wh i l e  a potent i a l  s afety prob l em ,  i s  not uncommon i n  
oth er m i n i ng operat i ons . However , uncert a i nt i es ex i s t about wh ether 
the  unusu a l  s i z e of th e o i l s h a l e mi n i ng operat i on s , cou p l ed w i th the 
use of percuss i v e d r i l l s ,  pumps , t urb i nes , b l owers , and l arge p i eces 
of d i es e l  equ i pment , w i l l  resu l t  i n  excess i ve no i s e exposu res for 
m i n ers . 

Retort i ng and Ref i n i n9 Product i on of haz ardou s mater i a l s  d ur i ng o i l 
s h a l e retort i ng depen s i n  l arge measure  on the  effect i ve retort 

30J .  Coste l l o , M. D. Attf i el d ,  J .  A. Burkhart , et a l . ,  "Morb i d i ty 
Study of Oi l  Sh a l e  Work ers Emp l oyed at An v i l Po i nts , Co l orado ,  Duri ng 
1 948-69 , " ( to  be  pu b l i s hed ) .  

3 l w . E . Wr i gh t  and W .  N .  Rom , "A  Prel im i n ary Report : I nves t i g at i on 
for Sh a l os i s  Among  Oi l  Sh a l e Work ers , "  Ch apter 34 i n  Hea l th 
Imp l i cat i ons  of New Energy Techno l og i es ( Ann  Arbor , Mi chi gan : Ann 
Arbor Sc i ence ,  1980) . 

32A . Seaton , D .  Lamb , W .  Rh i ng Drown , et a l . ,  " Pn eumocon i os i s  of 
Sha l e  M i n ers , "  Thorax , Vo l .  36 ( 1 98 1 ) ,  pp . 4 1 2-4 1 8 .  

33 IWG  Corporat i on and the  Center for Env i ronmenta l  Sc i ences , 
Un i v ers i ty of Co l orado , op . c i t . , p . 6 -7 . 

Copyright © National Academy of Sciences. All rights reserved.

Safety Issues Related to Synthetic Fuels Facilities
http://www.nap.edu/catalog.php?record_id=19584

http://www.nap.edu/catalog.php?record_id=19584


41 

temperature . 34 Hotter retort t emperatures produce h i gher y i el ds  of 
gas and cok e ,  PAHs , and trace el ements  than those  produced at  l ower 
temperatures . Many PAHs have  been s hown to be c arc i nogen i c .  The 
amount  of potent i a l l y  carc i nogen i c  mater i a l  the work er mi ght be  
exposed to d epends in  part on the  d es i gn of th e retort . 

Spent s h a l e w i l l  b e  gen erated dur i ng the retort i ng operat i on of 
any o i l s h a l e fac i l i ty .  Trace  e l ements ,  i nc l ud i ng h eavy meta l s ,  are 
expected to be  present i n  the spent sna l e .  Un l es s  proper l y  managed , 
the  h and l i ng of  s pent s h a l e m i ght pos e h az ardous derma l or 
res p i ratory exposures to potent i a l l y  tox i c  PAHs and h eteroatomi c  
organ i cs o r  s 1 l i caceous m i n era l s .  

Th e l eve l  of r i sk i s  expected to be h i gher for retort i ng work 
and i ts as soc i ated act i v i t i es than for th e ref i n i ng of s ha l e o i l .  
The h ea l th -rel ated prob l ems assoc i ated w i th s h a l e o i l ref i n i ng shou l d  
b e  comparab l e  t o  those found i n  conven t i on a l  petro l eum ref i n i ng . 

Decommi ss i on i ng of Fac i l i ty Once an o i l s h a l e fac i l i ty has  ceased 
operation s ,  appropri ate caretak i ng w i l l  be requ i red to mon i tor 
abandon ed M I S  retorts , s pent  s h a l e waste p i l es ,  and rec l amat i on 
s i tes . Ma i ntenance work ers i nvo l ved i n  thes e  tas k s  may be  expos ed to 
yet undef i ned h ea l th r i s k s  wh i ch s hou l d  be  i dent i f i ed and mon i tored . 

Soc i et a l  and Env i ronmenta l  Concerns 

A n umber of th e a i r  po l l utants th at m i gh t  be generated are 
resp i ratory i rr i tants , and oth ers such as part i cu l ates m i ght conta i n  
PAHs and c an b e  c arc i nogen i c .  Qu a l i tat i ve ly ,  the  a i r  po l l ut i on 
concerns  for su l fu r - or n i trogen -compound emi s s i on s  are the s ame as 
for other synfue l s .  Leachates from aboveground d i s posa l  areas and 
burned -out i n  s i tu retorts cou l d ,  un l es s  proper ly  mon i tored and 
contro l l ed ,-rncrease  th e concentrat i ons  of d i s so l v ed so l i ds i n  parts 
of the Co l orado R i v er and a l so cou l d  po l l ute  surfac e  water and 
aqu i fers th at are major sources of dr i nk i ng water . In  add i t i on ,  
w i l d l i fe resources of the area w i l l  b e  affected w i thout proper 
precaut i ons , and the topography of the l and w i l l  b e  a l tered . 

APPROACHES TO R I SK REDUCT I ON 

The fo l l ow i ng are some of  the  approaches wh i ch s hou l d  b e  u s ed dur i ng 
the deve l opment of a synthet i c  fuel s i ndustry to reduce  s afety ,  
h ea l th ,  and env i ronmenta l  r i s k s : carefu l s i te s e l ect i on t o  m i n i m i z e  

34p .  A .  Boguvsk i ,  " Carc i nogen i c  Substances i n  Es ton i an Oi l Sh a l e 
Industry , " 1 6th Internat i on a l  Congres s of Occupat i on a l  Hea l th ,  1 976 , 
p .  658 . 
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effects on the tot a l  env i ronmenta l  system ; the des i gn and ma i ntenance 
of s afe  work i ng cond i t i on s ; th e se l ect i on of proces s and  po l l ut i on 
con tro l t echno l og i es and strateg i es to reduce th e re l eas e of a i rborn e 
em i s s i on s , aq u eous  eff l u ents , and so l i d  wastes ; th e i n st i tut i on of 
i ndustr i a l  hyg i ene  and work er tra i n i ng programs ; hea l th s u rvei l l ance ,  
i nc l ud i ng expos ure  mon i tor i n g  and record k eep i ng ; and emergency p l ans 
and procedures . Wh i l e  th es e  approaches are common e l ements of mos t 
i ndustr i a l  operat i ons , methods for reduc i ng r i s k  i n  synfue l s 
fac i l i t i es w i l l  n eces s ar i ly  v ary bec au se  of s i te-spec i f i c ,  
techno l ogy-spec i f i c ,  and mater i a l -spec i f i c  d i fferences . Spec i f i c  
pract i ces emp l oyed o �  propos ed t o  m i n i m i z e  potent i a l  h az ards 
assoc i ated w i th coa l  convers i on and sh a l e  o i l recovery fac i l i t i es are 
noted be l ow .  

Proj ect S i t i ng Cons i derat i on s  

Synfue l s fac i l i ty s i t i ng i s  s i m i l ar t o  other i ndustr i a l  fac i l i ty 
s i t i ng i n  that once the  b as i c  s i te requ i rements h ave  been d ef i n ed 
( th at i s ,  p l ant product i on rat e ,  raw mater i a l s ,  market , proces s 
techno l ogy , potent i a l em i s s i on s  l eve l s } ,  the  actu a l  s i te s e l ect i on 
s tudy i s  undertak en . Su ch a s tudy rev i ews a l l i dent i f i ed potent i a l  
s i tes , ev a l u at i ng each aga i n st common cr i ter i a i n  order to i dent i fy 
the  mos t  s u i tab l e  l ocat i on .  Of cr i t i c a l  i mportance to synfu el s p l ant 
s i t i ng are those cr i ter i a that re l ate to t he  contro l of a i r  
emi s s i on s , aqu eous eff l u ent s ,  h azardou s substances , l eachate from 
m i n es and was te  p i l es ,  and so  forth . Methods curren t l y  undertak en by 
deve l opers pr i or to and dur i ng  the  s i t i ng proces s to avo i d  or 
m i n i m i ze  potent i a l env i ronmenta l  and s afety h az ards are noted i n  
d et a i l i n  t he  Append i x . 35  

35For a more thorough d i scus s i on of con s i derat i ons  i nvo l ved i n  the  
s i t i ng of synthet i c  fue l s fac i l i t i es ,  s ee :  A .  D .  Benz , "Synthet i c  
Fu e l s Fac i l i ty Safety P l ant S i t i ng Cons i derat i ons , " paper presented 
at  the  commi ttee ' s  Work shop on Synthet i c  Fu e l s Fac i l i t i es Safety , La 
Jo l l a ,  Ca l i forn i a ,  January 1 982 ( s ee Append i x ,  Pa per A } ;  P .  A .  
Ru t l edge ,  "O i l Sn a l e Fac i l i t i es S i t i n g :  Geo l og i c  and En v i ronmenta l  
Cons i derat i ons , "  paper pres ented at the  commi ttee ' s  Work snop on 
Synthet i c  Fu e l s Fac i l i t i es Safety , La Jo l l a , Ca l i forn i a , January 1 982 
( s ee Append i x ,  Paper 0 } ; and B .  Brodfe l d ,  " En v i ronmenta l  Regu l at i ons 
i n  Re l at i on to the Synfu el s Industry , " paper presented at the 
commi ttee ' s  Work shop on Synthet i c  Fu e l s Fac i l i t i es Safety , La Jo l l a ,  
Ca l i forn i a ,  January 1 982 ( s ee Append i x ,  Paper B ) . 
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P l ant  Des i gn and Ma i ntenance Procedures 

The s eparat i on of major p l ant  operat i ng areas , the u s e  of 
noncombust i b l e mater i a l s  i n  construct i on ,  the i mp l ementat i on of 
s afety-ori ented i ns truments  and contro l s ,  and the undertak i ng of 
rou t i n e  meta l l urg i ca l  i ns pect i ons  are j u s t  a few eng i neer i n g  contro l s  
and prac t i ces that can  m i n i mi z e  s afety hazards i n synfue l s 
fac i l i t i es . 36 Spec i f i c  pract i ces for reduc i ng f i res and 
exp l os i on s , for prevent i ng l eak s ,  and for l i m i t i ng worker exposure  to 
h azardous gas es , l i qu i ds ,  and s o l i ds i n  coa l convers i on fac i l i t i es 
are h i gh l i ghted i n  the  Append i x  i n  Pos i t i on Papers E and J .  Many of 
th es e  approaches are b as ed on exper i ence  g a i n ed i n  o i l ref i ner i es and 
coa l -f i red power p l ants . 

Comparab l e  d es i gn and ma i nten ance pract i ces are a l so emp l oyed or 
propos ed for l i m i t i ng r i s k s  that m i ght occur  dur i ng  sh a l e o i l 
recovery operat i ons . For examp l e ,  some d es i gn and ma i ntenance 
features for s afe m i n i ng operat i ons  i nc l ude :  the use of standard 
s afety apparatus es for the p l ant ( s uch as  gu ard r a i l s  or warn i ng 
s i gn s ) and for th e work er ( s uch as res p i ratory and hear i ng  protect i on 
dev i ces and  protect i ve c l oth i ng ,  footwear , g l oves , and h ard hats ) ;  
we l l -ma i nta i n ed m i n i ng equ i pment ; adherence  to s afety regu l at i on s  and 
sound s afety pract i ces ( for i n s tance ,  th e u s e  of exp l os i on -proof 
e l ec tr i ca l systems ) ;  tra i n i ng the new work er and prov i d i ng refresher 
courses for work ers throughout the i r careers ; and dev el op i ng 
effect i v e face ven t i l at i on systems for l arge m i n e  open i ngs . 

In add i t i on ,  precaut i ons  can  be  taken i n  the  des i gn phas e to 
protect the fac i l i ty and work er from damage that m i ght be caused by a 
n atura l  d i s as ter or s abotage .  By fo l l ow i ng  construct i on codes that 
cons i der wors t -c ase pos s i b i l i t i es to determi ne  what w i nd l oads and 
earthquak e s ev er i t i es must  be  w i thstood dur i ng p l ant operat i on a l  
l i fe ,  devel opers c a n  overbu i l d the i r fac i l i t i es t o  m i n im i z e  s afety 
hazards from s uch sources . 37 Al so , standard s ecur i ty procedures 
( for examp l e ,  a cha i n - l i nk per imet er fence w i th l i m i ted access  
po i nts , s ecur i ty gu ards  s tat i oned at acces s  po i nts , i ntrus i on 
detect i on equ i pment , emp l oyee tra i n i n g programs ) can ass i s t i n  
l im i t i ng the  potent i a l for s abotage . 38 To protect aga i ns t  damage 

36J . A. Rob i nson , " Property Loss  Prev ent i on Cr i t er i a as Appl i ed to 
Coa l  Gas i f i cat i on Proj ects , •• paper presented at a conference on the 
Prev en t i on of F i re and Exp l os i on s  i n  the Hydrocarbon Industr i es ,  
s ponsored by the In s t i tute  of Gas Techno l ogy , Ch i cago , I l l i no i s ,  June  
7 , 1 9 79 .  

37de  George ,  op . c i t .  

38 Ib 1 d .  
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or d i srupt i on of operat i ons  from l i ghtn i ng ,  th e t a l l es t  process 
equ i pment c an be  enc l os ed i n  a s t ee l  framework and grounded . 39 
Carefu l s i t i ng pract i c es ,  a s  prev i ou s l y  noted , c an a l so be  effect i ve 
i n  avo i d i ng and contro l l i ng i mpacts th at m i ght res u l t  from 
catastroph i c  events . 

Po l l ut i on Contro l Techno l og i es and Strateg i es 

Th e amounts  of po l l utants  u l t i mate l y  emi tted from synfue l s fac i l i t i es 
w i l l  d epend on the  effect i venes s  of th e contro l methods u s ed to meet 
en v i ronment a l  regu l at i on s . Deve l opers p l an ,  when ever pos s i b l e ,  to 
emp l oy contro l methods tested i n  ana l ogous commerc i a l -sca l e  energy 
convers i on fac i l i t i es .  Yet , a number of character i st i cs of the 
potent i a l synfue l s i ndustry requ i re extrapo l at i ng contro l measures 
beyond th e present l eve l s of k now l edge .  Thes e  i n c l ud e :  the expected 
sca l e  of operat i on s , th e phys i ca l  ch aracter i s t i cs  of the  coa l  and 
s h a l e ,  the  n ature of the waste  s treams , and areas where techno l ogy 
extens i ons  have  occurred . 

Spec i f i c a l l y ,  one of th e most  s i gn i f i cant ques t i ons  fac i ng the  
des i gners  of coa l convers i on fac i l i t i es i s  the effect i v enes s  and 
re l i ab i l i ty of waste-water treatment sys tems . 40 Ind i v i du a l  
treatment techno l og i es such  as  so l ven t  extract i on ,  s team str i pp i ng ,  
and b i o l og i c a l  o x i d at i on are commerc i a l l y  ava i l ab l e .  Many of the  
commerc i a l l y  ava i l ab l e  dev i c es have  b een found  to prov i de an adequate 
degree of contro l , but few have b een operated commerc i a l l y  w i th waste 
waters from s uch fac i l i t i es . 4 1  

Uncerta i nt i es a l so ex i st w i th respect  t o  t he  hand l i ng o f  s o l i d  
wast es from nonpo i n t sources ( s uch  a s  l eachates } from o i l s h a l e 
fac i l i t i es .  Tn e eff i cac i es of contro l s trateg i es aft er s i te 
abandonment are even l es s  certa i n ,  but  th i s  prob l em i s  not un i qu e  to 
synthet i c  fue l s p l ants . Long -term mon i tor i ng and custod i a l  care may 
b e  requ i red to as sure  th at contam i n ants  are not re l eased from 
c atchmen t  b as i n s ,  for examp l e ,  as a res u l t  of d am f a i l ure  or 
extraord i n ar i l y  heavy ra i nfa l l or snowfa l l ,  dur i ng  the l i fe or after 
s hutdown of synfue l s p l an ts . Neverthel es s ,  contro l techno l og i es and 
s trateg i es appear to be fa i r l y  wel l deve l oped , and shou l d  be 
adaptab l e to the  f i rst -g enerat i on synfue l s p l ant s . 

39McGee , o p .  c i t .  

40corbett , Thomas , Re i ch l , op . c i t .  

4 1 Ib i d .  
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Hea l th Su rvei l l ance and  Exposure Mon i tor i n g  

The s afety programs assoc i ated w i th synthet i c  fue l s fac i l i t i es wi l l  
i nc l ude  med i ca l  s urve i l l ance of workers i n  order to l i mi t any adverse 
hea l th effects . Norma l l y ,  survei l l ance i nvo l ves prep l acement , 
per i od i c ,  and term i n at i on exam i n at i on s . Such exams u s u a l l y  i nc l ude  
gather i ng  i nformat i on on work h i s tor i es ,  wh i ch are i mportant s i nce  
past exposures may pred i spos e the  worker to  adverse  effects . 42 
Exposu re mon i tori ng  i s  u s ed to determ i n e  whether work er exposure to 
chemi ca l  and phys i ca l  h azards i s  w i th i n  th e l i m i ts s et by the  
Occupat i on a l  Safety and  Hea l th Admi n i strat i on ( OSHA ) and  other 
standards -s ett i ng agenc i es ,  and whether correct i v e  measures are 
needed . However , no exposure l i mi ts  have been estab l i s hed for many 
s ubstances that may contami nate the work p l ace i n  coa l convers i on and 
sha l e o i l fac i l i t i es . 43 Curren t l y ,  th e programs i mp l emented i n  
d i fferent synthet i c  fue l s fac i l i t i es vary i n  regard to both i nput  and 
output data and i n  the i r approaches to record k eep i ng .  Th e 
feas i b i l i ty of and potent i a l  des i gns for an i ndustry-w i de  o i l sha l e 
work er reg i stry for ep i demi o l ogy stud i es are curren t l y  under 
d i scus s i on by some state and federa l government agenc i es ,  the 
Amer i c an Petro l eum I n st i tute ,  and some o i l compan i es .  The u s e  of 
advanced med i ca l  survei l l ance techn i qu es s uch as b l ood or ur i n e  
as s ays for mutagen i c  mater i a l s o r  th ei r metabo l i tes o r  for ear ly 
b i o l og i ca l  effects s uch as  l eukocyte chromosoma l aberrat i on s  or 
s i s ter ch romat i d  exchange requ i res further research . 44 But thes e  
c a n  i n  some cas es prov i de a bas i s  for ear l y  i nd i cat i on of 
genotox i c i ty h azards to work ers . 45 Al so , th e phys i o l og i c a l  or 
rad i o l og i ca l  cr i ter i a for determ i n i n g the ons et and stages of 
pn eumocon i oses for o i l s h a l e m i ners mu s t  be  def i ned .  

Emergency P l ans and Procedures 

Deve l opers of synthet i c  fue l s fac i l i t i es ,  l i k e  other i ndustr i a l  
operators , mus t  deve l op emergency p l an s and procedures for f i res , 
exp l os i ons , and rescues . Such p l ans es tab l i sh l i nes of 

42JRB As soc i ates , ( Vo l . I ) ,  op . c i t . , p .  6 . 

43 Ib i d . 

44s .  J .  Dabney ,  " The  Ro l e  of Human Genet i c  Mon i tor i ng i n  the 
Workp l ac e , " Journ a l  of Occupat i on a l  Med i c i n e ,  Vo l . 30 , No . 9 ( 1 98 1 ) ,  
pp . 626-63 1 .  

45J .  D .  Fabr i cant and M .  S .  Legator , " Et i o l ogy ,  Ro l e , and Detect i on 
of Chromosoma l Aberrat i on s  i n  Man , .. Journ a l  of Occupat i on a l  Med i c i ne ,  
Vo l .  23 , No . 9 ( 1 98 1 ) ,  pp . 6 1 7 -625 . 

Copyright © National Academy of Sciences. All rights reserved.

Safety Issues Related to Synthetic Fuels Facilities
http://www.nap.edu/catalog.php?record_id=19584

http://www.nap.edu/catalog.php?record_id=19584


46 

respons i b i l i ty and mak e i t  c l ear to personnel  where they shou l d  be 
and how th ey s hou l d  act i n  the  event of a major process upset or 
n atura l  d i s as ter46 . The aftereffects of a n atura l d i s aster or 
s abotage can be hand l ed by procedures s i mi l ar to thos e that wou l d  be  
u s ed s hou l d  a catastroph i c  equ i pment fa i l u re res u l t  from a process 
ma l funct i on . 4 7 E l aborate s afety s hu tdown s i gn a l s and i so l at i on 
capab i l i t i es are typ i c a l l y  prov i ded w i th i n  petro l eum ref i n er i es and 
shou l d  be s im i l ar l y  prov i ded w i th i n  commerc i a l -sca l e synfue l s 
fac i l i t i es . 48 

EFFECT I VENESS OF METHODS TO M I N IM I Z E  SAFETY R I SKS UNDER NORMAL 
AND CATASTROPH I C COND I T IONS 

P i l ot p l ant operat i ng exper i ence to d ate i nd i cates that  certa i n  
s i t i ng pract i ces , eng i neer i ng  contro l s ,  po l l u t i on contro l techn i ques , 
and work er s afety pract i ces a l ready demonstrated i n  m i n i ng ,  petro l eum 
ref i n i ng ,  and  th e chemi c a l  i ndus try can  be transferred , w i th some 
mod i f i cat i on s , to these p l ants to address some k nown env i ronmenta l  
and  s afety prob l ems .  For examp l e ,  the s evere operat i ng cond i t i ons  
that  ex i st i n  d i rect coa l l i q uefact i on are a l so exper i enced i n  
petro l eum ref i neri es , though not neces s ar i l y  i n  the s ame 
comb i nat i ons . Hydrogen -r i ch env i ronments up to 3 , 000 pounds per 
squ are i nch  ( ps i ) are encountered i n  hydrocrack i ng ,  and synthes i s  of 
ammon i a  and th e h and l i ng of eros i ve gas  and l i qu i d  streams conta i n i ng 
s o l i ds i s  we l l demonstrated i n  f l u i d i z ed -bed cata l yt i c  un i ts . 49 
However , the  comb i nat i on of h i gh concentrat i ons  of H2S ,  CO , and 
other tox i c  gases , h i gh hydrogen pressures , h i gh temperatures and 
pressures ,  and f l ow i n g  eros i ve and corros i ve mater i a l s may pos e  
unusua l poss i b i l i t i es for hazards  or hazardous exposures i n  synfue l s 
fac i l i t i es .  

46Gu i de l i nes for d eve l op i ng emergency procedures have  been 
pub l i shed i n  the Fed era l Reg i s ter ( e . g . , F i re Protect i on ,  Mean s of 
Egres s , Hazardous Mater 1 a i s  F 1 na l Ru l e )  and by DOE ( Ch apter 0601 , 
Bmergency Pl ann i n g Preparednes s  and Respons e  Program ) and w i l l  be 
u s efu l for dev e l op i ng an emergency p l an for synfu el s fac i l i t i es .  

4 7de  George ,  op . c i t .  

48 Ib i d .  

49 Ib i d .  
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Moreover , i f  con servat i v e  p l ann i ng and des i gn efforts  ( such as 
us i ng cons truct i on codes that typ i c a l l y  con s i der wors t -c as e  
poss i b i l i t i es )  a r e  app l i ed t o  synfuel s p l ants , th e probab i l i t i es of 
proces s u psets  from natura l d i s asters  wou l d  not l i k e l y  be  any greater 
than thos e exper i enced i n  estab l i shed i ndustr i es .  ( Past  o i l ref i nery 
and chemi c a l  s torage catas trophes have  s hown that  proper fac i l i ty 
des i gn can  avo i d  or contro l th e i mpact of n atura l d i s as ters . )  In  
fact , thes e fac i l i t i es shou l d  have a l es s -than -average su scept i b i l i ty 
to d amage from earthqu ak es or hurr i canes becau se  they w i l l  not tend 
to be  l ocated i n  coasta l reg i ons . 50 ( I t i s  a l so i nterest i ng to 
note that hydrogenat i on p l ants operated by the Germans dur i ng  Wor l d  
War I I  were not s evere ly  damaged even dur i ng exten s i ve  Al l i ed 
bomb i ngs . Al thou gh on -s i te s torage fac i l i t i es were ruptured , caus i ng 
mi n i ma l  l eaks  of s tored l i qu i ds ,  and l i n es and coup l i ngs were broken , 
the r etort v es se l s themse l ves rema i n ed substant i a l l y  i nt act . 5 1 
However , s i nc e  the s i t i ng of synfuel s fac i l i t i es i n  the  Un i ted States 
w i l l  u ndoubted ly  fo l l ow a d i fferent pattern , i t  wou l d  appear that no 
paral l e l can be  drawn . )  

Wh i l e s uch occurrences as  temperature extremes , l i ghtn i ng ,  
s evere b l i zzards , thunderstorms , and f l ash f l oods cou l d  adv ers ely  
affect  a part i cu l ar p l ant ' s  operat i on ,  the i r  subsequent effects wou l d  
not b e  expected t o  b e  s o  s evere that they cou l d  not b e  an t i c i pated 
and p l anned for . Secur i ty r i s k s  for synfue l s operat i ons  are expected 
to be  comparab l e  to s ecur i ty r i sks  for s im i l ar m i n i ng or 
petro l eum-re l ated operat i ons . 52 Al l  requ i re a moderate ly  h i gh 
l eve l  of s ecur i ty ,  and no s ecur i ty r i s k s  requ i r i ng unusua l 
precaut i ons  for coa l convers i on and s ha l e o i l recovery operat i ons  are 
apparent  at  th i s  t ime . 53 

Yet , a cert a i n  l eve l  of uncert a i nty and r i sk  i s  i ntroduced where 
techno l ogy exten s i on s  have  occurred and where new devel opment 
approaches are be i ng  cons i dered ( for i ns tance , i n  M I S  o i l s ha l e 
retort i ng ) .  Th i s  i s  a l so tru e where contro l techno l og i es and 
s trateg i es have not yet been tested at commerc i a l  sca l e ,  on 
comparab l e  wa ste  s treams , or for pro l onged per i ods  of t i me .  Prob l ems 
that mi ght resu l t  from thes e  factors are ne i ther so  tr i v i a l  .as to be 

50corbett , Thomas , Re i ch l , op . c i t .  

5 1 McGee , op . c i t .  

52S i nce pub l i c i ty i s  a factor i n  the mot i vat i on of many acts of 
terror i sm or s abotag e ,  the f i rs t  s evera l synthet i c  fu el s fac i l i t i es 
bu i l t i n  the  Un i ted States may be  more suscept i b l e to th i s  prob l em  
than more es tab l i s hed energy convers i on faci l i t i es .  

53R .  J .  St egemei er ,  "R i s k s  of Sh a l e Oi l  Recovery , " paper pres ented 
at  the commi ttee ' s  Work shop on Synthet i c  Fu el s Fac i l i t i es Safety , La 
Jo l l a ,  Ca l i forn i a , January 1 982 ( s ee Append i x ,  Paper R ) . 
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i gnored , nor so  l arge as  to prec l ude  th e construct i on of the  f i rst  
generat i on of synthet i c  fue l s p l ants . At th e s ame t i me , it  i s  
es s en t i a l  that  thes e p l ants be  carefu l l y eva l uated and mon i tored w i th 
respect  to the i r re l i ab i l i ty and s afety , and th at R&D be  d i rected 
toward areas of l i m i ted exper i ence  and uncerta i nty . Exper i ence  
ga i ned a n d  i nformat i on gathered dur i ng t h e  construct i on and operat i on 
of th i s  f i rs t  s er i es of fac i l i t i es w i l l  prov i de a better opportun i ty 
to bu i l d t echno l og i c a l l y  s ound , haz ard -free , and s afe operat i ng 
commerc i a l -s i z ed synfue l s p l ants i n  the  future . 
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I NFORMATION NEEDS 

I NTRODUCT ION 

I n s i ghts  i nto i dent i fy i n g  the  s afety , h ea l th ,  and env i ronmenta l  r i s k s  
that  mi ght be  assoc i ated w i th t he  commerc i a l i z at i on of  a synthet i c  
fu e l s i ndustry i n  t h e  Un i ted States h av e  been obta i ned from 
l aboratory l arge-sca l e  p i l ot p l ants , and i n  some cases commerc i a l  
demonstrat i on p l ants , and from exper i ence  i n  re l ated i ndus tr i es . 
Nev erthe l es s , add i t i on a l  measurements and R&D programs wou l d  be  
u s efu l i n  order to reduce the  l eve l  of uncerta i n ty and  r i sk 
assoc i ated w i th areas where techno l ogy exten s i ons  have occurred , 
where n ew deve l opment approaches are be i ng  cons i dered , and where 
con tro l techno l og i es and s trateg i es have  not yet been tes ted on 
comparab l e  processes , u n i t  operat i ons , or components  for pro l onged 
per i ods  of t i me . The ant i c i pated s l ow deve l opment of synfue l s 
t echno l og i es - -to an approx imate  80 , 000 BPD by the  l a te  1 980 ' s ( 30 , 000 
to 50 , 000 BPD from coa l u t i l i z at i on and an equ i v a l en t  amount from 
s ha l e l i qu i ds ) - -prov i des the  opportun i ty to c l ar i fy the  potent i a l  for 
s afety hazards to the work force ,  to the  env i ronmen t , and to the 
pub l i c .  

On e method for c l ar i fyi ng  s uch r i s k s  wou l d  b e  t he  d ef i n i t i ve 
mon i tor i ng of the  i n i t i a l  s et of commerc i a l  coa l convers i on and s ha l e  
o i l recovery fac i l i t i es .  Preparat i on for s uch mon i tor i n g  s hou l d  
i nc l ude  the  rev i ew of data  gen erated dur i ng  p i l ot p l an t  operat i ons  
and  the  i n i t i at i on of  add i t i on a l  s afety , h ea l th ,  and  env i ronmenta l  
R&D programs a nd  mon i tor i n g  act i v i t i es .  Areas wh ere add i t i on a l  
research a n d  s urvei l l ance  s hou l d  be  focused dur i ng the  i n i t i a l  stages 
of commerc i a l i za t i on are i dent i f i ed i n  th i s  chapter . 
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TECHNOLOG I CAL R&D 

Two ma i n  areas rel at i ng to  techno l og i ca l  R&D for future synthet i c  
fuel s fac i l i t i es have  b een i dent i f i ed .  Th ese re l ate to component 
areas that i nvo l v e the  extens i on of commerc i a l l y  ava i l ab l e equ i pment 
to more  s evere s erv i ce requ i rements  and the  adequacy of ex i st i ng m i n e  
s afety techno l og i es for t h e  safe  des i gn a n d  operat i on o f  l arge-sca l e  
mi n i ng act i v i t i es assoc i ated w i th th e product i on of s ha l e  o i l .  
Res earch pr i ori t i es s hou l d  be  d i rected toward improv i ng thes e  
e l ements wh i ch are cr i t i ca l  t o  ma i nta i n i ng cont i nu i ty o f  proces s 
operat i on s , and wh i ch i nvo l ve th e h i ghes t r i s k  potent i a l  to work ers . 

Component Des i gn i n  Areas of Techno l ogy Extens i on 

Coa l  l i quefact i on fac i l i t i es i n  part i cu l ar wou l d  benef i t from 
res earch d i rected at i mproved componen t  techno l ogy . As noted 
prev i ou s l y ,  s u ch fac i l i t i es genera l l y  u se  commerc i a l l y  ava i l ab l e 
equ i pment types i ntended for petro l eum process i ng fac i l i t i es .  Th e 
r i sk  and s afety concerns are rel ated to the  degree of extrapo l at i on 
requ i red to mak e th i s  equ i pment s u i tab l e for th e proc es s i n g  
sever i t i es un i qu e  t o  d i rect  coa l  l i quefact i on and not t o  the 
uncerta i nt i es of work ab i l i ty or operat i on for brand n ew equ i pment 
types . l Wh i l e  much of the d i rect coa l l i quefact i on p i l ot p l ant 
effort curren t l y  i n  progres s dea l s  w i th the demons trat i on of 
commerc i a l l y  av a i l ab l e  petro l eum-type equ i pment , add i t i on a l  res earch 
focused on areas where techno l ogy extens i on s  ex i s t wou l d  mater i a l l y  
i mprov e th e operab i l i ty and s afety o f  coa l  l i quefact i on fac i l i t i es .  
Thes e areas are wel l def i n ed w i th emphas i s  p l aced on the ab i l i ty to 
cont a i n h i gh -pressure  process f l u i ds at h i gh t emperatures i n  
hydrogen -r i ch env i ronments , to hand l e  so l i ds  conta i n i ng s l urry 
proces s -s treams adequate ly ,  and to protect  operat i ng personne l  from 
pos s i b l e tox i c  exposures due  to the compos i t i on a l  mak e-up of coa l  
l i qu i ds .  

Tab l e 4 i nd i cates some broad areas of component d es i gn that  
shou l d  recei v e  con t i n ued attent i on .  For examp l e ,  i mproved components  

l c .  w .  d e  George ,  "Safety of Synthet i c  Fue l s P l ants , D i rect Coa l 
Li quefact i on , "  paper pres ented at commi ttee ' s  Work shop on Synthet i c  
Fu e l s Fac i l i t i es Safety , L a  Jo l l a , Ca l i forn i a ,  January 1 982 ( s ee 
Append i x ,  Paper E ) . 
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TABL E  4 Component  Res earch Areas for Di rect L i quefact i on Proces s es 

o Rel i ab l e  mater i a l s  performance  i n  s l urry-hand l i n g system.  

o Improved understand i ng of hydrogen attack and t emperature 
embr i tt l ement of 2 l /4 Cr- 1  Mo stee l s .  

o E l ev ated t emperature propert i es ,  fabri cat i on ,  and  i n s pect i on 
techn i qu es of th i ck wel dment ( > 8 i n . ) for pressu re ves se l  
cons truc t i on . 

o Vesse l  d es i gns that reduce th e she l l d es i gn t emperature bel ow 
that of the  operat i ng env i ronment . 

o Con t i nued d eve l opment of components for s l urry s erv i ces ,  e . g . , 
con tro l and b l ock v a l ves , pumps , s ea l s  and f l u sh i ng sys tems , 
i ns trumentat i on ,  h eat-transfer equ i pment . 

o Con t i n ued deve l opment of des i gn cr i ter i a for the preven t i on of 
f l ange l eak age .  

SOURCE :  C .  W .  De George ,  " Safety o f  Synth et i c  Fu el s P l an ts Di rect  
Coa l  L i quefact i on , "  paper presented at  commi ttee ' s  Work s hop 
on Synth et i c  Fu el s Fac i l i t i es Safety , La Jo l l a , Ca l i forn i a ,  
January 1 982 ,  ( s ee Append i x ,  Paper E ) .  
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for s l urry s erv i ce wou l d  i mprove the  operat i on of th e  p l ant by 
reduc i ng down t i me ,  l im i t i ng th e  number of ma i ntenance turnovers , and 
d ecreas i ng the h ea l th h azard to ma i nten ance personne l . 2 S im i l ar 
component  re l i ab i l i ty character i z at i on and improvement are 
recommended for coa l g as i f i cat i on -b as ed proces s es ,  espec i a l l y  for 
ba l l v a l v es u sed to contro l feed , product , or by-product two -phase 
and th ree-phase f l ows . There s hou l d  b e  cont i nued work to determ i ne  
fa i l ure modes and rates of cr i t i ca l  process operat i ons  and components 
s ubj ect  to repres entat i v e  corros i ve and eros i ve m i x ed so l i d -f l u i d  
f l ows and hydrogen o r  temperature embr i tt l ement , and  to ana l yze  
fa i l ure  modes for synfue l s product i on systems under rout i ne a n d  upset 
cond i t i ons . Informat i on generated cou l d  ass i s t i n  quant i fyi ng  the 
probab i l i ty and effects of events h av i ng h i gh -consequence ,  l ow­
occurrence  rates . Such data cou l d  prov i de a bas i s  for i mproved 
des i gn and i nspect i on cr i ter i a and  techn i ques .  

Pr i or i ty s hou l d  a l so  b e  g i ven to d es i gn i ng equ i pmen t to meet th e  
n eeds of l arge-sca l e u nderground  o i l s h a l e m i n i ng operat i ons . For 
examp l e , research i s  suggested i n  order to deve l op l arger -than ­
convent i on a l  d i es el -powered m i n i ng equ i pment . Of part i cu l ar i n terest 
i s  the  des i gn of a f l ame arres tor and coo l er th at  w i l l  be  effect i ve 
g i v en the  gas sy cond i t i ons  of some o i l  s h a l e m i nes . 3 Research 
shou l d  a l so b e  cont i nu ed i n  the work d i rected toward i mprov i n g  rap i d  
tunne l i ng equ i pment , dr i l l i ng techno l ogy , and h au l age systems . 

Moreover , a system mus t  be es tab l i s h ed for obta i n i n g rel i ab l e 
acc i dent/source/term . d ata  i n  order to i dent i fy th e factors th at cau se  
acc i dents  a nd  to  recommend prevent i v e measures . Efforts s hou l d  be 
d i rected toward thos e u n i t  operat i ons  thought to expos e the  work er to 
th e h i ghes t l eve l  of r i sk , and toward those areas where there i s  no 
prev i ous  exper i ence  for j udg i ng acc i den t  potent i a l ( for examp l e , 
areas where  techno l ogy extens i ons  have  occurred ) at  commerc i a l -sca l e  
p l ants . 

Cont i nued Safety Research for the M i n i ng of Sh a l e 

O i l s h a l e  underground  m i n i ng and M I S  retort i ng present h i gh er l eve l s 
of r i sk to the  s afety and  h ea l th of th e o i l s h a l e  work er than e i ther 
the aboveground retort i ng of s ha l e  or the sh a l e  o i l ref i n i n g 
operat i on .  Therefore , i mprov ements s hou l d be sought i n  m i ne  s afety 
and  m i n i ng techno l ogy . Safety R&D n eeds shou l d  be  d i rected toward 
th e  fo l l ow i n g  cr i t i ca l  areas : 

2J .  P .  McGee , " Notes on Coa l  Synfue l  Fac i l i ty Hazard s , " 
correspondence to Energy Eng i neer i ng  Board • s Commi ttee on Synthet i c  
Fu e l s Fac i l i t i es Safety , January 1 982 ( s ee Append i x ,  Paper J ) . 

3p .  A .  Ru t l edge , 11M i n i ng Prob l ems Un i que  to O i l Sha l e , •• paper 
presented at  commi ttee • s  Work s hop on Syn thet i c  Fu e l s Fac i l i t i es 
Safety , January 1 982 ( s ee Append i x ,  Paper N ) .  
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o Mi ne  F i res and Exp l os i on s . Pr i or i ty shou l d  be  g i ven to 
determi n i ng the  i gn i tabi l i ty of o i l s h a l e  dust  c l ouds , 
i dent i fy i n g  the f i re haz ard of o i l s ha l e du s t  l ayers on a hot 
s urface ,  i n vest i gat i ng the  f l ammab i l i ty and spontaneous 
combus t i on potent i a l  of coars e o i l sha l e ,  and determi n i ng the 
most  effect i ve means of ext i ngu i shment . 4 

o Vent i l at i on .  Work s hou l d  i nc l ude  the  devel opment of an  effect i ve 
face v enti l at i on system for the  l arge-s i z ed rooms expected i n  o i l 
s ha l e underground  m i n i ng operat i ons . S Spec i a l  v ent i l at i on 
needs and contro l s  for upset cond i t i on s  i n  M I S  o i l sha l e 
retort i ng s hou l d  be  res earched . 

o Ground Contro l . Rock mechan i cs and the structura l stab i l i ty of 
p 1 i l ars , parti cu l ar ly  the  cumu l at i ve i mpact of extens i ve b l ast i ng 
on p i l l ar stab i l i ty and th e effect of mu l t i l eve l  m i n i ng on m i n e  
stab i l i ty ,  s hou l d  con t i nue  t o  be  addres sed . 

o Ins trumentat i on .  Th e effect i venes s of ex i st i ng equ i pment to 
detect and mon i tor f i res and h az ardou s gas es i n  commerc i a l -sca l e 
o i l sh a l e  mi n es shou l d  b e  as ses s ed .  

o Ex p l os i v es . 6 Add i t i on a l  res earch i n  th i s  area m i ght i nc l ud e :  
a program for mon i tor i ng dust , methane ,  and exp l os i on products 
dur i ng the b l as t i ng of  o i l s ha l e ;  and deve l opment of acceptab l e  
pract i ces to a l l ow for a more d i v ers e range of exp l os i v es and 
l arger ch arge s i z es than are perm i tted i n  other underground 
m i n i ng . 7 

o Emergency Respon se .  Res earch h ere wou l d  i nvo l ve exami n i ng 
ex i st i ng equ i pment and systems for the i r adequ acy to respond 
dur i ng a m i n e  emergency .  For examp l e ,  an a s sessment cou l d  be  
mad e of the  adequ acy of ex i st i ng f i re-f i ght i n g systems and 
v en t i l at i on equ i pment . 

4 Jb i d .  

5 Ib i d .  

6 I t  i s  i mportant to note th at wh i l e o i l s ha l e  m i n i ng w i l l  enta i l 
the u s e  of l arge quant i t i es of exp l os i ves ,  i t  w i l l  on l y i ncrease  the 
current u s age of exp l os i ves by an i ncrementa l  amount , not by a 
mu l t i p l e . The  amount u sed at a part i cu l ar s i te may be  l arge ,  but not 
l arger than  at cert a i n  U . S .  s i tes for m i n i ng copper or i ron  ore ,  as 
prev i ou s l y  noted .  Mos t  of the  exp l os i ves w i l l  be ammon i um n i trate i n  
the form of an aqu eous emu l s i on or a water ge l . Thes e w i de ly  u s ed 
exp l o s i v es are part i cu l ar l y  s afe forms . For examp l e , they c annot be 
deton ated by a s i mp l e b l ast i ng cap , wh i ch mak es them safer than  
dynam i t e .  

7s .  c .  Mc Ku s i ck , " Fu ture  Us e o f  Expl os i ves by t h e  Sh a l e O i l 
Indu stry , " correspondence  to the Energy Eng i neer i ng  Board ' s  Comm i ttee 
on Synthet i c  Fu e l s Fac i l i t i es Safety , February 1 ,  1 982 . 
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E NV IRONMENTAL R&D 

Wh i l e  the  n ecessary contro l t echno l og i es and strateg i es for synthet i c  
fue l s fac i l i t i es have  been est ab l i s hed bas ed o n  e i th er techno l ogy 
trans fer from convent i on a l  energy fac i l i t i es or p i l ot p l ant 
character i z at i on and demonstrat i on ,  a n eed does ex i s t for mon i tor i ng 
the i r performance  i n  f i rs t -gen erat i on synfu el s p l ants . Such res earch 
shou l d  addres s systems c apab l e  of mon i tor i ng  the l ong -term 
rel i ab i l i ty and operab i l i ty of both i nd i v i du a l  and i n tegrated contro l 
techno l og i es ,  as  we l l as the cont i nu ed as s essment of th e potent i a l 
effects of po l l utants on t he  en v i ronment . Th e pr i n c i p l e of 
mon i tor i ng or proof-test i ng of f i rs t -of-a -k i nd systems i s  wel l 
est ab l i shed w i th i n  a l l d i sc i p l i n es of sc i ence and eng i n eer i n g .  
Cr i t i ca l  areas i nc l ude  so l i d  waste management , the  tran sport of 
po l l utants , and potent i a l  effects of po l l utants on the en v i ronment . 
Thes e  are h i gh l i ghted be l ow .  

Test i ng of  Contro l Techno l og i es 
for Pro l onged Per i ods of Time 

As part of n ear-t erm d emonstrat i on of commerc i a l -sca l e  synfue l s 
processes , programs shou l d  be  i n i t i ated to conf i rm the  con t i nuou s 
performance  of the  env i ronmenta l  contro l techno l og i es .  For examp l e ,  
as  d i scu s sed i n  Chapter 3 , on e area where add i t i on a l  res earch i s  
suggested re l ates to  t he  re l i ab i l i ty of i nt egrated waste-water 
treatment tra i n s i n  coa l gas i f i cat i on and coa l  l i quefact i on 
commerc i a l  app l i cat i ons . B Wh i l e s uch work h as b een undertak en and 
i s  current ly  conducted to  i nves t i gate the performance  and re l i ab i l i ty 
of both i nd i v i du a l  and i nt egrated contro l t echno l og i es ,  further 
res earch wou l d  neverthe l es s be  usefu l .  

So l i d Waste Management 

A bas i c  i s sue  surround i n g so l i d  waste  management i n  coa l  convers i on 
and part i cu l ar l y  i n  sh a l e  o i l recovery re l ates to the  d i rect or 
i nd i rect env i ronmenta l effects of waste d i spos a l . Spec i f i c  R&D n eeds 
i nc l ude :  

Bw . E .  Corbett , W .  c .  Thomas ,  a nd  E .  H .  Re i ch l , " Factors Affect i ng 
the  Safety of Co a l  Gas i f i cat i on Fac i l i t i es , "  paper presented at 
commi ttee • s  Work s hop on Synthet i c  Fue l s Fac i l i t i es Safety , La Jo l l a ,  
Ca l i forn i a , January 1 982  ( s ee Append i x ,  Paper D ) . 
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o Ev a l u at i n g  t h e  effect i v en es s  of  so l i d  waste d i s pos a l  p l ans over 
the  short and l ong  t erm and a l so under norma l and catastroph i c  
cond i t i ons . I n  add i t i on , h az ardou s waste  d i spos a l  areas s hou l d  
b e  des i gned i n  c as e  such  areas w i l l  b e  requ i red i n  the  l onger 
term . 

o Deve l op i ng re l i ab l e mode l s and test i ng them under s i mu l ated 
wors t -cas e cond i t i on s ,  such  as  mas s i ve fa i l u res of a 
cont a i nment  s tructure d u e  to s abotage or a n atural  d i s aster .  

o Cont i nu i ng work i n  the area o f  geotechn i c a l  eng i n eer i ng , both 
at a bas i c  and app l i ed l eve l , i n  order to  l es sen the ch ance of 
so l i d  waste  d i spos a l  p i l e  f a i l ure . 9 

o Study i n g  l eachates - - i n part i cu l ar ,  the i r  ab i l i ty to penetrate the 
l i n i n gs of  d i s pos a l  ponds and c atchment b as i ns .  

Mod el i ng and Mon i tor i ng  Po l l u tant  Rel ease 

Al though much work has  been done i n  th e i mportan t  area of model i ng 
and mon i tor i ng po l l utant  rel eas e ,  th i s  work shou l d  cont i nu e .  For 
examp l e ,  i ndustr i a l  hyg i ene  mon i tor i ng i n  l arge p i l ot p l ant 
operat i on s  has  i n  part determ i n ed the character and compos i t i on of 
fu g i t i v e re l eas es from coa l l i q uefact i on subproces s es i n  the work 
p l ace .  However , accurate mode l s t o  pred i ct l eve l s o f  thes e  rel eases 
at th e p l ant per i meter n eed to be  devel oped . Oth er areas where 
spec i a l  mon i tor i ng s hou l d  be  prov i ded i nc l ud e :  measur i n g  part i cu l ate 
and dust re l eas e and the  amount of  su l fur ox i des emi tted at  each 
s i te ;  character i z i ng the hydrocarbons and trace el ements  that are 
emi tted ; and an a l yz i ng th e effects of a l t i tude  and terra i n  on the  
c hemi stry and transport of  po l l utants . l O  In add i t i on ,  work shou l d  
cont i n u e  i n  the ref i n ement of d i spers i on model i ng and mon i tor i n g  
techn i ques ,  as  wel l as  i n  ev a l u at i on of thos e techn i qu es u s ed i n  the 
mon i tor i ng of surface and ground waters . 

9W .  R .  Ch appel l ,  11 Some Po l i cy I s s ues Rel ated to Synthet i c  Fu el s 
Fac i l i t i es Safety , •• paper pres ented at commi ttee ' s  Work shop on 
Synthet i c  Fu el s Fac i l i t i es Safety , La Jo l l a ,  Ca l i forn i a , January 1 982 
( s ee Append i x ,  Paper C ) . 

1 0 IWG Corporat i on and the  Center for Env i ronmenta l  Sc i ences , 
Un i vers i ty of Co l orado , Hea l th and Env i ronmenta l  Effects Document for 
O i l Sh a l e- - 1 98 1  ( Wash i ngton , D. C . : U . S .  Department of En ergy , 
November 1 3 ,  1 98 1 ) ,  p .  7 - 1 0 ;  and R .  D .  Brown , tes t i mony before the 
Subcommi ttee on En ergy Devel opment and App l i cat i ons  and on Natura l 
Resources , Agr i cu l ture  Research and En v i ronment , of the Commi ttee on 
Sc i ence  and Techno l ogy , U . S .  House  of Representat i ves ,  96th Congress , 
September 28 , 1 98 1 , Wash i ngton , D . C .  
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Con t i nued As s es sment of Potent i a l  Impacts 
of Po l l utants  on the En v i ronment 

Wh i l e a great d ea l  of k now l edge  h as been ga i ned about th e poten t i a l 
effects of synfue l s fac i l i t i es on the  phys i c a l  en v i ronment , more can 
be  l earned from the f i rst  s et of commerc i a l p l ants . Such work shou l d  
addres s impacts that m i ght occur both dur i ng the operat i on o f  a 
fac i l i ty and aft er the  fac i l i ty ' s  u s efu l l i fet i me .  Spec i f i c  areas of 
study m i ght i nc l ud e :  

o Ev a l u at i ng po l l utant  i ncreas es and effects (where data  permi t )  
on a i r  qua l i ty ,  water qu a l i ty ,  and so  forth , du e to the 
c l uster i ng of  syn fue l s fac i l i t i es i n  a re l at i ve ly  con f i n ed 
geograph i c a l  area . l l  

o Mon i tor i ng the  effect of l ong-term , chron i c  exposure of n atura l 
b i ot a ,  agr i cu l tura l crops , p l ants , and graz i ng an ima l s to l ow 
l eve l s of po l l utants  u n i que  to synthet i c  fu el s ,  espec i a l ly  the  
effect on b i ot i c  syst ems ( for i nstanc e ,  semi ar i d  des ert b i ota  
and  gr as s l ands ) th at u s u a l l y  have  not been put under s tres s by 
h uman ly- i nduced po l l utants . l 2  

HEALTH EFFECTS R&D 

The h ea l th concerns assoc i ated w i th th e d evel opment of synthet i c  
fuel s proces ses rel ate more t o  the synfu el s work er than t o  th e  
gen era l pub l i c .  Med i c a l  s urvei l l ance o f  work ers , i ndustr i a l  hyg i en e ,  
mon i tori ng  o f  work er exposures , eng i neer i ng contro l s ,  work pract i c es ,  
person a l  hyg i ene ,  h ea l th educat i on , and tox i c i ty ev a l uat i ons  of 
proces s emi ss i on s  and product  s treams are k ey areas that form an 
i ntegra l  program for guard i ng aga i nst  potent i a l advers e h ea l th 
effects i n  synthet i c  fue l s fac i l i t i es .  Ongo i ng programs i n  assess i ng 
hea l th effects assoc i ated w i th s ha l e o i l and d i rect  coa l l i quefac t i on 

· and coa l  gas i f i cat i on -based process es shou l d  cont i nu e  to rece i v e  
research emphas i s ,  as  shou l d  work er tra i n i ng and t h e  effect i veness  of 
persona l  protect i ve equ i pment . 

Cont i nued Ass es sment of Hea l th Effects 
As soc i atea w i th Sha l e  Oi l Recovery Proces ses 

Th e h ea l th concerns assoc i ated w i th th e devel opment of sha l e o i l 
recovery proces ses rel at e more to the occupat i o n a l  work er than to the 

l l Th e Prevent i on of S i gn i f i cant Deter i orat i on i ncrement prov i s i ons  
of the C l ean Ai r  Act w i l l  l i mi t to  a certa i n extent  the c l uster i n g  of 
syn fue l s fac i l i t i es .  

1 2srown , op . c i t .  
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gen era l  pub l i c . The ava i l ab l e tox i c i ty data  suggest that crude sha l e 
o i l may be s l i ght l y  more mutagen i c  and carc i nogen i c  than i s  crude 
petro l eum and that i n  s i tu s ha l e  o i l may be  more mutagen i c  and 
c arc i nogen i c  than s urf�retort s ha l e  o i l . l 3 However , acute  and 
s hort -term tox i c i ty tests  do not i nd i cate a s i gn i f i cant d i fference 
between s h a l e o i l s  and some sha l e  o i l m i dd l e  d i st i l l ates on the  one 
h and and equ i va l ent  petro l eum-der i ved substances on th e oth er . l 4  

Hi s tor i c a l  ev i dence  from fore i gn o i l s ha l e deve l opmen t and 
recent data gen erated from d emons trat i on and p i l ot p l ants do not 
i nd i cate  t hat res p i ratory tract tumors are a major concern . l 5  At 
the s ame t ime , the  l i m i ted n ature of curren t  i nformat i on and the 
i ncreased i nc i dence of some forms of cancer and d erma l d i s eas es s een 
i n  domest i c  o i l s h a l e p i l ot fac i l i ty work ers recommend that med i ca l  
surv e i l l ance programs shou l d  carefu l ly mon i tor for res p i ratory 
prob l ems as wel l as  for sk i n  d i s eases i n  the  occupat i on a l  
popu l at i on . l 6 

Expos ure to the  gen era l  pub l i c  from po l l u tant  re l eas e  may occur 
pr imar i l y  as a res u l t  of end -product u s e ,  fug i t i ve emi ss i on s , s p i l l s ,  
and waste  d i s pos a l . As noted i n  Ch apter 3 , th e phys i ca l  and chemi ca l  
propert i es of upgraded crude  sh a l e  o i l suggest no s i gn i f i cant 
d i fference or  i ncreas ed hazard dur i ng transportat i on and ref i n i ng 
wh en compared w i th thos e of crude  petro l eum . Neverthe l es s , more work 
wou l d  be d es i rab l e  w i th respect to any adv erse  h ea l th effects that 
m i ght resu l t  from env i ronmenta l re l eas e . l 7  

I n conj unct i on w i th cont i nu i ng ana l ys i s  of data generated from 
p i l ot p l ant  operat i ons , further research efforts s hou l d  be d i rected 
toward the fo l l ow i n g  prob l em  areas i n  h ea l th effects R&D :  con ­
foun d i ng v ar i ab l es ,  i nadequate mon i tor i ng s trateg i es ,  poor reso l ut i on 
among tox i c  con s t i tuents , i n ab i l i ty to trans l ate b i oas s ay i nformat i on 
i nto  h uman h ea l th effects , and i n suff i c i ent  exposur� 

1 3A . M .  Kap l an ,  " U . S .  O i l Sh a l e I ndustry : Hea l th and Env i ronmenta l  
Effects , "  paper presented at commi ttee ' s  Work shop on Synthet i c  Fue l s 
Fac i l i t i es Safety , La Jo l l a ,  Ca l i forn i a ,  January 1 982 { s ee Append i x ,  
Paper G ) . 

1 4 Ib i d .  

1 5L .  M .  Ho l l and , " Hea l th Effects of O i l Sh a l e Deve l opment , "  paper 
presented at commi ttee ' s  Work shop on Synthet; c Fue l s Fac i l i t i es 
Safety , La Jo l l a ,  Ca l i forn i a ,  January 1 982 { s ee Append i x ,  Paper F ) .  

1 6 Ib i d .  

1 7Kap l an ,  o p .  c i t .  
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dose-res ponse d ata  for r i sk ass essment . l 8  Du e to the  pauc i ty of 
i nformat i on A cause-effect rel at i onsh i ps have  been d i ff i cu l t  to 
estab l i sh . l � Effect i ve coord i n at i on of mon i tor i ng and 
character i zat i on stud i es ,  exposure dose-response  and  transport and 
metabo l i sm s tud i es ,  and med i ca l  survei l l ance efforts can remedy many 
of thes e  areas of uncert a i nty .  Spec i f i c  R&D i s  n eeded i n  the 
fo l l owi ng  areas : 20 

o Bas i c  Tox i co l ogy Research . Adequate  tox i co l ogy d ata  are not yet 
avai l abl e to quantify the occupat i on a l resp i ratory d i s ease 
h az ard of  exposure to res p i rab l e o i l s h a l e  dust  i n  comb i n at i on 
w i th d i ese l  exhau st mater i a l s .  Th i s  shou l d  be  the top i c  of a 
s pec i f i c  research effort . 

o Bas i c  Hea l th Research . Efforts s hou l d  be con t i nued to i dent i fy 
further the chemica l  compos i t i on a nd  changes i n  compos i t i on that 
occur as a resu l t  of  s ha l e  o i l u pgrad i ng techn i qu es . Al so , 
i nves t i gat i on s  shou l d  be  cont i nued on potent i a l  phototox i c i ty 
and d ermatox i c i ty .  

o Oi l s  and Ref i n ed Products . Tox i c i ty test i ng s hou l d  be  carr i ed 
out on product s treams fo l l ow i ng upgradi ng  and ref i n i ng and on 
end -products to i dent i fy any potent i a l  h ea l th h az ard to the 
cons umer . Such work shou l d  i nc l ud e  ana l ys es of emi s s i on s  
resu l t i ng from the  combust i on of  end -products where 
appropr i at e .  I n a l l  cas es , tox i c i ty test i ng shou l d  i nc l ude 
equ i va l ent  petro l eum-der i ved mater i a l s  as  contro l s .  

o Epi demi o l og i c a l  Stud i es .  Stud i es shou l d  be  don e o n  past 
exper i ence  wi th o i l s ha l e  exposure ( for examp l e ,  i n  Scot l and and 
Eston i a )  and on  pres ent ( current  o i l sh a l e work er ) exposures to 
o i l s ha l e . 2 1  

o Ai rborne Eff l uents . Exper iments must  be  cont i nu ed i n  order to 
better eva l uate the tox i c i ty of gas and vapor em i s s i on s  a l one  
and  i n  comb i n at i on w i th part i cu l ate  emi ss i ons . Industr i a l  
hyg i ene  mon i tor i ng  and samp l i ng w i th chemi ca l character i z at i on 
s hou l d  certa i n l y  cont i nu e .  Moreover ,  b as el i ne meteoro l og i c a l  
d ata i nc l ud i ng s easona l  var i at i on s  n eed t o  be  estab l i s hed .  

1 8R .  D .  Brown ( Proj ect Coord . )  Hea l th and Env i ronmenta l  Effects of 
S nthet i c  Fue l s Techno l o  i es :  Research Pr 1 or 1 t 1 es , a report to the 
e era I nteragency Commi ttee on  the Hea th and Env i ronmenta l  Effects 

of  Energy Techno l og i es ,  under con tract DE-ACO l -79-E l OO l S  MTR-80W348 , 
Apr i l  1 98 1 . 

1 9 IWG  Corporat i on and th e Center for En v i ronmenta l  Sc i ences , 
Un i vers i ty of Co l orado , op . c i t . , p .  7 - 1 0 .  

20Research n eeds are drawn from Kap l an , op . c i t . , u n l ess  otherw i s e  
i nd i cated . 

2 1 IWG Corporat i on and the  Center for Env i ronmenta l Sc i ences , 
Un i vers i ty of Co l orado , op . c i t .  
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o Aq u eous and So l i d Eff l u ents Wastes • Th ere mu st  be  cont i nu ed  
eva uat i on o s urface retort waters  after standard i mpoundment 
and  of curren t l y  ava i l ab l e  c l eanup  techn i ques pr i or to 
d i spos a l .  Work shou l d  a l so cont i nu e  on  chron i c  stud i es w i th 
retort waters  and on l aboratory and f i e l d  stud i es of l each ates 
and waste  waters on aquat i c  organ i sms , and on the effect of 
these eff l u ents on aqu i fers and on th e mob i l i z at i on of 
potent i a l l y  tox i c ,  n atura l l y  occurr i ng trace e l ements . 
Moreover ,  a base l i n e  n eeds to be estab l i sh ed . 

Cont i nu ed As ses smen t of Hea l th Effects 
As soc i ated w i th D i rect Coa l  L i qu efact i on 

Tox i co l ogy research programs assoc i ated w i th the H-Co a l , SRC - I I ,  and 
E DS process es are wel l under way . Thes e programs i nc l ude  
state-of -the-art test i ng techno l ogy a nd  i n  some cases go  beyond that 
i nto exper i ment a l  proc edures . 22 Thus  i t  appears that  a sound data 
base  on acute  tox i c i ty w i l l  be  gen erated . Neverthe l es s , as  w i th R&D 
on s h a l e  o i l h ea l th effects , i t  i s  des i rab l e  to g enerate and as sess  
more  data  to connect th e compos i t i on of  coa l convers i on s treams w i th 
occupat i on a l  h ea l th cr i ter i a  quant i tat i ve ly . 23 Add i t i on a l  and 
i mproved data shou l d  be sought to determi ne  wh at , i f  any , s i gn i f i cant 
thresho l d - l eve l  v a l ues s hou l d  ex i st for suspected carc i nogens , and 
wheth er presen t or p l anned med i c a l  surve i l l ance and i ndus tr i a l  
hyg i en e  procedures c an b e  strengthen ed . 24 Act i v i t i es where further 
res earch cou l d  prove benef i c i a l  i nc l ude  the  n eed to : 25 

o Qu ant i fy th e carc i nogen i c  potency of h i gh -bo i l i n g fract i ons . 
o Def i n e  d ev el opmenta l  and reproduct i ve effects and q u ant i fy them 

as n ecessary .  

22For a s ummary o f  thes e ongo i ng res earch programs , s ee C .  K .  V i ck ,  
11The Tox i co l ogy Data  Base  and Research Program P l ans  for Di rect Coa l  
L i quefact i on ,  11 p aper presented at  t h e  corrmi ttee • s  Workshop on 
Synthet i c  Fu e l s Fac i l i t i es Safety , La Jo l l a , Ca l i forn i a ,  January 1 982 
{ s ee Append i x ,  Paper S ) .  

23R .  D .  Brown , Hea l th and En v i ronmenta l Effects of Synthet i c  Fue l s  
Techno l og i es :  Res earch Pr 1 or 1 t 1 es , op . c 1 t .  

24o . Wh i te { ed . ) ,  Proceed i ngs of the Sym�os i um on As sess i ng the 
Indus tr i a l  Hyg i en e  Mon 1 tor 1 n� Needs for he Coa l Convers 1 on and Oi l 
Sha l e  !ndustr 1 es , NTIS BNL -5 002 UC-41 ( Heal th and Safety TI D-4500 ) , 
March 1 979 . 
25Research n eeds are drawn from V i ck ,  op . c i t . , un l ess  oth erwi se  
i n d i cated . 
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o Def i n e  the  l eve l  of u pgrad i ng at  wh i ch products become 
b i o l og i c a l l y  equ i va l ent  to current products . 

o Determ i ne  i f  combust i on products from raw coa l  l i qu i ds d i ffer 
from thos e from curren t  fue l s and , i f  so , how . 

o Expl ore chron i c  exposures i n  a broader range of spec i es under 
cond i t i on s  as  representat i ve as  poss i b l e  of human exposures 
{ except for dose l eve l s t h at may have  to be proport i onate ly  
h i gher to compen s ate  for the rel at i ve ly  sma l l number of test 
an i ma l s ) . 

o En sure th at  the  present  cok e-oven /coa l tar and petro l eum 
exper i ence  has  been adequate ly  exam i n ed for c l u es to potent i a l  
effects .  

o Ev a l u ate  persona l  hyg i ene  pract i c es i n  order to d eterm i n e  tne  
best  c l ean i ng methods for s k i n  areas , i nc l ud i ng burns and 
wounds , and to d eve l op ways to d eterm i n e  th at c l eans i ng h as been 
effect i ve ly  accomp l i sh ed . 26 

o Deve l op a s i mp l e method for b i o l og i c  mon i tor i ng of s i gn i f i cant 
exposure to coa l  l i q u i ds , s i nce  at pres ent i t  i s  d i ff i cu l t  to 
ev a l uate  th e extent  of  exposure from sk i n  contami n at i on . 2 7  

o Undertak e ep i demi o l og i c  stud i es - -both past  and  prospect i ve--on 
exposures to coa l and coa l  l i q u i ds . Once commerc i a l p l ants are 
operat i ng ,  l on g -term prospect i ve s tud i es of work er popu l at i ons 
s hou l d  be  conducted to as s es s  effects and to cont i nue  to 
quant i fy these effects .  

o Cont i nue to carry out on a regu l ar bas i s  deta i l ed i ndustr i a l  
hyg i en e  surveys s o  that  work er exposure can b e  character i zed 
over t i me . Such surveys w i l l  h e l p to i dent i fy any prob l ems w i th 
the  eng i neer i ng contro l s  or work pract i ces . 28 

Coa l -gas i f i cat i on -bas ed processes that u se  a g as i f i er w i th 
subs t an t i a l  amounts  of coa l tar by-products { for examp l e ,  f i xed -bed 
gas i f i ers ) pos e  s im i l ar mut agen i c  and carc i nogen i c  h ea l th hazards . 
Thes e s ame tox i co l ogy ,  i ndustr i a l  hyg i ene ,  and ep i demi o l ogy 
as sessments  are s i mi l ar l y  recommended to c l ar i fy hea l th effects 
assoc i ated w i th g as i f i c at i on systems . 

26JRB  As soc i ates , N IOSH Occupat i on a l  Hazard As s essment : Coa l  
L i q uefact i on ,  Vo l . I I ,  prepared for Nat 1 on a l Inst 1 tute for 
OCcupat ; ona l  Safety and  Hea l th ,  U . S .  Department of  Hea l th and  Human 
Serv i ces (Wash i ngton , D . C . : U . S .  Government Pr i nt i ng Off i c e ,  March 
1 98 1 ) p .  95 . 

2 7 Ib i d .  

28JRB Assoc i ates ,  op . c i t . , p .  96 . 
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Eva l uat i on of Persona l  Protect i ve Equ i pment 

No matter how effect i v e  eng i neer i ng contro l s  and worker s afety 
pract i ces are , contam i n at i on of work ers ' c l oth i ng w i l l  occur . Thus ,  
i t  i s  i mportant to t est  and eva l uate the  effect i v en ess  of persona l  
protect i v e c l oth i ng aga i n st  thos e mater i a l s produced dur i n g  synfue l s 
operat i ons  wh i ch are k nown to pres ent a potent i a l h azard . Th i s  i s  
part i cu l ar l y  i mportant for the protect i on of workers i nvo l ved i n  
schedu l ed or unschedu l ed ma i nten ance or repa i r  work . 

Ev a l uat i on of Work er Tra i n i ng Fac i l i t i es 

Work er educat i on i s  a l ready an i mportant component  of standard 
i ndustr i a l  operat i on s . Such programs i nc l ude the i n i t i a l  tra i n i ng 
and refresher cours es requ i red by OSHA and th e M i ne  Safety and Hea l th 
Adm i n i s trat i on ( MSHA ) . In i t i a l  tra i n i ng i nc l udes i nform i ng  the 
emp l oyees about k nown occupat i on a l  s afety and h ea l th hazards and 
fami l i ar i z i ng th em w i th emergency procedures and pract i ces . Per i od i c  
s es s i ons  are undertaken t o  ensure that work ers are fam i l i ar w i th 
potent i a l hazards and th e proper u se  of protect i ve equ i pment and that 
they h ave  a sound understand i ng of good persona l  hyg i en e .  Al so , 
tra i n i ng m i ght be  n ecess i tated by changes i n  equ i pment or modes of 
operat i on .  Exper i ence w i th work er tra i n i ng programs has shown that 
th ey contr i bute  to the s afe and rel i ab l e  operat i on of synfu el s 
fac i l i t i es bec au se  the k now l edge i mparted can l es sen th e occurrence 
of poten t i a l  h azards due to human error or i gnorance .  

As a resu l t  o f  th e i mportanc e o f  such programs , and g i ven the 
l arge number of work ers that w i l l  h ave  to be  tra i ned pr i or to the 
commerc i a l i zat i on of a l arge number of  synfuel s fac i l i t i es ,  i t  i s  
i mportant to asses s  the  adequacy o f  ex i s t i ng tra i n i ng fac i l i t i es ( for 
examp l e , vocat i on a l  schoo l s ,  m i n i ng eng i neer i ng programs , i ndustr i a l 
i n -hou se  programs ) to meet th e ant i c i pated demand . 29 

SUMMARY  

Ad equ ate d ata  ex i s t now to proceed w i th commerc i a l  proj ects . Th e 
areas prev i ou s l y  d i scus s ed are suggested R&D to i mprove  further the 
s afety and re l i ab i l i ty of future p l ants . Areas h i gh l i ghted for 
further i nvest i gat i on and attent i on i nc l ud e :  

29Chappel l ,  op . c i t .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

S a f e t y  I s s u e s  R e l a t e d  t o  S y n t h e t i c  F u e l s  F a c i l i t i e s
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 5 8 4

http://www.nap.edu/catalog.php?record_id=19584


65 

Techno l og i c a l  R&D 

o Component  d es i gn i n  areas of t echno l ogy extens i on . 

o Con t i n ued s afety research i n  th e mi n i n g of sha l e .  

Env i ronmenta l R&D 

o Test i ng of contro l t echno l og i es for pro l onged per i ods 
of t ime . 

o Cont i nu ed work i n  th e  area of  so l i d  waste management . 

o Mode l i ng and mon i tor i ng po l l utant  rel eas e . 

o Con t i n ued ass essment  of potent i a l  effects of po l l utants on 
the en v i ronment . 

Hea l th Effects and Occupat i on a l  Safety R&D 

o Cont i nu ed as s essment of h ea l th effects assoc i ated w i th 
sh a l e o i l recovery processes . 

o Con t i n ued ass es smen t of hea l th effects  assoc i ated w i th 
d i rect coa l l i quefact i on and gas i f i cat i on . 

o Ev a l uat i on of persona l  protect i ve equ i pment . 

o Ev a l u at i on of work er tra i n i ng fac i l i t i es .  
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POL I C Y  CONS I DERAT IONS 

I NTRODUCT ION 

Th e fo l l ow i n g  d i scus s i on s ets  forth some mechan i sms that m i ght a i d  i n  
the  generat i on and gather i ng o f  R&D i nformat i on . Spec i a l  attent i on 
i s  g i v en to i nformat i on n eeds h i gh l i ghted i n  Ch apter 4 .  

THE NEED  FOR SHAR I NG COMMERC IAL PLANT DATAl 

Wh i l e  a cons i derab l e  amount of data  has  been deve l oped from p i l ot­
sca l e efforts  and  w i l l  b e  further ref i ned by  ongo i n g  res earch 
programs , the most  cruc i a l  data  are those  th at w i l l  be  obta i ned from 
th e l arge-sca l e  d emonstrat i on and commerc i a l u n i ts ant i c i pated to be  
bu i l t  i n  the next decade .  I t w i l l  be w i th thes e  commerc i a l u n i ts 
that an understand i ng c an be  d eve l oped of the em i s s i on s , 
effec t i ven es s of env i ronmen t a l  contro l techno l og i es ,  work er 
env i ronments , and v ar i ous  hazards . I t  i s  v i ta l  th at i ndustry , 
government ( l oc a l , stat e ,  and federa l ) , and the res earch commun i ty 
tak e fu l l  advantage of  th e res earch opportun i t i es offered by thes e  
ear l y  fac i l i t i es .  I t  i s  ess en t i a l  that the res earch effort be 
perce i v ed as be i n g  cred i b l e by v ar i ous i n terest  grou ps as we l l as by 
th e genera l pub l i c .  Thu s ,  the  gather i ng  and ana l ys i s  of  data  rel ated 
to env i ronmenta l  and h ea l th effects  of synfue l s fac i l i t i es shou l d  
i nvo l v e ,  i n  appropr i ate  ways , a w i d e  var i ety of grou ps and 
i nd i v i du a l s .  I t  i s  a l so i mportant that the  research effort con t i nue  
to  be  coord i n ated among  th e var i ou s  agenc i es and compan i es .  
Moreover , data s hou l d  be  exch anged and compared on an i nt ernat i on a l  
as  wel l as a n at i on a l  b as i s .  

l r nformat i on i n  th i s  s ect i on i s  ba sed on w .  R .  Ch appel l ,  " Hea l th 
and Env i ronmenta l  Data  Needs and Management , "  correspondenc e to the 
En ergy Eng i neer i ng Board ' s  Commi ttee on Synthet i c  Fu el s Fac i l i t i es 
Safety , February 1 0 , 1 98 2 .  
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Th us , the  b as i c  i s s ues to be reso l v ed i nc l ud e :  How i s  such  a 
res earch program put  togeth er ? Who funds i t ?  Wh ere does th at data 
res i de?  Who h as acces s  to such data?  And  how are th e f i nd i ngs  
sh ared ?  Thes e are  comp l ex i s s ues and  were not reso l ved dur i ng the 
course  of tn i s  s tudy .  

S i n ce  so  many i s s u es are i nvo l ved i n  cons i der i ng a mechan i sm for 
gather i ng and ana l yz i ng thes e d at a ,  perh aps i t  wou l d  be  appropr i ate  
to cons t i tute a group or commi ttee that wou l d  d ev i s e  a mechan i sm for 
deve l op i ng and shar i ng  data  among countr i es ,  compan i es ,  government 
agenc i es ,  research ers , l abor , var i ous i nteres t groups , and the  
pub l i c .  Th i s  p l an m i ght i nc l ud e  such th i ngs as  work shops , 
i nternat i on a l  conferences , i nternat i on a l  commi ttees , and so forth . 
I t  i s  assumed that such a group  wou l d  mak e contact w i th synfue l s 
compan i es ,  agenc i es ,  s c i ent i f i c  soc i et i es ,  and i nd i v i du a l s not on l y  
i n  t h e  Un i ted States b u t  a l so  abroad i n  order t o  bu i l d a con s ensu s  on 
th e proper approach to th i s  comp l ex but i mportant prob l em .  

HEALTH SURVE I LLANCE2 

A mechan i sm that wou l d  a i d  i n  the gather i ng  and ana l ys i s  of s afety 
and h ea l th i nformat i on wou l d  be a synfu e l s hea l th reg i stry or 
reg i s t r i es for the h ea l th records of synfue l s work ers . Th e poten t i a l  
for meas ur i ng th e occupat i on a l  n ea l th effects o f  the  
commerc i a l i z at i on of  synfue l s techno l og i es requ i res th e p l an n i ng  and 
i mp l ementat i on of  a record-k eep i ng method ( that  i s ,  a reg i stry ) th at 
wou l d  i ntegrate work env i ronment character i z at i on w i th med i ca l  
screen i ng c apab l e of  quant i fyi ng  h ea l th effects . An occupat i on a l  
h ea l th program th at  l i nk s  t h e  tox i co l og i c a l  character i z at i on o f  
occupat i on a l  po l l utants i n  th e coa l  convers i on a n d  s h a l e  o i l recovery 
i ndustr i es h a s  l arge ly  been accomp l i sh ed .  Thu s , tox i co l ogy has 

2 I nformat i on i n  th i s  s ec t i on i s  bas ed on the fo l l ow i n g  sourc es : R .  
Moure ,  11 Es tab l i s n i ng a Reg i stry of Work ers Invo l v ed i n  O i l Sh a l e and 
Coa l  L i qu efact i on Demonstrat i on and Commerc i a l  P l ants , "  paper 
presented at th e commi ttee ' s  Workshop on Synthet i c  Fu e l s Fac i l i t i es 
Safety , La  Jo l l a ,  Ca l i forn i a ,  January 1 982 ( s ee Append i x ,  Paper K ) ; 
D .  A .  Sav i tz ,  11 Potent i a l Us es of a Synthet i c  Fue l s Work er Reg i s try , •• 
paper pres ented at th e commi ttee ' s  Work shop on Synthet i c  Fue l s 
Fac i l i t i es Safety , La Jo l l a , Ca l i forn i a ,  January 1 982 ( s ee Append i x ,  
Paper P ) ;  R .  N .  L i go ,  " Du Pont • s  Occupat i on a l  Hea l tn Program , •• pa per 
pres ented at th e commi ttee ' s  Work shop  on Synthet i c  Fu el s Fac i l i t i es 
Safety , La  Jo l l a ,  Ca l i forn i a ,  January 1 g82 ( s ee Append i x ,  Paper H ) ; 
and C .  W .  St a l l ard , 1 1A Sys tem for Data  Co l l ect i on a n d  Computer 
Proces s i ng i n  Occupat i on a l  Hea l th Programs : Th e SOH IO Hea l th 
Informat i on Center , •• paper presented at U . S .  E PA/DOE Sympos i urn on 
Hea l th Effects  I n ves t i gat i on of Oi l Sh a l e  Deve l opment , Gat l i nburg , 
Tennes s ee ,  June  23 , 1 980 . 
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prov i ded the  i ndustr i a l  hyg i en e  d i sc i p l i n e  w i th th e b as i s  to  
imp l ement  a s amp l i n g s trategy . 

Before s ett i ng  u p  a reg i stry , i t  i s  ess ent i a l to recogn i z e  what 
a reg i s try can and cannot do . A reg i stry can be  extremel y ben efi c i a l  
for th e accurate  i dent i f i cat i on of occupat i on a l l y  i nduced d i seases 
w i th a l on g  l atency per i od ,  s uch  as cancer . A reg i s try a l l ows for 
d eta i l ed con s i derat i on of exposure as wel l as confound i ng v ar i ab l es 
i n  re l at i on to a tempora l l y d i s tan t  h ea l th outcome . The poss i b i l i ty 
of a s i ng l e ,  extremel y h i gh dos e c au s i ng d i s ease  cannot b e  d i smi ssed , 
but  the emphas i s  h ere  i s  on l on g -term , l ow-dos e exposure . 

Second , a reg i s try wou l d  prov i de the  d ata  for cas e-contro l 
stud i es and cros s -s ect i on a l  med i ca l  stud i es . Act i ve survei l l ance 
m i ght be  poss i b l e i f ,  for examp l e ,  a potent  t er atogen or  s k i n  
carc i nogen was d i scov ered . A reg i s try cou l d  b e  i nd i s pens ab l e i n  
fo l l ow i n g  u p  acu te ,  catastroph i c  exposures w i th d e l ayed h ea l th 
effects .  

Fi n a l l y ,  a reg i stry c an rap i d l y  i d ent i fy un expected prob l ems .  A 
cont i nu i ng but  un recogn i z ed exposure ,  catas troph i c  to hea l th i n  the 
s en s e  that asbestos was , cou l d  b e  recogn i z ed i n  th i s way .  Acces s  to 
deta i l ed expos ure  h i stor i es cou l d  prov i de a qu i ck i d ent i f i cat i on of 
"rea l " ( that i s ,  exposure-caus ed ) ep i demi cs v ersus  s pur i ou s  ( random ) 
c l u ster i ng . 

Gu l f  O i l ,  SOH IO , du  Pont , and  N I OSH have  a l l h ad exper i ence  w i th 
work er reg i s tr i es and w i th l on g -t erm ep i demi o l ogy stud i es s u cn as  th e  
U . S .  Pu b l i c  Hea l th Serv i ce prospect i ve  stud i es o f  s ev era l thous and 
uran i um m i n ers . 3 Bas ed on that  i nformat i on ,  the genera l  features 
of an effect i ve reg i stry can be  stated . The syst em  w i l l  prov i de 
access to the  k i nds  of i nformat i on l i s ted be l ow :  

o Bas i c  Emp l oyee Data . Thes e i nc l ud e  n ame , soc i a l  s ecur i ty 
number , b 1 rth date ,  l as t  known addres s , job t i t l es ,  job  
l ocat i ons . 

o Resu l ts of Med i ca l  Exam i n at i on s . Common pract i ce i s  a 
prepl acement exam w 1 th s ubseq uen t  per i od i c  exams . More  frequent 
exams may be warranted by a part i cu l ar exposure hazard . The 
exams common l y  i nc l ude  a hea l tn h i story ques t i onna i re that may 
i nc l ude  a q ues t i on on smok i ng ;  exam i n at i on by or under th e 
superv i s i on of a phys i c i an ;  poster i or -anter i or ches t  X-ray ; 
u r i n a l ys i s ;  wh i te b l ood ce l l count and hemog l ob i n ; aud i ogram ; 

3F .  E .  Lund i n ,  J .  K .  Wa goner , and v .  E .  Archer , "Radon Daughter 
Expos u re and Resp i ratory Cancer Qua l i tat i v e  and Temporal  Aspects , "  
Jo i nt Monograph # 1  N IOSH and N I EHS , Pub l i c  Hea l th Serv i ce 
( Wash i ngton , D . C . : U . S .  Pub l i c  Hea l th Serv i ce ,  1 9 7 1 ) . 
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v i s u a l  acu i ty t es t ;  b l ood chemi stry ( for examp l e ,  SMA- 1 2 ) ; 
e l ec trocard i ogram , w i th frequency d ependent  on age ; and 
pu l monary funct i on t ests . Emp l oyees are reeva l u ated at each 
exam for s i gn s  of adverse  h ea l th effects  wh i ch cou l d  be rel ated 
to the  job . 

o Work -Re l ated I l l nes s es or I njur i es . Th es e are  treated by the  
p l ant phys i c i an who refers the emp l oyee to h i s  or h er person a l  
phys i c i an when further ev a l u at i on or  treatment i s  requ i red . 

o Seec i a l  Med i c a l  Mon i tori n g .  Th i s  can b e  e i ther phys i ca l  or 
b 1 o log 1 ca l  mon i tor 1 ng and i s  for emp l oyees expos ed to s pec i f i c  
tox i c  agents . For examp l e ,  emp l oyees potent i a l l y  exposed to a 
s ubstance capab l e  of caus i ng k i dney d amage m i ght rece i v e  s pec i a l  
phys i c a l  exams per i od i c a l ly  t o  l ook for s i gn s  o f  such  damage .  

o Spec i a l  F i l es . Examp l es are a f i l e  of s i ck nes s -rel ated 
abs ences ; a f i l e  of death s among  act i v e and ret i red empl oyees ; a 
f i l e  of c ancer c ases ; and a f i l e  of coronary h eart d i s ease .  

o Exposu re Data .  Thes e are the  d ata  gathered by i ndus tr i a l  
hyg i en i sts to d eterm i n e  wheth er exposure l i m i ts  are be i ng met . 

o Informat i on on smok i n g h ab i ts .  Wh at i s  smok ed , i n  what amounts , 
and for how l ong . 

Us i ng th e s ev era l  k i nds  of i nformat i on l i s ted above ,  
ep i d em i o l og i s t s  can  per i od i c a l l y  ana l yz e  d i s eas e i nc i dence  a t  var i ous  
emp l oyment s i tes to determ i n e  wh ether an excess i nc i dence  of a 
d i s ease  or cau s e  of death h a s  occurred at a s i t e .  I n add i t i on ,  
stud i es can  b e  conducted on groups of emp l oyees who h ave  been exposed 
to c erta i n  substances at v ar i ou s  exposure l eve l s i n  order to 
d eterm i n e  wheth er th e s ubs tances are cau s i ng adv erse  h ea l th effects . 

Th e power of ep i demi o l og i ca l  stud i es to detec t  work -rel ated 
h ea l th h az ards i ncreases w i th th e n umber i n  a group  be i ng  stud i ed .  
Accord i ng l y ,  i t  i s  des i rab l e  th at the v ar i ou s  compan i es co l l ect  the 
s ame d ata  i n  the  s ame format by th e s ame procedures so that 
ep i demi o l og i c a l  stud i es can be  carr i ed out  on emp l oyees i n  s i m i l ar 
jobs acros s th e synfue l s i ndustry . A commi ttee of experts 
( espec i a l l y  ep i demi o l og i sts , pnys i c i an s , i nd u s tr i a l hyg i en i sts , and 
tox i co l og i s t s ) and po l i cymak ers from th e concerned compan i es ,  
un i v ers i t i es ,  and government agenc i es shou l d  determ i n e  what dat a  
shou l d  b e  co l l ected for each synfue l  work er a n d  for each synfue l s 
i ndus try ,  and how the data  shou l d  be  stored and u s ed ,  and who shou l d  
have  access to s uch d at a .  Th e format for record i ng th e data  and t he  
l ength of  t i me the  data  are  to  be  reta i n ed shou l d  a l so be  es tab l i s hed 
by th i s  comm i ttee .  In  add i t i on ,  the  commi ttee shou l d  es tab l i sh 
procedures for pres erv i ng th e conf i dent i a l i ty of med i c a l  data  and 
s afegu ard i ng propr i etary i nformat i on .  Each part i c i pat i ng company 
shou l d  be encouraged to co l l ect  the data  prescr i bed by th e commi ttee.  

Wh en ev er i t  i s  d ec i ded to study some s egment of synfue l s 
work ers , th e data  on th e work ers from each company n eeded for a 
part i cu l ar s tudy shou l d  be  transferred to the  organ i zat i on th at w i l l  
perform the study , fo l l ow i ng  the  estab l i sh ed procedures for 
pres er v i ng th e conf i dent i a l i ty of med i c a l  data  and s afeguard i ng 
propr i etary i nformat i on .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

S a f e t y  I s s u e s  R e l a t e d  t o  S y n t h e t i c  F u e l s  F a c i l i t i e s
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COST-BENEF I T  ANALYS I S4 

Adequate con s i derat i on of hea l th and s afety i ss u es imp l i es poten t i a l  
cos ts  th at cou l d  s i gn i f i cant l y  i nf l uence th e soc i a l  b en ef i ts from the  
commerc i a l produc t i on of synthet i c  fuel s .  The  trade-offs between the 
reduct i on of h ea l th r i s k s  and the mark et compet i t i ven es s  of synthet i c  
fu e l s shou l d  b e  con s i dered . Cos t  ana l ys i s  methodo l ogy shou l d  be  
deve l oped from a s o l i d  d ata  bas e .  Key areas i nc l ude : 

o Hea l th Effects  Research . Ep i demi o l og i ca l  an d  tox i co l og i ca l  
studi es to dev elop  rel at i onsh i ps between hea l th effects and 
exposure l eve l s to tox i c  mater i a l s .  

o Res earch on P l ant Performance and Tox i c  Exeosure .  Th e 
devel opment of rel ation sh i ps to l i nk techn 1 ca l measu res ,  p l ant 
performance ,  and th e durat i on of work er exposure to tox i c  
proces s s treams dur i n g  p l ant repa i rs . 

o Res earch on Cost  and Performance  Trade-offs . Th e  d eve l opment of 
rel at i on sh i ps l i nk i n g  product costs  to  improvements  i n  p l an t 
performanc e .  

Data  gen erated from th i s  res earch w i l l  prov i de i nput for 
devel op i ng the appropr i at e  mode l . Ava i l ab l e l i terature on equ i pment 
fa i l ures can h e l p i dent i fy cand i date v ar i ab l es to pred i ct performanc e  
l eve l s .  Prev i ou s  stud i es of  p l ant  ma i ntenance l ev e l s .  can he l p 
s uggest v ar i ab l es for meas ur i ng tox i c  exposure potent i a l  dur i ng 
repa i r  and s erv i c i ng .  These  l i n k s  between h ea l th effects  research , 
regu l atory po l i cy ,  and product costs mu st  b e  i ncorporated i nto a 
method to s t i mu l ate  po l i cy dec i s i on s . 

A d i a l ogue shou l d  b e  encouraged among r es earch ers i n vo l ved i n  
h ea l th effects  stud i es and those  i nvest i gat i ng eng i n eer i n g and 
econom i c  i s s ues . Co l l aborat i on through conferences and commi ttees 
repres ents  a feas i b l e opt i on .  

CODE FOR HANDL I NG EXPLOS I VES I N  SHALE  M I NES 

Spec i a l regu l at i on s  concern i ng exp l os i v es shou l d  be  deve l oped for o i l 
s h a l e m i n es .  Such s tandards m i ght a l l ow for th e u s e  of  ANFO ,  
dynam i te ,  a n d  s i m i l ar nonpermi ss i b l e exp l os i v es . The rat i ona l e  for 
s uch r egu l at i ons  i s  based on some specu l at i on that th e s l ow-burn i ng 

4 Informat i on i n  th i s  s ect i on i s  based on K .  E .  Ph i l l i ps ,  "Res earch 
Needs for As s es s i ng  th e  Cos t s  of Hea l th and Safety Comp l i ance  In  a 
Synthet i c  Fu e l s I ndustry , " paper pres ented at th e commi ttee ' s  
Work shop on Syn thet i c  Fu e l s Fac i l i t i es Safety , La  Jo l l a , Ca l i forn i a ,  
January 1 982 ( s ee Append i x ,  Paper M ) . 
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nature  of perm i ss i b l e  exp l os i v es cou l d  res u l t  i n  th e combust i on of 
sha l e rubb l e ,  g i l son i te ,  or oth er carbonaceous  mater i a l s pres ent i n  a 
s ha l e m i n e . S Moreov er , a means for u s i ng exp l os i v es curren t l y  
c l as s i f i ed as  nonperm i s s i b l e mus t  be  deve l oped i f  proven mi n i ng 
methods are to be  u s ed i n  o i l sh a l e m i n es . 6 

COMPEND I UM OF DATA RELAT I NG TO ACC I DENTS 

An i ndus try-sponsored group mi ght be  es t ab l i shed to d ev e l op germane  
stat i s t i c a l  data  to determ i n e  th e causes of  actua l  acc i dents  i n  a 
d eve l op i ng synfue l s i ndustry and to recommend prev ent i v e measures for 
cons i d erat i on by the i ndus try . Thos e act i v i t i es are  current l y  
c arr i ed out w i th i n  th e nydrocarbon -proc es s i ng i ndustry by a v ar i ety 
of organ i zat i ons  such  as the Amer i can Soc i ety of Mechan i ca l  
En g i n eers , the  Amer i c an I n st i tute  o f  Ch em i c a l  Eng i n eers , and the 
Nat i on a l  Safety Counc i l . ? However , a forma l i z ed i ndustry-sponsored 
group wou l d  focus  efforts on deve l op i ng acc i den t -source i nformat i on 
for synth et i c  fu e l s fac i l i t i es .  

Ssk e l l y  and Loy , Eng i neers and Consu l tants , R&D Needs  for Oi l  Sha l e 
M i n i n  and Hea l tn /Safety Techno l o  y :  F i n a l  Report , (Wash 1 ngton , 

U .  • Department of En ergy , June  1 980 , p .  23 . 

6p . A .  Ru t l edge ,  "Mi n i ng Prob l ems Un i qu e  to Oi l  Sh a l e , " paper 
presented at th e commi ttee ' s  Work s hop on Synthet i c  Fu el s Fac i l i t i es 
Safety , La  Jo l l a ,  C a l i forn i a ,  January 1 982 ( s ee Append i x ,  Paper N ) . 

7c .  H .  Verva l i n ,  " Know Loss -Prevent i on I nformat i on Resources , "  
�drocarbon Proc es s i ng ,  March 1 98 1 , pp . 222-236 . 
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I NTRODUCTI ON 

Th i s  Append i x  conta i ns 1 9  pos i t i on papers prepared by members of the 
Comm i ttee on Synthet i c  Fue l s Fac i l i t i es Safety and by i n v i ted experts . 
They were presented at the commi ttee Work shop he l d  on January 1 8- 1 9 , 
1 982 i n  La  Jo l l a ,  Ca l i forn i a .  They represent a s ummat i on of the 
commi ttee ' s  de l i berat i ons  on var i ou s  aspects of s afety prob l ems i n  a 
deve l op i n g  synfue l i ndustry that appear to warrant s pec i f i c  
cons i derat i on .  The top i cs covered by these papers range from a 
descr i pt i on of the  synfue l s  fac i l i t i es themse l ves to a de l i neat i on of 
s afety , hea l th and en v i ronment a l  i s s ues  un i que l y  assoc i ated w i th 
synfue l s  fac i l i t i es and operat i ons . These  papers are the pr i nc i pa l  
source of i nformat i on for the commi ttee ' s  f i n a l  report . 

I t  shou l d  be noted th at the  v i ews expres sed i n  these papers are 
those  of the au thors and do not neces s ar i l y  ref l ect  those of the 
Comm i ttee on Syn thet i c  Fue l s  Fac i l i t i es Sa fety . 
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POS I T ION  PAPER A 

SYNTHET I C  FUELS FAC I L I TY 
SAFETY PLANT S I TI NG CONS I DERAT IONS 

Au g u s t  0 .  Benz 
Bechte l Group , Inc . 

S i te se l ect i on for major new i ndustr i a l  projects such  as ref i ner i es ,  
chem i c a l  p l ants , power p l ant s , and  meta l l urg i c a l  fac i l i t i es requ i res  
a thorough e v a l uat i on of techn i c a l , economi c ,  soc i a l , and eco l og i ca l  
factors t o  perm i t se l ect i on o f  preferred s i tes and s i te deve l opment  
p l ans . S i t i ng dec i s i ons  for  synthet i c  fue l s  fac i l i t i es are made 
somewhat more d i ff i cu l t  bec ause of the i r  l arge s i ze and comp l ex i ty ,  
and because o f  uncerta i nt i es assoc i ated w i th the deve l op i ng 
techno l og i es i nvo l ved . 

For a l l major projects , worker and pub l i c  s afety mus t  be 
protected and env i ronmenta l regu l at i on s  mu s t  be met . Typ i ca l l y ,  
contro l of a i r  emi s s i ons , aqueou s eff l uents , h az ardou s substances , 
and l eachates from mi nes and was te p i l es are cr i t i ca l  cons i derat i ons  
i n  synfue l s  p l ant s i t i ng .  Other soc i oeconom i c and  env i ronmenta l  
a spects of  synfue l s  p l ants are a l so i mport ant . Th i s  paper d i scusses  
s afety and env i ronment a l  con s i derat i ons  t h at affect synfue l s  p l ant 
s i t i ng .  

Comp l i ance w i th regu l atory requ i rements i s  a major 
cons i dera t i on .  At th i s  t i me ,  the regu l atory s i tuat i on re l at i ve to 
synfue l s  i s  s t i l l  evo l v i ng { as i s  the techno l ogy i tse l f  and the 
po l i t i ca l  c l i mate re l at i ve to synfue l s ) .  Future regu l atory trend s  i n  
the synfue l s  area a re d i ff i cu l t  to pred i ct . 

When ana l yz i ng a l tern at i ve p l ant  s i te s , techn i ca l , econom i c , 
soc i a l , and eco l og i ca l  factors mu st  a l l be eva l u ated i n  terms of 
cos t -benef i t  trade -offs , both econom i c and env i ronmenta l .  Fa i l u re to  
an a l yze proper l y  a l l of the d i verse techn i ca l  and  regu l atory i s sues 
in  s i t i ng a synfue l s  fac i l i ty can  l ead to unforeseen env i ronment a l  
contro l costs , i n ab i l i ty t o  obta i n  necess ary perm i ts , and cos t l y  
project de l ays . Cho i ces of s i tes are se l dom obv i o u s  and dec i s i ons  
often i nvo l ve ev a l u at i on of h i dden cos ts  and  i n tang i b l e  factors . 
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SYNFUE LS  PLANT CHARACTER I ST I CS AND BAS I C  S I TE REQU IREMENTS 

Before d i scuss i ng s pec i f i c  p l ant  s i t i n g cr i ter i a ,  i t  i s  u sefu l to 
rev i ew the genera l character i s t i cs of synfue l s fac i l i t i es .  Var i ou s  
synfue l s  fac i l i t i es d i ffer apprec i ab l y  a n d  these d i fferences affect 
bas i c  s i te requ i rements  and s i t i ng opportun i t i e s  s i gn i f i cant ly .  

Typ i ca l  ch aracter i s t i cs o f  gener i c  coa l  gas i f i cat i on , coa l 
l i quefact i on ,  and s u rface retort o i l sh a l e  fac i l i t i es are l i s ted i n  
Tab l e  1 .  Typ i c a l  synfue l s  project deve l opment  schedu l es are shown on 
F i gure 1 .  No attempt has  been made to report  typ i ca l emi s s i on or 
eff l uent l eve l s  or to l i s t  haz ardous res i du a l s i nvo l ved i n  the 
v ar i ous  types of synfue l s  p l ants , s i nce these are h i gh l y  var i ab l e  
depend i n g o n  coa l o r  o i l s ha l e  ch aracter i s t i cs ,  synfue l s  proces s  
techno l ogy , and t h e  pol l ut i on con tro l techno l ogy app l i ed .  

Synfue l s  project ch aracter i s t i cs that  exert a major i nf l uence on 
bas i c  s i te requ i remen ts i nc l ude  synfue l s  product i on rate , raw 
mater i a l  s u pp l y ,  market l ocat i on ,  fac i l i ty process  techno l ogy , and 
poten t i a l  em i s s i ons  l eve l . 

As can be seen from Tab l e  1 , a l l synfue l s  p l ants are 
ch aracter i zed by the very l arge quant i t i es of so l i d  mater i a l s  wh i ch 
mu s t  be h and l ed . The l oc at i on of the r aw mater i a l s s upp l y  (mi nes ) 
re l at i ve to the proces s  fac i l i ty s i te can  affect operat i n g costs  as  
much  as  any other s i n g l e  factor , mak i ng m i ne�outh fac i l i ty s i t i ng 
attract i ve i n  many cases . Mi ne �outh  p l ants  are cons i dered norma l 
for o i l s ha l e  projects ,  t ar  s ands  proj ects , and l ow rank  coa l 
convers i on projects .  S im i l ar l y ,  water ava i l ab i l i ty ,  transportat i on 
ava i l ab i l i ty ( p i pe l i nes , r a i l roads , etc . ) , or l oc a l  markets for 
syngas  or syncrude products and by-products  i nf l uence d i fferen t i a l  
s i te cost s i gn i f i cant l y .  Process water ava i l ab i l i ty can ea s i l y 
become a l i m i t i ng cons i derat i on .  

Process  techno l ogy s e l ect i on a l so affects b as i c  s i te 
requ i rements  s i gn i f i cant l y  s i nce the d i fferent  techno l og i es each 
exh i b i t  d i fferent product y i e l ds , r aw mater i a l s  qua l i ty requ i rements , 
by-product quant i t i es and propert i es , waste mater i a l s product i on , and 
potent i a l em i ss i on rates . For examp l e :  

o Certa i n  coa l gas i f i ers and s ha l e  retorts h ave s tr i ct  l i m i t at i ons  
on raw mater i a l s  s i ze , resu l t i ng i n  added feed preparat i on 
fac i l i t i es and /or d i s pos a l  req u i rements  for f i ne mesh  part i c l es . 

o Oi l  s h a l e  retort operat i ng cond i t i on s  vary w i de l y  between 
processes , res u l t i ng i n  spen t s h a l e  propert i es that requ i re 
d i fferent d i s pos a l  techn i ques . 

o Heavy tar  and pheno l i c o i l produc t i on i s  s i gn i f i c an t w i th some 
coa l  gas i f i ers , wh i l e others produce es sent i a l l y  none of these 
by-products . 

Synfue l s  product i on r ate affects  bas i c  s i te requ i rements  
pr i mar i l y  because  of potent i a l env i ronment a l  "costs " rather than  
cons truc t i on and operat i ng costs . As output i ncreases , the gas  and  
water eff l uents  tend  to i ncrease proport i on a l l y .  For l arge p l ants , 
eff l uent l eve l s  cou l d  exceed a l l owab l e  i ncrements  for regu l ated 
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TABL E  1 Typ i ca l  Syn fu el s Proj ect Character i s t i c s 

Coa l 
Coa l  L i quefa c t i on Oi l S ha l e 

Syn fuel Proj ect  Ga s i fi cat i on ( Di rec t )  ( Su r face  Retorts ) 

Su b s t i tute  na tura l Synt h et i c  crude Synt heti c crude 
Product ga s o i l o i l 

Product i on rate 250 X 1 rP cu ft/day 50 , 000 bbl /day 50 , 000  bbl /day 

Feed s to c k  ( coa l /s ha l e) 1 5- 2 5 , 000 ton s /day 20- 30 , 000 to n s /day 60- 90 , 000 ton s/day 

Water consumpt i on 6- 2 5  X 1 cf ga 1 /day 6- 1 5 X 1 rP ga 1 /day 8 - 2 0  X 1 rP ga 1 /day 
co 

Sol i d  wa st e  ( a s h/s pent s ha l e ) 
� 

1 - 5 , 000 ton s/day 2-8 , 000 ton s/day 40- 7 0 , 000 to n s /day 

Cos t  ( 1 98 1  do l l a rs ) $1 . s- 2 . s x 1 cr $2- 3 X 1 fP  $2- 3  X 1 o9 
Land requ i rements  

( exc l u d i ng  mi n e )  300- 500 acres 300- 500 a cres 500- 700  a cres 

La bor requ i rements  
constructi on s ta ff 2 , 500-4 , 000 3 , 500- 5 , 000 3 , 500- 5 , 000  
opera t i on s  s ta ff 800- 1 , 200 1 , 00- 1 , 500 1 , 000- 1 , 500 
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• Feasibi l ity Studies 

• Process Selection, 6-1 2  Months 

Optimization Studies, � 
Coal/Shale Testing 1 2-30 Months 

• Siti ng/Environmental � 
Permitting 6-1 2  Months 

• Project F i nancing � 
9- 1 2  Months 

• Process Design � 
24-30 Months 

• Detai led Engineeri ng � 
36-40 Months 

• Procurement � 

• Construction 

3-6 
• Start-Up/Shake-Down 

I ·  OV E R A L L  SCH E DU LE 6-9 YEARS · I  

Fi gure 1 Major syn fuel s project sc hedu l e .  
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po l l u tant s , even though best  ava i l ab l e  contro l techno l ogy i s  
app l i ed . P l ant s i t i ng w i th i n  cert a i n areas of degraded a i r  qu a l i ty 
or w i th i n  non atta i nment areas may be un su i tab l e  because of 
uncerta i nt i es or extreme costs as soc i ated w i th offsets for obta i n i ng 
i ncrements i n  prevent i on of s i gn i f i cant  deter i orat i on ( PSD ) .  

As men t i oned , the poten t i a l em i s s i ons  l eve l of a part i cu l ar 
synfue l s  p l ant  var i es s i gn i f i cant l y  w i th the proces s  techno l ogy 
u t i l i zed and the raw mater i a l  ch aracter i s t i cs .  Many stud i es have 
been performed for v ar i ou s  comb i n at i ons of synfue l s  techno l og i es and 
raw ma ter i a l s ,  and they h ave genera l l y conc l uded that curren t l y  
av a i l ab l e  po l l u t i on contro l techno l ogy i s  adequate t o  h and l e  the 
k nown env i ronment a l  prob l ems of the synfue l s  i ndustry .  These 
ex i s t i ng con tro l techno l og i es have been proven i n  commerc i a l 
app l i c at i on w i th i n  the o i l ref i nery , chem i ca l , m i n i ng ,  and 
met a l l u rg i c a l  i nd u str i es . I t  i s  be l i eved , therefore , that l ack  of 
acceptab l e  po l l ut i on contro l techno l ogy w i l l  not prec l ude deve l opment 
of the synfue l s  i ndus try ,  a l though po l l ut i on contro l  cos ts  w i l l  have 
an i mportant effect on synfue l s  product i on cos ts . 

Rev i ew of F i gure 1 shows the extended t i me per i od i nvo l ved i n  
p l ann i ng ,  des i gn i ng ,  and bu i l d i ng a major synfue l s  project . Note 
that s i t i ng and env i ronmenta l  permi t efforts can  be expected to 
i nvo l ve u p  to two and a h a l f  years . 

MAJOR PROJECT S I T I NG CR I TER IA  

When t he  bas i c  s i te requ i rements of  a major i ndustr i a l  project have 
been def i ned ( p l ant product i on rate , raw mater i a l s ,  market , proces s  
techno l ogy , a n d  so  on ) , a s i te s e l ec t i on s tudy c an proceed . The 
study w i l l  rev i ew a l l i dent i f i ed potent i a l s i tes , eva l u at i ng each 
aga i nst  common cr i ter i a  i n  order to i dent i fy the  mos t  s u i tab l e .  
Synfue l s  s i t i ng i s  s i m i l ar to other i ndustr i a l  fac i l i t i es s i t i ng i n  
th i s  regard . 

For these ev a l u at i ons , the major s i te cr i ter i a  i nc l ude 
techno -econom i c ,  soc i oeconom i c ,  and env i ronment a l  factors . Tab l e  2 
l i s ts  the major cr i ter i a  norma l l y  u s ed i n  fac i l i ty s i t i ng s tud i es for 
maj or projects of a l l types . Dur i ng a maj or fac i l i ty s i t i ng 
ev a l u at i on ,  a l l of the cr i ter i a i n  Tab l e  2 mu st  be con s i dered . Many 
of these  cr i ter i a are se l f -ev i dent  i n  the i r i mportance to p l ant 
s i t i ng dec i s i on s . Part i cu l ar l y  i mportan t c r i ter i a  i n  synfue l s  p l ant 
s i t i ng are d i scus sed further i n  the fo l l ow i n g  sect i on s . 

Techno-Econom i c  Cr i ter i a 

Compat i b i l i ty w i th So i l s ,  Geo l ogy , and Se i smo l ogy 

In add i t i on to the obv i ou s  requ i rements of s u i tabi l i ty for foun ­
dat i on s  and s tructures , the so i l s ,  geo l ogy , and se i smo l ogy are 
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TABLE  2 Generi c S i t i n g C r i ter i a 

TECHNO- ECONOt. U C 

o t-1a x i mum compa ti bi l i ty wi t h  so i l s ,  geo l ogy ,  a nd s e i smo l o gy 
o r�a x i mum compa t i bi l i ty wi t h  e x i s t i ng  a i r qua l i ty l ev e l s a nd 

regu l a t i o n s  
o Ma x i mum compa t i bi l i ty wi th s u r fa c e  a n d gro und  wa ter reso u rc e s  
o �1a x i mum l a bor  forc e a v a i l a bi l i ty 
o t1a x i mum pro perty a va i l a bi l i ty 
o Ma x i mum s i te a c c e s s  
o Ma x i mum ex pa n s i o n  po tent i a l  
o Mi n i mum tec hn i ca l  r i s k  
o Mi n i mum c o n s tructi o n  i mpa c t  mi t i ga t i on 
o Hi n i mum s i te devel o pment 
o r1i n i mum pro x i mi ty o f  ha za rd s  
o Mi n i mum tra n s po rta t i o n  cos ts 

SOC IO- ECONOtU C 

o Ma x i mum compa ti bi l i ty w i t h  produc ti v e  l a nds  a n d  wa ter 
o Ma x i mum compa t i bi l i ty wi t h  e x i s t i ng  a nd propo s ed l a nd  u s e  
o t-1a x i mum compa t i bi l i ty wi t h  reg i o na l  eco nomi c s  ( mu n i c i pa l  

s e rv i ces , l a bor ma rket s , c u l t u ra l  a s pec t s , ho u s i ng ma r ket s , 
zo n i ng , ta xes ) 

o Ma x i mum pu bl i c  a c c e ptabi l i ty 
o Mi n i mum d i s r u pt i o n  o f  soc i a l i n s t i tu t i o n s  
o Mi n i mum v i s u a l  a n d  a u d i bl e i mpa cts  o n  exi s t i n g  a n d  pro pos ed 

res i de n t i a l  a nd rec rea t i o na l  a rea s  
o Mi n i mum po pu l a t i o n  d i s pl a c eme nt  

ENV I RONt·1ENTAL 

o f-1 i n i mum a dverse  a i r q ua l i ty i mpac t  
o Mi n i mum a d v e r s e  i mpac t  o n  hyd ro l o g i c a l  resou rces  
o t-1 i n i mum a dv e r s e  i mpa c ts o n  wi 1 d l  i fe habi ta ts a nd po pu l a t i o ns 
o M i n i mum a d v e r s e  i mpac t s  o n  a qua t i c eco systems 
o M i n i mum so i l  ero s i o n 
o M i n i mum a dv e r s e  no i se i mpac ts  
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i mportant con s i derat i ons  because of the need to rec l a i m  m i ned l ands  
and so l i d  waste d i spos a l  areas , and  to prevent con tam i n at i on of the 
l oc a l  ground water reg i me w i th l eachate from s o l i d  waste s torage . 
Loca l  geo l og i c a l  and ground  water reg i me are part i cu l a r l y  re l evant  to 
synfue l s  s i t i ng because of the need for s o l i d ( pos s i b l y  haz ardou s ) 
waste d i s pos a l  s i tes . The presence of a h i gh water tab l e ,  h i gh l y  
permeab l e  geo l og i ca l  cond i t i ons , o r  u n s t ab l e  se i sm i c  cond i t i ons  cou l d  
pre c l ude the l oc at i on of was te d i spos a l  s i tes  near the fac i l i ty .  

Compat i b i l i ty w i th Ex i s t i ng Ai r Qu a l i ty Leve l s  

Current a i r  qu a l i ty regu l at i on s  i mpose severe cons tra i n ts  on the 
s i t i ng of synfue l s  p l ants . In some areas , ex i s t i ng degraded a i r  
qu a l i ty makes  i t  necess ary to reduce em i ss i on l eve l s and to mak e 
trade-offs that  con s i derab l y  i ncrease p l an t  cos t . Al ternate l y ,  
regu l at i ons  may proh i o i t  deve l opment  because  m i n i mum feas i b l e  
em i s s i on s  exceed perm i s s i b l e  l i m i ts . To d ate , u ncerta i nt i es i n  the 
a i r  qu a l i ty regu l atory c l i mate h ave h i ndered efforts to deve l op a 
genera l i zed approach to syn fue l s  s i t i ng .  Ul t i mate l y ,  each poten t i a l  
s i te mu s t  b e  eva l u ated w i th regard t o  ex i s t i n g  federa l ,  s t ate and 
l oc a l  requ i rements and ex i st i n g amb i en t  a i r  q u a l i ty at the t i me 
perm i ts  are sought . The degree of em i s s i on contro l and the em i s s i on 
contro l techno l ogy w i l l  depend on bas i c  fac i l i ty ch aracter i s t i cs such  
as proces s  techno l ogy , p l ant  s i ze , and raw mater i a l ch aracter i s t i c s , 
i n  add i t i on to the ex i s t i ng a i r  q u a l i ty i n  the s i te area . 

Compat i b i l i ty w i th Su rface and Ground Water Resources 

Water c an be a cr i t i c a l l y  l i m i t i ng factor for deve l opment  of synfue l s  
p l ant s - -part i cu l ar l y  i n  the western Un i ted States where water 
resources are scarce and conf l i ct i ng demands for i ts a l l oc at i on can 
ex i s t .  Synfue l s  s i t i n g mu s t  take i nto account  water ava i l ab i l i ty ,  
cos t ,  and dependab i l i ty ,  and the r i s k o f  these factors chan g i ng  
s i gn i f i c ant l y .  P l ant  operat i ng costs  can  vary cons i derab l y  depend i ng 
on trade -offs between the cost of water and the cos ts  of water -sav i ng 
techno l ogy . 

The av a i l ab i l i ty of suff i c i ent water depends on more than the 
phys i c a l  presence of water . Other cr i t i ca l  factors , espec i a l l y  i n  
the Wes t , i nc l ude econom i c compet i t i on from other u ses ; the po l i t i c a l  
acceptab i l i ty of d i vert i n g water for energy-re l ated uses ; a body of 
l aw con tro l l i n g water r i ghts , wh i ch i s  s t i l l  deve l op i ng ; and 
env i ronment a l  regu l at i on s . Major i mped i ments  to deve l op i ng  a 
genera l i zed approach to synfue l s  s i t i ng w i th regard to water 
ava i l ab i l i ty are : 

o Lack of con servat i ve u se  of  water resources for agr i cu l tura l 
u ses , engendered by cheap rates . 
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o Un adj ud i cated water r i ghts  i n  many western r i ver bas i ns ,  and 
l ack of know l edge of the tot a l  water a l l oc at i on s av a i l ab l e  i n  
many bas i ns .  

o I ncreas i ng exerc i se of  water r i ghts by I nd i an tr i bes and 
uncert a i n t i es w i th regard to u l t i mate water requ i rements of the 
Ind i an reservat i ons . 

o I n adequate l aws regard i ng ground water a l l ocat i ons and use . 

Techn i ca l  R i s k s 

I t  mu s t  be recogn i zed that  most  synfue l s  techno l og i es are re l at i ve l y  
u nproven i n  l arge -sca l e  commerc i a l  pract i ce a t  th i s  t i me .  As a 
res u l t ,  uncert a i nt i es ex i s t i n  many i mportant areas such  as trace 
contam i nant  l eve l s  i n  products  and by-products , dust  l oad i ngs  or 
other po l l u tant l eve l s  i n  vent and waste streams , process operat i ons 
s tab i l i ty and tendency to u pset , unu s u a l  em i s s i on s  and hea l th h azards 
encoun tered dur i n g  s h u tdowns or ma i ntenance act i v i t i es ,  l arge -sca l e  
m i n i ng techno l ogy , and so on . These uncerta i nt i es affect overa l l  
proj ect s i t i ng and s afety eva l u at i ons . Carefu l ev a l u a t i on of these 
and other techn i ca l  r i s k s  are part i cu l ar l y  i mportant for the 
11f i rs t -of-a -k i nd 11 commerc i a l  synfue l s  p l ants p l anned for the next 
decade . I n  add i t i on ,  cont i nu i n g  eva l u at i on of synfue l s  p l an t s afety 
and hea l th h az ards mus t  be ma i nt a i ned d ur i ng i n i t i a l  operat i on of 
these p l ants , un t i l an adequ ate commerc i a l data  base i s  deve l oped for 
each of the s pec i f i c  process  techno l og i es . In  other words , i t  w i l l  
be neces sary to prov i de conservat i ve i n i t i a l  p l ant  des i gn s  for the 
synfue l s  i ndustry to ens ure that  worker and pub l i c  hea l th and s afety 
as we l l  as the env i ronment  are adequate l y  protected . 

Other Techno-Econom i c  Cr i ter i a  

The i nf l uences on synfue l s s i t i ng con s i derat i ons  of the rema i n i ng 
techno -econom i c  cr i ter i a l i s ted on Tab l e  2 are l arge l y  se l f-ev i den t . 

Soc i oeconom i c Cr i ter i a 

Di srupt i on of Soc i a l  Ins t i tut i on s  

Cons i der i ng t h e  l arge s i ze o f  synfue l s  p l ants , fu l l -sc a l e  commerc i a l  
synfue l s  product i on may cause  maj or soc i a l  and econom i c effects , 
part i cu l a r l y  i n  rura l  areas . Prox im i ty to urban centers can  be 
attract i ve because  the i nf l ux of l abor and the i ndustr i a l i z at i on 
assoc i ated w i th fac i l i t i es deve l opment are buffered by ex i s t i ng urban 
fac i l i t i es and cond i t i on s . Synfue l s  deve l opmen t i n  rura l areas may 
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l ead to boom town phenomena- -rap i d  b u i l d -up  of a l arge cons truc t i on 
l abor force fo l l owed by a sharp  dec l i ne to a sma l l er operat i ng work 
force . Because of the l ocat i on of major coa l and o i l s h a l e  resources 
i n  rura l areas , fac i l i ty s i t i ng mu s t  take  i n to account the potent i a l  
for ser i ou s  d i srupt i ons o f  the l oca l commun i t i es and the potent i a l 
cos ts of m i t i g at i ng such  effects . 

V i s u a l  and Aud i b l e  Impacts 

Because  of no i se assoc i ated w i th s uch opera t i n g  fac i l i t i es ,  v i s u a l  
a n d  aud i tory i mpacts c a n  be  d i srupt i ve to  l oc a l  res i dents . Locat i ng 
fac i l i t i es at some d i st ance from res i dent i a l areas can reduce no i se 
comp l a i nt s . Locat i ng fac i l i t i es i n  des i gnated i ndustr i a l  areas  i s  
preferab l e  to rura l l ocat i on s  because of reduced v i s u a l  or aesthet i c  
d i srupt i on .  Al ternate l y ,  use  of "green be l ts " or "setback s " can he l p  
reduce s uch v i sua l and aud i b l e  effects . 

Compat i b i l i ty w i th Product i ve Lands and Water 

When pos s i b l e ,  fac i l i t i es l ocat i on i n  des i gn ated i ndustr i a l  areas 
wou l d  reduce conf l i cts i nherent in  u s i ng product i ve agr i cu l tura l , 
range ,  or t imber l ands  for i ndustr i a l  purposes . S im i l ar l y ,  s i tes 
w i th water re sou rces a l l ocated to energy uses  are more su i ted to 
synfue l s  s i t i ng than  areas s uch as  i n  the wes tern s t ates where water 
a l l ocat i ons e i ther h ave not been made or have been des i gn ated to 
agr i cu l tura l u ses . 

Other Soc i oeconom i c  Cr i ter i a 

The effect on synfue l s  s i t i ng of the rema 1 n 1 ng soc i oeconom i c  cr i ter i a 
l i s ted on Tab l e  2 i s  l a rge l y  se l f -ev i dent . 

Env i ronmenta l  Cr i ter i a 

Ai r Qu a l i ty Effects 

As sum i n g  that  contro l l ed em i s s i ons comp l y  w i th  a i r  q u a l i ty standards , 
effects of a i r  emi ss i on s  wou l d  resu l t  from tox i c  res i du a l s ,  or 
po l l u tants  that are not contro l l ed dur i ng p l ant u psets or equ i pment 
fa i l u res . The ex i s tence of sens i t i ve ecosystems , sens i t i ve spec i es , 
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or sens i t i ve agr i cu l tura l or s i l v i cu l tura l  crops on or near a s i te 
wou l d  render the s i te l e s s  compat i b l e  w i th synfue l s  fac i l i ty s i t i ng .  

Effects on Hydro l og i c  Resources 

The poten t i a l  for adverse effects  of water w i thdrawa l on ex i st i ng 
s u rface or ground water resources i s  part i cu l ar l y  i mportant to 
synfue l s  s i t i n g i n  the western s t ates as  d i scus sed prev i ou s l y .  

Waste -water s treams generated by synfue l s proces ses  requ i re a 
v ar i ety of treatments  e i ther to ach i eve zero d i scharge or to s a t i sfy 
eff l uent  s t andards . Genera l l y ,  ex i st i ng water treatment  techno l og i es 
can be ad apted to treat contam i nated synfue l s  waste-water streams , 
a l though on l y  l i m i ted exper imenta l data  are ava i l ab l e .  Typ i c a l l y ,  
about one th i rd of t h e  tot a l  waste water i s  "sour  water " conta i n i ng 
hydrogen su l f i de ,  ammon i a , pheno l i c s , cyan i de s , th i ocynate , meta l s ,  
and po l ycyc l i c  aromat i c  hydrocarbons .  Coo l i ng tower "b l ow-down " 
u s u a l l y  accounts  for another th i rd of the tot a l  was te water , w i th 
m i sce l l aneous  process  s treams and raw mater i a l s torage , s a n i tary 
was tes , and l andf i l l  l e ach ates mak i n g u p  the ba l ance . 

Synfue l s  s i t i ng mu s t  take i n to account  the potent i a l  rece i v i ng 
water c l as s i f i ca t i on i n  determi n i ng whether zero d i scharge i s  
necessary . Al though new source performance s t andard ( NSPS ) eff l uent 
d i sch arge l i m i tat i on s  for synfue l s  have not been promu l gated , i t  i s  
a s s umed that  the Nat i on a l  Po l l utant D i scharge E l i m i n at i on System 
( NPDES ) requ i rements wou l d  be app l i c ab l e  to any po i nt and nonpo i nt 
sources of eff l uents . NSPS wou l d  l i ke l y  be s i m i l ar to those 
e stab l i s hed for ref i ner i e s  and s team e l ectr i c  power p l ants . I n  the 
Wes t , zero d i sch arge w i th recyc l i ng of the was te -water s treams i s  
more cos t -effect i ve because  of the need to conserve water resources . 
In the East  where d i sch arge of eff l uents i s  pos s i b l e ,  the amb i en t  
water qu a l i ty o f  t h e  rece i v i ng waters mus t  b e  cons i dered when s i t i ng 
a fac i l i ty .  

W i th regard t o  ground water q u a l i ty ,  potent i a l adverse effects  
wou l d  der i ve from s o l i d  or haz ardous  waste s torage areas . In  s i t i ng 
a fac i l i ty ,  ground  water u ses  and the ground water and geo l og i c  
reg i me s  o n  and near was te  s torage s i tes  mu s t  b e  eva l u ated w i th regard 
to potent i a l l y  l e achab l e  contam i nants . 

Other Env i ronmenta l Cr i ter i a 

The rema i n i ng env i ronmenta l cr i ter i a l i s ted on Tab l e  2 are l arge l y  
se l f -ev i dent  i n  the i r  i nf l uence on synfue l s  s i te s tud i e s . 
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SUMMARY AND CONCLUS IONS 

The b as i c  s i te requ i rements  for synfue l s  proj ects ar i se from spec i f i c  
proj ect ch aracter i st i cs such a s  product i on rate , raw mater i a l  
ch aracter i s t i c s , and process techno l ogy . An actua l  synfue l s  p l ant 
s i te wh i ch prov i des a l l of the bas i c  requ i rements , meets a l l 
regu l atory requ i rements ,  and fu l f i l l s  other neces sary economi c ,  
soc i a l , and env i ronmenta l  cr i ter i a c an be se l ected u s i ng norma l major 
project s i te se l ect i on techn i ques . 

There i s  every i nd i cat i on that  synfue l s  fac i l i t i es can be 
des i gned and bu i l t  i n  accordance w i th estab l i shed standards and 
pract i ces , and can comp l y  w i th appropr i ate a i r ,  water , no i se ,  hea l th 
and s afety , waste d i spos a l , and other regu l atory requ i rements . 
Po l l ut i on contro l techn i ques and worker s afety pract i ces are a l ready 
be l i eved to be demonstrated i n  the m i n i ng ,  petro l eum ref i n i ng and 
chem i ca l i ndustr i es and w i l l  prove adequate to hand l e  env i ronmenta l 
prob l ems i n  the synfue l s  i ndustry .  Unp l anned occurrences can present 
r i sk  to both worker and pub l i c  safety , and conservat i ve p l ann i ng and 
des i gn efforts w i l l  be requ i red to ensure that the probab i l i ty of 
these occurrences i n  the synfue l s  i ndustry w i l l  be no greater than 
that exper i enced i n  estab l i shed i ndustr i es . Th i s  may be somewhat 
more d i ff i cu l t  when dea l i ng w i th the f i rs t -of -a -k i nd synfue l s  
projects expected w i th i n  the next decade , but  there i s  no i nd i cat i on 
that these i n i t i a l  p l ants w i l l  present i nso l ub l e  prob l ems . 

In  conc l us i on synfue l s  p l ant s i t i ng requ i res carefu l study of 
comp l ex techn i ca l , env i ronmenta l ,  and soc i oeconomi c factors . The 
prospects for acceptab l e  s i t i ng of synfue l s  fac i l i t i es appear to be 
good , a l though they depend on s pec i f i c  env i ronmenta l  regu l atory 
res tr i c t i ons  wh i ch have not been fu l l y def i ned as yet . The most  
i mportant synfue l s  s i t i ng con s i derat i ons  appear to  be  potent i a l  for 
compl i ance w i th a i r ,  water , and so l i d  waste env i ronmenta l  
regu l at i ons . Any attempt to s i te a fac i l i ty mu st  be performed 
case -by-case work i ng w i th federa l ,  state , and l oc a l  agenc i es .  The 
env i ronmenta l , soc i oeconomi c ,  and hea l th effects of synfue l s 
deve l opment  have been s tud i ed i n  depth by both pub l i c  and pr i vate 
sectors .  Potent i a l  i mpacts are ne i ther so tr i v i a l as to be i gnored , 
nor so l arge as  to prec l ude deve l opment  of synfue l s  fac i l i t i es . 
Cogn i z ance of the i s s ues , carefu l study of the costs and trade-offs , 
and u p -front p l ann i ng w i th both l oc a l  commun i t i es and w i th a l l 
res pons i b l e  regu l atory agenc i es can l ead to s ucces sfu l s i t i n g  and 
deve l opment of synfue l s  fac i l i t i es . 
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POS I T ION PAPER 8 

ENV IRONMENTAL REGULAT IONS I N 
RELAT ION TO THE SYNFUELS I NDUSTRY  

Bruno Brodfe l d 
Stone and Webster Eng i neer i ng Corporat i on 

En v i ronment a l  cons i derat i ons  w i l l  s i gn i f i cant l y i nf l uence the 
deve l opment  of the synfue l s  i ndustry in the Un i ted States . For one 
th i ng ,  en v i ronmenta l requ i rements affect the s i t i n g ,  cos t ,  and 
perm i tt i n g  of synfue l s  p l an ts . For another , en v i ronmenta l i s sues c an 
prov i de a veh i c l e  for oppos i t i on to the deve l opment of a synfue l s  
i ndu s try . 

Th i s  paper d i scusses en v i ronmenta l  regu l atory requ i rements 
app l i cab l e  to the des i gn ,  cons truct i on ,  and operat i on of synfue l s  
p l ants . I t  was prepared as a bas i s  for d i s cu s s i on dur i ng the January 
1 8 - 1 9 ,  1 982 work shop organ i zed by the Comm i ttee on Synthet i c  Fue l s  
Fac i l i t i es Safety . 

The ma i n  appl i cab l e  l aws and regu l at i ons  contro l l i n g  
env i ronmenta l i mpacts a t  the federa l  l eve l i nc l ude the fo l l ow i ng : 

o The C l ean Ai r Act  ( CAA ) of 1 977  regu l ates the re l ease  of a i r  
po l l u tants  by means  of Nat i on a l  Amb i en t  Ai r Qu a l i ty Standards , 
Prevent i on of S i gn i f i c ant  Deter i orat i on I n crements , and New 
Source Performance Standards . These are be i n g estab l i s hed for 
42 separate source ca tegor i es , of wh i ch seven may app l y  to 
spec i f i c  sect i on s  of synthet i c  fue l p l ants . I n add i t i on ,  the 
C l ean Ai r Act requ i res the deve l opment of Nat i on a l  Em i s s i on 
St andards for Hazardous  Ai r Po l l utants . 

o The C l ean Water Act ( CWA ) of 1 9 7 7  regu l ates the re l ease of 
l i qu i d  eff l uents  by the estab l i s hment  of eff l uent standards  
i nc l ud i ng standards for tox i c  po l l u tants , and by a perm i tt i ng 
s tructure embod i ed i n  the Nat i on a l  Po l l u tant  Di sch arge 
E l i m i nat i on System . Eff l uent s t andards  are be i ng estab l i shed 
for 28 source c ategor i es ,  of wh i ch f i ve may app l y  to l i qu i d  
eff l uents from synthet i c  fue l p l ants . 

o The Resou rce Conservat i on and Recovery Act ( RCRA ) of 1 9 76 
governs the generat i on ,  transportat i on ,  and d i s pos a l  of 
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hazardous  so l i d  wastes , and requ i res a l l s tates to deve l op 
cr i ter i a for d i s pos a l  of a l l other s o l i d  wastes . 

o The Surface Mi n i ng Contro l and Rec l amat i on Act ( SMCRA ) of 1 977  
regu l ates s urface coa l m i n i ng pract i ces through Env i ronmenta l  
Protect i on Standards and  the  requ i rement of comprehens i ve 
Rec l amat i on P l ans . 

o The R i vers and Harbors Act of 1 899 req u i res that a permi t be 
obta i ned from the Ch i ef of the Army Corps of Eng i neers for any 
construct i on i n  a n av i gab l e  waterway , wh i ch wou l d  i nc l ude 
dock i ng or i nt ake  fac i l i t i es . 

o The Safe Dri nk i ng Water Act of 1 979 requ i res th at any pr imary 
dr i n k i ng water source be ma i nt a i ned at a l eve l of qua l i ty 
determi ned by water q u a l i ty s tandards def i ned as a resu l t  of the 
act . Consequen t l y ,  any synthet i c  fue l s  fac i l i ty ,  l i ke  any other 
i ndustr i a l  fac i l i ty ,  mus t  ensure that  any dr i nk i ng water sources 
are not contami nated by fac i l i ty operat i on .  I n  add i t i on ,  any 
synfue l s  p l ant  u s i ng deep-we l l was te d i s pos a l  systems requ i res 
an Underground Inject i on Contro l Permi t under th i s  act . 

o The Nat i ona l  Env i ronmenta l  Po l i cy Act  of 1 969 requ i res the l ead 
federa l  agency des i gnated by the Federa l  Counc i l  on 
En v i ronmenta l  Qu a l i ty to produce an Env i ronmenta l  Impact 
Statement  { E I S )  when a major federa l act i on i s  taken . Al l new 
synthet i c  fue l s  p l ants are expected to requ i re such an E I S .  

o The Tox i c  Substances Con tro l Act o f  1 976 requ i res that a l l new 
chemi ca l s  be tested pr i or to the i r use i n  commerce . Th i s  
premanufacture not i ce procedure requ i res that tox i c  substances 
be contro l l ed to  ensure pub l i c  hea l th and safety . Once a 
chem i c a l  has  gone through th i s  procedure and i s  found  nontox i c ,  
then no further test i ng for new projects i s  requ i red . Th i s  
wou l d  mean that  e ach new synfue l s  product wou l d  have to go 
through such  a procedure but th i s  wou l d  not be neces sary for 
s ubsequent projects des i gned to produce s i mi l ar products . 

The CWA,  CAA,  RCRA, and SMCRA requ i re s tates to prepare 
i mp l ementat i on p l an s  for regu l at i ng perm i s s i b l e  effects at the state 
l eve l . If state regu l atory agenc i es prepare p l an s  that are approved 
by the Env i ronmenta l  Protect i on Agency ( EPA ) , then permi tt i ng 
respons i b i l i ty i s  de l egated from the federa l  to the state l eve l . 
Under current admi n i strat i on po l i c i es ,  the trend i s  to i ncrease state 
contro l of the perm i tt i ng programs over that exper i enced i n  the 
past . I n  add i t i on to these federa l ly de l egated programs , s tates have 
passed env i ronmenta l  s t atutes that c l ose l y  para l l e l  federa l concerns , 
supp l ement them w i th s tate -spec i f i c  con s i derat i on s , and i n  some 
cases , h ave promu l gated s t andards  that are more s tr i n gent th an 
federa l standards . For examp l e ,  wh i l e o i l s h a l e  m i n i ng i s  not 
contro l l ed by federal  s t atute , i t  i s  s tr i ngent l y  regu l ated at the 
s tate l eve l . 

The above d i scusson on  l aws and regu l at i ons i l l ustrates the 
a l ready ex i st i ng w i de array of regu l atory requ i rements  that synfue l s  
projects must  comp l y  w i th .  
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In th i s  context , i t  shou l d  be men t i oned that i n  1 979 ,  the EPA 
announced a program for preparat i on of Po l l ut i on Contro l Gu i dance 
Documents  ( PCGD ' s )  for the s tated purpose of decreas i ng regu l atory 
uncerta i nty i n  the absence of new source performance standards for 
synfue l s  product i on fac i l i t i es .  They were i ntended to deve l op 
current techn i ca l  i nformat i on on a i r  emi ss i on s , l i qu i d eff l uents and 
so l i d  wastes from synfue l s  p l ants , ava i l ab l e  control techno l og i es , 
and expected ranges of ach i eveab l e  contro l l evel s .  It was 
ant i c i pated t hat s uch gu i dance documents wou l d  be deve l oped dur i n g  a 
two -year per i od for v ar i ou s  synfue l s  techno l og i es i nc l ud i n g  i nd i rect 
coa l l i quefact i on ,  l ow Btu coa l gas i f i cat i on , med i um and h i gh Btu 
coa l gas i f i cat i on , d i rect coa l  l i quefact i on , and o i l sha l e .  Recent 
i nformat i on i nd i cates that th i s EPA effort has been d i scont i nued . 

It  i s  i mportant to recogn i ze that , wh i l e  state -of -the -art  rev i ew 
documents s uch as PCGD ' s  may ass i st regu l atory agenc i es i n  project 
as ses sments , they shou l d  not be used to i nh i b i t  deve l opment of 
i nnovat i ve contro l techno l og i es or to enforce preferred contro l 
methods . 

In asses s i n g the l i k e l y  effect of env i ronmental  regu l at i ons  on 
the deve l opment  of the synfue l s  i ndustry i t  s hou l d  be emphas i zed that 
most  env i ronmenta l  i s s ues a s soc i ated w i th synfue l s  projects are qu i te 
s i m i l ar to the i s sues as soc i ated w i th any l arge and comp l ex 
i ndustr i a l  fac i l i ty .  In fact , many o f  the processes and systems 
w i th i n a synfue l s  p l ant u se  convent i on a l  techno l og i es that have been 
u sed for years i n  the ref i nery ,  chemi ca l , meta l l urg i ca l , and power 
i ndustr ies . W i th regard to major po l l utants  and resource 
requ i rements , synfue l s  p l ants are not expected to produce 
env i ronment a l  i mpacts or  hazard l eve l s  greater than those ach i eved i n  
many l arge p l an ts i n  v ar i ous  i ndustr i es , as l ong  as proper 
env i ronment a l  contro l techno l og i es are appl i ed .  

The effect of env i ronmenta l  regu l at i ons  on the synfue l s  i ndustry 
i s  l i ke l y  to be pr i mar i l y  re l ated to the s i t i ng of synfue l s  p l ants . 
Among the v ar i ou s  l aws and regu l at i ons  ment i oned , those dea l i ng w i th 
water resources , a i r  qua l i ty ,  and tox i c  and hazardous substances are 
cr i t i ca l . 

In  ar i d western s t ates , a va i l ab i l i ty of water r i ghts i s  a major 
i s sue  affect i ng the s i t i ng of synfue l s  p l ants and therefore i t  may 
contro l the deve l opment  of the synfue l s  i ndustry i n  those reg i ons . 
As a pract i ca l  matter , th i s  i s sue  shou l d  be cons i dered pr imar i l y  a 
s tate , rather than a federa l  concern . 

Wh i l e i n  the case of water , regu l at i on s  emphas i ze resources and 
q uant i ty ,  i n  the case of a i r ,  regu l at i ons  emphas i ze qua l i ty .  Current 
CAA prov i s i on s  cr i t i c a l l y  affect the synfue l s  p l ants . 

For examp l e ,  i n  deve l oped areas such as i n  the East and Mi dwest ,  
the requ i rements re l ated to nonatta i nment areas may s i gn i f i cant l y  
affect the s i t i ng o f  synfue l s  p l ants . These requ i rements conta i ned 
i n  the state i mp l ementat i on p l an s  may make the deve l opment of a 
synfue l s  project con t i n gent on the project owners ' be i ng ab l e  to 
offset the i r  emi s s i on s . 

Copyright © National Academy of Sciences. All rights reserved.

Safety Issues Related to Synthetic Fuels Facilities
http://www.nap.edu/catalog.php?record_id=19584

http://www.nap.edu/catalog.php?record_id=19584


93 

In u ndeve l oped areas i n  genera l  and i n  the western states i n  
part i cu l ar ,  the most  important requ i rements  re l ate to the prevent i on 
of s i gn i f i cant deter i orat i on ( PSD ) and to v i s i b i l i ty i mpa i rment . PSD 
requ i rements  for pri s t i ne areas cou l d  effect i ve l y  prevent 
con struct i on of  l arge synfue l s  p l ants i n  some of these areas and even 
of modest -s i zed fac i l i t i es i n  other areas . S im i l ar l y ,  the v i s i b i l i ty 
i mpa i rment req u i rements , i n  the absence of re l i ab l e  methods for 
pred i ct i ng v i s i b i l i ty effects ,  can represent an uncerta i n  factor i n  
permi tt i ng synfue l s  p l ants near pr i st i ne areas . 

I t  s hou l d  be menti oned that  i n  certa i n  cases , the str i ngency of 
a i r  qu a l i ty res tr i ct i ons  can be a factor favor i ng the deve l opment  of 
a synfue l s  project . For examp l e ,  i n  prox im i ty of pr i s t i ne areas , 
where i ncreases i n  a i r  po l l ut i on are l i m i ted to very sma l l i ncrements 
and "a i r  r i ghts " are the l i m i t i n g  factor for energy deve l opment  i n  
the area , coa l gas i f i cat i on p l ants can have an i nherent advantage due 
to the l ow l eve l of su l fur  emi ss i on s . I n  s uch cases , e l ectr i c  
u t i l i t i es may prefer t o  use  coa l gas  fue l i ns tead o f  d i rect coa l 
combust i on for power generat i on as a means  for fac i l i tat i ng the i r  own 
s i t i ng prob l ems . 

Current l y  d i scuss i ons are tak i ng p l ace re l ated to l eg i s l at i ve 
act i on on CAA . In th i s  context , i t  i s  i mportant  for the s c i ent i f i c  
and tech n i ca l  commun i ty t o  emph as i ze the need for re l i ab l e  sc i ent i f i c  
ev i dence before spec i f i c  requ i rements  are added t o  the act , 
part i cu l ar l y  as  re l ated to ac i d  prec i p i tat i on and carbon d i ox i de 
em i s s i ons . Appropr i ate research programs i n  these areas are 
requ i red , as ev i denced by Congres s  mandat i ng an Ac i d  Prec i p i tat i on 
Program and a Carbon Di ox i de Study i n  the Energy Secur i ty Act of 
1 980 . I t s hou l d  be po i nted out that the synfue l s  i ndustry , more than 
other i ndustr i es , has  at i t s d i sposa l  the techno l og i ca l  means  for 
better contro l of carbon d i ox i de and s u l fur  emi ss i ons . 

Another regu l atory act i v i ty that can s i gn i f i cant l y  affect the 
synfue l s  i ndustry i s  the sett i ng of s t andards for tox i c  and h az ardous 
a i r ,  water ,  and so l i d  was te po l l utants . I t  i s  essent i a l  that any 
such s t andards and c l as s i f i cat i ons of po l l utants as  tox i c  or 
hazardous be based on comprehens i ve sc i ent i f i c  data cou p l ed w i th 
appropr i ate r i sk  assessment .  

The consequences of env i ronmenta l  regu l at i ons  on the synfue l s  
i ndus try w i l l  depend not on l y  on the regu l at i ons  themse l ves , but a l so 
on i ndustry ' s  ab i l i ty to present a persuas i ve case to regu l atory 
agenc i es whenever permi ts are app l i ed for .  The s trength o f  an 
i ndustr i a l  appl i cant ' s  case depends many t i mes on the thoroughness  of 
en v i ronment a l  i mpact ana lyses , the degree of soph i st i cat i on of 
ana l yt i ca l  and mode l i ng techn i ques , and the extent of mon i tor i n g  
programs before and after construct i on o f  a p l ant . Wh i l e expans i on 
of s uch act i v i t i es c an add a cert a i n  cos t  e l ement ,  i t  can often 
con tr i bute to a s treaml i n i ng of the permi tt i n g  process . Therefore ,  
i t  i s  i mportant for i ndustry t o  i n i t i ate and c arry out appropr i ate 
research and deve l opment efforts re l ated to env i ronmenta l  i mpacts , 
r i sk as sessment an a lyses and when requ i red deve l opment of 
comprehens i ve mode l i ng of env i ronment a l  effects . Su ch act i v i t i es 
shou l d  h ave an accepted p l ace w i th i n  i ndustry ' s  efforts re l ated to 
the deve l opment  of synfue l s  techno l og i es . 
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POS I T ION PAPER C 

SOME POL I CY ISSUES RELATED TO 
SYNTHET I C  FUELS FAC I L I TY SAFETY 

W i l l ard R .  Chappe l l 
Un i vers i ty of Co l orado 

I n  s p i te of the "o i l g l ut  of 1 98 1 , "  many observers agree that an 
energy cr i s i s  s t i l l  ex i s ts . The Un i ted States and a l l i es depend upon 
countr i es w i th a h i gh potent i a l for po l i t i ca l  i nstab i l i ty for a l arge 
share of the l i qu i d  hydrocarbons that power the defense and i ndustry 
of the free wor l d .  The recent exper i ence of Ir an i s  amp l e  ev i dence 
that a maj or d i srupt i on · cou l d occur  that wou l d  endanger the f l ow of 
o i l from the M i dd l e  Eas t . If  the threat were great enough , mi l i tary 
i ntervent i on by the Western countr i es wou l d  be i nev i tab l e  and the 
spread of the conf l i ct beyond the M i dd l e  East ( i n  v i ew of the 
s trateg i c  pos i t i on of the Sov i et Un i on ) pos s i b l e .  Even w i thout such 
an event , the con t i nued d ra i n i ng of the cap i ta l  of the Un i ted States 
and i ts a l l i es poses a major concern for the v i ta l i ty of the 
econom i es of these countr i es . Therefore i t  seems prudent i f  not 
necessary to move away from the present dependence on fore i gn o i l .  

Over the past sever a l  years the most  appropr i ate path to energy 
i ndependence has  been act i ve l y  debated . Numerous stud i es have been 
performed by government , i ndus try , and the research commun i ty ;  the 
resu l t s h ave been contrad i ctory , controvers i a l , and confus i ng .  
Perhaps the l es son to b e  l earned from a l l th i s  confus i on i s  that 
energy i s  so i nterwoven i nto the fabr i c  of soc i ety that i t  def i es any 
s imp l e  an a l ys i s .  In add i t i on to our i n ab i l i ty to ana l yze the energy 
prob l em ,  the s i tuat i on i s  compounded by the fact that numerous va l ue 
j udgments are i nvo l ved i n  dec i d i ng on the bes t  path to energy 
i ndependence . Important v a l ues such as jobs , hea l th ,  the 
env i ronment ,  and the qua l i ty of  l i fe are at s take . Moreover , even i f  
we knew and cou l d  agree upon the "bes t "  course , we (the lkl i ted States 
and i ts a l l i es ) do not h ave comp l ete contro l over our energy 
des t i ny .  Some be l i eve that Saud i a  Arab i a  and other OPEC countri es 
h ave a de l i berate po l i cy of  pr i c i ng the i r  o i l at a l evel  that makes 
other a l ternat i ves (such as synthet i c  fue l s ) uneconomi ca l . 

It  i s  perhaps becau se of the h i gh l eve l of uncerta i nty and 
frus trat i on that the Un i ted States has de  facto adopted a po l i cy of 
exp l or i ng and deve l op i ng n umerous a l ternat i ves . Wh i l e debate goes on 
over the appropr i a te m i x and emphas i s , some progress  i s  be i ng made on 
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numerous fronts i nc l ud i ng so l a r ,  conservat i on ,  fus i on ,  and synthet i c  
fue l s .  I n  1 980 a potent i a l ly  important part o f  th i s  progress  was 
i n i t i ated when the Pres i dent s i gned i nto l aw the Energy Secur i ty Act 
( P . L .  96-294 ) .  Ti t l e  I of th i s  act estab l i shes nat i on a l  goa l s  for 
the product i on of synthet i c  fue l s i n  the Un i ted States of at l east 
500 , 000 barre l s of crude o i l equ i va l ent  per day by 1 987 , i ncreas 1 ng 
to 2 m i l l i on barre l s  per day by 1 992 . The corporat i on i s  empowered 
to prov i de f i nanc i a l ass i stance to perm i t the ach i evement of these 
goa l s .  The tota l  author i z at i on over the 1 2  years from 1 980 to 1 992  
is  $80 b i l l ion . The s i ze of such an i ndustry w i l l  be immense . If 
o i l sha l e  were the compl ete source of the 2 m i l l i on barre l s  per day ,  
i t  wou l d  requ i re the  process i ng of rough l y  1 200 mi l l i on tons of ore 
per year- -twi ce the s i ze of the present coa l i ndustry .  The tota l  
cap i ta l  cos t i s  d i ff i cu l t  t o  est i mate , but  cou l d  b e  $ 1 00 t o  $300 
b i l l i on ( i n  1 98 1  do l l ars ) .  

Thu s , the u ndertak i ng i s  perhaps the l argest i n  h i s tory .  An 
enterpr i s e  of th i s  magn i tude has  the potent i a l for numerous 
ram i f i cat i ons , h armfu l and benef i c i a l , and many of wh i ch are 
d i ff i cu l t  to pred i ct i n  advance . There are po l i cy dec i s i on s  that can 
i nf l uence the nature and magn i tude of the efforts , both benef i c i a l  
and adverse . The purpose of th i s  paper i s  to br i ef l y  d i scuss  some of 
the i s sues re l at i ng pr imari l y  to synthet i c  fue l s  fac i l i t i es s afety . 

SURFACE M I N I NG AND UNDERGROUND M I N I NG 

A cons i derab l e  amount of  the n at i on ' s  coa l  and o i l sha l e  reserves are 
amen ab l e  to surface mi n i ng .  Much of the s urface -mi neab l e  coa l  i s  i n  
the western part o f  the n at i on as i s  mos t  of the h i gh grade o i l 
sha l e .  Th i s  l eads to a concern expressed by many peop l e  over the 
d i s turbance of l ands that have scen i c  or agr i c u l tura l v a l ue and that 
are re l at i ve l y  d i ff i cu l t  to rec l a i m  becau se of the l ow prec i p i tat i on 
l eve l s .  As a resu l t ,  the h i gh l y  controvers i a l  Surface Mi ne Act was 
passed to attempt to assure adequate protect i on of these l and 
v a l ues . In the case of o i l sha l e  many peop l e  i n  the env i ronmenta l  
commun i ty have expres sed oppos i t i on to exten s i ve su rface mi n i ng .  

On the other h and , from the po i nts of v i ew o f  s afety , resource 
conservat i on ,  and econom i c s , s urface mi n i ng has many pos i t i ve 
benef i ts .  Underground mi n i ng i s  two to three t i mes more h azardous to 
the worker  than surface mi n i ng .  Recovery of the resource acces s i b l e  
t o  s urface mi n i ng i s  essent i a l l y  1 00 percent ,  whereas , for examp l e ,  
underground m i n i ng can recover l es s  than 5 0  percent o f  the o i l sha l e  
because of the necess i ty t o  l eave p i l l ars to avo i d  subs i dence . 
Fi n a l l y ,  surface mi n i ng i s  cheaper than underground mi n i ng and th i s  
con s i derat i on i s  part i cu l ar l y  i mportant i n  the case of synthet i c  
fue l s  where the economi cs i s  cons i dered by many t o  be marg i n a l  at 
best . 
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In  the case  of the mod i f i ed i n  s i tu process  the worker safety 
i s sue  becomes  part i cu l ar l y  paramount because of the presence of 
m i ners underground wh i l e retorts are burn i ng .  Wh i l e the probab i l i ty 
of a ser i ous  acc i dent wh i ch cou l d  commun i cate hot , i gn i tab l e ,  and 
tox i c gases from a burn i ng retort to an area where workers are 
presen t i s  d i ff i cu l t to c a l cu l ate , such  acc i dents are poss i b l e  and 
cou l d  res u l t  i n  death or i nj u ry to a few hundred workers . 

I t  i s  c l ear  th at the v a l ues i nvo l ved compete i n  assess i ng the 
appropr i atenes s  and des i rab i l i ty of surface versus  underground 
m i n i n g .  Some peop l e  be l i eve th at the r i sk s  posed to m i ners are 
vo l untary on the part of the m i ner and therefore not a factor to be 
con s i dered . Others argue th at  workers ' i nj u r i es and deaths are 
cos t l y to the  n at i on i n  terms of both s uffer i ng and economi c cost , 
and therefore a l eg i t i mate concern to the nat i on as  a who l e .  

Th e  m i n i ng approach u sed cou l d  b e  i nf l uenced i n  a var i ety of 
ways , i f  the n at i on cou l d  a gree throu gh i ts po l i t i ca l  process ,  on 
whether s u rface or  u nderground  m i n i ng i s  more des i rab l e .  Indeed , the 
approach cou l d  conce i v ab l y  vary w i th the l oc at i on of the s i te .  

Of a l l the i s sues of concern , the m i n i ng i ssue i s  one of the most  
immed i ate s i nce m i n i ng beg i n s  ear l y  i n  a project a nd  because i t  
affects  s i te s e l ect i on . Thus , i f  the n at i on w i shes to i nf l uence the 
d i rect i on taken , po l i cy dec i s i on s  w i l l  have to be made soon . 

SOC IOECONOM I C  IMPACTS 

One of the tou ghest  i s sues  i nvo l ved i n  peop l e -i ntens i ve deve l opment 
on any sca l e  i s  the soc i oeconomi c a spect . Th i s  term encompasses a 
w i de var i ety of prob l ems wh i ch i nc l ude econom i c shortfa l l s  from the 
neces s i ty to prov i de fac i l i t i es s uch as schoo l s  and j a i l s  before a 
tax base  i s  ava i l ab l e ,  and the i ncrease i n  cr ime , d i vorce , menta l  
i l l ness , a l coho l i sm ,  and other soc i a l  prob l ems found i n  boom i n g  
commun i t i es .  A potent i a l  effect o n  fac i l i ty s afety resu l ts from a 
pos s i b l e  decrease i n  workers ' a l ertness  due to stresses not d i rect l y  
job -re l ated (e . g . ,  marr i age prob l ems ) or from the h i gh worker 
turnover found  i n  s uch areas . In add i t i on ,  i t  i s  conce i vab l e  that 
s abotage attempts by d i s grunt l ed workers cou l d  i ncrease due to such 
s tresses . Such p l anned or acc i dent i a l events cou l d  l ead to an 
i ncreased r i sk  of death and i nj u r i es to the workers and , perhaps , 
nearby commun i t i es .  

The debate i s  ongo i ng and th i s  may be an appropr i ate t ime to 
exami ne the re l at i onsh i p  to fac i l i t i es s afety more c l ose l y  i n  order 
to ascert a i n  whether th i s  i s  a s i gn i f i cant i s sue and whether spec i f i c  
measures can be taken to m i t i gate th i s  concern . 
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SOL I D  WASTE D I SPOSAL 

The recent co l l apse of a coa l spo i l bank that resu l ted i n  
cons i derab l e  property damage and a death i n  a Co l orado commun i ty 
i l l u s trates one of the hazards of waste d i s pos a l  that  i s  not 
frequent l y  r a i sed as  an i ssue . Wh i l e k now l edge of the geotechn i ca l  
propert i es of mater i a l s  h a s  i ncreased cons i derab l y ,  phenomena such  as 
creep and p i p i ng are s t i l l  not we l l  understood and pose prob l ems to 
p i l e  stab i l i ty .  Moreover ,  n atura l phenomena s uch as earthquakes , 
muds l i des , f l oods , and tornadoes as  we l l  as  man -made events s uch as 
s abotage present a potent i a l threat to p i l es of so l i d  waste . { In the 
case of o i l sha l e ,  the waste p i l es w i l l  be extraord i nari l y  
l arge - -hundreds of m i l l i on s  o f  tons a n d  hundreds of  feet th i ck . ) 

C l ear l y  the need to i ncrease our k now l edge of geotechn i ca l  
eng i neeri n g  both a t  a bas i c  and appl i ed l eve l i s  great . But ,  there 
are a l so some ways of reduc i ng the r i sk due to catastroph i c p i l e  
fa i l ure w i thout i mprov i ng present techno l ogy . One such approach 
wou l d  be to choose appropr i ate s i tes where events that cou l d  cause 
fa i l u re {e . g . , f l oods ) are l es s  l i ke l y  or  where the consequences of 
such fa i l u re are fewer . It m i ght be appropr i ate to rev i ew ex i st i ng 
regu l at i on s  to see i f  they conta i n  adequate cr i ter i a for judg i ng s i te 
appropr i ateness  on these grounds . 

The vo l umes of so l i d  waste generated by a 2-m i l l i on -barre l -per­
day synthet i c  fue l i ndus try are phenomena l . Cl ear l y ,  w i th the l arge 
numbers of p i l es generated by such an i ndustry , p i l e  fa i l ures w i l l  
occur from t i me to t i me ,  but s i te se l ect i on and better research have 
the potent i a l for s i gn i f i cant l y  reduc i ng the frequency and 
consequences of such events . 

WORKER TRA I N I NG 

The creat i on of a 2-mi l l i on -barre l -per -day i ndustry i s  goi n g  to 
requ i re tens of thousands of workers i n  v ar i ous  dangerous jobs . 
Cl e ar l y  proper job tra i n i ng can reduce the r i s k s  of these jobs . But ,  
w i l l  fac i l i t i es for proper tra i n i ng be ava i l ab l e ?  

A var i ety o f  i ncen t i ves have been used i n  the pas t to 
s ucces sfu l l y tra i n  peop l e  i n  j obs  con s i dered essent i a l to n at i ona l  
secu r i ty .  Th e  adequacy o f  tra i n i ng fac i l i t i es {vocat i on a l  schoo l s ,  
m i n i ng eng i neer i ng programs , and so  o� )  mu st  be eva l uated to 
determi ne i f  such i ncen t i ves need to be created . 

RESEARCH SUPPORT 

The Energy Securi ty Act c l ear ly  def i nes a n at i on a l  goa l of 2 m i l l i on 
barre l s per d ay by 1 992 . Con gress  has  author i zed $20 b i l l i on to be 
u sed , w i th a subsequent i n s t a l l ment of $68 b i l l i on p l anned to he l p  
ach i eve th i s  amb i t i ous goa l . Wh i l e some research on the 
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env i ronment a l  and hea l th effects of s uch an i ndustry has taken p l ace , 
th i s  research has  not been performed on a commerc i a l  sca l e  because 
none ex i s ts  i n  the Un i ted States . It i s  c l ear that the federal  
government  h as an essent i a l  ro l e  i n  fund i ng s uch research . Not on ly  
c an th i s  research l ead to  new understan d i ngs  wh i ch can s ave l i ves and 
reduce the env i ronmenta l threat , but  our experi ence w i th nuc l ear 
energy shows that  l ack of a program that can assure the pub l i c  of the 
s afety of these fac i l i t i es cou l d  s l ow or even s top the deve l opment of 
a synthet i c  fue l i ndu stry . 

In v i ew of the hundreds of b i l l i on s  of do l l ars ( i nc l ud i ng the $88 
b i l l i on i n  the Synthet i c  Fue l s  Corporat ion ) at r i s k  i n  meet i ng  the 
n at i on a l  goa l and the potent i a l  r i sks  i nvo l ved i n  th i s  g i ant 
enterpr i se ,  an i nves tmen t  of even a b i l l i on do l l ars i n  env i ronmental  
research wou l d  not seem very l arge to he l p  ensure that the  nat i ona �  
goa l  i s  met i n  a cos t -effect i ve and  an env i ronmenta l ly  acceptab l e  
manner . 
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POS I T I ON PAPER 0 

FACTORS AFFECT I NG THE SAFETY 
OF COAL GAS I F I CAT ION FAC I L I T I ES 

W i l l i am E .  Corbett and W i l l i am C .  Thomas 
Rad i an Corporat i on 

and 
Er i c  H .  Re i ch l  

Consu l tant 

Th i s  pos i t i on paper i dent i f i es and d i scu s ses s afety r i s k s  as soc i ated 
w i th coa l gas i f i cat i on fac i l i t i es . R i s k s  re l at i n g to f i ve genera l  
categor i es are  addressed : 

o natura l d i s asters , 
o s abotage , 
o p l an t  re l i ab i l i ty ,  
o s i te-spec i f i c  r i s k s , and 
o techno l ogy-spec i f i c  r i s k s . 

The focus  of th i s  paper i s  on r i sk s  un i que to coa l gas i f i cat i on 
fac i l i t i es .  I n  add i t i on to these un i que r i sk s ,  a l l of the subject 
fac i l i t i es w i l l  pose the s ame types of r i s k s  as those as soc i ated w i th 
any fu l l -sc a l e  energy convers i on fac i l i ty such a s  an o i l ref i nery or 
coa l -f i red power p l ant . 

The i n i t i a l port i ons  of th i s  pa per present some back ground 
i nformat i on on coa l  gas i f i cat i on fac i l i t i es ,  i nc l ud i ng  a br i ef 
d i scus s i on of  the s ubject technol ogy and an i dent i f i cat i on of the 
waste s treams that cou l d  be generated . Th i s  i nformat i on i s  pert i nent 
to the r i sk d i scu s s i on s  that fo l l ow because i n  many i nstances the 
character i s t i cs of the techno l ogy and i ts waste streams are domi nant 
factors i n  determ i n i ng the presence and the magn i tude of the r i s k s  
posed . 

TYPE OF FAC I L I T I ES 

Produc i n g synthet i c  fue l s  from gas i f i cat i on of coa l  i nvol ves the 
react i on of coa l  w i th s team and oxygen to produce a synthes i s  gas 
conta i n i ng CO and H2 as  we l l as m i nor amounts  of C02 , l ow 
mo l ecu l ar we i ght hyarocarbons ,  and , for certa i n  types of gas i f i ers , 
h i gher mo l ecu l ar we i ght organ i cs .  In add i t i on ,  raw synthes i s  gas 
a l so conta i n s  a var i ety of coa l  der i ved from const i tuents  norma l l y  
con s i dered t o  b e  contami nants . These contami nants i nc l ude NHJ ,  

gg 
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HCN , H2S ,  organ i c  s u l fur  s pec i es ,  trace e l ements  and entra i ned 
part i c u l ate matte r .  

A number o f  gas i f i ers are commerc i a l l y  ava i l ab l e  o r  near ly  a t  a 
commerc i a l s tage of deve l opment . These  gas i f i ers can be categori zed 
as  f i xed-bed , f l u i d i zed-bed , or entra i ned-f l ow reactors . W i th 
respect to many s afety i s sues however a more mean i ngfu l method of 
categor i z i ng gas i f i ers i s  accord i ng to whether or not they produce a 
syn thes i s  gas  that  conta i n s heavy organ i cs (coa l devo l at i l i z at i on 
products ) . In  genera l , the greatest producers of heavy organ i cs or 
coa l tars are those gas i f i ers wh i ch operate at re l at i ve l y  l ow 
temperatures and are f i xed -bed reactors . The Lurg i gas i f i er i s  an 
examp l e of th i s  type of reactor . Whether coa l  tars are produced i s  
s i gn i f i cant becau se coa l  tars conta i n  known carc i nogen i c  compounds 
and hence present hea l th and s afety r i s k s  to both p l ant  workers and 
the env i ronment . 

I n  the i r  s imp l es t  form , coa l gas i f i cat i on fac i l i t i es produce a 
gaseou s product wh i ch cons i sts  of CO and H2 as we l l  as COz and 
l i ght hydrocarbons .  Process i ng s teps downstream of the gas i f i er 
wh i ch may be requ i red to remove raw gas contami nants i nc l ude gas 
quench i n g and coo l i ng (w i th heat recovery where poss i b l e ) , and ac i d  
gas remova l  and s u l fur recovery .  More comp l ex gas i f i cat i on 
fac i l i t i es use  a cata l yt i c  s tep ( s ) to convert the pur i f i ed synthes i s  
gas i nto gaseou s or l i qu i d  products . Products that can be made 
i nc l ude near l y  pure H2 or CO , subst i tute n atura l  gas ( CH4 ) ,  
methano l ,  and gaso l i n e .  

Fu l l -sca l e  commerc i a l fac i l i t i es o f  the type j us t  descr i bed w i l l  
frequent l y  be l ocated on or adj acent to a c apt i ve coa l mi ne .  Th i s  i s  
des i rab l e  because these fac i l i t i es w i l l  process on the order of 
1 2 , 000 to 30 , 000 tons per d ay ( TPD )  of coa l i n  order to produce 
products  w i th an energy content equ i va l ent  to 20, 000 to 50 , 000 
b arre l s  per d ay ( BP D )  of o i l .  Assoc i ated w i th gas i f i cat i on 
fac i l i t i es of these s i zes w i l l  be l arge oxygen p l ants and re l at i ve l y  
l arge aux i l i ary power p l ants  ( 200 t o  500 MW equ i va l ents ) . Makeup 
water requ i rements w i l l  v ary depend i ng on the part i cu l ar gas i f i er 
used and the des i gn of the fac i l i ty ' s  water management system . 
However , a l l coa l gas i f i cat i on fac i l i t i es w i l l  consume l arge 
quant i t i es of water . 

Co a l  gas i f i cat i on fac i l i t i es h ave been i n  commerc i a l operat i on 
abroad for many decades . Pr i or to 1 945 , they were w i de l y  used i n  the 
Un i ted States . As a resu l t  of th i s  exper i ence , some i nformat i on has  
been obt a i ned concern i ng the safety records of these fac i l i t i es . 
However ,  most  of th i s  i nformat i on i s  not pub l i c ly  ava i l ab l e .  

No l arge -sca l e  commerc i a l gas i f i cat i on fac i l i t i es operate i n  the 
Un i ted States today from wh i ch s afety i nformat i on can be obta i ned . 
Thu s ,  i t  i s  l i ke l y  to be some t i me before a good data  base i s  
a v a i l ab l e that wou l d  a l l ow some of these i s s ues to be addressed 
d i rect l y .  However , many o f  the un i t  operat i ons  and proces s i ng s teps 
that compr i se a coa l  gas i f i cat i on fac i l i ty are very s i mi l ar to those 
u sed i n  ex i s t i ng energy convers i on fac i l i t i es . Fortunate l y ,  most  of 
these types of fac i l i t i es ,  s uch as o i l ref i ner i es ,  power p l ants , and 
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coke oven s , have been w i de l y  used in the Un i ted States , and as a 
resu l t ,  much U . S .  exper i ence w i th the safety aspects of these 
fac i l i t i es h as been obta i ned . 

A fa i r ly  l arge number of spec i f i c  gas i f i cat i on proces ses and 
downstream process i ng equ i pment opt i ons  w i l l  be u sed i n  future U . S .  
coa l gas i f i cat i on fac i l i t i es .  In genera l ,  the safety i s sues 
as soc i ated w i th any of these fac i l i t i es are s im i l ar though spec i f i c  
s afety i s sues vary from fac i l i ty t o  fac i l i ty .  Thus , the subject of 
gas i f i cat i on -re l ated safety i s sues can be addressed to a l arge extent 
i n  a genera l  manner . Where appropr i ate , techno l ogy-spec i f i c  i s s ues 
are d i scussed . 

SAFETY I SSUES ASSOC IATED W I TH THE WASTE STREAMS 
FROM COAL GAS I F I CAT ION  FAC I L I T I ES 

Gaseous Em i ss i ons  

One of  the mos t  s i gn i f i cant sou rces of gaseous emi s s i on s  from a coa l 
gas i f i cat i on fac i l i ty w i l l  be the ac i d  gases removed from the raw 
synthes i s  gas . These gases w i l l  cons i st predom i nant ly  of C02 and 
H2S ,  w i th l es ser amounts  of organ i c  s u l fur  compounds ( COS , CS2 
and mercaptan s ) and l ow mo l ecu l ar we i ght hydrocarbons .  Processes for 
remov i ng the s u l fur-conta i n i ng spec i es from these gases and 
convert i ng them i nto an e l ementa l  su l fur  by-product  are i n  commerc i a l  
use . As a resu l t ,  n o  major new contro l o r  s afety prob l ems are 
expected . The ta i l gases from su l fur  recovery wi l l  compri se a l arge 
C02-r i ch was te s tream . Th i s  s tream w i l l  be vented to the 
atmosphere in most coa l  gas i f i cat i on fac i l i t i e s , a l though some of 
these C02 -r i ch s treams may f i nd use as s t i mu l ants i n  enhanced o i l 
recovery . 

Another major g aseous emi s s i on from any l arge coa l  gas i f i cat i on 
fac i l i ty w i l l  be the f l ue gases from the aux i l i ary power p l ant . As 
ment i oned prev i ous l y, th i s  un i t  cou l d  conta i n  as  l arge as a 500 MW 
equ i va l en t  power bo i l er i n  a typ i ca l  commerc i a l -s i ze synfue l 
fac i l i ty .  Po l l ut i on contro l requ i rements  for th i s  emi s s i on source 
w i l l  vary depend i ng  on the bo i l er fue l character i s t i c s , whether or 
not the bo i l er must  compl y w i th the ut i l i ty bo i l er  new source 
performance s tandards ( NSPS ) , l oc a l  env i ronmenta l cond i t i ons , and 
other factors . In a l most a l l c ases though , some type of part i cu l ate , 
S02 , and NOx contro l s w i l l  be requ i red . 

Most l arge gas i f i cat i on fac i l i t i es are expected to use  gas i f i ers 
that operate at  e l evated pres sures ( up  to 1 000 ps i ) . Therefore the 
coa l mus t  be pressur i zed pr i or to i ts be i ng i ntroduced i n to the 
gas i f i er .  For a l most a l l of the gas i f i ers current ly  ava i l ab l e ,  the 
coa l -feed i ng mechan i sm w i l l  produce a gaseous emi s s i on .  Wh i l e the 
bu l k  of these gases c an be recovered , some res i du a l  amounts w i l l  be 
re l eased . The compos i t i on of the res i du a l  gases wi l l  vary depend i ng  
on the des i gn of the coa l -feed i ng mechan i sm and  on the  pres sur i z i ng 
gas used . In a l l cases , some raw synthes i s  gas , that i s ,  CO , H2 , 
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part i cu l ate matter ,  HzS , hydrocarbons ,  NHJ , HCN , and , i f  the 
gas i f i er operates at re l at i ve l y  l ow tempatures  (e . g . , the Lurg i  
gas i f i er ) , h i gh mo l ecu l ar we i ght  organ i cs ,  w i l l  b e  re l eased w i th the 
coa l -feeder gases . 

Gas i f i er s tart -ups and shutdowns w i l l  generate gases that  w i l l  
requ i re d i spos a l  because  they do not meet spec i f i cat i ons . These 
gases w i l l  be s i mi l ar to combust i on f l ue gases dur i ng the ear l y  
phases o f  start -u p .  Dur i ng  shutdown o r  the l ater phases o f  s tart -up , 
they w i l l  resemb l e  raw synthes i s  gas . 

Poten t i a l s afety r i s k s  assoc i ated w i th coa l -feeder and s tart-up  
and  shutdown gases  are n umerous .  Some of these gases  may need to be  
re l eased d i rect l y  to  the  atmosphere . As ment i oned above , some 
gas i f i ers produce a synthes i s  gas that  conta i ns h i gh mo l ecu l ar we i ght  
organ i cs .  Tests  conducted on  a Lurg i -type gas i f i er i nd i c ate that 
some of these organ i cs are PNAs . In  the coa l -feeder gases 
( l ockhopper gases ) ,  the PNAs were found  as aeroso l s and as condensed 
l i qu i ds or entra i ned part i cu l ate matter . Depend i ng on the des i gn and 
operat i on of the coa l  feeder , some contro l of entra i ned part i cu l ates 
and aeroso l s  may be requ i red . 

There w i l l  be a n umber of fug i t i ve -type emi ss i ons  from coa l 
gas i f i cat i on fac i l i t i e s , i nc l ud i n g :  proces s  fug i t i ves ( conta i n i ng 
hydrocarbons , CO and H2S )  from v a l ves , pump sea l s ,  and  f l anges ; 
fug i t i ve coa l  dust  from coa l storage and hand l i ng ;  and emi s s i on s  from 
s torage of hydrocarbon l i qu i ds . Contro l s  for these types of 
em i s s i on s  are commerc i a l l y  ava i l ab l e  and hence fug i t i ve emi ss i ons  
from coa l gas i f i cat i on fac i l i t i es do not  appear to present any new or  
un i que prob l ems . On the  other hand , many of the poten t i a l  sources of 
fug i t i ve emi ss i ons  i n  gas i f i cat i on fac i l i t i es w i l l  be s treams 
conta i n i ng h i gh concentrat i on s  of CO and H2S .  As a resu l t ,  proces s  
fug i t i ve em i s s i ons  w i l l  cont a i n  CO  a nd  H2S i n  add i t i on to 
hydrocarbons . Thu s ,  need for con tro l of proces s  fug i t i ves  may be 
greater than i s  common ly  found i n  commerc i a l  pract i ce ( for examp l e ,  
i n  ref i ner i es ) i n  order to ensure workers • safety .  

So l i d Wastes 

A number of so l i d  wastes w i l l  be generated by coa l gas i f i cat i on 
fac i l i t i es ,  but  by far the l argest vo l ume of was te w i l l  be gas i f i er 
as h .  Other l arge vo l ume sources of so l i d  wastes are the aux i l i ary 
bo i l er ( bottom ash i f  the bo i l er i s  coa l -f i red ) and the bo i l er f l ue 
gas  po l l u t i on contro l equ i pment  ( f l y  ash  and , i f  a nonregenerab l e  FGD 
sys tem i s  u sed , FGD s l udge or dry so l i ds ) .  Ava i l ab l e  data from tests  
conducted on a number of gas i f i cat i on -der i ved ashes  i nd i cate that 
these wastes wou l d  be c l as s i f i ed as  nonhazardous accord i ng to current 
Resource Conservat i on and Recovery Act ( RCRA ) gu i de l i nes and test 
procedures .  Of course , each gas i f i cat i on fac i l i ty mus t  present data 
to support th i s  c l ass i f i c at i on . However , d i sposa l  of these wastes i s  
not expected to pose any un i que prob l ems or r i sks . 
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Other so l i d  wastes that may be generated by coa l gas i f i cati on 
fac i l i t i es i nc l ude raw water treatment s l udge , s pent cata lysts , and 
s l udges and dry so l i ds from the fac i l i ty • s  waste -water treatment 
system . Raw water treatment  s l udge shou l d  not pose any new or un i que 
hand l i ng or d i s pos a l  prob l ems . Th i s  mater i a l  w i l l  cons i s t pr imar i ly  
of  removed suspended so l i ds and  prec i p i tated ca l c i um sa l ts and , as 
such , w i l l  probab l y  be con s i dered a nonhazardous waste . 

Spent cata l ysts may pose more s i gn i f i cant prob l ems than the other 
wastes d i scussed . Some w i l l  conta i n  a number of tox i c  trace e l ements 
and as such cou l d  be c l ass i f i ed as  h az ardous accord i ng to RCRA. 
Fortunate l y ,  the presence of those trace e l ements a l so makes them 
cand i dates for resource recovery . Many cata lyst  supp l i ers are 
w i l l i ng to buy back (or at l as t  take back at no cost ) spent cata l ysts 
i n  order to recover the i r  meta l s content for reprocess i ng i nto new 
cata l ysts . Thu s ,  the r i s k s  assoc i ated w i th d i spos i ng of spent 
cata l ysts  may be much l es s  than otherw i se ant i c i pated . 

The degree of r i sks  posed by waste -water treatment s l udges and 
s o l i ds w i l l  depend on the ch aracter i st i cs of the was te waters be i ng 
treated . S l udge from b i o l og i ca l  ox i dat i on un i ts may conta i n  absorbed 
trace e l ements  or tox i c  organ i cs .  Whether the presence of these 
con s t i tuents w i l l  be cause for concern i s  not fu l l y known at th i s  
t i me .  S im i l ar l y ,  so l i ds produced from a forced evaporat i on un i t  or 
recovered from an evaporat i on pond may conta i n  h i gh concentrat i ons  of 
tox i c  trace e l ements  or organ i cs .  Ul t i mate l y ,  the r i sks  as soc i ated 
w i th hand l i ng and d i spos i ng these types of wastes must be i dent i f i ed 
and dea l t  w i th case-by-case . 

Aqueou s Wastes 

The two major sources of was te waters from coa l gas i f i cat i on 
fac i l i t i es w i l l  be process  condensates and 11b l ow -down 11 from the 
coo l i ng water system . Un l es s  contami n ated waste waters are used , the 
coo l i ng water system w i l l  not pose any un i que waste water s tream 
treatment or d i s posa l prob l ems . On the other hand , process  
conden s ate w i l l  be  a waste water un i que to gas i f i cat i on fac i l i t i e s . 

Proces s  condens ate w i l l  be generated i n  gas i f i cat i on fac i l i t i es 
when the raw synthes i s  gas i s  quenched and coo l ed .  S i nce the 
quench i ng l i quor and condens ate w i l l  have been i n  i nt i mate contact 
wi th the raw gas , i t  w i l l  potent i a l l y  con ta i n  any of the components 
present i n  the raw gas . Of maj or potent i a l concern w i l l  be the 
presence of organ i cs ,  trace e l ements , and d i s so l ved gases . The 
organ i cs w i l l  cons i s t of a w i de var i ety of compounds i f  the gas i f i er 
operates at moderate temperatures ( as the Lurg i gas i f i er does ) .  Data 
obta i ned from tests on process condens ate from a Lurg i -type gas i f i er 
i nd i cate very h i gh l eve l s of BOO, COO , and TOC .  Pheno l i cs were the 
major c l as s  of organ i c  compounds i dent i f i ed ,  but benzene and benzene 
der i vat i ves , n i trogen -conta i n i ng organ i cs , and PNAs were a l so found . 

A second source of proces s  condens ate w i l l  be the f i na l  product 
synthes i s  step . For most  of the product s l ates ment i oned prev i ous ly ,  
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water w i l l  be a by-product of product synthes i s .  Th i s  waste water 
w i l l  be re l at i ve l y  c l ean except for those fac i l i t i es that produce 
l i qu i d  products (e . g . , gaso l i ne ) . In th i s  case the waste water w i l l  
be contam i nated w i th re l at i ve l y  l ow mo l ecu l ar we i ght , oxygenated , 
a l i ph at i c  organ i cs .  

Treatment requ i rements for gas i f i cat i on process waste waters wi l l  
depend to a l arge degree on the ava i l ab i l i ty of raw water , l oca l  
env i ronmenta l  constra i nts , and  the des i gn of the  i ntegrated 
fac i l i ty ' s  water management  system . I n  areas where water i s  not a 
scarce resource , a treatment system adequate to a l l ow d i scharge of 
the treated eff l uents may be opt ima l . In  areas where water i s  scarce 
or other constra i nts proh i b i t  d i scharg i n g  treated waste waters , the 
fac i l i ty ' s  water management system may be des i gned to max imi ze water 
recyc l i ng and reuse and to operate i n  a uzero d i scharge " mode . 
Severa l  a l ternat i ve approaches to zero d i scharge are avai l ab l e .  In  
ar i d  parts of the country ,  s o l ar evaporat i on ponds can be used as a 
f i n a l  d i sposa l  techn i que .  Underground  i nj ect i on i s  a l so a v i ab l e  
u l t i mate d i sposa l  method i n  mos t  parts of the country .  Forced 
evaporat i on i s  a th i rd a l ternat i ve i f  waste energy i s  ava i l ab l e  or i f  
the vo l ume of water to be evaporated i s  sma l l .  Comb i nat i ons  of these 
approaches are a l so feas i b l e .  : 

One of the most  s i gn i f i cant ques t i ons : fac i ng the des i gners of 
gas i f i c at i on fac i l i t i es i s  the operab i l i ty and re l i ab i l i ty of the 
fac i l i ty ' s  waste water treatment system .  · I nd i v i dua l  treatment 
techno l og i es such  as so l vent extract i on ,  s team str i pp i ng ,  and 
b i o l og i ca l  ox i dat i on are commerc i a l l y  ava i l ab l e .  However , exper i ence 
regard i ng the re l i ab i l i ty of i ntegrated treatment  tra i ns i n  
gas i f i cat i on appl i cat i ons  i s  l ack i ng .  A good dea l of research i s  
current l y  be i ng conducted to i nvest i gate the performance and 
re l i ab i l ty of both i nd i v i du a l  treatment techno l og i es and i ntegrated 
sys tems . 

Coa l  Tar from Gas i f i cat i on 

Certa i n ,  but  not a l l ,  gas i f i ers yi e l d  coa l tar as a mi nor 
by-product . The use of these tars w i l l  vary wi de l y ,  i nc l ud i ng 
recyc l i n g to ext i nct i on , use  as i ntern a l  fue l for the aux i l i ary power 
p l ant , and s a l e  as fue l or chem i c a l  feedstock . 

Coa l  tars are curren t l y  art i c l es of commerce . However , 
gas i f i cat i on -der i ved coa l  tars w i l l  have a somewhat d i fferent 
compos i t i on than cok e -oven tars (wh i ch supp l y  the approx imate l y  
50 , 000 B P D  u sed i n  the Un i ted States ) . Coa l  tars cont a i n  more 
carc i nogens than comparab l e  petro l eum-der i ved fract i on s , but gas i f i er 
tars and coke-oven tars do not d i ffer much i n  th i s  regard . Thus , 
measures shou l d  be taken to protect workers who are i nvo l ved w i th the 
hand l i n g ,  s torage , and transportat i on of coa l tars . 
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SPEC IAL SYNTHET IC  FUE L P LANT R I SKS 

In  broad terms , synthet i c  fue l p l ants  w i l l  present many of the same 
types of r i sk s  as those encountered i n  any l arge , comp l ex energy 
convers i on fac i l i ty .  S i nce many of these fac i l i t i es wi l l  use  
techno l og i es or comb i nat i on s  of techno l og i es for wh i ch current 
commerc i a l exper i ence i s  l im i ted , the domi nant  r i sk s  as soc i ated w i th 
these  fac i l i t i es w i l l  tend to be techno l ogy- or performance -re l ated 
rather than s a fety- or hea l th-re l ated . These concerns w i l l  be 
ref l ected i n  uncerta i n t i es i n  the econom i c  v i ab i l i ty of proposed 
projects and these economi c uncerta i nt i es can be expected to l imi t 
the rate of commerc i a l i zat i on of coa l gas i f i cat i on techno l ogy i n  the 
Un i ted States . 

Th i s  paper i s  not i ntended to comprehens i ve l y  address  a l l of 
these i s sues . Rather , the comments presented be l ow focus  on the 
un i que ch aracter i st i cs of  synthet i c  fue l s  p l ants that affect the i r  
i nherent r i sk s  from the standpo i nt of : s u scept i b i l i ty to n atura l 
d i sasters , s abotage , p l ant re l i ab i l i ty ,  s i te-spec i f i c  r i s k s , and 
techno l ogy-spec i f i c  r i sk s . 

Suscept i b i l i ty to Natura l D i sasters 

Th i s  i s sue  shou l d  be addressed i n  conjunct i on w i th the s i te -spec i f i c  
r i sk category because the potent i a l suscept i b i l i ty o f  synthet i c  fue l s 
p l ants to many types of natur a l  d i s as ters i s  c l os e l y  re l ated to 
geograph i ca l  l ocat i on . Fi rst , assume that the major i ty of the 
gas i f i cat i on fac i l i t i es to be bu i l t  in the Un i ted States w i l l  be 
l ocated fa i r l y  c l ose to l arge proven reserves of coa l . Th i s  has  been 
the case wi th mos t  of the fac i l i t i es wh i ch have been announced to 
date . These fac i l i t i es shou l d  have a l ess -than -average 
suscept i b i l i ty to damage from earthquakes or hurri canes because they 
w i l l  not tend to be l ocated i n  coasta l  reg i ons . The i r  su scept i b i l i ty 
to damage from f l ood i ng ,  tornadoes , or other n atura l d i sas ters wou l d  
depend u pon other s i te-spec i f i c  ch aracter i s t i cs . 

Sabotage 

The s ame cons i derat i ons  as those men t i oned above app ly  here w i th  a 
number of pos s i b l e  except i ons . I t shou l d  be noted that  one of the 
ma i n  r i sk factors to be con s i dered w i th any syn thet i c  fue l p l ant i s  a 
l arge i nventory of foss i l  fue l . In  a gas i f i cat i on fac i l i ty ,  a l arge 
fract i on of th i s  i nventory i s  represented by a coa l  p i l e  wh i ch i s  not 
subject to the s ame l eve l of r i s k s  as  a l arge o i l tank farm or a 
nuc l ear reactor . Thus , p l ant s abotage may succeed i n  forc i ng p l ant 
shutdown or even reconstruc t i on , but the re l at i ve threat to the work 
force or the pub l i c  wou l d  be l es s  than that represented by e i ther of 
the two sources ment i oned above . 
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A d i fferent type of concern i s  represented by the prob l em of 
pub l i c  v i s i b i l i ty ;  the recent attempt at s abota g i ng  the SASOL p l ant 
rece i ved wor l d -w i de pub l i c i ty .  Si nce pub l i c i ty i s  a factor i n  the 
mot i vat i on of many acts of terrori sm or s abotage , the f i rs t  severa l 
fac i l i t i es of th i s  type to be bu i l t  i n  the Un i ted States may be more 
s uscept i b l e  to th i s  prob l em than more estab l i shed energy convers i on 
fac i l i t i es .  Were th i s  to occur , however , the ma i n  r i sk wou l d  be to 
the i n -p l ant  work force s i nce these fac i l i t i e s  w i l l  tend to be p l aced 
i n  remote l ocat i ons  and because the i r  i nherent suscept i b i l i ty to 
s abotage ( a s  d i scussed  above } i s  not great . 

P l ant Re l i ab i l i ty 

Con s i stent w i th the factors d i scus sed prev i ous l y, p l ant re l i ab i l i ty 
i s  rea l ly  more of a threat to econom i c  performance than p l ant 
safety .  However , any l arge coa l -oxygen f l ame operat i ng under 
pressure presents  potent i a l re l i ab i l i ty-rel ated s afety prob l ems . 
These r i sk s  are probab ly  greatest  i n  pres sur i zed , oxygen -b l own 
sys tems , operat i ng at h i gh temperatures . 

So l i d s -hand l i ng prob l ems w i l l  affect the re l i ab i l i ty of a l l 
coa l -b ased synthet i c  fue l  p l ants . The use  of commerc i a l l y  proven 
proces ses w i l l  be the best  protect i on aga i nst  th i s  r i sk .  Th i s  i s  
part i cu l ar l y  true of systems i n  wh i ch so l i ds must  be hand l ed under 
pres s ure , s i nce the re l i ab i l i ty of th i s  type of equ i pment has never 
been as  good as that assoc i ated w i th the hand l i ng of gases and 
l i q u i ds . 

Another potent i a l  prob l em worthy of men t i on here i s  that many 
p l ant -re l i ab i l i ty concerns w i l l  resu l t  not from the i nd i v i du a l  
process un i ts or techno l og i es emp l oyed i n  these fac i l i t i es ,  but  
rather from new or un i que comb i nat i on s of those processes . One 
examp l e of th i s  k i nd of prob l em i s  created by the obv i ous i ncent i ves 
to conserve water i n  fac i l i t i es l ocated i n  water-scarce areas such as 
the Great P l a i ns . 

Water conservat i on i n  such a fac i l i ty w i l l  mos t  l i k e l y  be 
accomp l i shed by cascad i ng or reus i ng treated waste waters i n  v ar i ous  
water-consumi ng  un i ts i n  the system . As a resu l t  of th i s  
arrangement , the performance of cr i t i c a l  p i eces of proces s  equ i pment 
and u l t imate l y  the performance of the who l e  fac i l i ty w i l l  become very 
dependent upon systems wh i ch are norma l l y  used on l y  as 11end  of  the 
p i pe 11 treatment  proces ses . In  a fac i l i ty that emp l oys a h i gh degree 
of process i ntegrat i on ,  i t  w i l l  be cr i t i ca l  to i dent i fy those 
components l i k e l y  to be the l east re l i ab l e  so that steps can be taken 
to separate these un i ts from cr i t i ca l  p i eces of process  hardware . In  
the case  of the waste water treatment examp l e ,  th i s  wou l d  requ i re 
th at  a suff i c i ent  quan t i ty of treated waste water be ma i nta i ned to 
s at i sfy p l ant needs dur i ng per i pds  of waste water treatment system 
u psets or down t i me ;  and that f�C.tl i t i es be prov i ded for segregat i ng 
and s tor i ng waste water that doe$· not meet s pec i f i cat i ons  for 
recyc l i ng and further treatment. 
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S i te-Spec i f i c  R i sk s  

It  seems obv i ous  that s i tes k nown t o  b e  subject t o  earthquakes , 
f l oods , hurr i canes , dense popu l ati on , approaches to a i rports , or 
other s tresses  shou l d  be avo i ded . Aga i n ,  however , these factors are 
a l ready cons i dered i n  s i t i ng of other types of l arge energy 
convers i on fac i l i t i es ,  so no un i que d i fferences can be found that 
wou l d  make synfue l s  fac i l i t i es i nherent l y  more s uscept i b l e  to these 
r i s k s . L i ke  a l l types of l arge -sca l e  coa l process i ng fac i l i t i es ,  
synfue l s  p l ants w i l l  h and l e  l arge quant i t i es of coa l and produce 
substan t i a l  quant i t i es of so l i d  wastes ( pr imar i l y ,  bo i l er and 
gas i f i er ashes and s l ags ) .  W i th these factors i n  m i nd ,  synfue l s  
fac i l i t i es shou l d  be s i ted such that a s i gn i f i cant area s u i tab l e  for 
d i spos a l  of so l i d  waste i s  ava i l ab l e .  

Techno l ogy-Spec i f i c  R i sks  

Techno l ogy-spec i f i c  r i sks  assoc i ated w i th coa l gas i f i cat i on 
fac i l i t i es can be d i scussed i n  two parts . The f i rs t  type i s  those 
posed by the norma l operat i on of the p l ant and i ts en v i ronmenta l  
d i s ch arges . These r i sks  and the i r  un i queness  to coa l  gas i f i cat i on 
fac i l i t i es were d i scussed i n  the f i rst part of th i s  paper . For the 
most  part , none i s  thought to be un i que . 

The second type of techno l ogy-spec i f i c  r i sks  re l ates to the 
potent i a l  for adverse effects from abnorma l or u pset cond i t i on s . 
Gener i ca l l y , coal  gas i f i cat i on fac i l i t i es do not d i ffer from other 
energy convers i on fac i l i t i es w i th respect to the types of upsets  that 
m i ght occu r .  Of course , spec i f i c  techn i ca l  r i s k s  w i l l  vary from 
fac i l i ty to fac i l i ty depend i ng on the spec i f i c  equ i pment u sed and on 
the process i ng sequence se l ected . However , no r i s ks  un i que to coa l  
gas i f i cat i on fac i l i t i es seem to  s tand out at th i s  t i me .  
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POS I TION PAPER E 

SAFETY OF SYNTHETI C FUELS PLANTS--D IRECT COAL L I QUEFACT ION 

C . W .  DeGeorge 
Exxon Research and Eng i neer i ng Company 

Safety aspects and r i sk s  assoc i ated w i th the deve l op i ng of a d i rect 
coa l  l i quefact i on i ndus try are d i scus sed . Di rect  coa l l i quefact i on 
fac i l i t i e s  and convent i on a l  petro l eum ref i ner i es are compared w i th 
the conc l us i on that the i ndustr ies  c l ose l y  para l l e l  each other . 
Safety and r i sk  eva l uat i ons shou l d  be focused for the d i rect coa l 
l i quefact i on i ndustry upon those areas where techno l ogy extens i ons  
are requ i red beyond petro l eum exper i ence . These areas have been we l l  
def i ned by the i ndustry and numerous i nves t i gat i ve programs are 
a l ready i n  p l ace w i th var i ous  i ndustry groups , techn i ca l  soc i et i es , 
and government agenc i es . 

GENERAL IZED  DESCR I PT I ON OF D IRECT COAL L I QUEFACTION 

A genera l i zed f l ow d i agram for d i rect coa l l i quefact i on i s  shown i n  
F i gure 1 . Th i s  d i agram conta i ns the major process steps that occur 
i n  the Gu l f  Oi l Company so l vent -ref i ned coa l procedure ( SRC- 1 1 ) ,  the 
Exxon donor s o l vent process  ( EDS ) ,  and the Cata l yt i c  Hydrocarbon 
Research process  known as H-Coa l .  The f l ow d i agram and the fo l l ow i ng 
descr i pt i on were u sed as back ground for prev i ous  DOE-sponsored work 
on the asses sment of l on g -term research needs for coa l -l i quefact i on 
techno l og i es . l 

Al l process i ng sequences u sed for d i rect hydrogenat i on i n  the 
product i on of coa l -der i ved l i qu i ds i nvo l ve the fo l l owi ng  steps : 
add i t i on of hydrogen to supp ly  the needed const i tuents for the 
requ i red i ncrease i n  hydrogen -to -carbon rat i o ;  crack i ng of the coa l 
i n  the presence of  hydrogen ( hydrocrack i ng )  to produce compounds of 

l Fo ss i l  Energy Work i ng Group- 1 1 , As sessment of Long-Term Research 
Needs for Coa l - Li q uefact i on Techno log i e s , COntract NO .  DE-At01 -
79ER 1ooo7 (Washi ngton , o .  c . : 0 .  s .  Department of Energy, March 
1 980 ) , pp . 2, 4 , 5 . 

1 1 0  
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reduced mo l ecu l ar we i ght ; remova l of s u l fur- and n i trogen ­
conta i n i ng compounds ( e . g . , H2S ,  NH3 ) that have been formed by 
hydrocrack i ng ,  as we l l  as  remova l of water produced by react i on w i th 
oxygen atoms conta i ned i n  the coa l ; and appropr i ate bottoms 
proces s i ng and separat i on of the des i red l i qu i ds from ash  and any 
rema i n i ng unreacted coa l s .  

Reference to F i gure 1 shows the fo l l owi ng  process i ng features . 
The raw coa l i s  f i rst  dr i ed and ground ( 1 ) to produce the feed coa l 
that i s  m i xed ( 2 )  w i th a ( recyc l ed )  so l vent to produce a coa l  s l urry 
to wh i ch hydrogen feed i s  added i n  appropr i ate amounts  ( 3 ) .  The 
l i qu i d  m i xture of  coa l , s o l vent , and hydrogen i s  then preheated and 
d i spersed ( 4 ) before enter i ng the l i quefact i on un i t  ( 5 ) .  The 
l i quef i er may be a cata lyt i c  re actor ( as i n  the H-Coa l  process ) or a 
therma l reactor (as  for the SRC- 1 1  and EDS processes ) .  Because  of 
the necessary presence of m i nera l  matter , both i n  the coa l  and in the 
(recyc l ed )  so l vent , the so -ca l l ed therma l l i quefact i on of the SRC- 1 1  
and E DS processes  w i l l  a l so i nvo l ve cata lyzed react i on s . After 
l i quefact i on ,  the react i on products undergo a ser i es of  separat i on 
s teps , beg i nn i ng w i th gas  remova l ( 6 ) and pres sure reduct i on or 
l et -down ( 7 )  d ur i ng  wh i ch l ow mo l ecu l ar we i ght hydrocarbons ( l i ght 
ends ) are separated . At th i s  po i nt ,  some of the s o l vent may be 
recyc l ed to the feed s l urry ,  as i n  the SRC- 1 1  process  ( 8 ) . However , 
most  of  the heav i er rema i n i ng mater i a l i s  now subjected to one or 
more proces s i ng steps to separate the pr i nc i p a l  l i qu i d  products from 
heavy l i qu i ds and s o l i ds ( 9 ) .  The l atter may be part i a l ly  pyro lyzed 
to generate feed hydrogen ( 1 0 ) and ash ( 1 1 )  wh i l e the pr i nc i pa l  
l i quefact i on products enter a separator ( 1 2 )  from wh i ch both des i red 
l i quefact i on products are recovered ( 1 3 ) and recyc l e  so l vent i s  b l ed 
( 1 4 ) for pr i or s o l vent hydrogenat i on i n  the EDS process or for d i rect 
reu se i n  the coa l s l urry ( as i n  a vers i on of the SRC- 1 1 proces s . ) 

D I RECT L I QUEFACTION PLANT SUPPORT FAC I L I T I ES RESEMBLE 
PETROLEUM REF I N I NG TECHNOLOGY 

In tegrated and s e l f -conta i ned d i rect l i quefact i on p l ants requ i re 
substant i a l su pport fac i l i t i es .  The proces s i ng fac i l i ty for 
l i quefact i on of the coa l  typ i ca l ly  represents  a sma l l port i on of the 
overa l l p l ant  fac i l i t i es . For examp l e ,  the d i rect l i quefact i on 
sect i on of  a commerc i a l -s i ze E DS p l ant represents on ly  1 4  percent of 
the p l ant ' s  tota l erected cost . 2 The rema i n i ng fac i l i t i es are 
requ i red to a l l ow effect i ve ut i l i z at i on of the tar and coa l res i due , 

2u . s . Department of Energy ,  EDS Commerc i a l  P l ant  Study Des i gn 
U�date-- I l l i no i s  Coa l ,  Vo l .  1 ,  FE-2893-61 , COoperati ve Agreement 
D -FCo i -77£T i oo69 Di str i but i on Category UC -90D (Wash i ngton , D .  c . : 
U . S .  Department  of Energy ) , pp . 1 -ES - 1 6 . 
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t o  produce hydrogen , to  treat waste-water streams , to u pgrade l i qu i d  
products , to produce steam ,  and t o  store and tran sport coa l . Except 
for the bottoms proces s i ng un i t ,  these support fac i l i t i es genera l ly 
resemb l e  techno l ogy typ i c a l l y  found  i n  petro l eum ref i ner i es or 
u t i l i ty power p l ants . As such , they are not ant i c i pated to requ i re 
any unusua l research effort to  guarantee the i r  s afety w i th i n  a d i rect 
coa l  l i quefact i on p l an t . 

PROCESS I NG BOTTOMS FROM D IRECT COAL L IQUEFACTION 

Depen d i ng  on coa l type , operat i ng cond i t i on s , and d i rect coa l 
l i quefact i on process ,  50 to 70 percent of the coa l feed i s  d i rect ly  
converted to  gaseous and  l i qu i d  hydrocarbon products . A res i due of 
und i st i l l ab l e  t ar ,  unreacted coa l , and ash  rema i ns wh i ch c an be 
termed bottoms . Effect i ve u t i l i zat i on of the carbon i n  bottoms i s  
des i rab l e  to i mprove the therma l eff i c i ency and thereby the economi c 
attract i venes s  of the d i rect coa l  l i quefac t i on p l an t . 

Bottoms requ i re s pec i a l  h and l i ng and the need for such fac i l i t i es 
shou l d  be  recogn i zed . If processed i n  the mo l ten form , bottoms 
shou l d  be hand l ed w i th c are s im i l ar to that  pract i ced for a l l other 
l i qu i d  products  or i nterna l  s treams i n  d i rect coa l  l i quefact i on 
p l ants . If bottoms are s o l i d i f i ed before further proces s i ng , 
resp i rab l e  du s t  emi s s i on s  mus t  be contro l l ed s i mi l ar to hand l i ng 
coa l . Bottoms a l so tend to conta i n more extractab l e  mater i a l  than 
coa l . From an env i ronmenta l  hea l th and i ndustr i a l  hyg i ene  
s t andpo i n t ,  the s t andards for contro l of  fumes from bottoms shou l d  
l i ke l y  approach the standards u sed for coa l -tar p i tch vo l at i l es . 
Add i t i ona l  comment on th i s  i s s ue i s  l eft to  pos i t i ona l  papers that 
concentrate on tox i co l ogy of the  d i rect coa l l i quefact i on i ndustry . 

There are severa l potent i a l a l ternat i ves for bottoms proces s i ng . 
These i nc l ude d i rect combus t i on as  fue l , part i a l  ox i dat i on to produce 
a synthes i s  gas  for u se as fue l or  for subsequent upgrad i ng to 
hydrogen , and s o l i ds s eparat i on to i ncrease recovery of the 
nond i st i l l ab l e  t ar .  The prob l ems and research needs for bottoms 
process i ng w i l l  d i ffer for each techno l ogy and are i ndependent of 
l i quefac t i on process  s afety . For examp l e ,  the bottoms proces s i ng 
techno l og i es that gas i fy the carbon i n  the bottoms res i due c l ose l y  
resemb l e  deve l op i ng processes i n  the coa l gas i f i cat i on area . R i s k s  
or  s afety-re l ated concerns w i th these processes  s hou l d  be dea l t  w i th 
i nd i v i du a l ly .  

D IRECT L IQUEFACTION FAC I L I T I ES 

Di rect coa l  l i quefact i on fac i l i t i es genera l ly ut i l i ze commerc i a l ly  
avai l ab l e  types of equ i pment used i n  petro l eum-process i ng 
fac i l i t i es . The r i sk  and s afety concerns are re l ated to the degree 

Copyright © National Academy of Sciences. All r ights reserved.

Safety Issues Related to Synthetic Fuels Facil it ies
http://www.nap.edu/catalog.php?record_id=19584

http://www.nap.edu/catalog.php?record_id=19584


1 1 4  

of  extrapo l at i on requ i red to make th i s equ i pment su i tab l e  for the 
pecu l i ar i t i es of d i rect coa l  l i quefact i on and not to the 
u ncerta i nt i es of  work ab i l i ty or operat i on for brand new equ i pment 
types . Much of the current d i rect coa l  l i quefac t i on p i l ot p l ant 
efforts dea l s w i th the demonstrat i on of mod i f i ed petro l eum-type 
equ i pment ( for examp l e ,  s l urry pumps and l etdown contro l va l ves ) .  A 
work shop on cr i t i ca l  coa l  convers i on equ i pment he l d  i n  October 1 980 
conc l uded that "hardware ava i l ab i l i ty w i l l  not de l ay construct i on and 
operat i on of  demonstrat i on p l ants � but may resu l t  i n  non -opt imum 
process  equ i pment conf i gurat i ons . �  

Each d i rect l i quefac t i on deve l oper i s  the most  appropr i ate party 
to i dent i fy areas where new equ i pment  deve l opment i s  requ i red due to 
process -re l ated s pec i f i cs .  For examp l e ,  ebu l l at i ng pumps are 
requ i red w i th i n  H-Coa l  reactors but not for other d i rect l i quefact i on 
processes . Such nongener i c  deve l opmenta l  requ i rements and the i r  
as soc i ated r i sk  and s afety concern s are outs i de the rea l m  o f  th i s  
d i scus s ion . It s hou l d  be noted , however , that many of these new 
equ i pment i tems represent areas  where l arge -sca l e  p i l ot p l ant 
demonstrat i on s  are des i rab l e .  Advancement o f  techno l ogy i n  these 
areas  i s  adverse ly  affected to a l arge extent as  fund i ng restr i ct i on s  
due t o  federa l  budget  cuts  become more str i ngent . 

THE NEED FOR TECHNOLOGY EXTENS IONS 

Areas  of techno l ogy extens i on common to a l l d i rect coa l l i quefact i on 
processes  can be i dent i f i ed .  They are : 

o Pres sure Leve l s . Cond i t i ons  to ach i eve convers i on of coa l  
mol ecu l es i n to l i qu i d  products are severe . Pressure l eve l s  u p  to 
3000 ps i g  are requ i red at h i gh temperatures i n  hydrogen -r i ch ,  
corros i ve ,  and eros i ve env i ronments . 
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o Presence o f  So l i ds . The hand l i ng of s l urry s treams i s  a 
requ 1 rement of d 1 rect coa l l i quefact i on processes . The presence 
of so l i ds resu l ts i n  eros i on concern s , contro l measurement 
d i ff i cu l t i es ,  and i ncreased p l u gg i ng potent i a l s .  

o Coa l  L i qu i d  Compos i t i on s . Raw l i qu i d  products der i ved from 
d 1 rect coa l  l l quefact;on d i ffer marked l y  from petro l eum crude o i l 
and d i st i l l ates . Raw products pr i or to upgrad i ng are h i gh ly 
aromat i c  w i th h i gh heteroatom concentrat i ons  for su l fur , 
n i trogen , and oxygen . The effect of these compos i t i on a l  
d i fferences re l at i ve to petro l eum-der i ved products i s  a n  area of 
concern part i cu l ar l y  as  i t  re l ates to tox i c i ty .  

Hi gh Pressure Leve l s  

Di rect coa l  l i quefact i on requ i res operat i on at h i gh pressures  and 
temperatures i n  hydrogen -ri ch env i ronments . At typ i ca l  d i rect coa l  
l i quefac t i on cond i t i on s , hydrogen attack o f  carbon stee l and many 
a l l oy s tee l s i s  a concern . MYdrogen attack occurs when atomi c 
hydrogen permeates the s tee l or a l l oy and reacts w i th met a l  carb i des 
to form methane . The methane co l l ects in  i nterna l  vo i ds and cannot 
d i ffuse out  of the meta l .  The resu l t i ng h i gh i nterna l  s tres ses can 
u l t i mate l y  l ead to crack i ng of the meta l at  the gra i n  boundary .  Once 
attack has occurred , the meta l  cannot be repa i red and must  be 
rep l aced . 

MYdrogen attack i s  avo i ded by se l ect i ng s tee l s  for construct i on 
that conta i n  carb i de stab i l i z i ng e l ements  of wh i ch the most  important 
i s chromi um . Al l austen i t i c  ( 1 8 Cr-8 Ni ) sta i n l ess  s tee l s  are 
res i stan t  to attack bec ause of the i r  h i gh chrom i um content .  However , 
techn i ca l  and econom i c cons i derat i ons  obv i ate the use  of so l i d  
sta i n l es s  s tee l for major vesse l cons truct i on .  The l ower chrome 
a l l oys typ i c a l l y  u sed i n  hydrogen env i ronments are se l ected accord i ng 
to emp i r i ca l l y  deri ved Ne l son curves pub l i shed by the Ameri can 
Petro l eum Inst i tute . 4 The Ne l son curves def i ne acceptab l e  
operat i ng reg i on s  for l ow a l l oy s tee l s a s  a funct i on o f  temperature 
and hydrogen part i a l pressure . The op i n i on that the Ne l son curves 
are va l i d  for d i rect coa l  l i quefact i on env i ronments  i s  supported by a 
major i ty of mater i a l s s pec i a l i sts  and researchers i n  the f i e l d .  

The Ne l son curves are p l otted based on a l l ava i l ab l e  data po i nt s  
where d amage to t he  meta l  h a s  been detected . S i nce the i r  i ncept i on 
i n 1 949 ,  the Ne l son curves have been mod i f i ed i n  a few i nstances i n  
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the d i rect i on o f  greater conservat i sm a s  l ong -term d a t a  h ave become 
a va i l ab l e .  Current research by the AP I ,  the Met a l  Propert i es 
Counc i l ,  and others i s  d i rected at further eva l u at i on of the Ne l son 
cu rves and i mprov i ng fundament a l  understand i ng of the mechan i sm of 
hydrogen attack on pressure vesse l  stee l s .  

The mater i a l  most  l i k e l y  to be used for reactor vessel  
cons truct i on i n  commerc i a l d i rect coa l  l i quefac t i on p l ants is  2 1 /4 
Cr - 1  Mo . The 2 1 /4 Cr - 1 Mo curve on tne Ne l son chart was added i n  
1 970 and i s  b ased on an i nterpo l at i on of on l y  two data po i nts . 
Commerc i a l app l i cat i on s  other than d i rect coa l  l i quefact i on wh i ch 
operate near the 2 l /4 Cr - 1  Mo Ne l son curve l im i ts  are few . As a 
res u l t ,  exten s i ve data that support or d i s agree w i th the 2 l /4 Cr -1  
Mo Ne l son curve may on ly  come w i th exper i ence from the d i rect coa l  
l i quefac t i on i ndustry . Based o n  current k now l edge , 2 l /4 Cr - 1  Mo 
wou l d  be an acceptab l e  mater i a l  and cou l d  be u sed wi th conf i dence i n  
a p i oneer d i rect coa l  l i quefact i on p l ant . However , recogn i t i on of 
the pos s i b i l i ty of hydrogen attack i s  i mportant so that appropr i ate 
mon i tor i ng and i n spect i on programs can be app l i ed w i th i n  p i oneer 
commerc i a l fac i l i t i es . 

Other th an 2 l /4 Cr - 1  Mo , what econom i c a l ly  acceptab l e  
cons truct i on mater i a l s are ava i l ab l e ? The 3 Cr stee l s  offer improved 
hydrogen res i stance , however , wor l d -w i de commerc i a l exper i ence i n  
fabr i cat i on of 3 Cr s tee l ves se l s  i s  l im i ted and v i rtua l l y  none comes 
from the Un i ted States . In add i t i on ,  3 Cr s tee l s  are weaker wi th 
l ower a l l owab l e  s tres s  v a l ues th an 2 l /4 Cr - 1  Mo . As a resu l t ,  
th i cker vesse l s  wou l d  be requ i red i f  made of 3 Cr stee l wh i ch imposes 
add i t i on a l  techn i ca l  prob l ems i n  the ach i evement of acceptab l e  meta l 
propert i es and i n  the construct i on of a l ready-th i ck vesse l s .  No 
obv i ou s  a l ternat i ve to 2 l /4 Cr - 1  Mo stee l h as current ly  been 
i dent i f i ed and th i s  concern i s  understood by a l arge number of 
i ndustry groups , techn i ca l  soc i et i es , and government agenc i es 
i nvo l ved i n  coa l  l i quefact i on mater i a l s  deve l opment . Meta l l urg i ca l  
research shou l d  con t i nue i n  a n  effort t o  better understand hydrogen 
attack . 

An a l ternat i ve approach to a prob l em so l ut i on for hydrogen attack 
other than i dent i f i cat i on of new mater i a l s  i nvo l ves research a imed at 
deve l op i ng an acceptab l e  ves se l  des i gn for coa l  l i quefact i on 
env i ronments wh i ch reduces the s k i n  temperature of the vesse l she l l 
be l ow that of the operat i ng env i ronment .  Use of i nterna l  refractory 
l i n i ngs i s  one opti on . Devel opment work i n  th i s  area shou l d  be 
d i rected at i mprov i ng the i ntegr i ty and re l i ab i l i ty of the l i n i ng .  
Attendan t  prob l ems i nvo l ve the ab i l i ty to gas -free refractory l i n i ngs 
fo l l ow i n g  exposure to the proces s env i ronment so  that s afe i nspect i on 
and ma i ntenance of the l i n i ng i s  pos s i b l e .  

Use o f  l ayered vesse l s he l l construct i on a s  opposed to s o l i d  wa l l  
de s i gn represents another opt i on .  In such des i gn s , on l y  the i nner 
pres sure-t i ght  l ayer requ i res  hydrogen res i stance s i nce the outer 
l ayers  are vented to the atmosphere . The i nner l ayer wou l d  be made 
of s t a i n l es s  s tee l , s i mi l ar to the we l d  over l ay prov i ded for 2 1 /4 
Cr - 1  Mo s o l i d  wa l l vesse l s  for corros i on res i s tance to H2S .  
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Prob l em areas re l ated t o  th i s  type o f  cons truct i on i nc l ude the 
d i ff i cu l t i e s  assoc i ated w i th prov i d i ng s i de -enter i ng nozz l es ,  the 
l i k e l i hood that f i e l d  fabr i cat i on wou l d not be acceptab l e  for qua l i ty 
contro l , and d i ff i cu l t i es i n  i n spect i on and repa i r .  I n  add i t i on ,  the 
i ntern a l  s t a i n l ess  stee l l ayer must  be jo i ned to the outer trans i t i on 
sect i ons  wh i ch requ i res the use of ferr i t i c  we l dments and presents 
prob l ems s im i l ar to those d i scussed for 2 l /4 Cr - 1  Mo so l i d  wal l 
construct i on . 

The consequences of hydrogen attack , wh i l e not acceptab l e ,  wou l d  
be un l i k e l y  to resu l t  i n  catastroph i c  rupture o f  the equ i pment  
p i ece . Rather a f i ssure or sma l l gap wou l d  l i k e l y  appear w i th a 
resu l t i ng nonmass i ve re l ease of conta i ned mater i a l . 

Re l ated to the area of mater i a l s  adequacy for vesse l  construct i on 
i s  the exothermi c nature of d i rect coa l  l i quefact i on react i ons . The 
extent of temperature r i se depends  on the l i quefac t i on process and 
the operat i on a l  contro l s ava i l ab l e  to ma i nta i n the exotherm at 
des i rab l e  l eve l s .  The presence of an exotherm i s  w i de l y  recogn i zed 
and extens i ve contro l i ns trumentat i on i s  prov i ded to prevent 
operat i ng temperatures from exceed i ng mater i a l s des i gn temperatures . 
Shou l d  the operat i ng temperature approach the des i gn l i m i t the 
contro l i ns trumentat i on typ i ca l l y  i nc l udes automat i c  safety shutdowns 
to e l im i n ate heat i nput to the system as we l l  as  automat i c  
i ntroduct i on o f  emergency quench gas or quench o i l . 

Other after -effect prob l em areas of h i gh pressure can be 
i dent i f i ed .  The prob l em of fabr i cat i ng the th i ck wa l l s  requ i red for 
the vesse l s  can be overcome , a l though not ent i re l y  i n  a 
cost-effect i ve manner , by prov i d i n g two para l l e l  equ i pment  vesse l s of 
sma l l er s i ze i nstead of one . Reduc i ng the vesse l d i ameter a l l ows a 
reduct i on i n  wa l l th i ckness s i nce th i cknes s i s  proport i on a l  to the 
i n tern a l  ves se l d i ameter .  

The h i gh pressure l eve l s requ i red for d i rect coa l l i quefact i on 
a l so cou l d  compound the d i ff i cu l t i es of emergency contro l forces i n  
response t o  fa i l ure o f  equ i pment p i eces . Any re l ease of conta i ned 
f l u i ds wou l d perhaps be magn i f i ed due to the dr i v i ng force prov i ded 
by the h i gh pressures . An exampl e th at i l l ustrates th i s  po i nt wou l d  
be the ant i c i pated fl u i d  re l ease and subsequent prob l ems created by a 
6- i nch s p l i t  tube i n  a 500-ps i g  furnace re l at i ve to a 6 - i nch s p l i t  
tube i n  a 3000-ps i g  furnace . 

Presence of So l i d s  

The movement of  so l i ds w i th i n  a d i rect coa l  l i quefac t i on fac i l i ty i s  
general l y  accompl i shed by s l urry ing  the so l i ds w i th l i qu i d  
hydrocarbons . These s l urry streams present a number of prob l ems not 
genera l ly  found i n  commerc i a l  petro l eum fac i l i t i es . Ongo i ng 
demonstrat i on s  at l arge -sca l e  d i rect coa l  l i quefact i on p i l ot p l ants 
are address i ng these prob l ems and exper iment i ng to f i nd methods of 
overcomi ng  or contro l l i ng the i r  rami f i cat i on s . 
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S l urry eros i on resu l ts i n  meta l  l oss . Severe meta l  l oss can 
resu l t  in  l eak s of conta i ned f l u i ds and create potent i a l ly  d angerous 
s i tu at i ons . Eros i on i n  mach i nery wh i ch requ i res t i ght  to l erances can 
cause eff i c i ency dec l i nes wh i ch eventu a l l y  necess i tate shutdowns . 
Protect i on aga i nst  eros i on i s  poss i b l e  through j ud i c i ous  mater i a l s 
se l ect i on ,  use of eros i on res i s tant l i n i ngs , and use of spec i a l 
des i gn features . Frequent  i nspec t i on mon i tor i ng at troubl esome 
l ocat i on s , such as areas of d i rect h i gh ve l oc i ty imp i ngement , a l so i s  
recommended so that potent i a l  troub l e  can be i dent i f i ed and repa i red 
before i t  becomes a rea l  prob l em .  

The presence o f  so l i ds  a l so creates d i ff i cu l ty i n  contro l 
measurements for d i rect coa l  l i quefact i on processes . In  part i cu l ar ,  
measurement o f  f l ow ,  l eve l , and pressure are prob l ems due to the 
tendency of so l i d s  to p l ug the sens i ng t aps . F l u sh i ng the sens i ng 
t aps i s  one so l ut i on to the p l ugg i ng prob l em a l though i nterference 
w i th the var i ab l e  measurement often occurs . Other a l ternat i ve 
so l u t i ons  i nvo l ve use of i ns trumentat i on wh i ch does not requ i re 
d i rect exposure to the so l i ds -conta i n i ng f l u i d .  Examp l es i nc l ude 
f l ow measurement dev i ces wh i ch work acoust i ca l l y  or through use of 
conduct i v i ty i nformat i on and l eve l measurement through use of 
l ow- l eve l  rad i at i on .  Deve l opment efforts are under way to improve 
these measurement techn i ques for contro l of the process  to prevent 
uns afe cond i t i ons  that cou l d  resu l t  i n  equ i pment  fa i l u re and 
poten t i a l  emergency s i tu at i on s . " In s p i te of c l ear ly  def i ned needs 
i n  the i ns trumentat i on and contro l ( I&C ) areas , program managers 
genera l l y  be l i eve  that the ex i s t i ng recogn i zed def i c i enc ies  w i l l  not 
prevent s uccessfu l operat i on of p i l ot and demonstrat i on p l ants . "S 

The presence of so l i ds  a l so contr i butes  to poten t i a l  p l ugg i ng 
prob l ems for l i nes  w i th i n  the d i rect coa l  l i quefact i on fac i l i ty .  
So l i ds  can s a l tate i n  areas of l ow ve l oc i ty and eventua l ly create a 
f l ow restr i ct i on wh i ch l eads to a l i ne p l ug  and probab l e  un i t  
shutdown . Proper des i gn to e l im i n ate l ow-f l ow areas can overcome 
th i s  prob l em .  However , un i t  shutdowns wh i ch stop process f l ows a l so 
can res u l t  i n  s a l tat i on and d i ff i cu l ty i n  ref l u i d i z i ng the process 
f l u i d .  Proper operat i ng procedures are necessary in such i nstances 
wh i ch resu l t  i n  f l ush i ng of these potent i a l l y  troub l esome l i nes w i th 
ava i l ab l e  proces s  l i qu i d s . 

Re l ated to the prob l em of so l i ds  p l ugg i ng i s  the recogn i zed need 
to ma i nta i n  open f l ow paths to and from s afety va l ves i n  s l urry 
serv i ce .  S i nce the connect i ng l i nes to these s afety va l ves have zero 
f l ow rates except i n  emergency s i tu at i on s ,  they have a greater 
tendency to p l ug  through so l i d s  depos i t i on or so l i d i f i cat i on of h i gh 
bo i l i ng  po i nt components than other proces s l i nes wh i ch have 
con t i nuous f l ows . Prov i s i on of a con t i nuous f l ush i ng med i um to purge 
these l i nes  of so l i d s  and recogn i t i on that part i cu l ar care i s  
requ i red when i ns ta l l i ng  heat trac i ng to prevent sol i d i f i cat i on i s  

5Fo s s i l  Energy Research Work i ng Group- I I ,  op . c i t . , p .  56 . 
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recommended and shou l d  be con s i dered i n  the deta i l ed des i gn of such 
serv i ces . 

Coa l  L i qu i d  Compos i t i ons  

The d i fference exh i b i ted by raw d i rect coa l  l i qu i d  products  re l at i ve 
to petro l eum products i s  we l l  recogn i zed . Numerous stud i es are under 
way to better def i ne the tox i c i ty of raw coa l  l i qu i d  products and the 
appropr i ate contro l and h and l i ng procedures requ i red to m i n im i ze any 
attendant occupat i on a l  s afety and hea l th r i sks . Inc l uded among the 
s tud i es are the eva l u at i ons  of u pgrad i ng opt i ons  wh i ch hydrotreat the 
raw coa l  l i qu i ds i nto f i n i shed products  u s i ng process i ng fac i l i t i es 
common l y  found w i th i n  petro l eum ref i ner i es .  Tox i co l og i ca l  
assessments  are not d i scus sed w i th i n  th i s  document  b u t  are l eft  for 
con s i derat i on w i th i n  other pos i t i on a l  papers . 

HAZARDS ARE COMPARABL E  TO E X I ST I NG EXPER I E NCES 

Maj or quest i on s  as  to mechan i cs and con struct i on mater i a l s must  be 
s at i sfactor i l y  reso l ved before commerc i a l  d i rect coa l l i quefact i on 
p l ants  c an be operated w i th the same degree of s afety and re l i ab i l i ty 
as the hydrocarbon proces s i ng i ndus try .  The major uncerta i nt i es 
center on the proces s i ng s teps out l i ned i n  F i gure 1 , the des i gn of 
wh i ch w i l l  be based on p i l ot p l ant experi ence as opposed to 
convent i on a l  commerc i a l l y  av a i l ab l e  systems . 

P i l ot p l ant  operat i ng exper i ence to date has  been favorab l e  i n  
that n o  major f i res o r  exp l os i ons  h ave occurred . Th i s  attests  to the 
adequacy of ex i st i ng n at i on a l  concensus  eng i neer i ng and s afety 
standards u sed as cr i ter i a  for the des i gn and construct i on of the 
var ious  p i l ot p l ant fac i l i t i es .  These standards i nc l ude those of the 
Nat i on a l  F i re Protect i on As soc i at i on ,  Amer i c an Standards Ins t i tute , 
Amer i can Soc i ety of Test i ng and Mater i a l s ,  as we l l  as others . 
Operator tra i n i ng and p l ant s afety programs based on ref i nery and 
chem i c a l  p l ant experi ence h ave a l so contr i buted s i gn i f i c an t l y  to the 
s afe operat i on and ma i ntenance of the p i l ot p l ants . 

The severe operat i ng cond i t i ons  that ex i st i n  d i rect coa l 
l i quefact i on are we l l  bracketed by ref i n i ng exper i ence . 
�drogen -r i ch en v i ronments u p  to 3000 ps i g  are encountered i n  
hydrocrack i ng ,  and the h and l i ng of eros i ve gas and l i qu i d  streams 
conta i n i ng so l i ds  i s  we l l  demonstrated i n  f l u i d i zed bed cata lyt i c  
un i ts .  Tab l e  1 l i s ts typ i c a l  hazards where fa i l ure has  been 
experi enced from the operat i on of such proces ses . The l i st ,  wh i l e  
not a l l - i nc l u s i ve ,  i s  i ns truct i ve from the standpo i nt that s i mi l ar 
hazards can be i dent i f i ed i n  the des i gn ,  operat i on ,  and ma i ntenance 
of the process i ng fac i l i ty for l i quefact i on of the coa l . 
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TABLE 1 Typi ca l Ha zards That Cou l d Res u l t i n  Re l ease  of  Process Materi a l s 

Hazard Mi t i gat i on Pract i ces4 

1 . Hydrogen attack of  reactor shel l 

2 .  Hi gh pres s ure furnace tube ru pture 

3 . Fl ange l ea kage 

4 .  P i p i ng or vessel  l ea k due to eros i on 
or corros i on 

5 .  I ncrease  i n  meta l trans i ti on temperature 
due to temper embri ttl ement 

4Des i gn ;  operati on ;  ma i ntenance 

1 .  Se l ect i o n  of she l l materi a l  based on  Ne l son 
curves ; operat i ng  temperature contro l  and  s hut­
down system ; frequent i ns pect i on a nd c l ose 
mon i tori ng of  she l l for hydrogen attack .  

2 .  Furnace rel i ef and shutdown and fi re protecti on 
system ; i ns pecti on of  tubes to determi ne tube 
l i fe .  

3 . Mi n i mi ze fl a nges ; stri ct fl ange ma keu p and  
t i ghteni ng procedures ; peri odi c  i ns pecti on  and  
t i ghten i ng . 

4 . Eros i on and corros i on-res i stant materi a l s ;  
va l v i ng to permi t i so l ati on ; per i odi c non­
destructi ve test i ng , i ns pecti on , and moni tori ng. 

5 .  Sel ecti on ( and testi ng ) of  ma teri a l s to a s sure 
ducti l e  behavi or duri ng i n i t i a l  component 
pres s ure test i ng ; s peci a l  operati ng procedures 
to a s s ure heati ng of  ves se l  pri or to pres suri ­
zati on  i n  serv i ce . 
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The contro l of these haz ards i s  w i de l y  pract i ced w i th i n  the ref i n i ng 
i ndustry . 6 

One hazard wh i ch l i es outs i de ref i n i ng experi ence i s  the 
poss i b i l i ty of coa l  dus t  exp l os i on s  i n  the coa l  feed system to the 
coa l  l i quefact i on p l ant . Th i s  h azard pers i sts i n  coa l -f i red ut i l i ty 
p l ants and therefore i s  an i mportant s afety cons i derat i on . 

NATURAL D I SASTERS AND SABOTAGE 

Natural  d i sas ters resu l t  from uncontro l l ab l e  forces and cannot be 
prevented . However , c arefu l s i te se l ec t i on and appropr i ate des i gn 
procedu res can be u sed effect i v e ly  to avo i d  or contro l the i r  
consequences . For examp l e ,  s i te se l ect i on to avo i d  fl ood p l a i ns and 
earthquake fau l ts shou l d  be pract i ced wherever poss i b l e . 
Cons truct i on codes typi ca l l y  cons i der worst -case poss i b i l i t i es to 
determi ne what w i nd l oads and earthquake sever i t i es mus t  be w i thstood 
dur i ng a p l ant ' s  operat i on a l  l i fe .  Sabotage i s  a l so d i ff i cu l t  to 
abso l ute ly  contro l a l though s tandard secur i ty procedures cou l d  be 
s trengthened i f  warn i ngs of s abotage attempts cou l d  be obta i ned . 
However , no guarantees of abso l ute protect i on cou l d  ever be made . 

Standard secur i ty procedures wou l d  i nc l ude s urround i ng the d i rect 
coa l  l i quefact i on p l ant by a cha i n - l i nk per imeter fence w i th l im i ted 
access  po i nts . Securi ty guards wou l d  be stat i oned at the access 
po i n ts and wou l d  on ly  adm i t  author i zed personne l .  Al though sca l i ng 
the per i meter fence wou l d  be re l at i ve l y  easy , transport of l arge 
quant i t i es of s abotage equ i pment onto the s i te wou l d  be more 
d i ff i cu l t .  Once on -s i te ,  the s abotage forces wou l d  requ i re t ime to 
move undetected wh i l e they accomp l i shed the i r  goa l s . The operat i ng 
p l ant  personne l wou l d  ques t i on any unrecogn i zed and unauthor i zed 
movement w i th i n  an operat i ng area . Operat i ng personne l  are a l so 
typ i ca l l y  equ i pped w i th h and -rad i os wh i ch a l l ow commun i cat i on w i th 
the proces s  contro l house and w i th secur i ty forces as necessary .  

New a n d  i nnovat i ve secur i ty systems wh i ch offer a sc i ent i f i c  
approach t o  secur i ty have recent l y  been advanced as  concerns re l at i ng 
to terror i st and extremi st  group act i v i t i es h ave mounted . 7 
Components  of these secur i ty systems i nc l ude i ntrus i on detec t i on 
equ i pment ,  a comprehens i ve resource protect i on program ,  current 
threat ana l yses , emp l oyee trai n i ng programs , and sound con t i ngency 

6Amer i can Petro l eum I n st i tute , " Cond i t i ons  Caus i ng Deter i orat i on or 
Fa i l u res , " Gu i de for Ins�ect i on of Ref i ner{ Equ i pmen t ,  Chapter I I  
(Was h i ngton , D. c . : Amer can Petro l eum In s itute ) .  

7F .  G .  Spranz a ,  " Improve your P l ant  Secur i ty System , " Hydrocarbon 
Process i ng ( September 1 98 1 ) , pp . 3 3 1 -338 . 
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p l an s for s i tuat i ons s uch as man �ade and natura l d i sasters , l abor 
unres t , and power fa i l ures . The management of the secur i ty system 
deve l ops p l ans , operat i ons , and programs to effect i ve l y  i ntegrate 
these funct i ons  i nto a comprehens i ve overa l l  protect i on p l an .  

The after -effects of a natura l d i s as ter or s abotage wou l d  be 
hand l ed by procedu res s i mi l ar to those used i n  case of catastroph i c  
equ i pment fa i l ure due to ma l operat i on . E l aborate s afety shutdown 
s i gna l s  and i so l at i on capab i l i t i es are typ i c a l ly  prov i ded w i th i n 
petro l eum ref i ner i es and w i l l  s i mi l ar l y  be prov i ded w i th i n  commerc i a l  
d i rect  coa l  l i quefact i on p l ants . For examp l e ,  shou l d  a furnace tube 
ru pture , i mmed i ate act i ons wou l d  automat i ca l l y  i nc l ude e l im i n at i on of 
fue l gas and p i l ot gas f l ow to the burners , d i scon t i nuat i on of feed 
pump and treat gas compressor operat i on to e l im i n ate enter i ng process 
f l ows , and remote operat i on of i so l at i on b l ock v a l ves to segregate 
the furnace from other equ i pment th at conta i ns combust i b l e  f l u i ds .  
Remote operat i on of v a l ves to supp l y  snuff i ng  s team to the f i rebox to 
smother the resu l t i ng f i re wou l d  a l so be poss i b l e .  The immed i ate 
i mpact of a process f l u i d  re l ease i nto the f i rebox wou l d  be hand l ed 
by s pec i a l l y  des i gned exp l os i on doors wh i ch wou l d  d i rect  the re l ease 
s kyward away from operat i ng personne l  or other equ i pment . In  
add i t i on ,  at  the des i gn s tage , i so l at i on spac i ng requ i rements wou l d  
have been fo l l owed for the furnace wh i ch serve t o  segregate i t  from 
other contr i butors to combus t i on and wh i ch a l l ow access  by 
f i re -f i ght i ng equ i pment . 

EQU I PMENT SPAR I NG P H I LOSOPH I ES AND MULTI PL E  TRAI N  DES IGN APPROACHES 

P l ant re l i ab i l i ty ,  not cons i der i ng the i mp l i c at i ons  of c atastrophes 
caused by s uch occurrences as  n atura l d i saster , can be guaranteed by 
app l yi ng  appropr i ate ph i l osoph ies  at the des i gn stage . Equ i pment 
p i eces where fa i l ures are per i od i ca l l y  expected , such as 
h i gh -pressure s l urry feed pumps , wou l d  be spared w i th a redundant  
un i t  so that  l os s  of one un i t  wou l d  not resu l t  in  shutdown of the 
proces s .  A s imi l ar approach , but on a l arger sca l e , i nvo l ves modu l ar 
construct i on of para l l e l  p l ant process i ng un i ts .  For examp l e ,  a 
p l ant des i gned to norma l l y  produce 60 , 000 B/SD of l i qu i d  product 
wou l d  i nc l ude four para l l e l  d i rect coa l  l i quefact i on modu l es ,  each 
c apab l e  of prov i d i ng 1 5 , 000 8/SD .  Loss  of one  modu l e  due  to  fa i l ure 
of nonspared equ i pment p i eces wou l d  then on l y  resu l t  i n  a 25 percent 
l oss  i n  overa l l p l ant c apac i ty .  

Other des i gn procedures that c an b e  app l i ed t o  i ncrease overa l l 
p l ant re l i ab i l i ty i nc l ude overs i z i ng of se l ected proces s i ng s upport 
fac i l i t i es w i th prov i s i on of i ntermed i ate storage fac i l i t i es . 
Fa i l ure of a support fac i l i ty ,  for examp l e  a sour water treat i ng 
u n i t ,  wou l d  then not requ i re the shutdown of the rema i n i ng p l ant 
fac i l i t i es . Sour water wou l d  be stored i n  t ank age and eventua l l y  be 
processed u s i ng the treat i ng un i t ' s  excess c apac i ty fo l l ow i ng 
comp l et i on of necessary repa i rs .  
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Judi c i ous  use of such ph i l osoph ies can resu l t  i n  capac i ty factors 
wh i ch approach 90 percent .  Capac i ty factor i s  def i ned as the rat io  
of  the expected annua l  coa l throughput of  the pl ant to  the 
theoret i ca l  year l y  coa l throughput ( at normal operat ion wi th no 
outages ) .  

S I TE-SPEC I F I C R ISKS 

Si te-spec i f i c  r i sks  shou l d  be cons i dered duri ng s i te se l ect i on .  If 
unacceptab l e  r i sks  can be i dent i f i ed ,  an a l ternate l ocat i on wou l d  
become necessary .  Eva l uat i on of any s i te -re l ated r i sks requ i res 
i dent i f i cat i on of a l ocat i on and therefore must be addressed case by 
case . Items that shou l d  be eva l uated dur i ng s i te se l ect i on i nc l ude 
cons i derat i on of the m i n i ng -to-p l ant i nterface , rami f i cat i ons of 
remote s i te l ocat ions , unusual  prob l ems created by l oca l  weather 
patterns , and ab i l i ty to adequate l y  man construct i on forces and 
operat i ons  teams for a grass -roots fac i l i ty .  

The  mi n i ng i nterface must be  con s i dered s i nce a n  unre l i ab l e  
supp ly  o f  raw mater i a l wou l d  l im i t the p l ant ' s  des i gn capac i ty 
factor . Mu l t i p l e  m ines , part i cu l ar ly  for d i rect coa l l i quefact i on 
p l ants , wh i ch are des i gned to process b i tumi nous coa l  from 
underground mi nes , are typi cal ly  requ i red to feed commerc i a l -s i zed 
fac i l i t i es .  The process i ng p l ant ' s  l ocat i on shou l d  be i ntermed i ate 
between the supp ly  m i nes but more important ly  shou l d  be s i tuated so 
that access routes of coa l to the p l ant are guaranteed and have 
m in ima l  chance for i nterrupt i on .  Labor unrest can a l so l ead to 
d i s rupt i on of coa l feed to a p l ant . Protect i on aga i nst l ong-term 
feed d i srupt i ons can be accompl i shed by fol l ow i ng the ut i l i ty p l ant 
pract i ce of stori ng  l ong-term Ndead coa l N p i l es conta i n i ng a 90-day 
supp ly  of feed . 

Remote s i tes may affect the ab i l i ty to attract and the cost of a 
l abor force , both short-term for construct ion and l ong-term for pl ant 
operat i ons . Extreme ly remote l ocat ions may requ i re deve l opment of 
p l anned hous i ng commun i t i es wh i ch means that the thoughts and 
concerns of l oca l  government p l ann i ng organ i zat ions must be 
eva l uated . The fi nanc i a l  i nvestment i n  remote l ocat i ons can a l so be 
s i gn i f i cant and the ava i l ab i l i ty of adequate too l s  for cost est imates 
at the p l ann i ng stages i s  a necess i ty to avo i d  major cost overruns 
wh i ch cou l d  cha l l enge the economi c  v i ab i l i ty of a project . 

Severe ly  i nc l ement weather can adverse ly affect the construct i on 
schedu l e  and l ead to major cost i ncreases i f  not cons i dered i n  
advance . Once a p l ant i s  operat i ona l , weather patterns that can 
i so l ate p l ant personnel for vari ous peri ods of t ime shou l d  be 
eva l uated and , i f  necessary ,  temporary l i v i ng quarters may have to be 
prov i ded at the s i te .  
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Deve l opment of a l arge-sca l e  grass -roots d i rect coa l  l i quefact i on 
i ndustry w i l l  requ i re the tra i n i ng of a l arge , h i gh l y  sk i l l ed l abor 
force capab l e  of operat i ng and ma i nta i n i ng the fac i l i t i es . The 
ab i l i ty to attract and ho l d  tra i ned personne l shou l d  be cons i dered . 
Un attract i ve remote l ocat i ons may resu l t  i n  l arge turnover rat i os of 
emp l oyees i f  i ncent i ves , perhaps of a monetary , res i dent i a l , and 
cu l tura l n ature , are not prov i ded 

R ISKS ASSOC IATED W ITH D IRECT COAL L IQUEFACTION PLANTS 

A number of para l l e l s  have re l ated the safety aspects and r i sks for a 
d i rect coa l  l i quefact i on i ndustry to those usua l ly  cons i dered and 
accepted w i th i n  the petro l eum ref i n i ng or chem ica l  i ndustr i es . That 
the d i rect coa l l i quefact i on i ndustry has drawn heav i ly  on such 
exper i ence i s  part l y  attr i butab l e  to the back grounds of the compan i es 
i nvo l ved i n  deve l op i ng synthet i c  fue l s processes . However , d i rect 
coa l l i quefact ion equ i pment and operat i ng requ i rements have very 
c l ose younger -brother-type re l at i onsh i ps to these i ndustries  and such 
a para l l e l  eva l u at i on seems reasonab l e .  

Areas where safety and r i sk  eva l u at i ons  shou l d  be focused for the 
d i rect coa l l i quefact i on i ndustry i nc l ude those that requ i re 
techno l ogy extens i on s . These areas are we l l  def i ned and emphas i ze 
the ab i l i ty to conta i n  h i gh -pressure process f l u i ds at h i gh 
temperatures i n  hydrogen -r i c h  env i ronments , to adequate ly  hand l e  
s l urry process streams , and to protect operat i ng personne l from 
poss i b l e  tox i c  exposures due to the compos i t i ona l  makeup of coa l 
l i qu i ds . Research emphas i s  shou l d  cont i nue to be g i ven h i gh pr i ori ty 
i n  the fo l l ow i n g  broad areas of component des i gn :  

o Re l i ab l e  mater i a l s  performance i n  s l urry hand l i ng system. 

o Improved understand i ng of hydrogen attack and temper 
embri tt l ement of 2 1 /4 Cr- 1  Mo steel s .  

o E l evated temperature propert i es , and fabr i cat i on and i nspect i on 
techn i ques of th i ck we l dment (>8 " )  for pressure vessel  
construct i on . 

o Vesse l des i gns  that reduce the she l l des i gn temperature be l ow 
that of the operat i ng env i ronment . 

o Cont i nued deve l opment of components and s l urry serv i ces , for 
examp l e ,  contro l and b l ock va l ves , pumps , sea l s  and f l ush i ng 
systems , i nstrumentat i on ,  heat transfer equ i pment . 

o Improved understand i ng  of causes of dust exp l os i ons i n  coa l ­
hand l i ng systems and methods for mon i tor i ng .  

o Cont i nued deve l opment of des i gn cr i ter i a for the prevent i on of 
f l ange l eak age . 
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POS I TION PAPER F 

HEALTH EFFECTS OF O I L  SHALE DEVELOPMENT 

Laurence M .  Ho l l and 
Los Al amos Nat i on a l  Laboratory 

ABSTRACT 

Informat i on on the potent i a l hea l th effects of a deve l op i ng o i l sha l e  
i ndustry can be deri ved from two major sources : ( 1 ) the h i stor i c a l  
exper i ence i n  fore i gn countr i es that h ave h ad major i ndustr ies and 
( 2 )  the hea l th effects research that has been conducted in the U . S .  
i n  recent years . Both are usefu l because the recent work appl i es 
modern sc i ent i f i c  approaches to many of the gener i c  quest i ons  wh i l e  
the experi ence i n  fore i gn countr i es offers more data on the l ong -term 
resu l ts of human exposure .  The i nformat i on presented here i s  d i v i ded 
i nto two major sect i ons : one dea l i ng w i th the experi ence i n  fore i gn 
countr i es and the second dea l i ng w i th the more recent work assoc i ated 
w i th current o i l sha l e  deve l opment in the Un i ted States . 

FORE I GN EXPER I ENCE W I TH HEALTH EFFECTS OF O I L  SHALE 

O i l sha l e h as been u sed as  a source of energy and l i qu i d  products i n  
a susta i ned manner i n  on ly  two areas o f  the wor l d :  Great Br i ta i n and 
Es ton i a .  The recent Braz i l i an i ndustry prov i ded no s i gn i f i cant 
product i on unt i l mi d -1 972  when the f i rst  Petros i x  retort was 
comp l eted . l Of the three fore i gn countr i es i ntermi ttent ly  i nvo l ved 
i n  sha l e  o i l product i on , the Sov i ets ( Eston i a )  offer the most i n  the 
way of s i gn i f i cant exper imenta l  and ep i demi o l og i ca l  data . The 
Scott i sh exper i ence i s  h i stori ca l ly  i mportant because of i ts effect 
on the genera l f i e l d  of i ndustr i a l  hyg i ene and occupat i ona l  med i c i ne .  

Because the Braz i l i an i ndustry i s  new i t  wi l l  not be exami ned 
here . Th i s  ana l ys i s  emph as i zes the Eston i an effort fo l l owed by a 
summary of the major prob l ems i dent i f i ed by Great  Bri ta i n • s  
exper i ences . 

l G .  L .  Baughman , Synthet i c  Fue l s  Data  Handbook , 2nd ed . ( Denver , 
Co l orado : Cameron Eng ; neers , Inc . , 1 978) , p .  80 . 
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O i l Sha l e -Re l ated Hea l th Effects Observed in  the  Sov i et Un i on 

Hi story 

The Sov i et o i l sha l e  i ndustry i s  the l argest current ly act i ve one i n  
the wor l d .  Deve l opment of the resource has taken p l ace i n  a near ly 
con t i nuous fash i on under three governments . Beg i nn i ng i n  1 920 , 
Eston i a  began research wh i ch resu l ted i n  the deve l opment . after 5 
years , of a so -c a l l ed P i ntsch retort wh i ch produced town gas . Th i s  
200-ton -per -day fac i l i ty became the bas i s  for the Ki v i ter gas 
generator current ly  i n  u se i n  the Es ton i an SSR . In  1 939 Eston i a  was 
taken over by Russ i a  and then occup i ed by Germany as part of the 
genera l i nvas i on of a l l Sov i et terr i tori es i n  1 941 .  At that t i me  the 
Eston i an i ndustry h ad reached over 800 , 000 tons per year . As the 
Ru ss i an s retreated , they d i smant l ed the i ndustry and wh i l e the 
Germans p l anned an expans i on .  very l i tt l e  product i on took p l ace 
before Russ i a  rega i ned the area i n  1 944 . Apparent ly the 
recons truct i on of the i ndustry moved s l ow l y  unt i l the ref i nement  of 
the K i v i ter proces s  and the deve l opment of the Ga l oter process  took 
p l ace i n  the ear l y  1 960 • s .  Hi stor i c a l ly ,  the pr i nc i pa l  use  of 
Es ton i an s h a l e  h as been for the product i on of l ow-Btu town gas and 
for d i rect combus t i on i n  power -generat i ng p l ants . 2 Vosamae 
men t i ons  the use of o i l sha l e  (as  a so l i d  fue l ) i n  domest i c  stoves 
and furnaces . 3 Th i s  pr i vate u se of sha l e  h as probab ly  been common 
far l onger than the i ndus try h as ex i sted . The use of Bal t i c  or 
Eston i an s h a l e  for the product i on of l i qu i d  fue l or chemi ca l  
feed -stock has been a comparat i ve l y  recent  deve l opment . beg i nn i ng i n  
the ear l y  1 97o • s .  I t  i s  i mportant t o  recogn i ze that both the Sov i et 
sha l e  and the extract i on methods app l i ed to i t  d i ffer s i gn i f i cant ly  
from the  u . s .  resource and techno l og i es . 

The Resource ( USSR ) 

The Ba l t i c  or Es ton i an sha l es are known as k ukers i te ,  and are 
extreme ly  r i ch i n  recoverab l e  organ i c  components . MOst Eston i an ore 

2Baughman . o p .  c i t  • • p .  76 ; and I .  A .  Ve l dre and H .  J .  Janes . 
11 Tox i co l og i c a l  Stud i es  o f  Sha l e  Oi l s .  Some o f  The i r  Component s  and 
Commerc i a l Products . 11 En v i ronmenta l  Hea l th Perspect i ves . Vo l . 30 
( 1 979 ) pp . 1 4 1 - 1 46 .  

3A .  I .  Vosamae , 11Carc i nogen i c i ty Stud i es of Eston i an Oi l  Sha l e  
Soots , •• Env i ronmental  Hea l th Perspect i ves . Vo l .  30 ( 1 979 ) . pp . 
1 73- 1 76 .  
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assays more than 40 g a l /ton and i s  l ocated very near the surface . 4 
Kung  descr i bes the chemi ca l  ana lys i s  of kukers i te and states that 
organ i c  con s t i tuents account  for 37 percent of the tota l S . Green 
R i ver s ha l es  from the i ntenmounta i n  reg i on of the Un i ted States 
average 25 g a l /ton or l es s  and about  1 6  percent organ i c  
comp l exes . 6 Kung  further s tates that Eston i an s ha l e  i s  1 3  percent 
S i 02 of wh i ch 42 percent i s  in the form of quartz . Thus , qu artz 
contr i butes on l y  about 5 . 5  percent of the mi nera l s ,  cons i derab l y  l es s  
than the 1 5  percent found i n  the Mahagony zone of U . S .  s ha l es . The 
amount of s i l i ca present as quartz i s  an important factor i n  the 
deve l opment  of the f i brot i c  and obstruct i ve l ung  d i seases often 
assoc i ated w i th mi n i ng i ndustr i es . 

The r i ch o i l s ha l e  depos i ts are l ocated i n  the northeastern part 
of Eston i a  very near the current border w i th Rus s i a  and about 
equ i d i stant  from Len i ngrad and Ta l l i nn . The major i ndustr i a l  town of 
Koht l a -Jarve i s  at the approx imate center of the o i l s ha l e  reg i on .  
The countrys i de i s  typ i ca l  of a l ow costa l  area , w i th n umerous l akes , 
r i vers , and sma l l swamps . Located at near ly  600 north l at i tude , 
the terra i n  resemb l es the l ake  reg i on of northern M i n nesota ( author , 
persona l  observat i on ) .  The depth of the s ha l e  rock var i es but 
probab ly  averages l es s  than 1 00 ft w i th s ome areas hav i ng an 
overburden of l es s  than 25  to  30  ft . 

Two types of m i n i ng are carri ed out : s tr i p  m i n i ng i n  the 
s ha l l ower reg i ons  and underground m i n i ng i n  the deeper areas . 
Apparent l y  i n  s i tu techn i ques have never been tri ed , e i ther because  
of ready accesiTbfl i ty of the  s ha l e  or because i t  occurs i n  an  
a l ternat i ng seam pattern . Str i p  m i n i ng i s  accomp l i shed w i th l arge 
mach i nery and the s ha l e  rock i s  transported to proces s i ng p l ants by 
both truck and tra i n .  Restorat i on of terra i n  and reforestat i on are 
prac t i ced but  the extent of th i s  effort i s  not known . The 
underground m i ne 11 Es ton i a , 11 l ocated near Koht l a -Jarve , i s  probab ly 
the l argest i n  the country and con s i sts  of a ser i es of very l ong  
major dr i fts ( u p  to  2 to 3 m i l es )  served by  an  extens i ve l atera l 
dr i ft system . The d i mens i on s  of the rooms and dr i fts are 
con s i derab l y  sma l l er than those found  i n  U . S .  o i l s ha l e  m i nes , and 
constructed roof s upport sys tems are more ev i dent . Apparent l y  a l l 
underground equ i pment  i s  e l ectr i ca l l y  powered ( author , persona l  
observat i on ) .  

4aaughman , op . c i t . , p .  78 . 

5v . A .  Kung , "Morpho l og i ca l  Invest i gat i on s  of F i brogen i c  Act i on of 
Es ton i an Oi l Sha l e  Dust , •• Env i ronmenta l  Heal th Perspect i ves , Vo l .  30 
( 1 979 ) ,  p .  1 53 . 

6aaughman , op . c i t . , p .  1 4 . 
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Energy Product i on Techno l og i es ( USSR ) 

It  shou l d  be emphas i zed that unt i l very recent ly  the ma i n  use of 
Ba l t i c  sha l e  has been for d i rect combust i on i n  power-generat i ng 
stat i ons and for the product i on of l ow-Btu town gas . 7 Gas and o i l 
product i on has been carr i ed out i n  tunne l ovens , so l i d -heat transfer 
retorts , and ch amber ovens . S  Tunne l ovens , wh i ch are a var i at i on 
of a mov i ng gr i d  system , are the o l dest of the Sov i et techno l og i es  
and  are apparent l y  s t i l l  i n  l i m i ted use . The tunne l oven approac� 
uses a tra i n  of hopper cars , l oaded w i th s ha l e ,  wh i ch are drawn 
through a l ong  tunne l where hot gases are passed through the sha l e  
dr i v i ng off the o i l vapors and gas . 9 The so l i d -heat-transfer 
proces s  i s  ca l l ed the Ga l oter retort and c l ose ly  resemb l es both the 
TOSCO I I  and the Lurg i -Ruhrgas retorts . Spent s ha l e  i s  used as the 
heat-carr i er agent . The o l der Ki v i ter process  (chamber oven ) i s  
s im i l ar i n  funct i on to the Gas Combust i on ,  Paraho , Petros i x ,  and 
Un i on retorts . Both the Ga l oter and Ki v i ter proces ses are avai l ab l e  
i n  the Un i ted States under l i cense from Resource Sc i ences 
Corporat i on of Tu l s a ,  Ok l ahoma . l O  

In  genera l ,  the modern o i l and gas  produc i ng p l ants i n  the 
Eston i an SSR comb i ne the K i v i ter and Ga l oter techn i ques s i nce each 
process  requ i res  a d i fferent s i ze sha l e ; the former u ses a 
feed-stock rang i ng from 1 to 5 i n . wh i l e the l atter requ i res f i ne 
p i eces up  to 1 i n .  in  d i ameter . A comb i ned screen i ng  and f l otat i on 
proces s  separates the ore accord i ng to s i ze after crush i ng ( author ,  
persona l  observat i on ) .  An i ncreas i ng proport i on o f  the i ndustr i a l  
popu l at i on i s  emp l oyed i n  p l ants emp l oy i n g  one o r  both o f  these 
techn i ques . 

It s hou l d  be noted that ep i dem i o l og i ca l  data presented l ater i n  
th i s  report make n o  d i s t i nct i on among the several  recovery 
techn i ques u ses  i n  Eston i a ,  and that workers are i nc l uded who are to 
have been exposed to more than one process  i nc l ud i ng  the 
d i rect-combus t i on power-generat i ng operat i ons . 

Exper imental  Resu l ts ( USSR ) 

Di rect Tox i c i ty Ve l dre and Janes reported on the re l at i onsh i p  among 
boi l i ng  po i nt , vo l at i l i ty ,  and tox i c i ty of several sha l e  

7 Ib i d . ,  p .  76 . 

Sve l dre and Janes . ,  op . c i t . , p .  1 4 1 .  

9Baughman , o p .  c i t . , p .  76 . 

l Ou . S . S . R .  O i l Sha l e  Presentat i on ( Tu l s a ,  Ok l ahoma : The Resource 
Sc i ence Corporation , 1 975 ) . 
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o i l s  and se l ected fract i on s . l l  In genera l , i t  appeared that those 
o i l s  or fract i ons  wh i ch or i g i nated from l ow temperature extract i on 
processes or were marg i n a l l y  vo l at i l e  at l ow-temperature were the 
l east tox i c  of the mater i a l s  tested . The most  tox i c  mater i a l  tested 
was the d i ese l o i l fract i on . In  th i s  same art i c l e ,  the authors state 
unequ i voca l ly  that the act i v i ty of the pheno l s  determi nes the 
tox i c i ty of Es ton i an s ha l e  o i l .  In both acute and chron i c  tox i c i ty 
exper iments the symptoms descr i bed are attr i butab l e  to d i sturbance of 
the centra l  nervous system . Long -term exposure l ed to a var i ety of 
system i c changes i nc l ud i ng  anemi a ,  l eukopen i a , reduct i on i n  b l ood 
g l ucose l eve l s , and changes i n  certa i n  l i ver and  k i dney funct i ons . 
Long -term ora l  exposure ( 0 . 1 g/kg/day )  i n  rats resu l ted i n  a decrease 
i n  pr i mord i a l  ovar i an fo l l i c l es i n fema l es and a reduc t i on of norma l  
spermatogon i a  i n  ma l e s . 

Ve l dre found no  corre l at i on between the tox i c  and carc i nogen i c  
propert i e s  of any of the sha l e  o i l mater i a l s tested . She further 
states that many of the products res u l t i ng from the use of s ha l e  o i l 
as a petrochem i c a l  feedstock possess  tox i c  potent i a l s  that are not 
necessar i l y  d i fferent than those der i ved from other bas i c organ i c  
fue l s .  Sov i et exper imentat i on h ad l ed to the conc l us i on that the 
i ntens i ty of the sk i n  effects  of these end -use products corre l ates 
w i th the degree of i nh a l at i on tox i c i ty .  

In another report , B l i nova c l ass i f i e s  the o i l s  from the vari ous 
retorts accord i ng to the i r  s k i n  i rr i tat i ng effect . He found the o i l s 
produced at h i gher temperature ( generator chamber oven and tunne l 
oven ) were more i rr i tat i ng than o i l from the l ower-temperature 
so l i d -heat-transfer system ( Ga l oter proces s ) . 1 2  

Carc i nogen i c i ty The Sov i ets  have stud i ed the carc i nogen i c i ty of o i l 
sha l e  products s i nce 1 95 1 . 1 3 Bogovsk i has been the pr i nc i pa l  
exper i menter i n  the f i e l d  and pub l i s hed a book o n  the subject i n  
1 96 1 . 1 4 The major conc l u s i on s  he draws from h i s  experimentat i on 
are : ( 1 ) Hi gher carc i nogen i c  act i v i ty occurs i n  the products 
resu l t i n g  from h i gher temperature process i ng ; ( 2 )  benzo ( a ) pyrene 
( Ba P )  i s  a major factor in the enhanced carc i nogen i c i ty of many but  
not a l l ,  of the products and  the i r  fract i on s ; and ( 3 )  a l i phat i c  

l l ve l dre and Janes , op . c i t . , pp 1 4 1 - 1 46 . 

1 2E .  B l i nova , I . Ve l dre , and H . Janes , Tox i co l ogy of Sha l e-O i l s and 
Pheno l s  ( Va l gu s , Ta l l i n ,  1 974 ) .  

1 3p .  A .  Bogovsk i and F .  V i nkmann , 11Carc i nogenc i ty of O i l Sha l e  
Tars , Some of The i r  Components , and Commerc i a l Products , "  
En v i ronmenta l  Hea l th Perspect i ves , Vo l .  30 ( 1 9 79 ) , pp . 1 4 1 - 1 46 . 

1 4p .  A .  Bogovsk i ,  The Carc i no�en i c  Effect of Es ton i an Oi l -Sha l e 
Proces s i ng Products , Eng l l sh ummary ( fa l l 1 nn , 1 96 1 ) .  
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hydrocarbons may potent i ate the carc i nogen i c effects of the aromat i c  
compounds . The preoccupat i on w i th the presence of BaP i n  sha l e  o i l 
products l ed to assumpt i ons by ear l y  exper i menters wh i ch have s i nce 
proven to be m i s l ead i ng .  Bogovsk i reports the i dent i f i cat i on , by 
E i sen i n  1 959 ,  of other known or s u spected carc i nogens such as 
1 , 2 -oenzanthracene and 2 -methyl benzanthracene i n  sha l e  o i l s .  Some of 
these mater i a l s  were l ow i n  BaP content and proved to be h i gh l y  
carc i nogen i c  i n  exper imenta l  an ima l s .  

Vosamae s tud i ed the carc i nogen i c  effect of o i l s ha l e  ash , or 
soot , resu l t i ng from e i ther d i rect combust i on of kukers i te or from 
combust i on of mazut ( fue l o i l ) . Benzene extracts of both mater i a l s 
were used and the resu l ts i nd i cate th at the soot resu l t i ng from 
d i rect combust i on of k ukers i te showed a marked carc i nogen i c  act i on 
and that the extract  of soot from o i l sha l e  fue l o i l was carc i nogen i c  
but that the effect was con s i derab ly l es s  than that o f  the d i rect 
combus t i on mater i a l . These exper i ments emphas i zed the unre l i ab i l i ty 
of BaP content as  a measure of carc i nogen i c i ty s i nce the fue l  o i l 
soot , wh i ch was l e s s  carc i nogen i c ,  conta i ned the most  BaP ( 1 200 ppm ) 
wh i l e  the more carc i nogen i c  d i rect combus t i on soot conta i ned l ess  ( 1 4 
ppm ) . l S 

Vosame a l so performed i ntratracheal  exper i ments i n  rats to 
determ i ne the carc i nogen i c  act i on of the var i ou s  so l i d  mater i a l s and 
the i r  extracts i n  the l ung . She cou l d  not demonstrate a s i gn i f i cant 
i ncrease i n  l u ng neop l as i a  over the i nc i dence i n  contro l s for any of 
the so l i d mater i a l s .  When tars der i ved from s o l i ds ,  were i ns t i l l ed 
under cond i t ions  that favor the penetrat i on of t i s s ues  by carc i nogens 
(for examp l e ,  i n  detergents ) a near l y  50 percent i nc i dence resu l ted . 

Wh i l e  Ve l dre found that bes i des  proces s  temperature , the pheno l i c  
content o f  the products and by-products was an i mportant factor i n  
d i rect tox i c i ty , 1 6  Bogovsk i was unab l e  to demonstrate ser i ous 
carc i nogenes i s  attr i butab l e  to the pheno l s  found i n  s ha l e  o i l or 
cert a i n of  i ts products . l 7  He used both d i rect ( s i ng l e -stage ) 
tes t i ng  and promot i on ( two -stage ) schemes . 

Summar' In s ummary , the Sov i et experi menta l i sts  h ave def i ned the 
b i o l og c a l  act i v i ty of most of the mater i a l s as soc i ated w i th the 
Es ton i an o i l sh a l e  i ndustry .  They draw severa l major conc l us i ons  
from the i r  years of exper i mentat i on :  

l Svosamae , op . c i t .  

1 6ve l dre and Janes , o p .  c i t .  

1 7 p .  A .  Bogovsk i and H . I Mi rme , " Cocarc i nogen i c i ty of Pheno l s  from 
Eston i an Sha l e  Tars ( Oi 1 ) , 11 Env i ronmenta l Hea l th Perspect i ves , Vo l .  
30 ( 1 9 79 } ,  pp . 1 7 7- 1 78 .  
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1 .  Di rect tox i c i ty i s  more pronounced wi th h i gher process 
temperatures and a l so to a l es ser extent w i th degree of 
vo l at i l i ty . 

2 .  Di rect tox i c i ty c an be approx imate ly  est i mated from the 
pheno l  content . 

3 .  Th e  i ntens i ty o f  s k i n  effect corre l ates w i th the degree of 
i nh a l at i on tox i c i ty .  

4 . H i gher proces s temperatures produce more carc i nogen i c  
products and by-products . 

5 .  BaP i s  an i mportant carc i nogen i n  many products and 
by-products . 

6 . The presence of BaP i s  not a re l i abl e i nd i cator of 
carc i nogen i c  potent i a l . 

7 .  The s o l i d  wastes ( soot ) posses s carc i nogen i c  potent i a l  
wh i ch depends o n  the i r  source . 

B .  Heati ng o f  commerc i a l  products der i ved from o i l sha l e  may 
i ncrease the i r  hazard . 

Effects on Worker and Reg i on a l  Hea l th ( USSR ) 

The Sov i et exper ience w i th management of i ndustri a l  hea l th prob l ems 
re l ated to an o i l sha l e  i ndustry i s the most  extens i ve one that 
extends  i n to modern t imes . Purde and Rahu have pub l i shed some 
f i nd i ngs re l ated to cancer i nc i dence i n  the Eston i an o i l sha l e  
reg i on . 1 8  They report that the i nc i dence o f  stomach and l ung 
cancer i s  h i gher than that found i n  the genera l popu l at i on of 
Es ton i a  but attr i bute th i s i ncrease to m i grat i on i nto the i ndustr i a l  
d i str i ct from other repub l i cs  i n  the Sov i et Un i on . Apparent l y over 
70 percent of the  Koht l a-Jarve stomach cancer pat i ents  have 
immi grated from areas where stomach cancer i nc i dence runs 1 . 6 -2 . 5  
t i mes  h i gher than that of nat i ve Eston i ans . However,  i n  th i s  same 
study they c annot exp l a i n  the h i gh i nc i dence of gas tr i c  cancer i n  
the rura l popu l at i ons  o f  the same d i str i ct ( l ow m i grat i on factor ) .  
Ve l dre has  found  that ana l ys i s  of water , so i l ,  and vegetab l es for 
BaP was not s i gn i f i cant l y  d i fferent from contro l ( non -o i l s ha l e )  
d i s tr i cts . l 9  

1 8M .  Purde and M .  Rahu , " Cancer Patterns i n  the O i l  Sha l e  Area of 
the Es ton i an S . S . R . , 11 Env i ronmenta l  Heal th Perspect i ves , Vo l .  30 
( 1 9 7 9 ) , pp . 209-21 0 .  

1 9 J .  A .  Ve l dre ,  A .  R .  I tra ,  and L .  P .  Paa l me ,  " Leve l s  of 
Benzo ( a ) pyrene in Oi l Sha l e  Industry Wastes , Some Bod ies  of Water 
i n  the Es ton i an S . S . R .  and i n  Water Organ i sms , 11 Env i ronmental  Hea l th 
Perspect i ves , Vo l .  30 ( 1 979 ) ,  pp . 2 1 1 -2 1 6 . 
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Pre l im i nary resu l ts of a s tudy i nvo l v i ng 2069 o i l s ha l e  workers 
who had been i n  the i ndustry for 1 0  to 20 years and had been fo l l owed 
for 20 years fa i l ed to s how an i nc i dence rate for l un g  and s tomach 
cancer that exceeded that found i n  the genera l  popu l at i on .  However , 
the study d i d  revea l  an i ncreased i nc i dence of s k i n  cancer among 
women who h ad spent between 1 0  and 20 years i n  the i ndustry .  Purde 
and Rahu do  not d i st i ngu i sh among the severa l  pos s i b l e  j ob categor i es 
i nvo l ved a l though i t  i s  probab l e  that the popu l at i on under study 
exc l udes m i ners . Of the 2069 workers s tud i ed ,  89 i nd i v i dua l s w i th 
d i agnosed cancers were i dent i f i ed .  Of these , 23 . 6  percent had 
s tomach c ancers , 1 5 . 7 percent sk i n  c ancers , 1 3 . 5 percent l un g  
cancer s , and 1 3 . 5 percent tumors o f  the uterus . Except for uter i ne 
tumors these numbers are offered w i thout any d i st i nct i on between the 
sexes or any reference to the age of the pat i ents  a l though i t  must  be 
ass umed that most  of the popu l at i on were i n  or near a genera l 
ret i rement age ( 55  for women and 65  for men ) .  

The Sov i ets appear to have expended cons i derab l e  effort i n  
determ i n i ng the hea l th effects re l ated t o  o i l sha l e  m i n i ng . 
Akkerberg states that the dust  concentrat i ons  i n  underground m i nes 
ranges from 2 to 30 mgjm3 w i th a much t i ghter range i n  the dr i fts 
( 6 to 9 mg/m3 ) . 20 The d i fference may be re l ated to the process  
where i n  some of the i n i t i a l crush i ng procedures and  cons i derab l e  rock 
dump i n g  takes p l ace underground ( author , personal  observat i on ) .  Kung  
c i tes Feok i stor i n  regard to  the  re l at i ve l y  f i ne n ature of the  mi ne 
dus t ,  80 percent of wh i ch i s  made up  of part i c l es under 2 p m  i n  
s i ze .  Th i s  i s  a remark ab l y  sma l l ,  h i gh ly resp i rab l e  dust wh i ch ,  even 
at l ow concentrat i ons , m i ght  l ead to eventua l  resp i ratory 
i mpa i rment . Sa l zman observed s i gns  of pneumocon i os i s  and f i brot i c  
d i sease dur i ng rad i ograph i c  exam i n at i on of workers exposed for many 
years to m i ne dust . 2 1 Kung reported the patho l og i ca l  changes 
observed dur i ng  exami nat i on of autopsy mater i a l s from workers 
assoc i ated w i th o i l s ha l e  m i n i ng .  He stated that con i ot i c  f i bros i s  
from l ong -term i nha l at i on deve l ops s l ow l y  and i s  of a m i l d ,  d i ffuse 
nature . Much of the i nh a l ed mater i a l i s  transported to the h i l ar 
lymph nodes and typ i ca l  s i l i cot i c  nodu l es are found i n  
bronchopu lmonary nodes . S i gn i f i cant l y ,  both foca l  and d i ffuse 
emphysema were noted i n  many spec imen s , and s i gn s  of chron i c  
bronch i t i s  were observed . 22 Kung  conc l udes that i nha l at i on of o i l 

20 1 . Akkerberg , et a l . ,  Prob l ems of Occu�at i ona l  Hlg i ene i n  Oi l 
Sha l e lndus try of the Eston i an S . S . R .  Vo • 2 ,  Ta l l 1 nn , ( 1 955 ) , pp . 
61 -85 . 
2 l s . M .  Sa l zman , I n : Prob l ems of Occupat i ona l  Hy� i ene i n  Oi l Sha l e  
Indus try of the Eston i an S . S . R ,  Vol . 1 ,  Ta 1 1 i n n , 1 953) , pp . 1 27-39 .  

22v . A .  Kung , 11Morpho l og i c a l  I nves t i gat i ons o f  F i brogen i c  Act i on of 
Eston i an Oi l Sha l e  Dus t , '' Env i ronmenta l  Hea l th Perspect i ves , Vo l . 30 
( 1 979 ) ,  pp . 1 53 - 1 56 . 
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s ha l e  dust  cau ses chron i c  bronch i t i s ,  m i l d  pneumon i os i s ,  and 
emphysema , but that the i nc i dence i s  l ow .  He attr i butes th i s  
re l at i ve l y  l ow i nc i dence to the l ow content o f  free s i l i ca i n  
kukers i te and to the l ow concentrat i on of dust  i n  the m i nes . 

Lu ts descr i bed the i nc i dence of occupat i on a l  d i sease of the nas a l  
port i on ( i nc l ud i ng the major s i nuses ) o f  the res p i ratory tract . He 
reported that 7 . 2  percent of the o i l s ha l e  m i ners observed suffered 
from chron i c  hypertroph i c  rh i n i t i s  often accompan i ed by s i nus i t i s  and 
nas a l  po l yps . These chan ges  are attr i buted to the h i gh humi d i ty and 
co l d  temperatures  (8 to 90C )  i n  the m i nes and are not con s i dered 
occupat i on a l  d i seases . Apparent l y  a d i st i nct i on i s  made between the 
m i croc l i mate of the m i nes ( temperature and humi d i ty )  and the 
concentrat i on of raw sha l e  dust . Contact w i th o i l sha l e  ash ( soot ) ,  
on the other hand , i s  respons i b l e  for a 7 . 6 percent i nc i dence of 
atroph i c  rh i n i t i s .  Luts attr i buted these more severe changes to the 
n ature of the ash and the add i t i ona l  i nsu l t  of fug i t i ve gases , an 
effect he equated to the c l i n i ca l  pattern seen after i nha l at i on of 
s uperphosph ate or cement .  The changes descr i bed as re l ated to sha l e  
ash  are undoubted l y  part l y  due to s imu l taneous exposure t o  gases and 
vapors and po i nts to the need for adequate res p i r atory protect i on for 
U . S .  workers who may be assoc i ated w i th work i ng retorts and s pent 
s h a l e as part of the i r  j ob . 23 

Bogovsk i descr i bed the genera l prob l em of occupat i ona l  sk i n  
tumors and suggested severa l  steps to be taken to ach i eve adequate 
worker protect i on and deve l op e p i demi o l og i ca l  records . 24 Among 
measures he l i sted are : compu l sory ana l ys i s  of occupat i ona l  and 
med i ca l  h i stor i es at frequent i nterva l s ;  i mpos i t i on of adequate 
prophy l act i c  measures and i ndus tr i a l  hyg i ene pract i ces ; detect i on of 
carc i nogen i c  substances i n  current and new products ; i ns t i gat i on of 
new exper i ments to i dent i fy the carc i nogen i c  potent i a l of i ndustr i a l  
products ; and deta i l ed eva l uat i ons  o f  the s tate o f  hea l th of 
s i gn i f i cant b l ocs  of workers i n  severa l product i on p l ants . 

In summary , severa l  conc l us i on s  may be drawn from Sov i et reports 
on human hea l th effects : 

1 .  The i nc i dence of stomach and l ung  cancer i s  h i gher i n  the 
genera l  popu l at i on of the o i l sha l e  d i str i cts . 

2 . Th i s  h i gher i n c i dence i s ,  at l east part l y ,  attr i buted to the 
immi grat i on of workers from repub l i cs  where the background 
i nc i dence i s  h i gher . 

23A .  E .  Luts , Methods for I n vest�at i on of the Mucous Membrane of 
the Nose for Ear ly  Detecti on of cupationa l  01 seases 1 n  Sha l e  
Industry workers , Monograph , unedited trans l ati on (Ta l l i n n , 1 976 ) .  

24p .  A .  Bogovsk i ,  11 0ccupat i ona l  Sk i n  Tumours Induced by Products of 
Therma l Treatment of Mi neral  Fue l s , •• Voer .  Onko l . ,  Vo l .  5 , No .  1 0 
( 1 959 ) ,  pp . 486-497 . ( Eng l i sh Trans l at 1 on . ) 
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3 . The h i gher i nc i dence of stomach cancer i n  rural  popu l at i on s  
o f  the s ame reg i ons  i s  unexp l a i ned , but does not appear to 
be assoc i ated w i th e l evated l eve l s  of BaP i n  the 
env i ronment ( i . e . ,  s o i l ,  water , vegetab l es , etc . ) .  

4 . An i ncreased i nc i dence of sk i n  cancer h as been observed 
among fema l e  workers . 

5 . M i ne dust  concentrat i ons are l ow ,  much of the dust i s  
h i gh ly  resp i rab l e ,  and the percentage of free s i l i ca i s  l ow .  

6 .  Chron i c  bronch i t i s , m i l d  forms of pneumocon i os i s ,  and 
emphysema are observed i n  m i ners . 

7 .  Di seases of the mucous membranes of the n asopharynx as a 
resu l t  of exposure to raw sha l e  dusts  and to a m i xture of 
sha l e  ash and gases and vapors are observed . 

Oi l Sha l e -Re l ated Heal th Effects Observea In Great Br i ta i n  

Hi s tory 

The Scott i sh o i l s ha l e  i ndustry and the Eng l i sh text i l e  i ndustry , 
wh i ch used products der i ved from sha l e o i l ,  prov i ded much ear l y  
i nformat i on regard i ng sha l e o i l -re l ated d i seases o f  the sk i n .  
Scrota l  cancer among Scots retort men , and Eng l i sh "mu l e  sp i nners "  
and sk i n  tumors among Scots  paraff i n  workers were among the f i rst 
occupat i on a l  d i seases for wh i ch compensat i on was prov i ded . 

Occupat i on a l  Di seases ( UK )  

An ear l y  and thorough i nves t i gat i on of occupat i on a l  d i sease was the 
s tudy of paraff i n  workers and o i l workers assoc i ated w i th the 
Scott i sh o i l s ha l e  i ndustry performed by Al exander Scott i n  
1 923 . 25 Scott descr i bed , i n  great deta i l ,  the  var i ous 
man i festat i ons  of sk i n  d i sease found  among o i l s ha l e  workers and 
d i scussed the et i o l ogy ,  anatom i ca l  l ocat i ons of l es i ons , and 
patho l ogy and suggested prophyl act i c  measures . Seven d i st i nct  
occupat i ona l  dermatoses were descr i bed : occupat i ona l  comedones 
(acne ) ,  fo l l i cu l i t i s  and fo l l i cu l ar dermat i t i s ,  pustu l ar dermat i t i s ,  
papu l ar dermat i t i s ,  erythema s i mp l ex ,  dermat i t i s  erythematosa , and 

25A .  Scott , '' The Occupat i on Dermatoses of the Paraff i n  Workers of 
the Scott i sh Sha l e  Oi l Industry :  W i th a Descr i pt i on of the System 
Adopted and the Resu l ts Obta i ned at the Per i od i c  Exam i n at i ons  of 
These Workmen , "  Ei hth Sc i ent i f i c  Re ort on the Invest i  at i ons  of 
the Imper i a l Cancer esearc un  , Lon on , ng  an : ay or and 
Franc 1 s , 1 923) . 
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ep i the l i oma ( paraff i n  workers cancer ) .  Of thes e ,  papu l ar dermat i t i s  
and fo l l i cu l ar dermat i t i s  (destruct i on of ha i r  fo l l i c l es ) were the 
most  common , and ep i the l i oma was the most i mportant because of the 
l i fe -threaten i ng potent i a l . 

In  1 g22 Scott descr i bed occupat i on a l  cancer among  Scott i sh o i l 
sha l e  workers and stated that the i nc i dence was approx imate ly  1 . 5 
percent over a 22-year per i od . 26 Th i s  i nc i dence rate i s  g i ven as a 
percent of workers observed w i thout a descr i pt i on of the tota l  
i ndustr i a l  popu l at i on or c a l cu l at i on of the  years of exposure , 
a l though a se l ected group of workers had a m i n i mum of 1 8  years of 
serv i ce .  Scott po i nted out three i mportant factors i n  the occurrence 
of occupat i on a l  cancer among sha l e  workers : age at f i rs t  
observat i on ,  l ength o f  serv i ce ,  and i nf l uence o f  j ob  as s i gnment upon 
l ocat i on of l es i on . From h i s  observat i ons , i t  i s  apparent that most 
sk i n  cancers occurred i n  workers over 40 years of · 

age w i th more than 1 8  years of serv i ce .  The i n f l uence of work 
ass i gnment on anatomi ca l  l ocat i on of the l es i on i s  i l l u strated by h i s  
data wh i ch show a predomi n ance of arm , hand , head , and neck neop l asms 
among paraff i n s hed workers compared w i th a h i gh i nc i dence of scrota l 
c ancers among o i l workers , retort men , and s t i l l  workers . Scott 
conc l uded that d i rect contact w i th paraff i n  was l arge l y  restr i cted to 
the u pper parts of the body wh i l e contact w i tn the ash , coke , and 
other "gr i tty mater i a l " exper i enced by the o i l workers was l es s  
restr i cted . He cons i dered that d i ff i cu l ty w i th ,  or l ack of ,  persona l  
hyg i ene was a n  i mportant factor i n  the h i gh i nc i dence o f  scrota l  
cancer . Wh i l e paraff i n  workers ' cancer was recogn i zed as an 
occupat i ona l  d i sease by the Br i t i sh Workmen ' s  Compens at i on Act of 
1 906 , the Scott i s h o i l s ha l e  workers were not off i c i a l ly  i nc l uded 
unt i l 1 920 . 

Scott descr i bed the neop l ast i c  cond i t i on s  he observed as 
ep i the l i omata , and i n c l uded both ben i gn and ma l i gnant tumors . The 
fata l  cases i n  th i s  ser i es were apparent l y  due to l oca l  i nvas i on 
rather than d i stant metastases , a l though the i nvest i gat i ve techn i ques 
of the day may have prec l uded prec i se d i agnos i s .  

In  1 922 ,  Southam and W i l son descr i bed the preva l ence of s crota l  
cancer among "mu l e  s p i nners " i n  the  Br i t i sh text i l e  i ndustry .  Th e  
l ubr i cat i ng o i l s  used were o f  the "paraff i n  ser i es , "  l arge l y  der i ved 
from sha l e  o i l ,  and s aturated the c l oth i ng of the i ngu i na l  reg i on of 
the workers . 27  

26A .  Scott , " On the Occupat i on Cancer of the Paraff i n and Oi l 
Workers of the Scott i sh Sha l e  O i l Indu stry , " Br i t i sh Med i ca l  Journa l , 
( 1 922 ) . 

2 7A .  H .  Southam and S .  R .  W i l son , " Cancer of the Scrotum : 
Et i o l ogy ,  Cl i n i c a l  Features and Treatment of the Di sease , "  Br i t i sh 
Med i ca l  Journa l ,  Vo l . 2 ( 1 922 ) ,  p .  9 7 1 . 
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In  1 926 , Wh i te d i scussed occupat i on a l  dermatoses and stated that 
the ( n atura l ) ••petro l eums do not usua l ly  i naugurate neop l asms • but 
that i n  o i l s ha l e workers the prospect of deve l op i n g  cancer i s  0 . 5 
percent . 28 

Exper i menta l Resu l ts ( Great Br i ta i n )  

Twort and Twort des i gned sk i n -pa i nt i ng stud i es i n  m i ce to test the 
re l at i ve carc i nogen i c  potency of severa l o i l s ,  and deve l oped an 
arb i trary sca l e  based on the i r  exper i ments . 29 They ranked sha l e  
o i l ( Scott i s h ) as h av i ng a potency of 1 and Ca l i forn i a  petro l eum 
w i th a potency of 3 . Some coa l -der i ved mater i a l s  were con s i derab l y 
h i gher than s ha l e  o i l .  In a l ater exper i ment they s howed the 
proces s  temperature dependency of carc i nogen i c  potent i a l . 30 
Le i tch a l so descri bed pos i t i ve sk i n -pa i nt i ng exper iments w i th 
certa i n  fract i ons  of Scott i sh sh a l e  o i l s . 3 1 

In 1 943 , Berenb l um and Schoenta l s uggested that the carc i nogen i c  
con s t i tuents o f  s h a l e  o i l were s im i l ar to those found i n  coa l  tar , 
and that a l though b l ue sha l e  o i l conta i ned 3 : 4 benzpyrene some 
fract i ons  a pparent ly  devo i d  of benzpyrene i nduced sk i n  tumors i n  
m i ce . 32 In 1 944 , they compared a ch l oroform extract of f i ne l y  
ground raw sha l e  w i th s ha l e o i l i n  a mouse sk i n -pa i nt i ng scheme . 
Wh i l e they cou l d  i nduce no  tumors w i th the raw s h a l e  extract , they 
caused a 60 percent tumor i nc i dence i n  1 8  weeks and a l atency to 
f i rst tumor of on l y  7 weeks w i th s ha l e  o i l . 33  

28R .  P .  Wh i t e ,  "Modern V i ews of Some Aspects of the Occupat i ona l  
Dermatoses , •• Journa l  of  Industr i a l  Hyg i ene , Vo l . 8 ,  No .  9 ( 1 926 ) ,  
pp . 367-38 1 . 

29c .  c .  Twort and J .  M .  Twort , 11The Re l at i ve Potency of 
Carc i nogen i c  Tars and Oi l s ,  • •  Journ a l  of Hyg i ene , Vo l . 29 ( 1 930 ) , pp . 
373-379 .  

30c .  c .  Twort and J .  M .  Twort , 11 The Carc i nogen i c  Potency of 
Mi neral  OH s , •• Journa l  of Hyg i ene , Vo l . 30 ( 1 93 1 ) , pp . 204-226 . 

3 1 A .  Le i tch , 11 Paraff i n  Cancer and I ts Exper i menta l Product i on ,  •• 
Br i t i sh Med i c a l  Journa l  ( 1 922 ) , p .  1 1 04 . 

32 I .  Beremb l um and R .  Schoenta l ,  11 Carc i nogen i c  Cons t i tuents of 
Sha l e  Oi l , •• Br i t i sh Journa l  of Exper imenta l Patho l ogy,  Vo l .  24 
( 1 943 ) ,  pp . 232-238 . 

33 I .  Berenb l um and R .  Schoenta l ,  11 The Di fference i n  
Carc i nogen i c i ty Between Sha l e  O i l and Sha l e , 11 Br i t i sh Journa l  of 
Exper i menta l Patho l ogy ,  Vo l .  25 ( 1 944 ) ,  pp . 95-96 . 
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Summary 

In summary , severa l  observat i ons  can be made from the Br i t i sh 
exper i ence w i th o i l sha l e -re l ated occupat i on a l  d i sease : 

1 .  Mos t  of the occupat i ona l  d i seases i dent i f i ed as be i n g  
assoc i ated w i th the o i l sha l e  i ndustry were the resu l t  of 
sk i n  exposure . 

2 . Length of exposure and age of the worker are important 
factors i n  i ndustr i a l l y  re l ated s k i n  cancers . 

3 . Adequate protect i ve measures , rout i ne i n  modern i ndustry,  
cou l d  have great ly  reduced the r i sk of occupat i on a l  cancer . 

4 . Process  temperature was i dent i f i ed as a contr i but i ng factor 
to the re l at i ve carc i nogen i c i ty of products . 

CONCLUS IONS DRAWN FROM FOR E I GN EXPER I ENCE  

Oi l sha l e  i ndustr i es produc i ng a v ar i ety of products have  ex i sted i n  
both the Un i ted K i ngdom and the Sov i et Un i on for per i ods exceed i ng 50 
years . Dur i n g  the years of act i ve product i on (wh i ch con t i nues i n the 
Sov i et Un i on ) a substant i a l body of i nformat i on i nvo l v i ng both 
exper i menta l  data  and occupat i on a l  d i sease i nc i dence has been 
deve l oped . From th i s  body of data  severa l conc l u s i ons  can be drawn 
as fo l l ows : 

o Most occupat iona l  d i seases affected the sk i n . 
o Observed sk i n  d i seases i nc l uded contact dermatoses as we l l  

as ben i gn and ma l i gnant neop l asms . 
o Age and l ength of serv i ce were i mportant factors i n  the 

i nc i dence of sk i n  cancers . 
o Sound i nd u s tr i a l  and persona l  hyg i ene pract i ces cou l d  have 

prevented or great l y  d i mi n i shed occupat i ona l  d i sease . 
o Neop l as i a  i n  organ systems other than the sk i n  has not been 

frequen t l y  reported as  an occupat i on a l  d i sease . 
o The i nc i dence of stomach and l ung  cancer i s  h i gher i n  the 

o i l sha l e  produc i ng areas of the Eston i an SSR , but th i s  may 
be , at l east part ly ,  due to m i grati on from other d i s tr i cts . 

o Nonneop l as t i c  l un g  d i seases are not a seri ous prob l em  among 
o i l sha l e  m i ners and  other workers in  Sov i et i ndustry .  

o Chron i c  bronch i t i s ,  m i l d  forms o f  pneumocon i os i s  
( s i l i cos i s ) , and emphysema are observed . 

o Di seases of the n asopharynx occur  i n  more severe forms among 
workers exposed to comb i nat i ons  of ash and gas and vapor 
eff l uents . 

o A mature sha l e  o i l i ndustry i s  a re l at i ve l y  recent 
deve l opment i n  the Sov i et Un i on w i th current techno l og i es 
ex i st i ng s i nce 1 920 or after . Observat i on t i mes may be too 
short for def i n i t i ve ep i dem i o l og i ca l  conc l us i on s . 
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o Exper imenta l  data from the Sov i et Un i on i nd i cate that both 
d i rect tox i c i ty and carc i nogen i c i ty may be process re l ated . 

o Di rect ( systemi c )  tox i c i ty i s  more pronounced wi th h i gher 
proces s  temperatures . 

o Di rect tox i c i ty may i ncrease as pheno l  content i ncreases . 
o Carc i nogen i c i ty of products i s  re l ated to h i gher process  

temperatures . 
o The presence of BaP i s  not a re l i ab l e  i nd i cator of 

carc i nogen i c  potent i a l . 
o Oi l sha l e  dusts  h ave not been shown to be carc i nogen i c  

per �· 

CURRENT R ESEARCH I NTO THE HEALTH EFFECTS OF O I L  SHALE DEVELOPMENT 

A mature o i l sh a l e  i ndustry ,  l ocated in the i ntermounta i n  reg i on of 
Co l orado , Utah , and Wyom ing  w i l l  probab l y  cons i st of a mi x of 
extract i on techno l og i es chosen part l y  on the bas i s  of l oc a l  geo l ogy . 
Certa i n  hea l th h azards , both occupat i on a l  and pub l i c ,  can be 
pred i cted i n  the gener i c  sense , however , techno l ogy-spec i f i c  
i nformat i on i s  cruc i a l t o  a n  understand i n g  o f  the eventua l  hazards of 
a tru l y  sca l ed -up  i ndustry .  Bas i ca l l y ,  the techno l og i es can be 
d i v i ded i nto three major categor i es : surface retort i ng (wi th m i n i ng 
and crush i ng ) ,  mod i f i ed i n  s i tu and true i n  s i tu (wi th rubb l i ng from 
the s urface and no m i n i nQT.--rich of these-categor i es present certa i n  
un i que h azards w i th even more techno l ogy-spec i f i c  ques t i ons  ar i s i ng 
w i th i n  the surface retort i ng c ategory .  

In add i ton t o  the poten t i a l  h azards o f  a l arge reg i ona l  
extract i on i ndustry , con s i derat i on must be  g i ven to  the further 
process i ng and eventu a l  pub l i c  use of the ref i ned products . Heal th 
and env i ronmenta l  research has therefore begun to address not on ly  
the extract i on i s sues but  t he  ref i n i ng and end-use of the resource . 
Th i s  research extends from s i te-spec i f i c  i ndustr i a l  hyg i ene s tud i es 
through an array of chem i c a l  and b i o l og i c a l  a ssays of re l evant 
mater i a l s  to b i o l og i ca l  tes t i n g  of f i n a l  i ndustr i a l  and consumer 
products .  In some i nstances workers i nvo l ved i n  the o i l sha l e  
i ndustry h ave been exami ned i n  attempts t o  e i ther estab l i sh the 
hea l th status of the sma l l popu l at i on of current workers or to 
retrospect i ve l y  determ i ne the ex i stence of spec i f i c  l ong-term effects . 

The most  mean i ngfu l way to organ i ze the ex i st i ng i nformat i on i s  
to base i t  on the mater i a l s  i nvo l ved rather than on the test systems 
used . Th i s  a l l ows the reader to compare the resu l ts of severa l 
l eve l s  of test i n g  on one c l ass  of mater i a l s  at a t i me and , i n  
genera l ,  to fo l l ow the resource from ori g i n a l  extract i on through 
end -use . The three major mater i a l s  categor i es are : a i rborne 
eff l uents (dusts , v apors , gases ) ;  o i l s  and refi ned products ; and 
aqueous eff l uents ( retort waters , l eachates ) .  Most potent i a l  hea l th 
hazards  c an be p l aced i n  these c ategor i e s , however , certa i n quest i on s  
may be  common to a l l th ree mater i a l  c ategor i es . Inc l uded here i s  an 
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array of i norgan i c  and organometa l l i c comp l exes wh i ch may be formed 
and mob i l i zed dur i n g  extract i on and process i ng . 

Ai rborne Eff l uents 

W i th i n  the l ast two or three years ,  three in s i tu retort i n g  
tech n i ques a n d  one surface retort have been-demonstrated a t  p i l ot 
sca l e .  In each c ase , f i e l d  s tud i es w i th extens i ve s amp l i ng efforts 
h ave been conducted to def i ne both the occupat i on a l  env i ronments and 
certa i n  more genera l  s i te-spec i f i c  prob l ems . One of the i n  s i tu 
s i tes u t i l i zes a hor i zonta l  burn method i n  wh i ch rubb l i ng1s-­
performed from the surface w i th no  true mi n i ng .  Other than road dust  
and part i cu l ates created dur i ng b l as t i ng  there i s  very l i tt l e  prob l em 
w i th dusty cond i t i ons . 

The other two mod i f i ed i n  s i tu ( M I S )  s i tes depend on cons i derab l e  
underground mi n i ng w i th the-attendant prob l ems of dust contro l . In  
add i t i on to the part i cu l ates as soc i ated w i th near l y  cont i nuous 
mi n i ng ,  the a i r  of l arge M I S  mi nes may conta i n  fug i t i ve gases and 
v apors from the burn i ng retorts as we l l  as the ub i qu i tous d i ese l 
exhaust  ( a l so a part i cu l ate ) . Surface retort i ng requ i res mi n i ng 
( usu a l l y  room and p i l l ar ) , crush i ng ,  and stockp i l i n g  of ore before 
retort i ng .  A commerc i a l -s i zed surface retort may consume as much as  
1 00 , 000 tons  of sha l e  ore  in  one  day and produce a l i ke amount  of 
spent sha l e  (equ i va l ency i n  we i ght i s  not exact however vo l ume i s  
often i ncreased ) .  Surface techn i ques , therefore , have the add i t i on a l  
prob l em o f  l arge vo l umes o f  spent  mater i a l  t o  b e  d i sposed o f  o n  the 
surface . Al though severa l surface retort i ng techn i ques have been 
demons trated , on l y  one , the Paraho process at Anv i l  Po i nts , Co l orado , 
has been operated to any extent w i th i n  the l as t  few years . It  i s  
from th i s  product i on run ( 1 9 7 7  to 1 978 ) th at mos t  of the current ly  
ava i l ab l e  mater i a l s  for tes t i ng h ave become ava i l ab l e . 34 

Part i cu l ates 

No thresho l d  l i m i t v a l ues ( TL V )  h ave been estab l i shed for e i ther raw 
or spent sha l e  dusts  per se and any current regu l at i ons w i l l  h ave to 
be based on standard formu l as for s i l i ca-bear i n g  rock . 35 Oust 

34R .  N .  He i s tand , 11 Paraho Operat i ons , .. Heal th Effects Invest igat i on 
of Oi l Sha l e  Deve l opment ( Ann Arbor , M i ch i gan : Arin Arbor Sc i ence , 
1 98 I ) .  
35 11Thresho l d  L imi t V a l ues for Chemi ca l  Substances and Phys i ca l 
Agen ts i n  the Workroom Env i ronment , .. Ameri can Conference of 
Governmenta l  Industr i a l  Hyg i en i sts , C i nc i nnat i , Oh i o ,  1 9 76 . 
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exposure becomes an important concern when the re l at i ve l y  h i gh 
free-s i l i ca content of raw and spent s ha l e (8  to 1 5 percent ) i s  
con s i dered a l ong  wi th the comp l ex organ i c  mater i a l s  i nvo l ved . The 
presence of free-s i l i ca ,  the chem i c a l  av a i l ab i l i ty of organ i cs ,  and 
the part i c l e  s i ze (resp i rab i l i ty )  are the most important factors i n  
estab l i sh i ng the potent i a l  hazard of dusts of th i s  type . Both raw 
and spent sha l e  dusts have been ana l yzed for the ava i l ab i l i ty of 
tota l  hydrocarbons and cert a i n  po l ycyc l i c  aromat i c  hydrocarbons as a 
funct i on of part i c l e  s i ze .  It was found that chem i c a l  ava i l ab i l i ty 
( and  presumed b i oava i l ab i l i ty )  of tota l  hydrocarbons rose as 
part i c l e  s i ze decreased . 36 

Long-term stud i es of rodents exposed to resp i rab l e  o i l sh a l e 
part i cu l ates have fa i l ed to produce pu l monary cancers . 37  These 
s ame stud i es do , however , i nd i cate a potent i a l  r i sk from pu l monary 
f i bros i s  and obstruct i ve l ung  d i sease s im i l ar to that assoc i ated 
w i th other hard rock m i n i ng endeavors . The number of pu l monary 
exper i ments i s  so far too meager to estab l i sh a dose response or to 
i dent i fy patho l og i ca l  changes represent i ng a spec i f i c  sha l e  mi ner ' s  
pneumonocon i os i s .  

Sma l l groups of o i l sha l e  workers emp l oyed dur i ng the i nfrequent 
act i v i t i es at Anv i l  Po i nts , Col orado , have been exami ned for 
pu l monary patho l ogy but resu l ts were i n conc l us i ve .  In one report 
o i l sh a l e  pneumocon i os i s  (or sha l os i s ,  the author ' s  term ) cou l d  not 
be conf i rmed because of the comp l i cated work and smok i ng h i stor i es 
of the subjects . 38 Another s tudy ,  wh i ch exam i ned workers dur i ng 
the 1 97 7  to 1 9 78 Paraho product i on run , revea l ed pu l monary changes 
w i th a strong corre l at i on to smok i ng ,  but no re l at i onsh i p  to 

36w . D .  Spa l l ,  "An a l yt i ca l  Chemi stry of Resp i rab l e  S i ze O i l Sha l e  
Dusts , "  The Los A 1 amos Integrated O i  1 Sha 1 e He a 1 th and 
Env i ronmenta l Program status Recort , LA-8665-SR { Los Al amos , New 
Mexi co : Los Al amos Nationa l [a oratory , January 1 98 1 ) ;  and L . M .  
Ho l l and e t  a l . ,  " In ha l at i on Tox i co l ogy o f  O i l Sha l e  Re l ated 
Mater i a  1 s , "  He a 1 th Impl i cat i ons  of  New Energy Techno l og i es ( Ann 
Arbor , M i ch i gan :  Arin Arbor Sc 1 ence , 1 980) .  

37Ho l l and  et  a l . ,  op . c i t . ; R .  A .  Renne et a l . ,  "Morpho l og i c  
Effects o f  In tratrachea l ly Admi n i s tered Oi l Sha l e  i n  Rats , "  Hea l th 
Imp l i cat i ons of New Ener9y Techno l o¥ i es ( An n  Arbor , Mi ch i gan : Ann 
Arbor Sci ence , 1 980) ; an L .M .  Hol and et a l . , " Inha l at i on and 
I ntratrachea l Exposures to O i l Sha l e  Ousts , " The Los Al amos 
Integrated Oi l Sha l e  Heal th and En v i ronmenta l  Program Status Report , 
op . c 1 t .  

38w . E .  Wr i ght and w .  N . Rom , " A  Pre l im i nary Report : 
Inves t i gat i on for Sha l os i s  Among Sha l e  Workers , "  Hea l th Impl i cat i on s  
o f  New Energy Techno l og i es ( Ann  Arbor , Mi ch i gan : Arin Arbor Sc ience , 
1 980) . 
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o i l s h a l e work h i story . 39 Both stud i es i nvo l ved on l y  sma l l 
popu l at i on s  that work ed at  the s ame s i te dur i ng  d i fferent per i ods  of 
product i on .  Indus tr i a l  hyg i ene  s urveys and s amp l i n g  act i v i t i es have  
been performed at  most  of the recent l y  act i v e  s i tes .  Thes e  f i e l d  
stud i es i nc l ude  t h e  prev i ous l y  men t i oned Paraho run ; the Occ i denta l  
deve l opment  at Logan Was h ,  Co l orado ; the  R i o B l anco devel opmen t on  
Co l orado ' s  C -a tract ; and  th e Geok i net i cs operat i on n ear Vern a l , 
Ut ah . Measurements  of dust  l eve l s at  each s i te have  v ar i ed 
enormous ly  and ref l ect the  exper imenta l  n ature of some operat i ons , 
and i l l u s trate the job  ass i gnment or operat i ona l  spec i f i c i ty of 
part i cu l ate contam i nat i on .  

In  both M I S  operat i on s , t he  measured i n �i n e  dust  l eve l s averaged 
far be l ow an assumed TLV of 2 . 5 mg/m3 (based on  1 0 percent qu artz 
content ) .  Ous t  l eve l s assoc i ated w i th surface retort i ng were  much 
more operat i on -dependent , and th e h i ghest l eve l s were noted i n  areas 
where mach i n ery was remote ly  operated . In areas around the retort 
w i th i nterm i ttent  work er act i v i ty ,  th e dust  l eve l s were l ow 
( genera l l y l es s  than 1 mg/m3 of resp i rab l e  part i cu l ate ) . However , 
some remote ly  operated act i v i t i es gen erated s evera l  hundred mg/m3 
of tota l dust  at t imes . In e i ther case the occupat i on a l  hazard i s  
l ow ; n everthe l es s  b as ed on these f i nd i ngs ,  contro l s w i l l  h ave  to be 
i mpos ed on a sca l ed -up i ndus try to prevent reg i on a l  prob l ems .  There 
was a somewhat h i gher dust l eve l  i n  the  m i n e  s erv i ng the  surfac e  
retort than i n  the  two M I S  m i n es . 40 Actua l  m i n i ng cond i t i ons  cou l d  
not b e  compared between M I S  and the surface procedures s i nce  s amp l i ng 
was not conducted under s im i l ar operat i on a l  c i rcumstances . Gas and 
v apor concen trat i ons  of se l ected organ i c  compounds have  been measured 
i n both types of extract i on procedures , and l eve l s d etected were 
gen era l l y be l ow estab l i s hed TLV . Samp l es i nc l uded CO , C02 , N02 , 
NH3 , H2S ,  S02 , CS2 , HCN , HCHO ,  HN03 , ars i ne ,  benzen e ,  
to l uen e ,  pheno l s ,  a l i ph at i c  ami nes , and tota l  hydrocarbons .  Once 
aga i n ,  d etectab l e  l eve l s were operat i on -spec i f i c  and factors 
contr i but i ng to l oc a l  work env i ronments  were  u sua l l y  mu l t i p l e 
( i nc l ud i n g d i ese l  equ i pment , b l ast i ng ,  retort i ng ) .  

39J .  Ru dn i ck and G .  L .  Voe l z ,  "An Occupat i ona l  He·a l th Study of 
Paraho Oi l Sh a l e Work ers ,  " Hea l th Impl i cat i on s  o f  New En ergy 
Techno l og i es ,  o p . c i t .  

40L .  L .  Garc i a ,  H .  J .  Et t i nger ,  and H .  F .  Schu l tz ,  "Paraho 
Indu s tri a l  Hyg i en e  Survey , " The  Los Al amos Integrated Oi l  Sha l e 
Hea l th and Env i ronmenta l  Program Status Regort , op . c i t . ; M .  I .  
Til l ery and M. GOnz a l es , 11Ai r SampH ng at ccidenta l  Oi l Sha l e  
Fac i l i ty at  Logan Wash , "  The Los Al amos Integrated O i l Sh a l e Hea l th 
and Env i ronment a l  Program Status Report , op c i t . ; and M.  GOnzal es et 
a l . ,  11Ai r Sampl i ng Duri ng  Anv i l  Po i nts F i re Ext i ngu i shment , "  The Los 
Al amos Integrated Oi l Sha l e  Hea l th and Env i ronmenta l  Program Status 
Report , op . c it .  
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Ana l ys i s  of  fug i t i ve emi ss i ons  w i l l  be a cont i nu i ng and 
s i te -spec i f i c  n eed as the techno l og i es d eve l op s i nce  each extract i on 
t echn i que  and each m i ne  w i l l  v ary cons i derab ly  i n  spec i f i c  ways . The 
prob l ems of resp i ratory or s k i n  contact wi th organ i c  v apors and gas es 
by themse l ves or i n  comb i n at i on w i th part i cu l ates h ave  not been 
adequate ly  s tud i ed .  These are importan t  gen er i c  quest i ons  wh i ch 
c annot b e  answered by the u sua l  comb i n a t i on of f i e l d  s tudy and 
l aboratory exper imentat i on .  In  both surface retort i ng techn i ques and 
� s i tu approaches the poss i b i l i ty of exposures comb i nes part i cu l ates 
and organ i c  v apors . For i nstance , a 50 , 000 bb l /day M IS  fac i l i ty 
wou l d  requ i re a mi n i mum of 25  l arge i n -p l ace retorts at v ar i ous  
stages of retort i ng to be  comb i n ed w i th an equ a l  number of retorts 
bei ng  prepared i n  adj acent  m i n e  comp l exes . Retort i ntegr i ty and 
ven t i l at i on w i l l  have to be  n ear l y  fai l -s afe to contro l potent i a l  
exposures . Fug i t i ve v apors and gases may a l so comb i n e  w i th both raw 
and spent sha l e  part i cu l ates i n  connect i on w i th surface retorts . 

The on l y  act i v e  true- i n -s i tu operat i on presents some spec i fi c  
prob l ems .  Becau se  the shire has a mi nor overburden in  th i s  
format i on ,  b l ast i ng t o  create un i form rubb l e i s  performed from the 
surface wi th no mi n i ng .  Creat i on of a suff i c i ent  vo i d  vo l ume d epends 
on s urface u p l i ft wh i ch a l so creates s u rface  crack s . Crack s ea l i ng 
i s  performed w i th vary i ng  success w i th the resu l t  that gases and 
vapors can escape dur i ng the  retort "burn . " A s im i l ar s i tuat i on h as 
occurred tw i ce i n  recent years when raw sha l e storage or f i n e  p i l es 
h ave been i gn i ted acc i denta l l y .  Th i s  phenomenon cou l d  h a v e  a n  i mpact 
on both i ndustri a l  and reg i on a l  popu l at i ons  i f . s imi l ar i nc i dents are 
frequent . Measurements of s e l ectea compounds h ave  been made dur i ng 
one recent f i re of th i s  type .  Measurements  taken at  f i ssure open i ngs 
i nd i c ated CO and S02 l eve l s as  h i gh as 1 000 pp� .  H2S as  h i gh as 
500 ppm , and tota l  hydrocarbons up  to 1 000 ppm . However , 
concentrat i ons d etected at  an approx imate breath i ng zone ( 5 to 6 ft ) 
were w i th i n  s afe l imi ts  i nd i cat i ng rap i d  d i spersa l  of th e emi ss i ons . 
Combust i b l e gases as h i gh as 20 percent  of the l ower exp l os i ve l im i t 
( LE L )  were detected at ground l eve l  but  were a l so qu i ck l y 
d i spersed . 4 1 

Long- and s hort-term an ima l  stud i es address i ng these comp l i cated 
m i x ed exposure cond i t i ons  are on l y  beg i nn i ng . 42 Both acute  and 
chron i c  tox i c i ty must  be con s i dered i f  an adequate def i n i t i on of 
h azard i s  to be  d eve l oped .  

4 1 Gonza l es et a l . ,  op . c i t .  

42L .  M .  Ho l l and et a l . ,  " Deve l opment of a Laboratory Retort for 
Inha l at i on Exper iments , '' The Los Al amos Integrated Oi l Sha l e Hea l th 
and En v i ronmenta l  Program Status Report , op . c i t .  
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Product Oi l s  and Ref i n ed Fuel s 

Near l y  a l l fos s i l -der i ved l i qu i ds can be  shown to be  c arc i nogen i c . 
Because  of  h i stor i c a l  ev i denc e ,  the quest i on of  carc i nogen i c i ty i n  
conn ect i on w i th product o i l s  and thei r ref i n ed d aughter products has  
become on e of the cen tra l  h ea l th conc erns assoc i ated w i th s ha l e o i l 
extract i on .  Standard i z ed u pgrad i ng procedures , pract i ced to s i mp l i fy 
tran sportat i on and ref i n i ng ,  may s i gn i f i cant l y  reduce the 
carc i nogen i c  potent i a l  of  th e o i l s ,  and modern ref i n ery techn i ques 
shou l d  m i n i m i ze  occupat i on a l  exposure . Even w i th the assumpt ion  of 
modern protect i ve pract i ces s evera l q uest i ons  remai n ;  n amel y  the 
rel at i onsh i p  of carc i nogen i c  potency and proces s chemi stry , the 
comparat i ve tumor i gen i c i ty of synfue l  products i n  genera l  and w i th 
natura l petro l eums , the i dent i f i cat i on of the factors i nvo l ved i n  the 
apparent  reduct i on of c arc i nogen i c i ty by hydrotreatment ,  and a 
compar i son of the i nf l ammatory potent i a l  of the crude products and 
by-products . U l t i mate ly ,  the  products reach i ng i nd i v i du a l  consumers 
or emp l oyed as chemi c a l  feedstock s mu st  a l so be measured for tox i c  
and c arc i nogen i c  potent i a l . 

Because  s ha l e  o i l a l ong  w i th other foss i l  l i qu i ds i s  a h i gh l y  
comp l ex m i xture , the resu l ts of many o f  the shorter -term as s ays for 
mutagen es i s  ( and putat i ve c arc i nogenes i s ) have  been equ i voca l .  
Rel i ance  on such  tests  for d ef i n i t i ve r i sk  data i s  i n appropr i ate and 
obscures thei r great u s efu l ness  as f i rs t -step screens and for 
i nd i c at i ng trends . Carefu l stud i es comb i n i ng chemi ca l  ana l ys i s  and 
fract i onat i on w i th mutagen es i s  a ssays can he l p to i den t i fy the act i ve 
components  i n  fos s i l  fuel s and def i ne  the gener i c  and proces s factors 
th at contr i bute  to act i v i ty .  

Crude o i l s  from mos t  o f  th e rec ent  retort i ng operati ons have been 
tested for mutagen i c i ty us i ng s evera l methods 1 but  pr i nc i pa l l y  the 
Sa l monel l a/mamma l i an m i crosome as s ay of Ames . 43 Wh i l e  a number of 
bacter i a l  s tra i n s  have  been u s ed ,  most  of the resu l ts are based on 
h i st i d i ne revers i on ph enomena i n  e i ther TAgs or TAl OO test  stra i ns of 
Sa lmonel l a .  Test i ng  has  been carri ed out both w i th and w i thout the 
add it ion of rat l i v er homogenate { 59-metabo l i c  act i v at i on ) .  
Cons i d erab l e i nterference by cytotox i c i ty has  been exper i enced when 
test i ng mos t  of  th e sha l e-der i ved fuel s .  Th i s  react i on appears to be  
somewhat proces s  spec i f i c  and i s  more pronounced i n  the  on l y  
hydrotreated product t ested t o  date . 44 Cytotox i c i ty may have  some 

43s . N .  Ames , J .  McCann , and E .  Yamasak i ,  "Methods for Detect i ng 
Carc i nogens and Mutagens  w i th the Sa l mone l l a/Mamma l i an -Mi crosome 
Mutagen i c i ty Test , .. Mu tat i on Research , Vo l . 3 1 ( 1 9 7 5 ) .  

44J .  N i cho l s  and G .  F .  Strn i ste ,  11Ames/Sa lmone l l a  Mutagen Ass ay of 
Sha 1 e Oi l ,  .. The Los Al amos Integrated Oi 1 Sha 1 e Hea 1 th and 
En v i ronmenta l  Program Status Report , op . c i t .  
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re l at i onsh i p  to the i nf l ammatory propert i es obs erved after repeated 
sk i n  appl i cat i on s  ( s ee be l ow ) . 

Because  of u nequa l  cytotox i c i t i es i t  i s  somet imes d i ff i cu l t  to 
compare the resu l ts of o i l s  from d i fferent process es .  An added 
comp l i cat i on i s  the  var i at i on i n  amount of hydrocarbons extracted i n  
the med i um-compat i b l e  so l vent  ( u sua l l y  DMSO ) .  Based on research 
performed so  far , th e much -tested Paraho crude o i l has  b een shown to 
be mutagen i c  for TA98 w i th S9 act i vat i on a l though the resu l ts w i th 
TAl OO have var i ed from no act i v i ty to qu i te h i gh revertant 
frequenc i es . 45 There i s  g enera l  agreement that the hydrotreat i ng 
of th i s  h i gh l y  act i ve o i l reduces the mutagen i c i ty anywhere from 
three to tenfo l d .  

Mu tagen i c  act i v i ty has  b een further d ef i ned by t es t i ng  major 
fract i on s  of the o i l s  and i t  has  been s hown that mos t  of the act i v i ty 
l i es i n  the  bas i c  and n eutra l fract i ons  as  d er i v ed i n  the  most  common 
s eparat i on t echn i ques . 46 Exper i ments u t i l i z i n g  mamma l i an ce l l 
systems to i dent i fy mutagen i c  act i v i ty i n  the var i ou s  o i l s  have been 
performed both w i th and w i thout exogenous metabo l i c  act i vat i on . The 
cel l u l ar tox i c i ty of the h i gh l y  comp l ex m i xtures aga i n  i nterferes 
w i th s tra i ghtforward ana l ys i s  of mutagen i c  act i v i ty . 47 Th e  
enhanc i ng propert i es o f  near -u l trav i o l et ( NUV ) have been stud i ed w i th 
both th e crude o i l s  and certa i n process waters . 48 Wh i l e 
photo -i nduced mutagen i c i ty was reduced by hydrotreat i ng , 
phototox i c i ty was  not affected . Th i s  observat i on may be  i mportant i n  
con s i der i ng i ndustr i a l  s i tuat i on s  where exposure to s u n l i ght  and 
crude o i l s  may be d i ff i cu l t  to prevent . 

45 Ib i d . ; H .  Ti mour i an et a l . ,  " Comparat he  Mamma l i an Gen et i c  
Tox i co l ogy o f  Sha l e  Oi l  Products As s ayed I n  VHro and I n  V i vo , " 
Hea l th Effects I n ves t i�at i on of O i l  Sha l e  Dev e l o¥ment , op . c i t . ; and 
T . K .  Ras et a l. , 11Shor -term Ml crobi a l  Test i n g  o Sha l e  01 1 
Mater i a l s , "  Hea l th Effects I n vest i gat i on of Oi l  Sh a l e Devel opment , 
op . c i t .  

46Rao et a l . ,  op . c i t . ; and O i l Sh a l e  Task  Force ,  Env i ronmenta l  
Research on  a Mod i f i ed I n  S i tu Oi l Sha l e  Proces s ,  Con tract NO .  
DOE/EV-Oo78 (Was h i ngton , D . C . : U . s .  Department of Energy , 1 980 ) .  

47R .  T .  Ok i nak a and G .  F .  Strn i ste ,  " Exogenous Metabo l i c  Act i vat i on 
of Sha l e Oi l s  i n  Mamma l i an Ce l l Cu l ture , •• The Los Al amos Integrated 
Oi l Sh a l e Hea l th and Env i ronmenta l Program Status Report . op . c i t . 

48G .  F .  Strn i ste ,  E .  Mart i n ez ,  and 0 .  J .  Chen , " L i gh t  Act i vat i on of 
Sha l e  Oi l Byproducts , "  The  Los Al amos Integrated Oi l Sha l e  Hea l th 
and Env i ronmenta l  Program Status Report , op . c i t .  
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Cytogen i c  s tud i es ,  h ave  revea l ed s tructura l  c han ges i n  
chromosomes or actua l  aberrat i on s  i n  connect i on w i th s evera l 
o i l s49 . Th e cytogenet i c  a s s ay measur i ng s i ster -chromat i d  exchange 
( SCE ) c an be  performed both i n  v i tro and i n  v i vo .  Ti mour i an50 
found  no  i ncreas e i n  SCE i n  m i c e  treated With e1 ther crude or 
hydrotreated s ha l e  o i l u nt i l doses approach i ng the  mean l etha l  dose 
( LDs o ) were u s ed ,  wh i l e  others  u s i ng a cu l tured mamma l i an ce l l 
( C HO )  observed a s i gn i f i can t dose-re l ated SCE  i nduct i on w i th crude 
o i l .  Response  to hydrotreated crude o i l was of  l es s  magn i tude , 
however norma l i z at i on of the data  accord i ng to  th e amount of 
extractab l e mater i a l  ( DMSO extract i on )  revea l ed an SCE  i nduct i on rate 
n ear l y  equ a l  to that of  t he  parent crude .  When actua l  chromosome 
break s were measured after exposure of m i ce  to crude sha l e o i l s  or 
hydrotreated crudes , the  frequency of aberrat i on s  observed w i th o i l s  
from d i fferent process es was about the  s ame wh i l e  the  u pgraded o i l 
s howed a s im i l ar trend but  a l ower frequency rate . S l 

Intact an i ma l  test i ng , focu s ed ma i n l y  on  s k i n  cancer potent i a l , 
has  b een performed by a n umber of i nves t i gators . Th e  pr i nc i pa l  
method u s ed has  been t he  repet i t i ve d i rect  app l i cat i on of  mater i a l s 
to mouse  s k i n . 52 Al l of  the  crude s ha l e o i l s  t ested i n  recent  
exper i ments  have  exh i b i ted a carc i nogen i c  effect in  the mous e  
sys tem. 53  Cert a i n o f  thes e  exper iments  have a l so d emonstrated the  

49Ti mour i an e t  a l . ,  op . c i t . ; E . W .  Campbe l l ,  R . A .  Ray, and L . L . 
Deaven , " Effect of Oi l Sha l e  on In  Vi tro Induct i on of Si s t er 
Ch romat i d  Exchange , "  Th e Los Al amos Integrated Oi l Sh a l e Hea l th 
and Env i ronmenta l Program Statu s Report , op . c ; t . ; and J .  Meyne ,  
11CytogeneH c Effects o f  Sh a l e-Derhed Oi l s  and Re l ated Byproducts i n  
Mi c e ,  •• Th e  Los Al amos Integrated Oi 1 Sha l e Hea l th and Env i ronmental  
Program Status Report , o p .  c i t . 

50Ti mour i an et a l . ,  op . c i t .  

5 1 Meyne ,  o p .  c i t .  

5 3J . M .  Ho l l and , D .  A .  Wo l f ,  and B .  R .  C l ark , "Rel at i ve Potency 
Est i mat i on for Synthet i c  Petro l eum Sk i n  Carc i nogen s , •• En v i ronmenta l 
Hea l th Perspect i ves ( i n  pr ess ) ;  S . C . Lewi s ,  " Carc i nogen i c  B i oass ay of 
Sha l e  Oi l Refi nery Streams and Downstream Products , •• Hea l th Effects  
Invest i gat i on of O i l Sh a l e  Deve l opment , o, . c i t . ; L .  M .  Hol l and , J .  
s .  W i l son , and  M .  E .  Foreman , "Comparat i ve Dennotox i c i ty of Sha l e  
Oi l s , "  Hea l th Effects I nves t i gat i on of Oi l Sh a l e Devel o�ent , op . 
c i t . ; and L. M .  Fb11 and and J .  s .  w; 1 son , "Long-term Ep l ennal 
Carc i nogen i c i ty Stud i es of Sh a l e Oi l ,  •• The Los A l amos I ntegrated Oi  1 
Sha l e  Hea l th and Env i ronmenta l  Program Status Report , op . c i t .  
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carc i nogen i c  potent i a l of  coa l -der i ved l i qu i ds ,  n atura l petro l eums , 
and upgraded ( hydrotreated ) s ha l e o i l s  as  wel l as certai n 
sha l e-der i v ed ref i n ery products . From th i s  accumu l ated body of work 
s evera l pre l im i nary conc l u s i on s  or trends  can be i d ent i f i ed :  
carc i nogen i c  potent i a l i s  common to most  fos s i l l i qu i ds ;  crude s ha l e 
o i l s  appear to be  more carc i nogen i c  than most  natura l petro l eums ; 
hydrotreat i ng reduces carc i nogen i c  potent i a l  marked l y ;  among sha l e 
o i l s ,  potency may be proces s s pec i f i c ; coa l -der i ved l i qu i d s  equa l  or 
exceed the potency of s ha l e  o i l s ;  and none of  the d i s t i l l ates has  
been s hown to i nduce  s k i n  tumors i n  the mou s e  sys tem .  

Al ong w i th t umor occurrence and l atency ,  the ph l og i s t i c  or 
i rr i tant propert i es of the  o i l s  have been demonstrated . Vari ous 
forms of  acute and chron i c  d ermat i t i s  ( n onneop l ast i c )  may be at l east 
as  i mportant amon g  occupat i on a l  d i s eases as sk i n  cancer . The  
i rr i tant propert i es of  s ha l e  o i l s  h ave been d emonstrated i n  s everal  
of  the stud i es that  i dent i f i ed the tumori gen i c  potent i a l . It has  
been s hown that w i th i n  c erta i n l i mi ts , frequency of exposure is  the 
major factor i n  s evere i nf l ammat i on .  Frequency of  exposure a l so  has  
a not i ceab l e effect on tumor l atency . Susta i n ed heavy and frequent 
exposur� of m i c e  cannot be  con s i dered anal ogou s to i ndustri a l  
exposure but th e observat i on s  n everthel ess i l l ustrate severa l 
i mportant po i nts : occas i on a l  exposu res , even i f  heavy , wi l l  probab ly  
not l ead to a l ong-term effect ; s usta i n ed  i ntermi ttent exposure may 
eventua l l y  l ead to neop l as i a  but the l atency ( t ime to tumor 
occurrence )  i s  probab l y  l engthen ed as th e frequency of exposure i s  
d i mi n i s hed ; and i nf l ammatory phenomena are u s ua l l y  rel ated to 
frequent , repeated exposures . 

Observat i ons  on the cutaneou s  effects  of  sha l e  o i l i n  h umans h ave 
been reported i n  n ear l y  every country where an i ndustry has  ex i sted .  
( See s ect i on ,  Forei gn Exper i ence  w i th O i l Sha l e  Product i on . ) L i mi ted 
stud i es on  u . s .  o i l sha l e  work ers have shown no  rel at i onsn i p  between 
the obs erved s k i n  l es i on s  and the degree of exposure to sha l e o i l .  
The  contr i but i n g  factors of  age , compl ex i on , s u n  exposure , and other 
occu pat i ona l  v ar i ab l es comp l i cate any retrospect i ve studi es of  sk i n  
d i sease .  To date ,  t h e  u . s .  popu l at i on s  have been too sma l l for 
adequate ana l ys i s . 54 

Systemi c tox i c i ty resu l t i ng from cutan eous exposure must  a l so be  
cons i dered w i th mater i a l s of  th i s  n ature . An apparen t nephrotox i c i ty 
i n  m i ce h as been reported fo l l owi ng  susta i ned h i gh -dose sk i n  
appl i cat i ons o f  c erta i n d i st i l l ed ref i nery products . SS S im i l ar 

54J .  J .  Zo n e ,  " Cu taneous Effects  of Sha l e Oi l , •  Hea l th Impl i cat i on s  
of  New Energy Techno l og i es , op . c i t .  

55L .  M .  Ho l l and et a l . , " Chron i c  Dermal Tox i c i ty o f  Paraho Sha l e 
Oi l and Di s t i l l ates , "  Heal th Effects  Invest i gat i on of  Oi l Sha l e 
Devel opment , o p . c i t .  
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k i dney l es i ons  have  b een observed i n  ma l e  rats fo l l ow i n g  oral  
exposure  to nava l j et fue l  der i ved from e i ther sha l e o i l or natura l 
petro l eums . 56 It shou l d  be  borne i n  m i nd that sk i n  exposure i n  
an i ma l s  can l ead to ora l exposure (becaus e  o f  se l f -groomi ng ) and th at 
systemi c effects may th erefore be  the resu l t  of  more than one 
exposure route .  

Waters 

One of the l east  understood hea l th i mp l i cat i ons  of an o i l s ha l e 
i ndustry i s  th e pos s i b l e  effect on the waters of the  reg i on .  Water 
contami nat i on i s  pos s i b l e  i n  a vari ety of ways , but  becaus e  of the 
uncert a i nt i es as  to the  number of extract i on fac i l i t i es to be bu i l t 
and what proces s es wi l l  be  i nvo l ved ,  i t  i s  d i ff i cu l t  to accurate ly  
pred i ct contami nat i on scenar i os .  The quest i on i s  further comp l i cated 
by an i ncomp l et e  understand i n g of the tempora l aspects  of aqu i fer 
contami nat i on ( th at i s ,  when w i l l  M I S  retorts be  a l l owed to ref l ood , 
at  what rate w i l l  contam i nants  be  tran s ported , and s o  forth ) .  
Contami nat i on c an come from two pr i nc i p l e  sources : as a product of 
the retort i ng proces s ( s o -ca l l ed proces s or retort water s ) ,  and from 
contact between retorted s ha l e  and "natura l " waters ( l each i ng of 
spen t  s ha l e p i l es or ref l ood i ng of burned -out retorts ) .  I n  add i t i on , 
retort proces s waters , p erhaps as many as 3 barre l s of water for 
every ga l l on of o i l produced , may be u s ed to abate dust . Under 
c erta i n  c i rcumstances , th i s  cou l d  compound the  effect by cau s i ng 
l each i n g of spen t  s ha l e w i th a l ready-contami nated water . However , 
most  proces s waters from aboveground retorts are l i k e ly  to be  
i mpounded and subj ected to c l eanu p techn i ques before d i spos a l  or  
i ndustr i a l  u s e  w i th i n  the  p l ant i ts el f .  

Pos i t i ve mutagen i c i ty i n  the Ames assay has  been s hown i n  one 
aboveground retort process water . 57 Th i s  water wou l d  be  
i ndustr i a l l y  des cr i bed as  "tank bottoms " and  represents a worst -case 
s i tuat i on wh i ch wou l d  nonethe l ess  h ave to be  address ed i n  d es i gn i ng 
c l ean u p  techn i ques . The organ i c  compounds or  compound c l asses that 
are res pons i b l e for th i s  act i v i ty have  yet to be determi ned .  Th i s  
s ame water has  been shown t o  conta i n d i rect -act i ng mutagen s i n  assays 

56M .  J . Cowan and L .  J .  Jenk i ns ,  " Acute Tox i c i ty of Sel ected Crude 
and Ref i n ed Sha l e Oi l and Petro l eum Der i ved Substances , " Hea l th 
Effects Inves t i gat i on of  O i l  Sha l e Devel opment , op . c i t .  

5 7 J .  N i cho l s  and G .  F .  Strn i ste ,  ''Ames/Sa l monel l a  Mutagen Ass ey of 
Oi l Sha l e  Proces s Water , "  The Los Al amos Integrated Oi l Sha l e  Hea l th 
and Env i ronmenta l  Program Status Report , op . c 1 t . 
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u s i ng mammal i an ce l l s  ( no  metabo l i c  act i vat i on requ i red ) . SS 
Prenata l  tox i c i ty stud i es i n  breed i ng m i ce were  a l so performed on 
th i s  water , and d emonstrated no  d i fference i n  n umber of pregnanc i es ,  
materna l  we i ght , number of  l i ve  fetu ses , or average feta l wei ght . 
Th ere was , however , an apparent ly  dose-rel ated abnorma l i ty of the 
hard pa l ate  and some i nd i cat i on of an i ncreas e i n  pre imp l antat i on 
feta l  l os s . When the  exper i ments  were repeated w i th the same process 
waters after about s i x  months  of co l d  s torage ,  fewer s i gn i fi cant 
abnorma l i t i es were observed . 59 On e  pos s i b l e exp l anat i on i s  that 
th e b i o l og i c a l  act i v i ty was reduced w i th t ime , a conc l u s i on wh i ch 
wou l d  s eem to i nd i cate that standard c l ean -up techn i qu es such as 
f i l trat i on and i mpoundmen t can be u s efu l . Product waters from two i n  
s i tu proces ses have  been ass ayed for mutagen i c  act i v i ty by s evera l --­
i n ves t i gators .  Waters from an M I S  retort were found  to be negat i ve 
i n  the Ames assay wh i l e  proces s waters from a true i n  s i tu retort 
were  marg i na l l y  pos i t i ve . 60 When thes e  s ame watersianartJle 
aboveground process water were screened for i n  v i tro i nduct i on of 
s i s ter chromat i d  exchange ,  on l y  the s urface process water was found 
to be pos i t i ve . 6 1 Ear l i er i n ves t i gators h ad found the M IS process 
water to be  marg i na l l y  pos i t i v e  for mutagenes i s  i n  the  Ames as s ay . 62  

Some attempts at comprehens i ve  chem i c a l  ana lys i s  of  thes e waters 
h ave  been made and t entat i ve resu l ts i nd i cate th at the aboveground 
retort water i s  h i gher i n  carbocyc l i c  ac i d s , ami des , and 
n i trates . 63  More effort s hou l d  be expended i n  chemi ca l  ana l ys i s  of 
retort waters and th e rel at i onsh i p  of  the i r chemi ca l mak e-up  to the 
product o i l estab l i shed on a proces s -spec i f i c  bas i s  i f  pred i ct i ons  of 

SSo .  J .  Ch en , R .  T. Ok i naka ,  and G. F. Strn i ste ,  " Determi nat i on of 
Oi rect Act i ng Mutagen s  i n  Sh a 1 e Oi 1 Retort Proces s Water , •• The Los 
Al amos I n tegrated Oi l Sha l e Hea l th and Env i ronmenta l  Program Status 
Report . op . cH . 

59c .  T .  Gregg and J .  H .  Hutson , " The  Prenata l  Tox i co l ogy of Oi l 
Sha 1 e Retort Water i n  Mi c e ,  •• The Los A 1 amos Integrated Oi 1 Sha 1 e 
Hea l th and Env i ronmenta l  Program Status Report , op . c i t .  

60Ni cho l s and Strn i ste ,  o p .  c i t .  

6 1 E .  w .  Campbel l ,  F .  A .  Ray , and L .  L .  Oeaven , " Effects of Process 
Waters from th e Oi l  Sha l e  Industry on In Vi tro Induct i on of 
S i s ter-Chromated Exchange , •• The Los Al amos Integrated Oi l Sh a l e 
Hea l th and Env i ronmenta l Program Status Report , op . c 1 t .  

62oi l  Sha l e  Task  Forc e , op . c i t .  

6 3w .  0 .  Spa l l ,  "Ana l yt i ca l  Chemi stry o f  O i l  Sha l e Process Waters , .. 
The Los Al amos Integrated Oi l Sha l e  Hea l th and En v i ronmenta l  
Program Status Report , op . c i t .  
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n ec es s ary contro l procedures are to be  made .  The i mportant quest i on 
of  spent sh a l e l each i n g e i ther i n  M I S  retort -abandonment procedures 
or i n  s urface  d i s pos a l  t echn i ques h a s  on l y  begun to be  addressed . 
Severa l i nves t i gators have  i dent i f i ed th e potent i a l  for mobi l i zat i on 
of s evera l  env i ronmenta l ly  i mportant and potent i a l l y  tox i c  trace 
e l ements . Inc l uded h ere are boron , f l uori n e ,  mo l ybdenum ,  arsen i c ,  
s e l en i um ,  v an ad i um ,  n i ck e l , and mercury . Under retort i ng cond i t i on s , 
s uch mater i a l s as n i ck e l arsen i des c an a l so be  formed . 64 Th e  
temperatures at  wh i ch n i ck e l , s u l fu r ,  and arsen i c  compounds are k nown 
to form are  comparab l e  w i th those s een i n  most  retort i ng 
proces s es . 6 5  Unfortunate l y ,  s ome of the meta l l i c compounds shown 
to be carc i nogen i c  are refractory to test i ng by standard mutagenes i s  
a s says . 66 

Aqu eous mater i a l s  somewhat ana l agous to i n  s i tu l eachates but  
referred to as a retort water have  been subj ectea-to tox i c i ty test i ng 
by s evera l methods . 6 7 These s tud i es ,  wh i ch i nc l ude  d i rect 
tox i c i ty test i n g i n  l aboratory an i ma l s and tests for teratogenes i s  
revea l ed l ow tox i c i ty and n o  apparent  feta l  tox i c i ty .  Th es e  
so -ca l l ed retort (or proces s )  waters were h i gh l y  d i l uted by 
i nf i l trat i n g ground waters and may represent the  "best case "  
s i tuat i on .  W i th i nten s e  devel opment of l arge i n  s i tu fac i l i t i es ,  the 
pos i t i ve d i l ut i on factor may be  apprec i ab l y  d imfn 1 shed i n  con t i guous 
aqu i fers . 

The potent i a l of  water contam i n at i on r ema i n s  the mos t  comp l ex and 
mos t  i l l -def i n ed h ea l th -rel ated i s s u e  assoc i ated w i th o i l s ha l e 
extract i on . Water contam i nat i on , i f  i t  occurs on  any sca l e ,  may a l so 

6 5L .  R .  Gur l ey and M . S .  Ha l l eck , " Ni ck el Arsen i de :  Potent i a l 
B i o l og i ca l  Hazards  i n  the Oi l Sha l e  Retort Proces s , •• The  Los 
Al amos I n tegrated Oi l Sha l e Hea l th and Env i ronmenta l  Program 
Status Report , op . c i t . 

66J . W i  l denberg , "An As s essment of  Exper i menta l 
Carc i nogen -Detect i n g System w i th a Spec i a l  Reference  to Inorgan i c  
Ar sen i ca l s ,  •• En v i ronmenta l  Research , Vo l . 1 6 ( 1 9 78 ) .  

6 7o .  I .  Hep l er et a l . ,  An i ma l  Tox i c i ty Eva l uat i on of  an In  S i tu 
O i l Sha l e  Retort Water , Techn ica l lnformat 1 on center (Wash l ngton , 
D . c . : U . s .  Department of Energy , 1 979 ) . 
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have i mportant rami f i cat i on s  for pub l i c  hea l th i n  the reg i on - -perhaps 
as i mportant and probab ly  more  i ns i d i ous  than reduct i ons i n  a i r 
qua l i ty . It  w i l l  tak e comprehens i ve stud i es comb i n i ng geochemi s try , 
hydro l ogy , ana l yt i ca l  chemi stry , and b i o l og i ca l  assays on both a 
gener i c  and s i te-s pec i f i c  bas i s  to determi ne  the potent i a l  hazard s . 

SUMMARY AND CONCLUS IONS 

Wh i l e s imi l ar i t i es between the  hea l th effects  of o i l sha l e 
devel opment i n  var i ou s  countr i es ex i st ,  cruc i a l  d i fferences prec l ude  
mak i ng j udgments on the  poten t i a l  effects of a h i gh l y deve l oped u . s .  
i ndustry .  Current research , focused o n  Amer i can mater i a l s  and 
techno l ogy , has begun  to  i dent i fy spec i f i c  concern s that wi l l  be 
germane to o i l s h a l e devel opment i n  the Un i ted States . From a study 
of both the h i s tor i ca l  ev i dence and the resu l ts of  current research , 
s everal  observat i ons  c an b e  made : 

o The  major h ea l th concerns rel ate more to the  occupat i ona l  
h azards than to reg i on a l  popu l at i ons . No ev i dence  shows 
th at a U . S .  i ndustry wou l d  react any d i fferen t l y .  

o Ne i ther the h i stor i ca l  ev i denc e  from other countr i es nor the 
res u l ts of  current research h ave  s hown pu lmonary n eop l as i a  
to b e  a major  concern . Survei l l ance  for nonneop l as t i c 
pu lmonary d i sease  s hou l d  be con t i nued both exper i menta l l y  
a n d  ep i demi o l og i c a l l y  s i nce  u . s .  mater i a l s are much h i gher 
i n  f i brogen i c  compounds ( s i l i ca ) . 

o The  i ndus try shou l d  be  a l ert to the  i nc i dence of sk i n  
d i s ease  i n  the  i ndustr i a l s ett i ng .  However , automated 
techn i ques , modern i ndustr i a l  hyg i en e  pract i ces , and 
rea l i st i c  persona l  hyg i ene  s hou l d  great l y  reduce the hazards 
assoc i ated w i th s k i n  contact . 

o Th e  ent i re quest i on of reg i ona l  water contami nat i on and any 
resu l tan t h ea l th hazard h as not been adequate ly  addressed .  
None o f  the countr i es w i th i ndustr i a l  exper i ence  i n  o i l 
s ha l e has  reported overt hea l th hazards from water 
deter i orat i on .  However , the extrac t i on techn i ques ,  the 
geohydro l ogy ,  and the sca l e i nvo l ved i n  a mature U . S . 
i ndustry are not comparab l e  w i th e i ther the  Sov i et or 
Br i t i s h cond i t i on s . 
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Sys tem w i th a Spec i a l Reference to I norgan i c  Arsen i ca l s . " 
Env i ronmenta l  Research . Vo l .  1 6 , 1 978 . 
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Wr i ght , J .  and G .  L .  Voel z .  "An Occupat i onal  Hea l th Study of Paraho 
01 1 Sha l e  Workers . "  Hea l th Ime1 1 cat 1 ons  of New Energy 
Techno l og i es . Ann Arbor , Mi ch 1 gan : Arin Arbor Sci ence ,  1 980 . 

Zone ,  J .  J .  " Cutaneous Effects  of  Sha l e  Oi l . "  Hea l th Imp l i cat i on s  
of New En erB� Techno l og i es .  Ann Arbor , M 1 ch ; gan : Arin Arbor 
sd ence , 1 9  • 
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POS ITION PAPER G 

U . S .  O I L  SHAL E  I NDUSTRY :  HEALTH AND E NV IRONMENTAL EFFECTS 

A. M i chael  Kapl an 
E . I .  du  Pon t  de Nemours & Company 

Wh i l e the Un i ted States i s  unab l e w i th i ts o i l and n atural  gas 
resources to s at i sfy present or  future proj ected energy requ i rements , 
i ts d es i re to be  l ess  d ependent on i mported o i l has  i ncreased . 
Con s equent ly ,  res earch i n  and devel opment toward the  estab l i shment of 
a synthet i c  fuel i ndustry h as i ncreased . 

Oi l sha l e i s  a f i ne-gra i ned , s ed imentary rock conta i n i ng k erogen 
wh i ch y i e l ds a synthet i c  o i l and gas after pyro lys i s  or retort i ng .  
Th e  Un i ted States has  the wor l d ' s l arges t and r i chest known depos i ts 
of o i l s ha l e .  The Green R i ver Format i on l ocated i n  Co l orado , Utah , 
and Wyom i ng , extends over an approx imate 1 6 , 000 square m i l e  area . 
Th e  P i ceance Bas i n  i n  Co l orado a l so conta i ns  h i gh -grade sha l e .  I n  
add i t i on ,  l ow-grade sha l e depos i ts extend over l arge parts of the 
eas tern and c entra l  Un i ted States as  wel l as northern Al ask a . l 

Retort i ng o i l s h a l e i s  not a modern d i scovery ;  Austral i a , Braz i l ,  
Canada ,  France ,  Germany , New Zea l and ,  Scot l and , and the Un i t ed States 
a l l h ad produced o i l from o i l sha l e before 1 900 . Today ,  Russ i a ,  
Ch i n a , Braz i l ,  and to a l es s er extent , Scot l and have substant i a l  o i l 
s ha l e operat i ons . 2 A rev i ew  of th e l i terature i nd i cates th at 
potent i a l dermato l og i c  and resp i ratory hea l th prob l ems ex i st for 
sha l e o i l work ers . H i s tor i ca l l y ,  the  pr i nc i pa l  h uman h ea l th hazard 
assoc i ated w i th the  o i l s ha l e i ndustry has  been sk i n  cancer . Mass i ve 
exposure under v ery poor work i ng cond i t i ons  has  been assoc i ated w i th 
i ncreased i nc i dence of  s k i n  c ancer i n  man . 3 "Mu l e s p i nner ' s  

l N .  K .  Weaver , and R .  L .  Gi bson , " Th e  U .  S .  O i l Sha l e Industry : A 
Hea l th Perspect i ve , " Amer i can Industr i a l  HYgi en e  Assoc i at i on Journa l ,  
Vo l .  40 { 1 9 79 ) , pp . 460-467 . 

2R .  M .  Coomes , " Carc i nogen i c  Test i ng of Oi l  Sha l e Mater i a l s , "  1 2th 
Oi l Sha l e  Symeos i um Proceed i ngs , { Go l den ,  Co l orado : Col orado �ol 
of Mi nes , Apr 1 l  1 979) . 

3A .  Scott , " On the Occupat i on Cancer of the  Paraff i n  and Oi l 
Work ers of  Scott i sh Sh a l e Industry , " Br i t i sh Med i ca l  Journa l ,  Vo l .  2 . 
{ 1 922 ) , p .  1 1 08 .  
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cancer "  assoc i ated w i th worker exposure to crudely ref i ned mi n era l  
o i l s  was  observed i n  th e Br i t i sh cotton text i l e  i ndustry and  resu l ted 
i n  n umerous d eaths from s crota l  c ancer among cotton mu l e  s p i nners . 4 
I n  add i t i on , emphysema , bronch i t i s ,  pneumon i a ,  f i bros i s  and s i l i cot i c  
nodu l es ,  c atarrh o f  th e u pper resp i ratory tract , and other 
resp i ratory i l l ness es have occurred among  o i l sha l e workers . 

In th e Sov i et Un i on ,  s ha l e o i l workers h ave contracted var i ous 
resp i ratory i l l n es ses as noted above and occupat i on a l  dermatoses such 
as d ermat i t i s ,  ecz ema , fo l l i cu l i t i s ,  v erruca ,  and s ens i t i z at i on ! 
however , no cases of occupat i on a l  cancer have  been found as of 1 96 1 
among s ha l e o i l workers i n  the Sov i et Un i on . 5 More recent ly ,  Purde 
and Rahn6 r eport ed cancer patterns among urban and rural  
popu l at i on s  i n  the o i l s ha l e area of Eston i a ,  U . S . S . R .  that i nc l uded 
stomach , s k i n ,  and l ung . The authors conc l uded that th e excess 
stomach and l ung  cancers may be  exp l a i n ed by mi grat i on and that the 
i nc i dence rates for th ese  c ancers do not d i ffer s i gn i f i cant ly  among 
o i l sha l e workers and th e genera l  popu l at i on of Eston i a .  The 
pre l im i nary resu l ts s uggested th at the excess sk i n  c ancer cases , 
wh i ch occurred on l y  among  women , ref l ects an occupat i ona l haz ard i n  
th e o i l s h a l e process i ng i ndustry . 

On l y  one ep i demi o l og i ca l  study has  been reported i n  the Un i ted 
States . In 1 952,  B i rmi ngham conducted a med i ca l  survey of workers at 
the Anv i l  Po i n t  Oi l Sha l e  Demonstrat i on P l ant  of the Bureau of Mi nes 
near R i f l e ,  Co l orado . Sk i n  l es i ons  were  th e predomi nant f i nd i ng and 
i nc l uded the fo l l owi n g :  tel ang i ectas i a ,  f l at warts , seborrhei c 
keratoses , s en i l e  k eratoses , and p i gmentat i on .  The s i gn i f i cance of 
thes e l es ions  cou l d  not be def i ned becaus e  of the sma l l number of 
work ers and other factors such as  age ,  s ev er i ty and l ength of 
exposure ,  comp l ex i on of  work er ' s  sk i n ,  and the re l at i onsh i p  between 
sha l e  o i l exposure and s un l i ght . A new morta l i ty and morb i d i ty s tudy 
i s  current l y  i n  progress . 7 

4N .  K .  Weaver and R .  L .  Gi bson , o p .  c i t . ; and A .  Scott , op . c i t .  

5p .  A . Bogovsk i and F .  V i nkmann , " Carc i nogen i c i ty of Oi l Sha l e 
Tars ,  Some of The i r Components  and Commerc i a l Products , 
" En v i ronmenta l  Hea l th Perspect i ves ,  Vo l . 30 ( 1 979 ) , pp . 1 65- 1 69 ;  and 
v. A .  Kung , "Morpholog ;ca l  Invest i gat i on s  o f  F i brogen i c  Act i on of 
Eston i an Oi l Sh a l e  Dust , "  Env i ronmenta l  Hea l th Perspect i v es ,  Vo l . 30 
( 1 979 ) , pp . 1 53 - 1 5 5 .  

6M .  Purd e  and M .  Rahu , " Cancer Patterns i n  the Oi l Sha l e Area of 
the Eston i an U . S . S . R . , "  Env i ronmenta l  Hea l th Perspect i ves , Vo l .  30 
( 1 979 ) , p p .  209-21 0 .  

7J .  Costel l o ,  "Morb i d i ty and Morta l i ty Study o f  Sha l e  Oi l Workers 
i n  the Un i ted States , "  Env i ronmenta l  Hea l th Prospect i ves , Vo l . 30 
( 1 979 ) , p p .  205-208 . 
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W i th the current energy s i tuat i on i n  the Un i ted States i t  i s  
c l ear that the deve l opment of a synthet i c  fue l  i ndustry must  proceed 
and th at an eva l uat i on of the  s hort- and l ong-term human hea l th and 
env i ronmenta l effects assoc i ated w i th the techno l ogy of the 
deve l op i ng  o i l s h a l e i ndustry i s  of utmost  i mportance . Concern i ng an 
o i l s ha l e  i ndustry , the Un i ted States i s  i n  the un i que  pos i t ion  of 
be i n g  ab l e  to determ i ne the  assoc i ated tox i c  propert i es before 
estab l i sh i ng i t . 8 

SHALE O I L  PRODUCTION TECHNOLOGY 

Decora and Kerr9 and Nowack i l O pres ent overv i ews of the potent i a l 
techno l og i es for process i ng and character i z i ng sha l e o i l products . 

Many extract i on and retort i n g  processes for s ha l e  o i l h ave  been 
paten ted i n  the l as t  h a l f  century ; however , on l y  a few processes are 
gen era l l y  cons i dered to be pr ime c and i dates for ear ly  commerc i a l 
u s e .  Sh a l e o i l can  be  produced from o i l sha l e by three types of 
retort i ng proces ses , n ame l y  surface ,  true i n  s i tu and mod i f i ed i n  
s i tu .  Al l retort i ng processes have one fundamenta l characteri stTc i n  
common and that i s  h eat i ng to at l east the pyro l ys i s  temperature 
range of 800 to l OOOOF .  Th i s  produces s ha l e o i l ,  gas , and 
c arbonaceous res i due . l l  F i gure 1 , 1 2  schemat i ca l l y  i l l ustrates 
the  s h a l e fue l  cyc l e  from extract i on to end u s es . F i gure 2 1 3 shows 
i n  s l i ght l y  more  deta i l o i l s ha l e  product i on and upgrad i ng steps 
i nc l ud i ng poten t i a l  a l ternate proces s i ng s equences . 

At the  presen t t ime , s h a l e o i l i s  not i n  commerc i a l product i on i n  
the  Un i ted St ates and  to comp l i cate matters , ava i l ab l e  i nformat i on 

8N .  K .  Weaver and R .  L .  Gi bson , op . c i t .  

9A .  W .  Decora and  R .  D .  Kerr , 11 Proces s i ng Us e ,  and Character i zat ion 
of Sha l e  O i l Products , 11 Env i ronmenta l Hea l th Perspect i ves ,  Vo l .  30 
( 1 9 79 } , pp . 2 1 7 -223 . 

l l A .  W .  Decora and R .  D .  Kerr , op . c i t . ; and P .  Nowack i ,  op . c i t .  

1 2 IWG Corporat i on and th e Center for Env i ronmental  Sc i ences , 
Un i vers i ty of Co l orado , Hea l th and Env i ronmenta l Effects Document for 
Oi l  Sn a l e- - 1 98 1  ( Wash i ngton , D . c . : U . s .  Department of Energy , 
November 1 3 ,  1 98 1 ) . 

1 3un i on O i l Company of Ca l i forn i a ,  1 98 1 . 
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Fi gure 1 Oi l s ha l e fuel cyc l e ana lys i s  fl ow chart . 

SOURCE : IWG Corporat i on and the Center for Env i ronmenta l Sci ences , 
Un i vers i ty o f  Co l orado , Hea l th and Env i ronmenta l Effects Document  for 
Oi l Sha l e-- 1981 { Was hi ngton , D . C . : U . S .  Department of Energy , November 
1 981 ) . 
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suggests  that  o i l s  produced by th e  ava i l ab l e retort i ng processes may 
d i ffer somewhat w i th respect to phys i ca l  and ch emica l  propert i es .  

HEALTH AND E NV IRONMENTAL CONCERNS 

Keep i ng i n  m i nd th at current U . S .  o i l s h a l e i ndustr i al efforts are at 
p i l ot and demonstrat i on l eve l s and cannot be cons i dered i dent i ca l  
w i th fu l l -sca l e  commerc i a l  product i on l ev el s ,  th e fundamenta l  o i l 
sha l e  mater i a l s for wh i ch there cou l d  be potent i a l  exposure  i nc l ude :  
raw o i l s ha l e ,  raw o i l s ha l e  f i n es , crude retorted sha l e o i l ,  
upgraded sha l e  o i l ,  proces s atmospher i c  eff l uent ( gas and 
part i cu l at e ) , process or retort water , and spent s ha l e and 
cata l ysts . Where tru e i n  s i tu sha l e o i l extract i on techno l ogy i s  
us ed ,  potent i a l exposure-wOUld i nc l ude a l l o f  the  above�ent i on ed 
mater i a l s  except s pent s h a l e . 1 4 

Concern for occupat i on a l  h ea l th and s afety can be  env i s i on ed i n  
a l l phases of the curren t l y  ava i l ab l e techno l og i es . However , beyond 
th e occupat i ona l  s ett i ng ,  o i l sh a l e  deve l opment w i l l  produce ch anges 
i n  the env i ronment and i n  turn may resu l t  i n  potent i a l  pub l i c  hea l th 
concerns w i th respect to food suppl i es ,  dr i nk i ng water , a i r  q ua l i ty ,  
a nd  a broad range of gen era l env i ronment a l  concerns . The major 
h ea l th and env i ronmental  areas w i th i n  the  o i l s h a l e energy cyc l e  are 
pres ented in Tab l e 1 . 1 5 

Al thou gh reports i n  th e l i terature concern i ng forei gn o i l sha l e 
commerc i a l operat i ons  have  s uggested potent i a l  areas of  concern , 
cont i nued res earch i s  n ecessary to eva l uate the  h az ards and potent i a l  
r i sk s t o  hea l th and the env i ronment . 

W i th i n  the Un i ted States , exten s i ve tox i co l og i ca l  i nvest i gat i ons 
have  been undertaken by numerous  organ i zat i on s  funded by federa l ,  
pub l i c ,  and i ndustr i a l  groups . Most of  the  research to d ate  has  
focused on  potent i a l  occupat i on a l  concerns s i nce the occupat i on a l  
work force wou l d  be  the  f i rst  a n d  most  i ntens i ve ly  exposed popu l at i on 
dur i n g  the deve l opment of the o i l sha l e  i ndustry ;  i t  i s  hoped that 
i nformat i on to address pub l i c  h ea l th concerns as  wel l can be 
extrapo l ated . 

Fo l l ow i ng the  o i l s ha l e  energy cyc l e and based on the  three major 
techno l ogy categor i es ( s urface retort i ng ,  mod i f i ed i n  s i tu retort i ng ,  . - -

1 4R .  M .  Coomes , o p .  c i t .  

1 5R .  Brown ( ed . ) ,  Hea l th and th e Env i ronmenta l Effects of Oi l Sha l e 
Techno l ogy , a Work shop summary and Pane l  Report for the Federa l 
Interagency Comm i ttee on the Hea l th and Env i ronmenta l  Effects of 
Energy Techno l og i es ,  COntract No . DOE/HEW/EPA-02 MTR-79W001 36 
(McLean , V i rg i n i a :  The M I TRE  Corporat i on ,  May 1 979 ) . 
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TAB L E  1 Maj o r  Hea l th a nd E n v i ronme n ta l  Concerns i n  the Oi l S ha l e Energy Cyc l e 

DEVELOPfiE:T EXTRACTIOII COIIVERSIOIC UTI Ll ZA TI 011 
Mi ne l Fin.l 
Retort She l e  Crushing,  Storege l IIISte Upgl'ldi ng l 
Construction Extrection Gri ndina lllndl t na Retorti na Uoaredi na Dt soose l Storeae Di s tri buti on Consu.otion 

PHYSICAL • 
Ai r Oull t t.Y  • • • • • • • 
lllter Oull it.Y • • • • • • • 
lllter Suoob • • • • • • 
Lind Di sturbance . • • • 
Subsi dence • 
llo t se • • • • 

BlOLOGlCAL 
Aaueti c • • • • 
Terrestrtel • • • • 

I SOCIETAL 
Occupetfon.l • • • • • • • • • • IIHl th l Slfety 

Publ ic  IIHl th • • • • l Slfet.Y 

SOURCE : R .  lniWII ( ed . ) ,  Hnl th end Env i ro  ... ntll Effects of Ot l She l e  Technolov ,  1 Workshop s-ry end Penel Report for the Federel Inter-
egency C:O.i ttee on the HHlth eiid Envfro ... ntll Effects of Energy Technologfes , Contl'lct llo .  DOE/HEW/EPA-02 MTR-791100136 (MeLo n ,  V i rgi ni e :  
the MITRE Corparetton ,  May 1979) . 
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and true i n  s i tu retort i ng ) ,  th e eas i es t  and mos t  eff i c i ent  way to 
rev i ew  the-exi st i ng i nformat i on ,  research i n  progress , and areas 
requ i r i ng add i t i ona l  i nv es t i gati on i s  to d i v i de the cyc l e i nto three 
major categor i es :  a i rborne eff l uents ( dus t ,  vapors , gases ) ;  
o i l s  at vari ou s stages of ref i n ement ; and aqu eous  or so l i d  eff l uents 
( retort water , spent s ha l e ,  l eachates ) .  

A IRBORNE EFFLUENTS 

Industr i a l  hyg i ene  s urveys w i th extens i ve s amp l i ng h ave  been 
conducted on p i l ot p l ant operat i ons  for a l l three retort i ng processes 
i n  attempts to character i ze th e occupat i ona l  exposures and to 
i dent i fy s i te-spec i f i c  prob l ems .  Recogn i z i ng the compl ex i ty of the 
compos i t i on of o i l s ha l e ,  i ts der i ved products and wastes , the  
fo l l ow i ng  are  components  of concern w i th respect  to atmospher i c  
contam i n at i on : part i cu l ates , s u l fur  ox i des , n i trogen ox i des , carbon 
monox i de ,  hydrogen s u l f i d e ,  po l ycyc l i c  aromat i c  hydrocarbons ,  s i l i c a ,  
and v ar i ous meta l s s uch as  n i cke l , ars en i c ,  mercury , l ead , beryl l i um ,  
cadmi um ,  chromi um ,  se l en i um a n d  vanad i um .  The ana l ys i s  o f  var i ous 
meta l s  of raw s h a l e i nd i cate l eve l s of arsen i c  ( about 30 ppm ) , l ead 
( about 1 6 ppm ) , and trace amounts { 1  to 2 ppm or l es s )  of  the  other 
meta l s .  However , the  major concern i s  the  re l at i ve ly  h i gh 
concentrat i on of s i l i c a  i n  raw or spent sha l e  { 25 and 40 wei ght by 
percent , respect i ve l y )  suggest i v e  o f  a pneumocon i os i s  h az ard i f  dust 
l eve l s are not contro l l ed . 1 6  

Stud i es h ave  b een performed to obt a i n  gen eral  i nformat i on on the  
tox i c i ty of raw s ha l e and spent s ha l e .  F i v e  tests  were genera l l y  
u sed t o  determ i n e  t h e  acute tox i c i ty of thes e  s ubstances , n amely ,  
acute ora l a nd  derma l L DSO ' s  i n  rats and rabb i ts , respect i ve ly , 
pr imary eye i rr i tat i on and s k i n  i rr i tat i on i n  rabb i ts and derma l 
sens i t i z at i on i n  gu i nea  p i gs .  The ora l and derma l LDSO ' s  were >1 0  
g/k g  and >20 g/k g  of body we i ght , respect i v el y  for both raw and s pent 

1 6 L .  L . Garc i a ,  H .  J .  Ett i nger ,  and H .  F .  Schu l te ,  " Paraho 
Indus tr i a l  �g i ene  Study " ,  The Los Al amos Inteerated Oi l Sha l e  Hea l th 
and En v i ronmenta l Program Status Report , LA-86 5-SR ,  1 981 ; M.  
Gonzal es , L .  L .  Garc i a ,  et . a l . ,  "Ai r  Samp l i ng Duri ng  An v i l Po i nts 
F i re Ext i ngu i shment , "  Th e Los Al amos I nteerated Oi l Sha l e  Hea l th and 
Env i ronmenta l  Program Statu s Report , LA-8 65-SR ,  1981 ; M .  I .  T1 i i ery ,  
and M .  Gonza l es ,  "Ai r  Samp l i ng  at Occ i denta l  Sha l e ,  Inc . Fac i l i ty a t  
Logan Was h , "  The Los Al amos Integrated Oi l Sha l e  Hea l th and 
Env i ronmenta l Program Status Report , LA�8665-SR, 1 981 ; M. Gonza l es ,  
M .  I .  Ti l l ery , G .  Royer and E .  v; g ; l , " Fi e l d  Samp l i ng-R i o B l anco Oi l 
Sha l e  Project , "  Th e Los Al amos I n tegrated Oi l Sha l e Hea l th and 
Env i ronmenta l  Pro ram Statu s  Re ort , LA-8665-SR , 1 981 ; and N .  K .  

1 son , op . c 1  • 
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sha l e .  Raw and spent  s ha l e were non i rr i tat i n g  to the  sk i n  and both 
were found  not to be sk i n  s en s i t i z ers . Raw sha l e was non i rr i tat i ng 
to rabb i t  eyes wh i l e  spent s ha l e i nduced m i n i ma l  but  rev ers i b l e  eye 
i rr i tat i on . l 7 

In ha l at i on terato l ogy s tud i es i n  rats conducted w i th raw and 
spent  s h a l e were both n egat i ve . l 8  

Bas ed o n  the  above f i nd i ngs , r aw and s pent  s h a l e c an b e  con c l uded 
to have  very l ow or  no  acu te tox i c  and teratogen i c  effects  i n  
l aboratory an ima l s ,  and they s hou l d  not present  th es e  types of h ea l th 
h az ard s to human s . 

Long-t erm i nh a l at i on and i n tratrach ea l i ns t i l l at i on s t ud i es i n  
roden ts wi th resp i rab l e part i cu l ates of raw and spent sha l e h ave  
fa i l ed to produce pu l monary t umors . However , th e resu l ts of these 
stud i es s uggest a potent i a l  r i sk of pu l monary f i bros i s . l 9  
Unpub l i sh ed ch ron i c  i n ha l at i on stud i es i n  rats sponsored by th e  
Amer i c an Petrol eum I n s t i tute { AP I )  a t  exposure l ev el s o f  1 0  o r  30 
mg/m3 showed no  ev i d ence of e i ther progres s i ve or  f i brot i c  effects 
at  th e h i ghes t  exposure  l eve l  desp i te c l ear  i nd i cat ions  of a l un g  
burden that caused some i nf l ammatory react i on s . 

Th e above�ent i oned surveys co l l ected gas  and v apor s amp l es and 
ana l yz ed for s e l ected compounds n amely ;  CO , C02 , N02 , NHJ , 
H2S ,  S02 , CS2 , HCN , HCHO , HNOJ , ars i n e ,  b enzene ,  to l uene ,  
pheno l s ,  a l i ph at i c  ami nes , a nd  tota l hydrocarbons .  In genera l ,  the 
l eve l s d etected were bel ow current ly  estab l i shed gu i de l i n es .  

Bas ed on the curren t l y  ava i l ab l e i ndustr i a l  hyg i en e  survey 
res u l ts and l ong-t erm an i ma l  s tud i es ,  th e occupat i on a l  h azard w i l l  be 
l ow .  Th e  except i on - - s i l i ca dust  - - can b e  contro l l ed by i mpos i ng 
good eng i n eer i ng des i gn and good i ndustr i a l  hyg i ene  pr act i ces as  
p i l ot p l ants are  sca l ed u p  to commerc i a l  product i on . 

1 7 N .  K .  Weaver and R .  L .  G i bson , op . c i t .  

1 8 Jb i d .  

1 9 L .  M .  Ho l l and , D .  M .  Sm i th and R .  G .  Thomas , 11 B i o l og i c a l  Effects 
of Raw and Proces sed Oi l Sh a l e  Part i c l es i n  the Lungs  of Laboratory 
An i ma l s ,  .. Env i ronmenta l Hea l th Perspect i ves ,  Vo l .  30 { 1 979 ) ,  pp . 
1 47 - 1 52 ; L .  M .  Hol l and , W .  D .  Spal l and L. L. Garc i a ,  11 ln ha l at i on 
Tox i co l ogy of O i l  Sh a l e-Rel ated Mater i a l s ,  .. Hea l th Imp l i cat i on s  of 
New Energy Techno l og i es ,  { Ann  Arbor ,  Mi ch i gan : Ann Arbor Sc 1 ences , 
1 980) ; R .  A .  Renne ,  J .  E .  Lund , K .  E .  Mc Dona l e ,  and  L .  G .  Smi th ,  
"Morpho l og i c  Effects  of Intratrachea l l y Admi n i stered Oi l Sha l e  i n  
Rats , "  Hea l th Imp l i cat i ons  of New Ener y Techno l o  i es ,  { Ann  Arbor , 
Mi ch i gan : Ann Arbor c 1 ences , 0 ; an L .  • Ho and , E .  A .  V i g i l ,  
et . a l . ,  " In h a l at i on and Intratrach ea l Exposures to O i l Sha l e  Dusts , •  
The  Los Al amos Integrated Oi l SHa l e  Hea l th and En v i ronmenta l  Program 
Status Report , LA-8665-SR , 1 981 . 
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Concern i ng fug i t i ve emi s s i ons  resu l t i ng from current  techno l ogy , 
th i s  i s  an area of concern wh i ch to date has  not been adequately 
exami ned .  Resp i ratory or sk i n  contact w i th part i cu l ate or v apors and 
gases by themse l ves or i n  comb i nat i on  cou l d  eas i l y  be  env i s i on ed . 
Curren t l y  under deve l opment at Los Al amos Sc i ent i f i c  Laboratory 
{ LASL ) i s  a l aboratory retort that shou l d  prov i de a method to addres s 
th i s  area of concern for both acute and chron i c  exposure . 20 

OI LS AND REF I NED  PRODUCTS 

Acute tox i c i ty has  been s tud i ed by s ev era l  i nv es t i gators of se l ected 
crude  and ref i n ed s ha l e o i l mater i a l s and s im i l ar counterparts were 
der i ved from petro l eum . The s tud i es i nc l ude  acute oral  LDSO ' s  i n  
rats and m i c e ,  derma l LDSO ' s  i n  rats o r  rabb i ts ,  pr imary eye and sk i n  
i rr i tat i on i n  rabb i ts ,  and d ermal s en s i t i zat i on i n  gu i n ea p i gs . 

Substances eva l uated i nc l uded the fo l l ow i ng : retorted { crude )  
s h a l e o i l s ,  hydrotreated s h a l e o i l ,  hydrotreated r es i du e ,  crude 
petro l eum s amp l es ,  s h a l e- or petro l eum-der i v ed j et fuel s { JP -5 and 
JP-8 ) , and d i ese l  fuel  mar i ne  s amp l es .  

In  genera l ,  a l l thes e mater i a l s  exh i b i ted very l ow or no  acute  
tox i c i ty by the  v ar i ou s  routes of adm i n i s trat i on .  The acute  ora l  
tox i c i ty o f  retorted { crude )  s ha l e o i l s  was 8 . 0  t o  1 0 . 3 g /k g  i n  rats 
and 1 1 . 3 g /k g  i n  mi ce .  The crude petro l eum s amp l es h ad ora l  LDSO ' s  
of > 1 0 g /k g  i n  mi c e .  Tne acute  ora l  tox i c i ty i n  m i ce  of 
hydrotreated-s ha l e o i l ,  hydrotreated res i due  and the s h a l e or 
petro l eum-der i ved products  was > 1 6 g /k g .  The derma l LDSO ' s  o f  a l l 
substances t es ted were  e i ther > 2 mL/k g  or > 1 0  mL/kg and 
non i rr i tat i ng to the sk i n .  Crude sha l e  o i l and hydrotreated sha l e 
o i l produce very s l i ght , tran s i ent eye i rr i tat i on i n  rabb i ts ,  but a l l 
th e other substances tested were  non i rr i tat i ng to rabb i t eyes . The 
derma l s ens i t i z at i on resu l ts have ranged from none to moderate . 2 1 

20L .  M .  Ho l l and , M .  I .  Ti l l ery , et . a l . ,  " Deve l opment of a 
Laboratory Retort for Inha l at i on Exper i ments , The Los Al amos 
In teHrated Oi l Sh a l e Hea l th and Env i ronmenta l  Program Status Report , 
LA-8 65-SR , 1981 . 

2 1 N .  K .  Weaver and R .  L .  Gi bson , op . c i t . ; A .  Scott , op . c i t . ; P . 
A .  Bogovsk i and F .  V i nkermann , op . c i t . ; c .  L .  Gaworsk i , Eva l u at i on 
and Compari son of the  I rr i tat i on and Sens i t i zat i on Potent i a l  of the 
Jet Fuel  JP -5 and Di esel Fuel Mar; n e  Ref;ned from Petro l uem oi l and 
Sha l e  01 1 ,  (Wash ington , D . C . : Department of the Navy , Nav a l  Medical  
Res earch Inst i tute ,  March 24 , 1 980 ) ;  and S .  D .  Al l en , Sma l l An i ma l  
Tox i c i ty Stud i es o f  In S i tu Sna l e Oi l and Rel ated Mater i a l s ,  
TR-21 7-00l , Utah Biomedi ca l  Test Laboratory , 1 976 . 

Copyright © National Academy of Sciences. All rights reserved.

Safety Issues Related to Synthetic Fuels Facilities
http://www.nap.edu/catalog.php?record_id=19584

http://www.nap.edu/catalog.php?record_id=19584


168 

As was observed for r aw and spent  s h a l e ,  the  s el ected crude and 
ref i ned sh a l e  o i l substances gave very l ow or no  acute  tox i c i ty as 
tested by the v ar i ous routes of  admi n i strat i on .  Further ,  the data 
i nd i cate no d i fference  among  s ha l e or petro l eum o i l s  or  der i ved 
products . 

I n ha l at i on t erato l ogy stud i es i n  rats w i th four s amp l es of 
retorted ( crud e )  s ha l e  o i l each from d i fferen t geograph i c  l ocat i on s  
were a l l n egat i v e .  Th ere was a t  the h i gh est  l eve l  ( 1 00 mg/m3 ) a 
s ugges t i on of  an  embryotox i c  effect bas ed on a decreased l i ve 
fetus / i mp l antat i on s i te r at i o . 22 However , th i s  f i nd i ng res u l ts 
from v ery h i gh exposu re l ev e l , of m i nor concern . 

Crude and u pgraded s ha l e  o i l s  have  been t ested by numerous 
i nv es t i gators and shown to  be  carc i nogen i c  i n  v aryi n g  degrees to 
l aboratory an i ma l s  by t he  derma l route of exposure . In add i t i on ,  the 
carc i nogen i c  poten t i a l  of sha l e  o i l s  var i es w i d e ly  as a funct i on of 
source ,  retort i ng proces s ( th at i s ,  temperature ) and degree of 
ref i n i ng and upgrad i n g  of the retorted o i l .  Th i s  i s  not very 
supr i s i ng s i nce  n ear l y  a l l fos s i l -der i ved fue l s h ave  been s hown to be 
carc i nogen i c  to some degree . 

Ex tens i v e  mutagen i c i ty t es t i ng h as been performed as  wel l ,  on 
th e s ame s amp l es u s ed for the above-ment i oned sk i n -pa i n t i ng 
s tud i es . 23 The test sys tems h ave  b een the  Sa l mon el l a  

22N .  K .  Weaver and R .  L .  G i bson , op . c i t .  

23N .  K .  Weaver and R .  L .  G i bson , op . c i t . ; J .  L .  Ep l er ,  T . K .  Rao , 
and M .  R .  Gueri n ,  11 Ev a l uat i on of Feas i b i l i ty of  Mutagen i c  Tes t i ng  of 
Sh a l e Oi l Products and Eff l uents , 11 Env i ronmenta l  Hea l th 
Perspect i ves , Vo l .  30 ( 1 9 79 ) , pp . 1 79-184 ; R .  A.  Pe l roy and M .  R .  
Peterson , 11 Us e of Ames Test  i n  Ev a l uat i on of  Sh a l e 0 1 1 Fract i on s , "  
En v i ronmena l  Hea l th Pers�ect i ves , Vo l .  30 ( 1 979 ) ,  pp . 1 9 1 -203 ; T .  R .  
Rao , J .  [ .  Ep l er ,  J .  J .  chm1 dt-Co l l erus , et . a l . ,  B i o l og i ca l  
Mon i tor i n o f  Oi l Sh a l e Products  and Eff l uents  Us i n  Short-Term 

ene 1 c  n a  ys es , ak R ge ,  Tennes see :  Oak R 1  ge Nati ona 
Laboratory ,  1981 ) ;  J .  N i cko l s and G .  F .  Strn i s te ,  11Ames Sa l monel l a  
Mu tagen As s ay of Sha l e  O i l ,  .. Th e  Los Al amos Inte�rated O i l Sha l e 
Hea l th and Env i ronment a l  Pro ram Statu s Re ort , A-8665-SR , 198 1 ; 

• • 1 na a an • • rn 1 s  e ,  xogenous etabo l i c  Act i vat i on of 
Sha l e  Oi l i n  Manvna l i an Ce l l Cu l tures , •• The Los Al amos Inte9rated Oi l  
Sh a l e Hea l th and Env i ronmenta l  Program Status Report , LA-8 65-SR, 
1 981 ; E .  w .  Campbe l l , F .  A. Ray , and [. [. Deaven , "Effect  of Sha l e  
Oi l on i n  v i tro Induc t i on o f  S i ster Chromat i d  Exchange ,  •• The  los 
Al amos !nte9rated Oi l Sha l e  Hea l th and Env i ronmenta l  Program Status 
Report , LA- 665-SR , 1 981 ; J. Mayne ,  11Cytogeneti c Effects of 
Sha l e-Der i ved O i l s  and Rel ated By-Products i n  M i ce , •• The Los Al amos 
In tegrated Oi l Sh a l e Hea l th and Env i ronmenta l  Program Status Report , 
LA-8665-SR ,  1 98 1 ;  T. R .  Rao , J . L. Ep l er ,  et . a l . ,  "Short-Term 
Mi crob i a l  Test i ng of Sh a l e O i l  Mater i a l s , •• Hea l th Impl i cat i ons  of New 
Ener9y Techno l og i es , ( Ann  Arbor , Mi ch i gan : Arin Arbor Sc 1 ence , 1 980) ;  
A .  n mour 1 an , A .  Carrano , et . a l . ,  11 Comparat i ve Mamma l i an Gen et i c  . . .  
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assay of Ames , mous e  l ymphoma as s ay ,  and Ch i n es e hamster ovary ( CHO ) 
ass ay ,  a l l w i th and w i thout act i vat i on ;  s i s ter chromat i d  exchange 
( SCE ) ; and bon e marrow cytogen et i cs .  I n  genera l ,  the resu l ts of many 
of these short -t erm assays have  been m i xed or at  b est  equ i voca l . 

S i nce these sha l e o i l s  and ref i ned products are h i gh l y  compl ex 
mi xtures , methodo l og i c a l  prob l ems have b een encoun tered , for examp l e ,  
s e l ect i on of a compat i b l e  so l vent , cytotox i c i ty ,  and vari ab l e  factors 
such as  n ear-u l trav i o l et l i ght . In the Ames assay ,  crude sha l e  o i l s  
tend to be pos i t i ve i n  tes t  s tra i n TA98 w i th act i vat i on ; 
hydrotreatment s i gn i f i cant l y  reduced mutagen i c  act i v i ty .  Resu l ts of 
the mous e lymphoma assay were e i ther n egat i ve or  equ i voca l , and 
cytogenet i c  and bone marrow ana l ys es n egat i ve . 24 

In efforts to further c l ar i fy the  mutagen i c  potent i a l of crude 
s h a l e o i l s , researchers have  tes ted major fract i ons  of the o i l s  
d er i ved by s o l vent  extract t echn i ques 25 or fract i ona l 
d i st i l l at i on . 26 By the s o l ven t  extract procedure , mos t  of the 
mutagen i c  act i v i ty l i es w i th i n  the  bas i c  and neutra l fract i on s  and by 
fract i ona l  d i st i l l at i on i n  the  h i gh boi l er and res i du a l  ( tar ) 
fract i ons . 

Res u l ts of cytogenet i c  stud i es u s i ng SCE t echn i que  conf l i ct 
r ang i ng from s i gn i f i cant dos e-re l ated effects27  to effects on l y  at  
v ery h i gh ,  l etha l  dos e l eve l s . 28 �drotreated o i l s  have s hown 
effects of l es s er magn i tude .  

As a l l uded t o  ear l i er ,  extens i ve i nv es t i gat i ons  u s i ng c l ass i ca l  
sk i n -pa i nt i ng techn i qu es w i th mi ce  h ave  shown that  crude s h a l e o i l s  

23 ( cont . )  • • • •  Tox i co l ogy of Sha l e O i l Products Ass ayed i n  v i tro and 
i n  v i vo , 11 Hea l th Im l i cat i on s  of New Ener Techno l o  i es-(Arin Arbor , 
Afch 1 gan :  Ann Arbor Sc i ence ,  1 980 ; R .  A . Pel roy and D .  S .  Sk l arew , 
Compar i son of the Mutagen i c i t i es of Fos s i l Fue l s ,  PNL-SA-88 1 2 , 
Pac 1 f 1 c  NOrthwest Laboratory , 1 98 1 ; A. P .  Toste , R .  A . Pel roy , and D .  
S .  Sk l arew , Compar i son of Chemi ca l  and Mutagen i c  Propert i es of a Coa l  
l i qu i d  and a Shal e Oi l , PNL -SA-881 2 , 1 980 ; and w .  H .  Ca l k i ns , J .  F .  
Deye , et . a l . ,  MUtagenes i s  and Sk i n  Tumor Irr i tat i on by Sh a l e and 
Coa l  Der i ved Oi l s  and The i r Di s t i l l at i on Frac t i ons , F i n a l  Report  No .  
coo-4758-4 , 1981 . 
24 Jb i d . 

25R .  A .  Pel roy and M .  R .  Peterson , op . c i t .  

26w . H .  Ca l k i n s , op . c i t .  

2 7E .  W .  Campbe l l ,  F .  A .  Ray and L .  L .  Deaven , op . c i t . ; and J .  
Mayn e ,  op . c i t .  

28H .  Ti mour i an ,  A .  Carrano , et . a l . ,  op . c i t .  
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from var i ou s  sourc es and d i fferen t retort process es have  i nduced sk i n  
tumors  i n  m i ce .  S i mu l taneou s l y ,  i nv es t i gators h a ve  tested natura l 
petro l eums , coa l -der i v ed l i qu i d s , hydrotreated s ha l e o i l s ,  and a 
d i ese l  fue l  mar i n e  precursor and product . Bas ed on curren t l y  
ava i l ab l e d a t a  thes e o i l s  or  products rank i n  order of decreas i ng 
potency as  fo l l ows : i n  s i tu s ha l e  o i l > retort o i l > hydrotreated 
sha l e  o i l > d i es e l  fuel' mar 1 n e ;  and when compared to other fos s i l ­
der i ved fue l s ,  coa l d er i ved 1 i qu i d s  > sha l e o i l s  > n atura l  
petro l eum . 29 

In add i t i on to the occurrence of s k i n  t umors , acute and ch ron i c  
dermat i t i s  h a s  been observed i n  m i c e ; th e degree o f  sk i n  i rr i tat i on 
may affect  the  occurrence  of tumors and tumor l atency as wel l as 
nonneop l as t i c  occupat i on a l  d i s eases . Bas i c  research i s  curren t l y  i n  
progres s t o  further eva l uate the  effects o f  dose and frequency of 
exposure  on  d ermatox i c i ty ,  tumor i nc i dence ,  and tumor 1 atency . 30 

Recen� u npub l i s hed stud i es eva l u ated th e u s efu l n es s  of i n i t i at i ng 
and  promot i ng s k i n -pa i n t i ng procedures w i th n atura l  petro l eum , s ha l e  
o i l s ,  and  coa l -der i ved l i qu i ds wh i ch had been fract i on ated by 
d i s t i l l at i on ;  s i mu l taneou s l y  u s i ng the Ames a s s ay th ey eva l uated them 
for mutagen i c i ty .  The resu l ts showed good correl at i on between 
mutagen i c  act i v i ty of the  var i ous  frac t i on s  and the  occurrence  of 
s k i n  tumors . They rank ed i n  terms of decreas i ng potency : coa l  
1 i qu i ds > sh a l e o i l s  > n a tura l  petro l eum . Th e  d ata were  con s i s tent 
w i th th e resu l ts obta i ned from c l ass i ca l  s k i n  pa i nt i ng . 3 1 Th i s  
procedu re requ i res approx imate ly  s i x  months rather than two years  and 
e l im i nates th e pos s i b l e  confound i ng effect of d ermatox i c i ty .  

29w . H .  Ca l k i ns ,  op . c i t . ; M .  L .  Ho l l and , L .  c .  Gi bson , et . a l . ,  
"Chron i c  Derma l Den s i ty of Paraho Sh a l e Oi l and Di s t i l l ates , " Hea l th 
Imp l i cat i ons  of  New Energ� Techno l oii es ( Ann Arbor , Mi ch i gan : Ann 
Arbor Sc 1 ence ,  1 980) ; s .  . Lew1 s ,  Carc i nogen i c  B i oas s ay o f  Sha l e  
Oi l  Ref i n ery Streams and Downs tream Products , •• Hea l th Impl i c at i ons  of 
New Energ� Techno l o� i es ( Ann Arbor , M i ch i gan : Arin Arbor  Sc 1 ence , 
1 980) ; an L. M. Ho l and and J . S .  W i l son , " Long-Term Ep i d ermal 
Carc i nogen i c i ty Stud i es , •• The  Los Al amos Integrated Oi l Sh a l e Hea l th 
and En v i ronmen t a l  Program Status  Report , LA-8665-SR , 1 981 .  

30L .  M .  Ho l l and , J .  S .  W i l son , and M .  E .  Forman , "Comparat i ve 
Dermatox i c i ty of Sha l e  Oi l s ,  •• Hea l th Im 1 i cat i on s  of New Ener 
Techno l og i es ( Ann Arbor , M i ch i gan :  n r or c 1 ence ,  ; and J .  
s .  W i l son , v .  Va l dez and L .  M .  Ho l l and , "The  Effect o f  Exposure 
Cond i t i ons  on Dermotox i c i ty ,  • •  The Los Al amos Inte*rated Oi l  Sha l e 
Hea l th and Env i ronmenta l  Program Status Report , l -8665-SR , 1 98 1 . 
3 1 w . H .  Ca l k i ns ,  J .  F .  Deye , et . a l . ,  op . c i t .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

S a f e t y  I s s u e s  R e l a t e d  t o  S y n t h e t i c  F u e l s  F a c i l i t i e s
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 5 8 4

http://www.nap.edu/catalog.php?record_id=19584


1 7 1  

One must  n o t  overl ook con s i derat i on of  poss i b l e systemi c tox i c i ty 
res u l t i ng from d erma l exposure as ev i denced by observat i on s  of l i ver 
and k i dney l es i ons  i nduced by derma l appl i cat i on of var i ou s  
fos s i l -der i ved fuel s . 32 

AQUEOUS AND SOL I D WASTE EFFLUENTS 

Th i s  phase of th e o i l sha l e  cyc l e  has rece i ved the l east  atten t i on 
among a l l the res earch effects over the l as t  f i ve to s i x  years . The 
exten t of pos s i b l e  contami nat i on w i l l  vary based on the retort i ng 
process and l oc a l  cond i t i ons  such as annua l  r a i nfa l l .  Contami nat i on 
can  come about by means of retort water s , raw f i n es ,  or spent  sha l e  
when i n  s i tu o r  mod i f i ed i n  s i tu operat i on s  are l eached o r  f l ooded by 
retortwaters or ra i n .  - --

As a l ready d i scuss ed , spent  s ha l e  and raw f i n es have not been 
found  to be acute ly  tox i c  and mutagen i c ,  and terato l og i ca l  stud i es ,  
as  wel l a s  c l as s i ca l  chron i c  sk i n -pai nt i ng  stud i es h ave a l l been 
n egat i v e . 3 3  

Mutagen i c  act i v i ty of  r etort water s amp l es obta i n ed from a 
s u rface retort , a mod i f i ed i n  s i tu retort and a true i n  s i tu retort 
have  been eva l uated i n  one  or more of the  fo l l owi ng : ��es ass ay ,  
CHO mamma l i an ce l l cu l ture , SCE as s ay and human f i brob l asts  fo l l ow i ng  
n ear-u l trav i o l et l i gh t  act i vat i on .  Th e  s urface retort water showed 
mutagen i c  act i v i ty i n  a l l test systems , the mod i f i ed i n  s i tu retort 
water was n egat i v e  i n  the Ames as say ( the  on ly  a s say performed ) ,  and 
th e true i n  s i tu retort water was ei ther n egat i ve or  equ i voca l  i n  the 
Ames assaj'analnuman f i brob l ast  assay . 34 

In the SCE as s ay ,  the aboveground and mod i f i ed i n  s i tu retort 
water s amp l es were  pos i t i ve wh i l e the i n  s i tu was n0£ 011rrerent  from 
background rates . 35 Ut i l i z i ng n ear u l trav ;o 1 et l i ght  for 

32N .  K. Weaver and R .  L . G i bson , op . c i t . ; and L . M. Ho l l and  and J .  
S .  W i l son , op . c i t . 

33N .  K . Weaver and R .  L .  Gi bson , op . c i t . 

34J .  N i cko l s  and G .  F .  Strn i s te ,  o p . c i t . ; R .  T .  Ok i naka ,  and G .  F .  
Strn i s te ,  op . c i t . ; and  D .  J .  Chen , R .  T .  Ok i nak a ,  and G .  F .  
Strn i ste , 11 Determi n at i on of Di rect-Act i ng  Mutagen s  i n  Sha l e Oi l 
Retort Process Water , 11 Th e  Los A 1 amos Inteerated O i  1 Sha 1 e Hea 1 th and 
En v i ronmenta l  Program Status Report , LA•86 5-SR ,  1 981 . 

3 5E .  W .  Campbe l l ,  F .  A .  Ray and L . L .  Deaven , op . c i t .  
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act i vat i on , mutagen i c  act i v i ty for a l l three types of retort water 
was i ncreased but the greatest act i v i ty was noted i n  t he  above ground 
retort water s amp l e . 36 

As noted t hes e  r etort waters are comp l ex m i xtures of es sent i a l ly 
unknown chemi c a l  compos i t i on that  are extremely  cytotox i c .  Th e  
res u l ts s u gges t  th at retort waters conta i n d i rec t -act i n g  mutagens , 
b u t  con s i derab ly  more  research i s  n eeded to g a i n suff i c i en t  
understand i ng o f  the  s i gn i f i cance o f  the resu l ts obta i ned to date . 
Mutagen i c i ty tes t i ng h a s  been u s ed as an i n d i cator of  potent i a l 
c arc i nogen i c i ty and as a fo l l ow-up to th es e  i n  v i tro tests , chron i c  
stud i es shou l d  b e  performed . 

--

Concern i ng prenata l  tox i c i ty ( t eratogen i c i ty ) , confl i ct i ng 
resu l ts have  been obta i ned by i nves t i gators us i ng aboveground  retort 
water . 37 Th i s  d i screpancy cou l d  be re l ated to n i cke l  arsen i de 
{ Ni sAs z )  or  some other component ( s ) i n  the waste water . 
Inves t 1 gat i on s  are current ly  i n  progres s to  further def i n e  the 
teratogen i c  potent i a l of retort water . 

Pre l i m i n ary stud i es are current ly  under way to eva l u ate  l eachate 
tox i c i ty .  Th e chances for water contami nat i on from any of the  three 
retort proces s es are s i gn i f i cant and probab l y  the mos t  compl ex to 
i nv es t i gate but the  potent i a l  for i mpact on  pub l i c  h eal th does ex i st .  

SUMMARY AND CONCLUS I ONS 

The d eve l opment of  a u . s .  s h a l e o i l i ndustry w i l l  create  the  
pos s i b i l i ty for  human exposure  and env i ronment a l  rel eas e  of crude 
s ha l e  o i l and i ts ref i ned products and res i dues . The major h ea l th 
concerns rel ate more  to the  occupat i on a l  work er than the genera l  
pub l i c .  Th e ava i l ab l e  tox i c i ty d at a  s uggest that crude sha l e o i l may 
b e s l i ght l y  more mutagen i c  and c arc i nogen i c  than crude petrol eum and 
th at s urface-retort s ha l e o i l may be  more mutagen i c  and c arc i nogen i c  
than i n  s i tu s h a l e o i l .  However , acut e ,  short -term tox i c i ty tests do 
not inai cate a s i gn i f i cant d i fference between s ha l e  o i l s  and some 
sha l e o i l m i dd l e -d i st i l l ates on the  one hand and equ i val ent  
petro l eum-der i v ed s ubstances on the  other . 

36G . F .  Strn i ste ,  E . Mart i nez and D .  J .  Che ,  " L i ght Act i vat i on of 
Sha l e  Oi l By-Products , •• The Los  Al amos Integrated Oi l Sha l e Hea l th 
and Env i ronmenta l  Program Status Report . LA-8665-SR . 1 98 1 . 

37c .  T .  Gregg , and J .  Y .  Hu tson , The Prenatal  Tox i co l ogy of Oi l 
Sh a l e Retort Water i n  M i c e ,  •• The Los  Al amos Integrated Oi l Sha l e 
Heal th and Env i ronmenta l  Program Status Report , LA-8665 -SR , l 98l . 
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Hi stor i c a l  ev i dence from o i l sha l e  deve l opment in  other countri es 
and recent  research efforts do not i nd i cate that resp i ratory tract 
tumors are a major concern but med i ca l  survei l l ance  programs shou l d  
watch c l ose ly  for resp i ratory a s  wel l a s  s k i n  d i s ease i n  the 
occupat i on a l  sett i ng .  W i th modern techno l ogy and good i ndustr i a l  and 
persona l  hyg i ene  pract i ces ,  i t  s hou l d  be  poss i b l e  to prevent 
res p i ratory and sk i n  d i seases . 

Exposure to the genera l  pub l i c  from env i ronmental  rel ease may 
occur  pr i mar i l y  as a res u l t  of end -product u se ,  fug i t i ve emi ss i ons , 
s p i l l s  and was te d i s posa l . The phys i ca l  and chemi ca l  propert i es of 
u pgraded crude  sha l e o i l (vo l at i l i ty ;  corros i v i ty ;  reduct i on i n  
n i trogen , s u l fur , oxygen , and trace  el ement cont ent ) suggest no 
s i gn i f i cant d i fference or i ncreased hazard dur i ng transportat i on and 
ref i n i ng when compared w i th that of crude petro l eum . However , the 
potent i a l  for advers e hea l th effects as a resu l t  of env i ronmenta l  
re l ease  h as not  been adequately addres sed .  

Based on the i nformat i on ava i l ab l e the fo l l ow i ng  are areas of 
concern requ i r i ng further res earch efforts : 

Ai rborne Eff l uents  

o Es tab l i shment of base l i ne metero l og i ca l  data i n c l ud i ng 
s eason a l  var i at i on s . 

o Ev a l uat i on of the  tox i c i ty of gas and v apor emi ss i ons  
a l one  and  in  comb i nat i on w i th part i cu l ate  emi s s i ons . 

o Cont i nued i ndustr i a l  hyg i ene  mon i tor i ng and s ampl i n g  wi th 
chem i c a l  character i z at i on . 

Oi l s  and Ref i n ed Products 

o Tox i c i ty tes t i ng  of product  streams fo l l owi ng  upgrad i ng and 
ref i n i ng and end products to i dent i fy any potent i a l  h ea l th 
hazard to th e cons umer . Th i s  shou l d  i nc l ude  ana lyses of 
emi ss i on s  res u l t i ng from the combust i on of end products where 
appropri at e .  I n  a l l cases , tox i c i ty test i ng  shou l d  i nc l ude 
equ i va l ent  petro l eum-der i ved mater i a l s  as contro l s .  

Aqueous  and So l i d Eff l uents  (Wastes ) 
o Es tab l i s hment of basel i n e  data . 

o Eva l u ati on of surface retort waters after standard i mpoundment 
and current  ava i l ab l e c l eanup  techn i ques pr i or to d i sposa l . 

o Laboratory and f i e l d stud i es of the effect of l eachates and 
waste  water on aquat i c  organ i sms ; thei r i mpact on aqu i fers and 
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on the  mobi l i zat i on of pot ent i a l l y  tox i c  natura l l y  occurr i ng 
trace e l ements . 

o Chron i c  stud i es w i th retort waters . 

Ep i demi o l og i ca l  Stud i es 

o Retrospec t i ve  

o Prospect i v e  

Bas i c  Research 

o Cont i n ued efforts to further i dent i fy chem i ca l compos i t i on and 
changes i n  compos i t i on that occur as a resu l t  of upgrad i ng 
techn i ques . 

o I nves t i gat i ons of  potent i a l phototox i c i ty and dermatox i c i ty .  
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POS IT ION PAPER H 

DU PONT ' S  OCCUPATIONAL HEALTH PROGRAM 

Robert N. L i go 
E .  I .  du Pont  de Nemours & Company 

The purpose of th i s  paper i s  to descr i be du Pont ' s  occupat i ona l  
hea l th program-- i t s  or i g i ns ,  the corporate po l i c i es u pon wh i ch i t  i s  
b ased , and i ts pr i nc i pa l  components . 

The ori g i ns of du Pont ' s  med i ca l  program can be  traced to the 
f i rst d ays of the company--to the ear ly  1 800 ' s  when our founder , E . 
I .  du Pont , put Or . P i erre D i d i er ,  a fel l ow French refugee , on 
ret a i n er to the du Pont fami l y .  The reta i ner work ed i n  such a way 
that i f  an empl oyee v i s i ted Or . Di d i er w i th a prob l em  rel ated to the 
work p l ace ,  Or . Di d i er wou l d  charge the reta i n er .  If the empl oyee ' s  
prob l em  was persona l , the empl oyee wou l d  b e  b i l l ed . 

Ev entua l l y  the du Pont fami l y  and the company pa i d  s eparate 
reta i ners . Th i s  s eparat i on was important . By payi ng  Di d i er from 
corporate funds , the company had moved beyond a system of merely 
assur i ng  the av a i l ab i l i ty of med i ca l  care  to assum i ng mora l and 
f i n anc i a l res pons i b i l i ty for th e occupat i ona l  h ea l th of i ts emp l oyees . 

The  Med i ca l  Di v i s i on of the Bmp l oyee Rel at i ons  Department was 
forma l ly  started i n  1 9 1 5  when th e Execut i v e  Commi ttee appo i nted a 
fu l l -t ime  med i ca l  d i rector and dec i ded that empl oyees shou l d  have 
per i od i c  phys i ca l  exam i nat i on s . 

Dur i ng  th i s  c entury ,  corporate efforts and resources devoted to 
protect i ng the hea l th of du  Pont empl oyees have stead i l y  i ncreased . 
These i nc l ude ,  among oth er th i ngs , the found i ng of Hask el l Laboratory 
for Tox i co l og i c a l  and Industr i a l  Med i c i ne i n  1 935 to tes t  the s afety 
of u s i ng du  Pont  chemica l s ;  the estab l i shment of a formal 
ep i demi o l og i c  survei l l ance  program i n  1 956 ; and the i ntroduct i on o f  
th e computer i z ed Persona l  Env i ronment Record System ( PERS ) i n  1 979 to 
record empl oyees ' work and exposure h i stor i es . Al l of thes e act i ons 
were  t ak en to he l p c arry out du Pont ' s  s afety, h ea l th , and 
env i ronmenta l  po l i cy .  Th i s  po l i cy states that : 
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1 .  The company w i l l  comp ly  w i th a l l app l i cab l e  l aws and 
regu l at i on s  rel ated to s afety , hea l th , and env i ronmenta l 
q u a l i ty i n  i ts manufactur i ng ,  product d eve l opment , mark et i n g ,  
and trans portat i on act i v i t i es .  

2 .  The company w i l l  rou t i ne ly  rev i ew  i ts products , proces ses and 
contro l fac i l i t i es as  n ew i nformat i on i s  ava i l ab l e for the 
purpos e of mak i ng s afety , h ea l th ,  and env i ronmenta l  qua l i ty 
i mprovements  beyond those  l eg a l l y  requ i red to thei r cos t .  

3 . The company w i l l  d eterm i n e  t h at each product can be  made ,  
u s ed ,  hand l ed ,  and  d i s posed of s afe ly  and  cons i stent  w i th 
appropr i ate  s afety , h ea l th ,  and env i ronmenta l  q u a l i ty c r i tera . 

The fou r d i sc i p l i nes that compr i s e  occupat i on a l h ea l th are 
tox i co l ogy ,  i ndustr i a l  hyg i en e ,  occupat i ona l  med i c i ne ,  and 
ep i demi o l ogy . There i s  an order to thes e w i th i nformat i on f l ow i ng 
from one  to the  next . For examp l e , th e res u l ts of tox i co l og i ca l  
t es ts are u s ed by i ndus tr i a l  hyg i en i s t s  when des i gn i ng and mon i tori ng  
proper contro l s  for  h az ardou s substances i n  the  work p l ace .  
Li k ew i s e ,  the  res u l ts o f  ep i demi o l og i c a l  stud i es a r e  often u sed to 
determ i n e  the n eed for more tox i co l og i ca l  stud i es or t i ghter work 
p l ace contro l . I n  order to understand du Pont ' s  occupat i ona l hea l th 
program ,  i t  i s  n ecess ary to exam i ne  how thes e  four d i sc i p l i n es are 
carr i ed out  at d u  Pont . 

Du Pont ' s  tox i co l og i s ts ,  for the  mos t  part , work at our  Hask e l l 
Laboratory for Tox i co l ogy and Indu s tr i a l  Med i c i n e wh i ch was 
estab l i shed as  part of du Pont ' s  program to protect  i t s emp l oyees , 
i ts cus tomers , ana the pub l i c  from chemi c a l  h azards . At Haske l l ,  
tox i co l og i sts  conduct both l ong- and s hort -term an ima l  s t ud i es on 
chemi c a l  substances to determi n e  tox i c  propert i es rang i ng from sk i n  
i rr i tat i on to carc i nogen i c i ty .  An i ncreas ed emphas i s  on the  effects 
of chron i c  expos ure to  s ubstances , such as  the i nduc t i on of cancer , 
has b een the  pr i nc i pa l  c au se  of three expans i on s  of  the  l aboratory i n  
the  l as t  1 4 years . 

Approx i matel y 700 s ubs tances are tested at Hask el l each year to 
ascerta i n  whether they are hazardous to hea l th or the env i ronment . 
Haske l l ' s f i nd i ngs  are an i mportant and frequen t l y  cr i t i ca l  factor i n  
management dec i s i ons  as t o  wheth er a chemi ca l  shou l d  b e  manufactured . 

Haske l l Laboratory i s  a l so respons i b l e  for prov i d i ng a cha i r­
person for a commi ttee wh i ch es tab l i shes exposure  s t andards for 
ch emi ca l s made or u s ed at  du Pont p l ants . Th es e  s t andards may be  
federa l  Occupat i on a l  Safety and  Hea l th Admi n i s trat i on ( OSHA ) 
standards , thresho l d  l i m i t va l u es ( TLV ' s ) , or l eve l s es tab l i shed by 
du Pon t . 

Du Pont ' s  i ndustr i a l  hyg i en i sts work i n  d i fferent d i v i s i on s  
throughout  t he  company--Hask el l Laboratory , Safety and F i re 
Protect i on Di v i s i on ,  Eng i neer i ng Department ,  and i ndustr i a l  
departments . They u s e  Haske l l ' s tox i co l og i c a l  data , a l on g  w i th data 
from other sources , to dev e l op appropr i ate  h az ard contro l s to be u s ed 
at du Pont  s i tes , off i ces , and l aborator i es .  
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For examp l e ,  each du  Pont s i te has i ndustr i a l  hyg i en i sts  who 
ass i s t i n  the regu l ar mon i tor i ng of exposure throughout the p l ant to 
be sure  that exposure l i mi ts  are be i ng  met . If l i m i ts  are bei ng  
exceeded , the s i t u at i on i s  i nves t i gated and corrected . Hyg i en i sts  
a l so exami n e  work prac t i ces to ensure that safe procedures for 
hand l i ng hazardous substances are be i ng fo l l owed . 

In  add i t i on ,  the  occupat i ona l  hea l th grou p of the Safety and F i re 
Protect i on D i v i son aud i ts the i ndustr i a l  hyg i en e  programs at each 
p l ant . Th e aud i t  reports  emphas i ze where i mprovement i s  n eeded , and 
p l ant management i s  respons i b l e  for act i ng on the recommendat i ons . 
F i n a l l y ,  i ndustr i a l  hyg i en i sts  work i ng at Haske l l Laboratory and i n  
the Eng i neer i ng Serv i c e  Di v i s i on of the Eng i neer i ng Department  as s i st 
s i te management i n  so l v i ng d i ff i cu l t  exposure prob l ems .  

The th i rd group  of hea l th spec i a l i sts , occupat i on a l  phys i c i ans  
and  n urses , i s  respons i b l e for ensur i ng  th at emp l oyees and 
prospect i ve emp l oyees can s afe ly  perform the jobs to wh i ch they are 
as s i gn ed .  Our phys i c i an s  and nurses mu st  therefore : 

o Treat any work connected i l l nes ses or i nj ur i es ;  

o Exami n e  emp l oyees per i od i ca l l y ,  l ook i ng for adverse  
hea l th effects  wh i ch may be due to the job or wh i ch may 
i ncrease the r i sk from work i ng the j ob ;  and 

o As s i st emp l oyees w i th the i r  persona l  h ea l th care as wel l 
as h ea l th p l ann i ng .  

Th e ro l e  of the  occupat i on a l  phys i c i an i n  th es e occupat i on a l  
h ea l th and s afety programs h a s  grown substant i a l ly  over t h e  years . 
Where once i ndustr i a l  med i c i ne was con s i dered an emp l oyee rel at i ons 
d i v i dend --a demons trat i on of concern for peop l e-- i t i s  now an 
i ntegra l part of bus i n ess . Today ,  du Pont phys i c i ans  mus t  exam i n e  
potent i a l h ea l th hazards i n  t h e  work p l ac e .  They mus t  a l so l ook for 
subt l e  l on g -t erm h ea l th effects  of substances wh i ch i n  the  past have 
on ly  been k nown to be acute ly  tox i c .  Th ere are about  70 fu l l -t i me ,  
50 part -t ime ,  a nd  more  than 1 00 fee-for -s erv i ce phys i c i an s  at du  
Pont ,  and i n  add i t i on ,  ov er 200 reg i stered nurses . Th e phys i c i an s  
a nd  nurs es a re  ass i sted by  t echno l og i sts  a nd  c l er i ca l  work ers . 

Ep i d emi o l o g i sts  compr i s e the  fourth group  of occupat i on a l  h ea l th 
experts at du Pont . S i nce 1 956 , the  Med i ca l D i v i s i on has  co l l ected 
ep i demi o l og i ca l  data on the  causes of d i s eases and deaths among 
emp l oyees and d eaths among pen s i oners . Th ese data  are u s ed to 
determ i n e  i f  an exces s of any d i sease  has occurred at a du Pont  
s i te . In add i t i on ,  d u  Pont ' s  ep i demi o l og i sts  conduct s tud i es on 
groups of emp l oyees who have been exposed to spec i f i c  occupat i ona l  
h azard s so  tnat  any adv erse  h ea l th effects can b e  d etected . Th i s  
fo l l ow-u p  ana l ys i s  by ep i dem i o l og i c a l  techn i ques i s  be l i eved t o  b e  an 
add i t i on a l  pr ecau t i on ary measure for a s sess i ng how effect i ve our  
occupat i on a l  hea l th programs hav e been . 
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A more d eta i l ed d escr i pt i on of th e du  Pont programs wh i ch pert a i n  
t o  the l as t  two d i s c i p l i nes , occupat i on a l  med i c i n e  a n d  ep i demi o logy, 
i s  appropr i ate s i nce  thes e  are the  ones i n  wh i ch the  Commi ttee on 
Syn thet i c  Fue l s Fac i l i t i es Safety has  the mos t  i nteres t at th i s  t i me .  

OCCUPAT IONAL MED I C I NE 

Mon i tor i ng  emp l oyee hea l th i s  an extremel y important part of du  
Pont ' s  occupat i ona l  hea l th program . To ensure adequate  med i ca l  
s u rve i l l ance , du  Pont emp l oyees rece i v e  comprehens i ve prep l acement 
exam i n at i ons  to prov i de base l i n e  i nformat i on aga i n st  wh i ch l ater 
exam i n at i on s  may be  measured . The exam i n at i on s  a l so prov i d e  
i nformat i on u sed t o  ensure that a n  empl oyee i s  n o t  ass i gned t o  a job 
where h i s  or her phys i ca 1  cond i t i on wou l d  i ncreas e the r i s k  of 
i l l n es s or i nj ury ( or wou l d  p l ace other emp l oyees at i ncreased r i sk 
of i nj ury ) . Bmp l oyees over age 40 are rout i ne ly  exam i n ed year l y  and 
thos e 40 years and under every two years . More frequent  rou t i n e  
exam i n at i on s  are performed i f  warranted by the exposure  hazard . 

Th e rout i n e  exami nat i on i nc l udes : 

o Comp l et i on of a hea l th h i story ques t i onna i re .  A comprehens i ve 
ques t i onna i re i s  u s ed for the  prep l acement  exam i n at i on and an 
i nterva l  ques t i onn a i re  i s  u s ed for the per i od i c  exami nat i on . 

o An exam i nat i on by or under the  s u perv i s i on of a phys i c i an .  

o A pos ter i or -anter i or chest  x -ray . 

o A u r i n a l ys i s .  

o A wh i te b l ood ce l l count and h emog l ob i n  or h ematocr i t ;  
d i fferen t i a l  counts  are performed i f  i nd i cated . 

o An aud i ogram .  

o V i s u a l  acu i ty tes t i ng .  

o B l ood g l ucos e , SGOT, a l k a l i n e phosphatas e ,  and tota l  b i l i rub i n  
test s , ( i n  mos t  p l an ts an SMA- 1 2  i s  performed ) .  

o A s too l occu l t  b l ood test for emp l oyees over 50 years of age .  

o An e l ectrocard i ogram (recommended for the prep l acement 
exam i n at i on and requ i red at ages 30 and 40 and annua l ly after 
age 50 ) .  

o Screen i ng pu l monary funct i on tes ts ( FVC ,  FEY ] , FEV l /FVC 
rat i o ) .  
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Emp l oyees are reeva l uated dur i ng each per i od i c  exami nat i on to 
detect s i gns  of adverse heal th effects wh i ch cou l d  be due to the job , 
wh i ch may i ncrease the r i sk from work i ng i n  that job , or wh i ch may 
cause them to put other emp l oyees at i ncreased r i sk of i njury .  

P l ant phys i c i ans  treat work -rel ated i l l n es ses o r  i nj ur i es and , 
where appropr i ate ,  prov i de adv i ce on personal  l i festyl e factors wh i ch 
may i ncrease  the l i k el i hood of d i s ease .  If  cond i t i ons  are  found 
wh i ch may requ i re further eva l u at i on or treatment ,  the empl oyee i s  
referred to h i s  or h er persona l  phys i c i an .  A med i ca l  record i s  
i n i t i ated for each emp l oyee w i th the prep l acement phys i ca l  
exam i n at i on and i s  k ept a t  the s i te where the emp l oyee works , under 
the contro l of the s i te phys i c i an .  Du Pont  i s  i n  the process of 
computer i z i ng a l l med i ca l  exam i nat i on resu l ts .  The process shou l d  be 
comp l eted for a l l u . s .  s i tes w i th i n  the next f i ve years . 

· 

Spec i a l  ongo i ng med i ca l  mon i tor i ng programs are conducted at 
s i tes for emp l oyees who have been or cont i nue  to be  exposed to 
certa i n tox i c  substances . Thes e  fa l l i nto two categor i es .  

F i rst , spec i a l  exam i nat i ons  are g i ven for empl oyees who have been 
exposed to s pec i f i c  tox i c  agents . The  purpose of thes e  exami nat i ons 
i s  to i dent i fy any h ea l th changes that have occurred due to exposure 
to s uch agents . 

Hexamethy l phosphorami de  ( HMPA ) , for examp l e ,  has been shown to 
cause squamous  ce l l carc i noma of the snout and ren a l  tubu l ar damage 
i n  rats . Therefore ,  a l l emp l oyees ass i gned to areas where there i s  
poten t i a l  exposure to HMPA rec e i v e  phys i ca l  exam i nat i ons  year l y .  
Part i cu l ar atten t i on i s  g i v en t o  eva l uat i on for ev i dence o f  k i dney 
d amage . In  add i t i on to the annua l phys i ca l  exami nat i on ,  thes e  
emp l oyees h ave  a sputum cyto l ogy exam i n at i on every s i x  months , as 
wel l as a nos e and throat exami nat i on .  

Second ly ,  b i o l og i ca l  mon i tor i ng of empl oyees who cou l d  have been 
exposed to tox i c  substances i s  performed on a regu l ar bas i s .  These 
tests  s erve as a back up  for env i ronmenta l s ampl i ng and contro l 
measures . Examp l es are : ana l ys i s  for l ead i n  the ur i ne  of empl oyees 
potent i a l l y  expos ed to organ i c  l ead compounds , and ana l ys i s  for a 
metabo l i te i n  the  u r i n e  of emp l oyees who are potent i a l ly  exposed to 
d i methyl formam i de  ( DMF ) .  

I t  i s  not a l ways pos s i b l e  to deve l op v a l i d  b i o l og i ca l  mon i tor i ng 
tests and even when v a l i d  t ests  are poss i b l e , devel op i ng them i s  
often d i ff i cu l t  and cos t l y .  I t  costs about $ 1 00 , 000 j u st  to 
determ i n e  i f  there i s  reasonab l e  chance of devel op i ng a v a l i d  
mon i tor i ng t es t . 

As part of  t he  occupat i on a l  med i ca l  program ,  phys i c i ans  from the 
corporat e Med i c a l  Di v i s i on regu l ar l y  v i s i t  s i tes to survey med i ca l  
fac i l i t i es and programs . Th es e  surveys ensure that exam i nat i on 
procedures are be i ng proper l y  performed and i nterpreted , that 
appropr i ate act i on s  are be i ng  tak en i n  response  to t est  resu l ts ,  and 
th at the pri nc i p l es of good med i ca l  pract i c e  are be i n g  fo l l owed . 
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EP I DEM I OLOGY 

Du Pont ' s  program i nc l udes four types of ep i d em i o l og i ca l  stud i es :  

o Rou t i n e  ep i demi o l og i ca l  s t ud i es that measure morb i d i ty and 
morta l i ty of emp l oyees i n  the company as a who l e and at 
i nd i v i du a l  p l ants , l aborator i es ,  and off i ces ; 

o Rou t i ne  ep i dem i o l og i c a l  stud i es that measure morta l i ty among 
pen s i oners ; 

o Spec i a l  ep i demi o l og i ca l  s tud i es s uch as cohort and 
cas e -contro l stud i es that  i nv es t i gate suspected hazards ; and 

o Spec i a l  ep i demi o l og i c a l  stud i es that ev a l uate  th e 
effect i venes s of the occupat i o na l  med i ca l  programs . 

Most  of the data  n eeded to c arry out the  ep i demi o l og i ca l  program 
are conta i ned i n  four  computer i z ed f i l es wh i ch were started i n  1 956 : 

o A f i l e  of  s i cknes s -rel ated abs ences of empl oyees th at resu l t  i n  
d i s ab i l i ty o f  e i ght days o r  more ; 

o A f i l e  of d eaths among act i ve and ret i red emp l oyees ; 

o A cancer reg i stry ;  and 

o A coronary heart d i s eas e f i l e . 

The methods u s ed to obta i n  the  data  for each of thes e f i l es are 
descr i bed be l ow .  

Data  o n  the s i cknes s -rel ated absences are obta i ned from c l a ims 
f i l ed accord i ng to the company ' s  group acc i d ent  and hea l th i ns urance 
p l an .  Th e  p l an prov i des for s upp l ementary payment for 
nonoccupat i on a l  i l l n es s or i nj ury that resu l ts i n  d i sab i l i ty of e i ght 
or more days . About 95 percent  of a l l emp l oyees vo l untar i l y  
part i c i pate i n  t h e  p l an .  To be  approved , a c l a i m  mus t  conta i n  a 
s tatement of d i agnos i s  cert i f i ed by the attend i ng phys i c i an .  

Morta l i ty data  are der i ved from the c l a i ms f i l ed i n  accordance 
w i th the  company ' s  group l i fe i n surance p l an .  S i nce  each c l a i m  mus t  
be s upported by a death cert i f i cate or  "proof of  death " s tatement , 
process i ng the c l a i m  not on l y  prov i d es a means by wh i ch th e death i s  
reported to du Pont , but a l so a means of obta i n i ng the cau se  of 
death . Th e i ns urance p l an covers ret i red as wel l as act i v e  emp l oyees . 

The data i n  thes e ep i demi o l ogy f i l es are u sed for per i od i c  
ana lys es o f  d i s ease  i nc i dence a t  var i ous emp l oyment s i tes to 
determi ne  whether an exces s i nc i dence of a d i s ease  or caus e of death 
has occurred at a s i te .  In add i t i on ,  stud i es a r e  conducted o n  groups 
of emp l oyees who h ave been expos ed to certa i n subs tances to determi ne 
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whether th e substances are cau s i ng any adv erse  h ea l th effects . For 
examp l e , i n  1 97 7  du  Pont conducted a cohort morta l i ty study on 
acry l on i tr i l e  i n  wh i ch the  obs erved number of d eaths occurr i ng in a 
g i ven t ime per i od i n  a group of empl oyees exposed to acryl on i tr i l e  
was compared w i th the  number of deaths expected i n  that group for the 
s ame t i me per i od .  Case-contro l  epi demi o l og i c a l  stud i es are a l so 
performed on groups of empl oyees who have shown a s i gn i f i cant 
i ncrease  i n  a part i cu l ar type of i l l n ess compared w i th a contro l 
grou p .  

One componen t  o f  th e tota l  ep i demi o l og i ca l  program i s  a s ect i on 
devoted so l e l y  to cancer ep i dem i o l ogy . The cancer program i s  
des i gned to measure cancer i nc i dence and morta l i ty among empl oyees , 
and to i dent i fy company s i tes that have a s i gn i f i c ant  exces s of any 
type of cancer and d eterm i ne  whether the  exces s cou l d  h ave  occurred 
as a resu l t  of exposure  to a substance i n  the work p l ace .  

Th e s i ck nes s -re l ated abs ence a nd  morta l i ty f i l es a l l ow cancer 
cases that occur  among act i ve emp l oyees to be tracked for the c ancer 
reg i s try . Informat i on i s  obt a i n ed through i nsurance c l a i ms ,  wh i ch 
are supp l emented by case  reports subm i tted by company phys i c i ans . 
Th e  phys i c i ans • reports prov i de pert i nent i nformat i on that does not 
appear i n  the i n s urance c l a ims , such as work h i story , smok i ng 
h i s tory ,  methods by wh i ch the d i agnos i s  was veri f i ed ,  and h i s tory on 
exposure to known or s u spected carc i nogen i c  agents . 

Important e l ements of th e cancer survei l l ance program are : 

o Th e rou t i n e  report i ng of cancer cases among emp l oyees and of · 
cancer d eath s among emp l oyees and ret i rees ; 

o The ma i nten ance of a c ancer reg i stry i n  wh i ch the emp l oyee 
cancer i nc i d ence i s  recorded ; 

o The rout i ne co l l ect i on of popu l at i on s t at i s t i cs by age ,  s ex ,  
and payro l l  c l as s  for a l l company l oc at i on s  to prov i de a 
popu l at i on base  for stat i st i ca l  an a l yses ; 

o Per i od i c  ana l ys es of cancer i nc i d ence i n  p l ants , off i c es ,  and 
l aborator i es ;  and 

o Cohort stud i es to i nv es t i gate cancer mort a l i ty among person� 
who have worked w i th s uspected or known carc i nogens . 

In  s ummary , du  Pont ' s  occupat i ona l  hea l th program br i ngs together 
the work of s evera l  occupat i on a l  hea l th spec i a l i s ts i nc l ud i ng 
tox i co l og i sts , i ndustr i a l  hyg i en i sts , occupat i ona l  phys i c i ans , and 
nurses and ep i demi o l og i sts . 
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POS I T ION PAPER I 

ENV IRONMENTAL AND SAFETY IMPACTS CR I T I CALLY  AFFECTED BY  
OIL  SHALE  PLANT S I T I NG,  FEDERAL LAND MANAGEMENT, AND THE 

MAGN I TUDE  AND RATE OF DEVELOPMENT OF THE I NDUSTRY  

Kev i n  Mark ey 
Fr i end s  of the Earth 

Th e r i chest o i l s ha l e  res erves i n  th e Un i ted States are l ocated i n  
the  25 , 000 m i 2 Green R i v er Format i on of northwes t Co l orado , 
northeas t  Utah , and sou thwest Wyomi ng . Oi l s ha l e ' s  geochem i s try , i ts 
very l ow grade ( and the res u l t i ng l arge sca l e  operat i on s  neces s ary to 
extract s i gn i f i cant quant i t i es of energy ) , i ts env i ronmenta l  and 
soc i a l  s ett i ng ,  and the many unknowns wh i ch s t i l l  confront i ts 
extract i on , process i ng ,  and u s e  together present a s er i ous  
env i ronmenta l  a nd  s afety threat . 

Each o i l s ha l e fac i l i ty w i l l  create subs tant i a l  soc i a l  and  
env i ronmenta l  d i srupt i on .  A s i ng l e  50 , 000 barre l  per d ay ( BPD ) sha l e 
o i l p l an t  w i l l  i nvo l v e at l east  25 m i l l i on tons of m i n i ng vo l ume per 
year- -more than the  recent ann ua l  product i on of coa l i n  the ent i re 
s tate of Co l orado . However , much more s er i ous  than the effects of 
i nd i v i du a l  operat i ons  are the hazards wh i ch may res u l t  from a very 
l arge mature  i ndustry .  Mus i ngs of a 5 -to -8 m i l l i on BPD s h a l e o i l 
i ndustry are not n eces s ar i ly  i d l e techno l og i ca l  dreami ng . The U . S .  
Congres s i s  now cons i der i ng changes i n  the Mi nera l Leas i ng Act and 
the Department of the Inter i or i s  now des i gn i ng a l ong -term 
commerc i a l  l eas i ng program wh i ch cou l d  mak e s uch an i ndus try a 
rea l i ty i f  economi c and other barr i ers are overcome . 

Any s i gn i f i cant  energy product i on from sha l e  o i l w i l l  i nvo l ve a 
s i z ab l e  i ndustry .  What mak es s ha l e  d i s t i nct from other resources i s  
that l arge reserves are concentrated i n  a very sma l l area . Even 
w i th i n  th e Green R i v er Format i on the resource i s  h i gh l y  
concentrated . About two th i rds o f  the Green R i ver sha l e  and a l most 
a l l of the  r i ch s ha l e  i s  h e l d w i th i n  the 35-m i l e  by 45 -mi l e  P i ceance 
Bas i n .  Because  of th i s  geograph i c  concentrat i on ,  s i t i ng ,  cumu l at i ve 
effects , and rate of deve l opment w i l l  h av e  an unus u a l  i nf l uence on 
the i ndustry ' s  consequences and i ts u l t imate product i v i ty .  

The rema i nder o f  th i s  d i scuss i on i dent i f i es each safety and 
env i ronmenta l  factor cr i t i c a l l y  affected by s i t i ng ,  resource 
ava i l ab i l i ty ,  and rate of growth and how i t  i s  affected . 

1 87 
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A IR  QUAL ITY 

Amb i ent Ai r Qua l i ty i n  Cri t i ca l  Ai rsheds  

F l attops W i l dernes s , D i nos aur  Nat i on a l  Monument and severa l  other 
more d i s tan t  park s and w i l derness areas are a stone ' s  throw from the 
Ui n ta  and P i ceance Bas i n s .  F l attops i s  on ly  about 30 m i l es from the 
center of the P i ceance Bas i n ,  for examp l e . A comb i n at i on of l arge 
emi s s i on sourc es and the area • s  comp l ex meteoro l ogy cou l d  
substant i a l l y  i mpare th e pr i st i ne a i r  q u a l i ty v a l ues of these 
a i rsheds . 

The a i r  q u a l i ty effects  are h i gh l y  s ens i t i v e  to the re l at i ve 
l ocat i on and tot a l  emi s s i on s  of each o i l sha l e fac i l i ty .  In  the near 
future , the  h i gh concentrat i on of fac i l i t i es on the Roan P l ateau i n  
the south of the P i ceanc e Bas i n  cou l d  have  an adverse cumu l at i ve 
effect on F l attops . 

The pr im i t i ve state  of a i r  po l l utant  d i spers i on mode l i ng and the 
uncerta i nt i es of emi ss i on contro l s mak e i t  part i cu l ar l y  d i ff i cu l t  to 
accurate ly  s i te a p l ant on the b as i s  of m i n i mi z i ng a i r  q u a l i ty 
i mpacts today .  

Amb i ent Ai r  Qu a l i ty and Hazardous Em i s s i ons  Exposures 
i n  Urban i z ed Va l l eys and Res i d ent i a l Centers 

Most  ex i st i ng towns are l ocated i n  major r i ver v a l l eys --the  Co l orado , 
Wh i te , and s evera l v a l l eys i n  Utah . The rel at i ve ly  deep and narrow 
v a l l eys are s ubj ect to s er i ous  atmospher i c i nvers i ons . Both urban 
emi s s i on s  from veh i c l es and s econdary i ndustry as wel l a s  poten t i a l ly 
h azardous emi s s i ons  from n earby o i l s h a l e fac i l i t i es or s econdary 
i ndus try may be concen trated i n  un acceptab l e  concentrat i on s  i n  these 
n ew u rban areas . Recen t l y ,  Un i on s tarted construct i on of i ts s ha l e  
o i l upgrad i ng un i t  i n  the Parachute Creek v a l l ey on ly  a few m i l es 
north of Parachute and on l y  a few thou s and  feet from i ts own on -s i te 
res i dent i a l center ( 11man -camp 11 ) .  Most  e l ectr i c  gen erat i ng fac i l i t i es 
w i l l  be bu i l t  i n  s uch v a l l eys near water sources ( i nc l ud i ng Co l orado 
Ute • s  recen t l y  proposed p l an t ) . On e ex i st i ng ref i n ery and poss i b l e  
future ref i n er i es cou l d  b e  l oc ated i n  the  Grand Va l l ey .  

Thes e r i s k s  are affected by the l ocat i on o f  o i l s h a l e and 
anc i l l ary fac i l i t i es ,  i ndustr i a l  s i t i ng dec i s i ons  and mos t l y  l oc a l  
government  zon i ng dec i s i ons . The  s ever i ty of urban -bas ed po l l u t i on 
from veh i c l es and i ndustr i a l  and res i dent i a l  sourc es depends  on the 
s i ze of the i ndus try ( and thus on resource ava i l ab i l i ty ) , on the 
s i t i ng of transportat i on corr i dors , on the des i gn of new or expanded 
commun i t i es ,  and on the u se  of a l ternat i ve transportat i on or mas s 
trans i t .  

The major uncerta i n t i es i n  a s sess i ng r i sks  or mak i ng s i t i ng 
dec i s i on s  are emi ss i on contro l effect i venes s ,  the pattern of pr i vate 
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c ap i ta l  i nvestment i n  s u pport commun i t i es , and the type and magn i tude 
of s econdary i ndustr i a l  deve l opment attracted to the area . 

Reg i on a l  Load i ng and Re l ated Ai r Qua l i ty Va l ues 

Severe degradat i on of a i r  qu a l i ty v a l ues i n  cr i t i c a l  a i rshed s  and 
i ncreased j eopardy to a potent i a l l y  l arge urban popu l at i on by a i r  
q u a l i ty h ea l th v i o l at i on s  cou l d  resu l t  from a l arge i ndus try made 
pos s i b l e  by uncontro l l ed acces s to s h a l e res erves and favorab l e  
econom i cs . The r i s k s  are l arge ly  i nsens i t i ve to s i t i ng and mos t l y  
affected by t h e  magn i tude o f  the i ndustry . Uncert a i nt i es rema i n  due  
to enforcement and  emi s s i on contro l effect i venes s . 

WATER QUAL I TY 

Sa l t  Concentrat i on i n  the Co l orado R i ver System 

Hi gh concentrat i on of  tot a l  d i s so l ved so l i ds  i s  a l ready a s er i ous  
prob l em  i n  the  Co l orado R i ver , espec i a l l y  i n  t he  l ower bas i n  and 
Mex i co .  O i l sh a l e  cou l d  exacerbate these  prob l ems due to : i ncreas ed 
quant i t i es of d i s so l v ed so l i ds enter i ng  the r i ver system from so l i d  
waste  ( spent sha l e )  l each i ng and other eff l uents ; and i ncreas ed 
concen trat i on of s a l ts i n  the r i ver system due  to h i gher con s umpt i on 
of th e r i ver system ' s  v i rg i n  f l ow ,  espec i a l l y  i f  h i gh qua l i ty water 
s upp l i es are u s ed .  R i s k s  resu l t  to downstream urban u sers (ma i n ly i n  
south ern Ca l i forn i a , Ar i zona ,  and Mex i co )  due to hypertens i on or 
other h i gh s a l t a i l ments , and h i gher costs for agr i cu l tura l 
i rr i gators  and i ndustr i a l  water u s ers . 

Resource and l and  man agement affects these r i sk s  i n  s evera l 
ways . S i t i ng of aboveground retort i ng comp l exes (w i th surface spent  
s h a l e d i s pos a l ) i n  dry reg i ons  w i th h i gh ev apotrans p i rat i on may 
ass i st i n  the i so l at i on of s a l ts i n  so l i d  waste i f  rec l amat i on i s  
succes sfu l .  ( Unfortunate ly ,  these s ame cond i t i ons  w i l l  decrease  the 
success of l ong -t erm rec l amat i on . )  S i t i ng of i n  s i tu retort i ng i n  
reg i on s  w i th extens i ve ground water w i l l  i ncreas e-me l i ke l i hood of 
l ong -term s a l t l oad i ng of aqu i fers and eventu a l ly  surface streams . 
( Unfortunate ly ,  the geograph i c  areas most  appropr i ate for bu l k  m i n i ng 
and i n  s i tu extract i on a l so have  exten s i ve aqu i fers . )  The magn i tude 
of the i ndus try and the cho i ce of techno l og i es a l so affects the so l i d  
was te  subj ect to l each i ng and th e consumpt i v e  u se  of water . 

Uncert a i nt i es rema i n  i n  the ab i l i ty to contro l i ncreased s a l t 
concentrat i on through s i t i ng becau se  of i n adequate i nformat i on on 
reg i on a l  hydro l ogy and the uncerta i nty of s i te-spec i f i c  rec l amat i on . 
Al so , the re l at i ve con sequences of o i l sha l e  act i v i t i es i n  Co l orado 
R i ver s a l i n i ty or i ts contro l i s  affected by other means u sed to 
contro l the  r i v er ' s s a l t concentrat i on and the i r  effect i ven es s . 
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Haz ardous Po l l utants i n  Loca l  Water Supp l i es 

P i ceance Bas i n  and U i nta  Bas i n  surface and ground water are current ly  
put  ( spar i ng l y )  to agr i cu l tura l  and  res i dent i a l u ses . As the  
popu l at i on i n  the area i ncreases , espec i a l l y  i f  i t  s ett l es i n  the  
b as i ns ,  water demand w i l l  grow and  exce l l ent  sources w i l l  be  
overcommi tted ,  l ead i ng to pos s i b l e i ncreased u se  of marg i n a l  aqu i fers 
and water sources . These aqu i fers are the most  vu l n erab l e  to 
po l l ut i on by o i l s ha l e act i v i t i es or other i ndustr i a l  devel opment . 
Po l l ut i on sources are so l i d  waste l eachates , retort water eff l uents , 
and aqu i fer m i x i ng .  Exposure  to h azardous substances i s  poss i b l e .  
Hydro l og i ca l  d i s turbances a l so w i l l  have a n  adverse impact on 
w i l d l i fe dependent on spr i ngs , s eeps , and s urface streams . 

Th es e  r i s k s  may be affected by the s i t i ng of surface so l i d  waste 
d i spos a l  and , i n  s i tu operat i on s , as wel l as the  l ocat i on of future 
urban devel opment:--yresen t l y ,  urban deve l opment i s  l imi ted to 
ex i s t i ng towns outs i d e  the hydro l og i ca l  bas i n  by l oca l  government 
zon i ng po l i c i es .  Man -camps may start to revers e or a l ter th i s  po l i cy. 

ECOLOG I CAL , W I LDL I F E ,  AND SYSTEMATIC  IMPACTS 

Threats to Sens i t i ve or Cr i t i ca l  Hab i tat 

Cr i t i ca l  w i l d l i fe resources of the  area w i l l  be  affected by s ev eral  
prob l ems : hab i t at d i sturbance by mi n i ng ,  process i ng fac i l i t i es ,  and 
s o l i d  waste d i sposa l  as wel l as corr i dors ; hydro l og i ca l  d i sturbances 
that affect water for w i l d l i fe ;  and tota l  human act i v i ty .  

Severa l  factors th at affect thes e  r i sks  are re l evant t o  s i t i ng or 
resource  or l and management ,  espec i a l ly  the s i t i ng of fac i l i t i es and 
corr i dors re l at i ve to cr i t i c a l  hab i tat and m i gratory zones , the 
s i t i ng aspects w i th hydro l og i ca l  con sequences , and the des i gn of 
transportat i on systems , corr i dors , and the ava i l ab i l i ty of mas s  
trans i t  for work ers . Al so , t he  magn i tude of  human s ett l ement and 
act i v i ty gen erated by var i ous  s i zes of the i ndustry affects the 
hea l th of w i l d l i fe resources . 

Tota l Ecosystem Di srupt i on 

Some propose tot a l  resource recovery through the u se  of l arge-sca l e  
open -p i t  mi n i ng and mas s i ve retort i ng comp l exes . Th i s  wou l d  i n vo l ve 
the tota l  geo l og i c a l , hydro l og i ca l , and topograph i c  reconstructi on of 
th e reg i on .  It  wou l d  j eopard i ze a l l ex i st i ng l and uses and the 
ent i re ex i st i ng eco l ogy . 

Such a scenar i o  i s  a dec i s i on that c an be made on l y  by the 
federa l government , e i ther p i ecemea l or as a consc i ous cho i ce  of l and 
management . Its  s uccess  a l so depends on the  economi cs of such a 
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scheme.  Th e extent of tot a l  resource recovery by thes e  means depends  
on cut  off  grade of the  s h a l e and thus , th e economi cs of sha l e 
recovery . 

ECONOM I C  AND SOC IAL IMPACTS 

Con t i nued Di vers i ty of the Reg i on a l  Economy 

Compet i t i on for l abor , compet i t i on for s carce water supp l i es ,  
agr i cu l tura l l and convers i on ,  and the i ndustry ' s  effect on a i r  
q u a l i ty and eco l og i ca l  v a l u es w i l l  affect th e v i ab i l i ty of reg i on a l  
agr i cu l tur a l , tour i s t , and sma l l er m i n i ng ventures . I t  cou l d  
j eopard i ze the  reg i on ' s  ex i s t i ng d i v ers i ty and mak e i t  d i ff i cu l t  to 
recover from any econom i c depres s i on i n  the synthet i c  fue l s mark et . 
Industry and urban l and specu l at i on can outb i d  any ex i st i ng u s ers . 
Al so , sma l l er effects can be mu l t i p l i ed bec ause  of the eros i on of 
i nfrastructure necessary for other i ndustr i es .  

Compet i t i on for water i s  mai n l y  s en s i t i ve to the  magn i tude of the 
i ndustry .  Agr i cu l tura l convers i on i s  affected by l oc a l  zon i ng 
ord i n ances and state  property tax or l and  convers i on po l i c i es .  Both 
fac i l i ty s i t i ng and the magn i tude of the i ndustry w i l l  affect a i r  
qu a l i ty and eco l og i c a l  va l ues wh i ch affect tour i sm .  Compet i t i on for 
l abor , once the i ndustry s t arts , i s  l es s  sens i t i ve to s i t i ng and 
magn i tude of the deve l opment s i nce  i t  becomes a prob l em w i th very 
sma l l sha l e  deve l opment . ( I t  i s  a l ready a s er i ous  reg i on a l  prob l em . ) 

Boom Town Impacts 

The wel l known prob l ems of en ergy boom towns resu l t  from the rap i d  
i nf l ux of new emp l oyees and as soc i ated popu l at i on .  The prob l ems h ave 
s er i ous  con sequences for the  i ndustry ' s  eventu a l  v i ab i l i ty as wel l as 
ser i ous  effects on the ex i s t i ng and new popu l at i on .  Prob l ems are 
econom i c  and soc i a l . Menta l  hea l th d i ff i cu l t i es and soc i a l 
d i srupt i on may be the most  immed i ate s afety i mpact of synfue l s 
fac i l i t i es .  The  soc i oeconom i c d i s turbances and d i s l ocat i ons  may be 
overcome by proper f i nanc i ng ,  but  are a l so very sens i t i ve to th e rate 
of deve l opment and the d i spers i on of the  i ndustry .  

NAT IONAL SECUR I TY VULNERAB I L I TY 

Vu l nerab i l i ty of Cont i nued En ergy Product i on by the Sha l e Industry 

Sh a l e o i l product i on i s  often j u s t i f i ed because of i ts contr i but i on 
to reduc i ng the vu l nerab i l i ty of the n at i on ' s  energy supp l i es to 
d i srupt i on . But the s ha l e  i ndustry ' s  potent i a l  vu l nerab i l i ty i s  
se l dom d i scussed .  
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Any s i gn i f i c ant  energy contr i but i on from sha l e  oi l wou l d  i nvo l ve 
the s i t i ng of a h i gh l y concen trated i ndustry i n  a very sma l l reg i on .  
Th e vu l nerab i l i ty of such an i ndustry to mi l i tary or terrori st 
d i srupt i on ( even cons i der i ng i ts l oc at i on i n  the Rocky Mounta i n 
reg i on ) cou l d  be h i gh s i nce  i t  wou l d  i n vo l ve  not more than 20 h i gh ly  
comp l ex ,  l arge operat i ons  w i th i n  a sma l l 3 5  by 45 mi l e  zon e .  
Moreover , p i pel i ne transport and s upport i ng cr i t i ca l  ut i l i t i es such 
as water supp ly  and e l ectr i c i ty are equa l ly vu l nerab l e .  

Most  o f  thes e  prob l ems are i nherent  i n  the i ndus try . The l arger 
the i ndustry becomes , the greater the vu l nerab i l i ty .  Other s econdary 
factors rel evant to i ts s ecur i ty are geograph i c  d i s pers i on ,  corr i dor 
and transportat i on fac i l i ty des i gn and s i t i ng , access i b i l i ty and 
protectab i l i ty of s i tes , the cho i ce of techno l og i es ,  and the s i ze of 
i nd i v i du a l  un i ts .  

The i ndustry ' s  res i l i ence i s  part i cu l ar l y l ow becaus e ,  depend i ng 
on the equ i pment damaged or d i srupted , repai rs may be  a l engthy and 
cost l y  chore . 
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POS I TI ON PAPER J 

NOTES ON COAL SYNFUEL FAC I L I TY HAZARDS 

James P .  McGee 
Consu l tant  

COMPONENT AND U N I T  OPERATION  HAZARDS IN  A COAL GAS I F I CAT ION PLANT 

Coa l  gas i f i c at i on i s  of maj or i nterest  s i nce i t  a l s o i s  a major part 
of any l i quefact i on process . 

o Product i on of hydrogen for d i rect l i quefact i on 
o Product i on of Syn gas ( CO + H2 ) 
Coa l  gas i f i cat i on i s  an endotherm i c proces s s i nce  heat must  be  

added to  the  coa l -steam m i xture to  promote  g as i f i c at i on .  
Th i s  h eat can be  added i n  two modes . Heat can be carri ed i n  to 

th e gas i f i er by some so l i d  wh i ch h as been heated extern a l l y  to the 
gas i f i er .  Th i s  can be  recyc l ed ash  refractory pel l ets  or s im i l ar 
by-products . 

Th e most favored method , howev er , i s  to burn a port i on of th e 
coa l  w i th a i r  or oxygen . 

Gas i f i c at i on w i th a i r  i s  a much s afer proces s for s ever a l  reasons : 

o I t  u s u a l l y  i s  conducted at  essent i a l ly  atmosph er i c pressure 
s i nc e  th i s  type of operat i on w i l l  on l y  y i e l d  a l ow Btu 
i ndustr i a l  gas . 

o Th e oxygen i n  the  a i r  i s  we l l m i xed w i th n i trogen so the 
prob l em  of react i ng raw oxygen i s  non ex i st ent . 

Gas i f i cat i on w i th oxygen requ i res the  product i on and u s u a l l y  the 
compres s i on of the gas ( 02 ) .  

I n  oxygen product i on ,  a i r  i s  compressed to approx i mate ly  90 
ps 1 g .  Large p l ants u s e  o i l -free compressors such as centr i fuga l or 
ax i a l . They i nvo l ve l i tt l e  haz ard other than that w i th any 
h i gh -s peed rotat i ng equ i pment . 

The a i r  compres sors are dr i ven w i th h i gh -speed turb i n es or 
e l ectr i c  motors w i th i ncreas i ng gears . 

Th e ma i n  h az ard i n  oxygen p l ants  i s  acetyl ene  bu i l d -up  i n  the a i r  
fract i on at i ng co l umn . 

Acetyl ene  c an a l so tr i gger an exp l os i on of any other hydrocarbons 
pres ent  i n  the co l umn . 

Ac ety l ene  contro l i s  u s u a l ly  accomp l i shed by draw off . 
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A ma i n  source of s afety in an oxygen p l ant i s  the oxygen 
compres sor . 

As 02 pl ants h ave  b ecome l arger , the oxygen compres sors have 
gone from rec i procat i ng to centr i fuga l .  

Th es e centr i fuga l  compres sors requ i re h i gh vel oc i t i es ,  wh i ch 
contr i bute to the exp l os i on or f i re hazard . 

There are two gen era l  types of prob l ems i n oxygen compressors : 

o F i nd i ng mater i a l s  of cons truct i on that w i l l  not burn or 
exp l ode 1 n  an oxygen atmosphere .  

o Des i sn i ng a compres sor so as to mi n imi ze  danger due to 
rubb 1 ng ,  and to k eep bear i ng  o i l from enter i ng the compressor , 
and des i gn i ng sea l s so that the s ea l  mater i a l s  w i l l  not cause 
a f i re  due  to rubb i n g .  

I n  genera l ,  i t  may b e  s a i d  that the h i gher the pressure of 
compress i on the greater the h azard . 

Va l ves and p i pes for oxygen c an a l so be a hazard i f  correct 
con s truct i on mater i a l s  are not u sed .  

In  gener a l  copper or copper a l l oys are h i gh l y  rated for s afety i n  
oxygen u s e .  

In  coa l gas i f i c at i on ,  oxygen i s  a l ways u sed w i th steam .  The ma i n  
prob l em  i s to  effect good m i x i ng of the  steam and oxygen s i nce raw 
oxygen react i ng w i th coa l c an cause excess i ve temperatures . 

Coa l  Hand l i ng  Prob l ems 

At the front end of any coa l convers i on p l ant , coa l must  be u n l oaded ,  
p i l ed ,  rec l a imed , and  u s u a l l y  conveyed to  coa l bunk ers . 

Th e  prob l ems of coa l h and l i ng are s im i l ar to those of any 
mater i a l s h and l i ng . 

Yard mach i nery such as  s tock ers , rec l a imers , and bu l l dozers are 
the f i rst  stage .  

Conveyors ,  e l evators , b i ns ,  and so on , are the  next stage . Th i s  
type o f  equ i pment c an be  a personnel  hazard for both operat i ons  and 
ma i nten ance .  

Th e answer to prob l ems of mechan i c a l  hand l i ng ,  operat i on ,  and 
ma i nten ance i s  i n  tra i n i ng the peop l e  who h ave  to operate and 
mai nt a i n  th i s  equ i pment . 

Coa l  Pu l ver i z i ng and Dryi ng 

Al l gas i f i cat i on and l i q uefact i on processes requ i re that the coa l be 
reduced in s i z e .  

F i xed b ed g as i f i cat i on i n  gen era l  can u se the l arges t  s i zed coal , 
u su a l ly  l umps u p  to 2 i n .  
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F l u i d  b ed g as i f i c at i on u s es coa l  i n  the  range  of 20 mesh to 
l /4 i n .  

En trai ned g as i f i cat i on i s  u s u a l l y  powerhouse-s i zed ( 70 percent 
through 200 mesh ) . 

Pu l v er i zers  or m i l l s for f l u i d  bed or entra i ned coa l  u s u a l l y  have 
a system to dry the wet coa l before m i l l i ng .  Th i s  1 s  accomp l i shed by 
c arry i ng the  coa l i n  a s tream of hot gas es . The gases are usua l l y  
gen erated i n  some form o f  f i red heater , and when contact i ng the wet 
coa l  th e overa l l  temperature drops to around 2500 F .  

Th e  ma i n  prob l em  i s  to ho l d  down the oxygen content  of the 
recyc l ed hot gas to l i mi t th e r i sk of f i re or exp l os i on .  

Wh i l e  there i s  no def i n i te l i m i t to the oxygen content  of the 
recyc l ed g as i t  i s  a good i dea to k eep i t  be l ow 7 percent . 

Coa l  stored i n  b i ns or fed through l ock hoppers  shou l d  be k ept i n  
an i n ert atmosphere of C02 o r  N2 . 

As phyx i at i on Hazards  Due to Proces s Gases 

Process  gases c an b e  d i v i ded i nto tox i c  gases s uch as H2S ,  CO , 
S02 , and CS2 and nontox i c  gases s uch as H2 , CH4 , C02 , and 
N2 . 

The tox i c  gases c an cause  i mmed i ate d amage to l ungs  and other 
body t i s s ues . 

Th e nontox i c  g as es c an cause  death by rep l ac i ng the  neces s ary 
oxygen s upp l y .  

To x i c  g a s  emi ss i ons  from compres sors , pumps , v a l ves ,  and f l anges 
must  be  carefu l l y contro l l ed .  Pack i ng and s ea l s  are a cont i nu i ng 
prob l em .  

S l urry Feed i ng Prob l ems 

Some coa l gas i f i ers and a l l d i rect  l i quefac t i on processes requ i re 
feed i ng coa l s l urr i es .  

Th i s  may be a m i xture of coa l and water as i n  the  Texaco gas i f i er 
or i t  may be  a comb i n at i on of coa l and heavy o i l as u s ed i n  coa l 
hydrogenat i on p l ants . Coa l -water s l urr i es as a ru l e  are l es s  
hazardous  than coa l -o i l s l urr i es , becau s e :  

o Coa l -water s l urr i es w i l l  not burn except i n  spec i a l  
equ i pmen t . Al so coa l -water s l urr i es shou l d  not be 
carc i nogen i c .  

o Operat i on of a d i rect l i Quefact i on p l ant requ i res that 
pu l v er i zed or m i l l ed coal  be m i xed w i th part of the heavy o i l 
from th e proces s . 

The resu l t i ng coa l -o i l s l urry i s  h i gh ly i nf l ammab l e and a l so 
carc i nogen i c .  
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Coa l -o i l s l urry pumps as present l y  i nstal l ed have re l at i ve ly  
short per i ods  of operat i on between s hut -downs for ma i ntenance .  
Part i cu l ar ma i ntenance prob l ems are  repl acement of  pack i ngs and 
bush i n gs . Both of these cou l d  be  i mproved to l es sen mai ntenance 
requ i rements and h ea l th haz ards due to the nature of the mater i a l  
pas s i ng through the pumps . 

Coa l -water and coal -o i l  s l urr i es pumped to h i gh pressure use  
rec i procat i ng pumps . 

S l urr i es pumped to l ower pressures ( up to severa l hundred ps i ) 
usu a l ly  u se  centr i fug a l  pumps . 

Th e ma i n  d i fference  between coa l l i quefact i on p l ants and 
commerc i a l  o i l ref i n er i es i s  the i nc l us i on of so l i ds  i n  the coa l 
hydrogen at i on p l ant streams . 

So l i ds  of th i s  type to a marked degree are not present i n  
ref i nery streams . 

So l i ds are present i n  the  feed to coa l  hydrogenat i on reactors . 
These feed s treams wh i ch mu st  be pumped to a rel at i vely h i gh pressure 
( 2500 to 3500 ps i ) are a comb i n at i on of 40 to 45 percent  coa l i n  55 
to 60 percent heavy o i l from the proces s . 

Al though th e ma i n  source of the so l i ds  conta i n i ng s l urri es i s  i n  
the feed sys tem,  so l i ds are a l so i n  the downs tream s eparat i on system. 

Th e effect of so l i ds i s  ev i dent  in  the  operat i on of the pumps for 
these s treams . Immed i ate  effects on s l urry pumps are eros i on ,  
corros i on ,  and pack i ng prob l ems .  

Al l pumps for h i gh -pressure  s l urry serv i ce are rec i procat i ng .  
Probab ly  no equ i pment i n  coa l l i quefact i on pl ants vari es more 

from ref i n ery pract i ce and pres ents more prob l ems i n  operat i on and 
ma i ntenance than thes e s l urry pumps . 

I t  appears that the pumps for s l urry duty are standard ref i n ery 
types wh i ch h ave  undergone some mod i f i c at i on rather than pumps 
espec i a l l y  des i gned for th i s  s erv i ce . Th i s  resu l ts i n  h i gh 
mai ntenance and the accompany i ng hea l th hazards of carc i nogen i c  
s treams t o  personne l  who mus t  tak e  apart and reass emb l e  s uch 
equ i pment . 

S i nce  thes e  s l urry pumps are s ubj ected to th e most  s evere duty,  
and  the operat i on of a l i quefact i on p l ant i s  so  dependen t  upon 
ma i nten ance-free operat i on ,  i t  s eems necessary to des i gn pumps 
espec i a l l y for th i s  s erv i ce .  

Some o f  the parameters th at wou l d  have t o  be  i ncorporated i n  a 
nat i on a l  s l urry pump des i gn are as  fo l l ows : 

1 .  Long strok e 
2 . Low rpm 
3 .  Corros i on - and eros i on -res i stant  construct i on mater i a l s  
4 . Adequ ate pack i ng l ubr i c at i on 
5 . F l ush  o i l system to prevent  s l urry from work i n g  back i nto the 

pack i ng 
6 . Pump v a l ves espec i a l l y  for s l urry s erv i ce ,  probab l y  ba l l va l ves 
7 . Best ava i l ab l e  type of p l unger pack i ng 
8 .  Re l at i ve ly  l ow c l earance b etween bush i ngs and p l unger 
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9 .  Two st ages o f  pack i ng w i th i nt erstage draw -off 
1 0 .  Easy access  for ma i nten ance  

A s l urry pump s pec i a l l y  d es i gned for  th i s  s erv i ce and g 1 v 1 ng l ong  
l i fe between ma i ntenance per i ods wou l d  mater i a l l y  i mprove the 
operat i on of th e l i quefact i on p l ant by reduc i ng down -t ime ;  l i m i t the  
n umber of ma i nten ance turn -overs and  decrease  the hea l th h az ard to  
mai nten ance  personne l ; and  offer an exce l l ent  operat i n g  pump w i th 
l i tt l e  or no fug i t i ve emi ss i on l eakage .  

A better des i gn of a pump for o i l -so l i ds duty wou l d  not on l y  
i mprove the operat i on o f  a synfue l s p l an t  but wou l d  a l so reduce the 
hea l th hazard s to operat i ng and ma i nten ance  personne l . 

Su l fur  Remova l  and Recovery Systems 

Both coa l g as i f i c at i on and d i rect  l i quefact i on systems requ i re su l fur  
remova l .  S i nce  the  su l fur  mu st  be  removed i t  i s  u su a l l y  econom i c a l  
t o  recover i t . 

In  i nd i rect l i q uefact i on proces ses the  s u l fur  i s  removed i n  the  
gas i f i ca t i on step so  th at  the  synthes i s  i s  fed su l fur -free gas . Th i s  
i s  a l so true  of ammon i a  and  methano l product i on from coa l . 

The product  gas  i s  u s u a l l y  washed and coo l ed .  I f th e gas i s  at a 
re l at i ve ly  h i gh temperature  ( l OOOOF or a bove ) i t  u s u a l l y  goes to a 
was te heat bo i l er before wash i ng .  

After wash i ng the  gas  goes to some sort of su l fur  remov a l  
system . Wh i l e  there a r e  many types , Benf i e l d  or  Se l exo l , for 
i ns tance , t hey are b as i ca l l y  s im i l ar . 

They u s u a l l y  con s i s t of an aosorber , wh ere the  gas  i s  contacted 
w i th a so l ut i on wh i ch r emoves the H2S and some or a l l of the  C02 , 
and a regenerator , where the  ac i d  gas  i s  s eparated from the 
absorbent , wh i ch i s  then recyc l ed to th e absorber . 

Th e  major prob l em i s  i n  th e recyc l ed so l ut i on .  Even the l ean 
so l ut i on conta i ns some H2S .  The pumps u su a l l y  work on th e l ean 
so l u t i on . Any so l ut i on l eak cou l d  resu l t  i n  f l ash i ng of H2S .  

Th e r i ch so l ut i on i s  l oaded w i th H2S and any l eakage i n  v a l ves , 
f l anges , etc . , w i l l  c ause  s o l ut i on l eakage  and H2S ven t i ng .  

Al so the  H2S i s  re l eas ed i n  th e regenerator a t  re l at i ve ly  l ow 
pressure  and may h a ve  to have  a pres sure  r i s e  w i th the attendant 
prob l ems of H2S compres sor or b l ower l eak age .  

Su l fu r  recovery may b e  by C l aus P l ant  o r  Stretford P l ant . 
In th e C l aus  P l ant  H2S i s  probab l y  burned i n  a i r  and th e 

combus t i on gases go throu gh cata l yst  bed s  where  the  su l fur  i s  
remov ed . Al though re l at i v e ly  s i mp l e  i n  d es i gn ,  l eak age i s  a prob l em 
throughout th e p l an t . 

Th e Stretford P l ant requ i res l arge rec i rcu l at i on of tox i c  
f l u i ds . The p l an t h a s  many pumps hand l i n g th es e  so l ut i ons . Leak age 
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at th e pump s ea l  l i b erates not on l y  tox i c  so l ut i on but  a l so  H2S .  
Pump i ng prob l ems i n  su l fur  remova l  and recovery are pres ent ch i efl y  
as l eak age d ur i ng operat i on b u t  are espec i a l l y  s ev ere  i n  ma i ntenance 
wh ere personne l  may be subj ected to th e streams pumped . 

H2S PROBLEMS I N  SYNFUELS PLANTS 

Al l coa l s and o i l sh a l es conta i n  su l fu r .  
I f  coa l i s  burned t h e  s u l fur i s  converted t o  S02 . 
However , i n  syn thet i c  fu e l  product i on both the gas i f i cat i on and 

synthes i s  occur i n  a def i c i ency of oxygen so the  su l fur  appears as 
H2S .  

Equ i pment  Prob l ems w i th H2S 

Al l equ i pment u s ed for hand l i ng H2S ( and th i s  i s  a l arge percentage 
of that i ns t a l l ed i n  coa l  or o i l s ha l e convers i on processes ) can 
pres ent h az ard s . 

Spec i f i c  equ i pment i nvo l ved i nc l udes compres sors , pumps , v a l v es ,  
and p i p i ng .  

Compres sors For H2S 

Compressors for H2S are e i ther rec i procat i ng ,  c entr i fuga l ,  or , as a 
remote poss i b i l i ty ,  ax i a l . 

Th e  ma i n  prob l em w i th any tox i c  gas i n  a compressor i s  l eak age.  
Leak age i n  e i ther rec i procat i ng or cen tr i fuga l compressors is  usua l ly 
concentrated at  t he  s haft s ea l s .  

For h i gh compres s i on rat i os and rel at i ve ly  l ow f l ows the 
rec i procat i ng compres sor i s  t he  preferred type.  

B l eed -off from the  rod -pack i ng i s  the recommended method for 
prev en t i ng  l eak age of tox i c  gases to the  atmosphere .  Th i s  i s  a 
n eces s ary s afety precau t i on for compressors process i ng an H2S 
conta i ned gas . 

Buffer i ng of th e s h aft s ea l  from a nontox i c  gas s uch as n i trogen 
can a l so  be  u sed . 

In genera l  the  s ame methods for contro l l i ng H2S l eak age i n  
rec i procat i ng compressors c an a l so be u s ed i n  centr i fuga l  mach i nes .  
In add i t i on ,  t he  centr i fuga l offers the  poss i b i l i ty of zero l eakage 
by "cann i ng . '' I n th i s  method , both the compressor and i ts dr i ve  
( e l ectr i c  motor ) are h ermet i ca l ly  s ea l ed i n  a pressure v essel . There 
are no sh aft s ea l s  to l eak and i n  gener a l  cann i ng i s  used for l ow­
rat i o-of-compres s i on mach i nes such as are encountered i n recyc l e  
compres sors .  At th e pres ent t i me i t  i s  not known how l arge canned 
compres sors c an b e  con structed . Th i s  type of construc t i on i s  u sual ly 
more  expens i ve than conven t i on a l  compressor types . However , i t  
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resu l ts i n  a very s afe method for compress i ng gases conta i n i ng 
re l at i v el y l arge amounts of  H2S .  

Pumps for So l ut i ons Conta i n i ng H2S 

The pumps th at  cau s e  the  mos t  prob l ems are those  hand l i ng the 
so l u t i ons  for H2S remova l  from proces s gas . 

Thes e pumps operate at  e l evated pressures and h and l e ami nes , 
potass i um c arbonate , or some other s o l u t i on u sed for the  absorpt i on 
of H2S . 

Aga i n  pumps l eak at  s h aft s ea l s .  
Any s o l u t i on l eak age at e l evated pressure  w i l l  resu l t  i n  H2S 

l eak age f l as h i ng  out of so l u t i on at atmospher i c  pres s ure .  
I f  th ese pumps a r e  to be  housed i n  a bu i l d i ng where H2S l eakage 

wou l d  be  conf i ned tnen some sort of sea l  draw-off or buffer i ng  i s  a 
n ecess i ty . 

The mos t  cr i t i c a l  prob l em w i th pumps hand l i ng a so l ut i on i n  wh i ch 
H2S i s  absorbed i s  th e  l eak i ng of the  s o l ut i on and subsequent  
f l ash i ng of tne  H2S .  

Mos t  l eakage occurs a t  th e pump s h aft s ea l . 
Three types of pumps are u sed for so l ut i on hand l i n g :  

rec i procat i ng ,  c entr i fuga l and rotary pumps . Any of thes e  types 
cou l d  be u s ed for so l ut i ons  conta i n i ng H2S . 

Rec i procat i n g pumps are u sed for h i gh pressures and rel at i ve ly  
l ow f l ows . 

Centr i fuga l pumps are the  type most u s ed i n  the  chemi ca l  i ndustry 
and w i l l  predom i nate  i n  l arge synth et i c  fue l  p l ants . They can be  
bu i l t  for  v ery l arge f l ows and  c an ach i eve re l at i v e ly  h i gh pressures 
by add i ng to the  number of st ages . Centr i fuga l pumps w i l l  be  used 
for ac i d  gas  ( H2S , C02 )  remova l  i n  l arge systems . Th e Benf i e l d  
HPC system i s  a good examp l e .  Large amounts  o f  hot potass i um 
c arbonate mu st  be  c i rc u l ated at  pressures u p  to 1 200 ps i .  
Cen tr i fuga l pumps w i l l  a l so be u sed i n  su l fur  recovery p l an ts such  as 
the Stretford . 

Rotary pumps are u s u a l l y  u s ed for spec i a l  systems . Th e f l ows and 
pres s ures are usu a l l y  l i mi ted and they wou l d  not seem to p l ay a l arge 
part i n  future synfu e l  p l ants . Leak age from the  pump i s  restr i c ted 
by the  shaft s ea l . 

There are three gen era l types of sh aft s ea l s :  

o Pack ed s ea l s  
o S i ng l e  mechan i ca l  s ea l s  
o Doub l e mechan i c a l  s ea l s  

Pack ed s ea l s are u s u a l l y  u sed o n  sma l l l ow pressure  pumps . They 
are  u sed on rec i procat i n g pumps because  mechan i c a l  s ea l s  are for 
rotat i ng s hafts . Th i s  type of s ea l  mu st  be  l ubr i cated e i ther by 
i nj ect i ng a l ubr i cant  i n  some type of l antern r i ng  or by a l l ow i ng the 
s ea l  to l eak and so  obta i n  l ubr i cat i on . 
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S i n g l e mechan i ca l  s ea l s ut i l i ze  two sea l i ng surfaces fac i ng 
perpend i cu l ar to the shaft , one s tat i onary and one rotat i n g . Th e 
fac e surface mus t  be l ubr i cated . Agai n ,  th i s  can be accomp l i shed by 
i nj ect i ng s ome form of l ubri cant or a l l ow i ng a sma l l amount of 
l eak age .  S i n g l e mechan i c a l  s ea l s  operate best on  c l ean l i qu i ds .  
Th i s  type of s ea l  does not l ook promi s i ng for hand l i ng so l ut i ons 
conta i n i ng H2S .  

Doub l e mechan i ca l  s ea l s  are usua l l y  two s i ng l e  mechan i ca l  s ea l s 
mounted b ack -to -back to prov i de a vo i d  space  between . Sea l f l u i d  i s  
c i rc u l ated through th i s  vo i d  space a t  somewhat h i gher pres sure than 
the proces s s tream . Another confi gurat i on has the c i rcu l at i ng s ea l  
f l u i d  at a l ower pres s ure than the  process stream . Th i s  prov i des 
l i m i ted f l ow of th e product stream i nto the s ea l i ng f l u i d .  Th i s  
appears t o  be  a s at i sfactory arrangement for pumps hand l i ng so l ut i ons 
conta i n i ng H2S . 

Conc l us i on s  

For pumps h and l i ng so l ut i ons  i n  wh i ch H2S i s  present th e preferred 
type w i l l  be  th e centr i fuga l .  

Becau se  of the  tox i c  n ature of the gas i n  so l ut i on doub l e  
mechan i ca l  s ea l s s hou l d  b e  used . 

Va l ves for H2S 

Th e  major prob l em assoc i ated w i th va l ves wh i ch are hand l i ng a 
so l ut i on w i th entra i n ed  H2S or H2S gas i s  l eak age from the va l ve 
stem pack i ng .  Th i s  prob l em  has been so l ved i n  nuc l ear i nstal l at i ons 
by u s i ng "bel l ows s ea l  v a l ves , 11 wh i ch a l l ow no stem l eak age as l ong 
as the protect i ve be l l ows i s  not ruptured . 

Th i s  type of construct i on i s  expens i ve but i t  offers the safest 
type of v a l ve for tox i c  gases i n  genera l and H2S i n  part i cu l ar .  

Another method i s  to use  a draw-off stream from the va l ve  pack i ng 
s i m i l ar to that u s ed on compres sor s ea l s .  

I t  i s  feas i b l e  to cons truct l eak -proof gas systems for hand l i ng 
H2S .  "Canned " compressors , pumps that are a l so "c ann ed "  or 
equ i pped w i th doub l e  mechan i c a l  sea l s ,  and bel l ows sea l  va l ves are 
a l l requ i red for l eak proof systems . However , i t  i s  not known how 
l arge "canned " compres sors and pumps can be constructed . 

EFFECTS OF CATASTROP HES ON SYNTHET I C  FUEL PLANTS 

Catas trophes wh i ch cou l d  have impacts  on synthet i c  fue l  p l ants can be 
c l as s i f i ed as fo l l ows : 
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o due  to natura l events : 
Earthquak es ; 
W i nds torms such  as  cyc l ones and tornadoes ; 
L i ghtn i ng ;  or , 

o manmade :  
Sabotage ; 
Bomb i n g .  

I t  may b e  we l l t o  rev i ew past  exper i ence  i n  synthet i c  fue l  
product i on .  

Th ere are two types of coa l synfue l  p l ant s - -gas i f i cat i on and 
l i quefact i on .  However , synthet i c  fuel s are u s u a l l y  tak en to mean 
l i qu i d  fue l s ,  and th i s  report w i l l  concentrate on th i s  type . 

Gas i f i c at i on i s  a requ i s i te for syn thet i c  l i qu i d  fu e l  
product i on .  I t  i s  requ i red for  the  product i on of hydrogen for the  
coa l hydrogenat i on proces s and  a l so for  th e product i on of synthes i s  
gas ( CO + H2 ) for the  F i sch er-Tropsch react i on .  

The bes t  examp l e of the synthet i c  l i qu i d  fue l  i ndustry was the 
work of th e Germans , who l i t era l ly  fought a war on synth et i c  l i qu i ds 
made from coa l . 

Th e pr i mary n eed for the  German war mach i n e  was h i gh -octane 
av i at i on gaso l i n e and for th i s  product coa l hydrogenat i on was . favored . 

Th e other process  u s ed for synthet i c  l i qu i d  fu e l  was the  
F i s cher-Tropsch proces s or , as i t  was  l ater k nown , gas synthes i s .  
Th i s  proces s r equ i red r eact i ng a 3 -to - 1  m i xture  of H2 and CO on a 
cat a l ys t  at abou t 450 ps i g .  Th i s  proces s made a w i d e  spectrum of 
products , i nc l ud i n g motor ga so l i n e . 

However , the  ma i n  effort and mos t product i on i n  Germany was coa l 
hydrogen at i on .  

After the  war t he  U . S .  Army brought  over to th e Un i t ed States t he  
top German syn thet i c  fue l  techno l og i s t s  a n d  a l so  l oaned th e  M i s sour i  
Ordnance Work s at  Lou i s i an a ,  M i ssour i , to t he  Bureau of M i n es so  that  
syn thet i c  l i q u i d fue l  p l ants  cou l d  be  bu i l t at  that  l ocat i on . 

Th e M i s sou r i  Ordnance work s was a 1 5 , 000 ps i g  ammon i a  p l ant wh i ch 
made that product  for the Army dur i ng  the  Second Wor l d  War . I t  was 
i d ea l for a coa l nydrogen at i on p l ant , s i nce the  equ i pment a l ready 
ex i s ted for produc i n g hydrogen and compress i n g i t  to 1 1 , 000 ps i .  

Th e coa l  hydrogenat i on p l ant was des i gn ed for 1 60 , 000 SCFH of 
hydrogen . 

Both a coa l hydrogenat i on p l ant and a gas  syn th es i s  p l ant were 
bu i l t  at the Ordnanc e Work s s i te .  The maj or effort was o n  coa l 
hydrogenat i on . 

Th e t eam s ent  over by the  Army was compos ed of coa l hydrogenat i on 
spec i a l i s ts headed by Dr .  Ernest Donath who h ad been i n  charge of the 
coa l  hydrogen at i on p l ants  in  Germany . 

Accord i n g to Dr . Donath a l most  ha l f  of the German fu e l s and most  
of the  h i gh octane  gaso l i ne was  made by  the  coa l hydrogenat i on 
p l ants .  Th e product i on from these  p l ants was over 1 00 , 000 barrel s  
per d ay .  

Th e Bu reau o f  M i nes bu i l t  a coa l  hydrogenat i on p l ant and a gas  
syn thes i s  p l ant bas i c a l l y  to  German des i gn .  
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Th e coa l hydrogenat i on p l ant operated at 700 atm . ( 1 0 , 000 ps i )  
and requ i red an  ongo i ng program to have Amer i can manufacturers bu i l d 
th i s  h i gh pressure equ i pment . Al l of the equ i pment used was of 
Amer i c an manufacture .  

Th e g as synthes i s  p l ant operated at 450 ps i g  and used ess ent i a l ly  
s tandard equ i pment . 

I t  i s  of  i nt erest that  th e two synthet i c  l i qu i d  fue l  p l ants bu i l t 
i n  the Un i ted States ( th e  H - Coa l and th e Exxon Donor So l vent p l ants ) 
are both coa l hydrogenat i on p l ants . 

I t  i s  doubtfu l that a gas synthes i s  p l ant us i ng coa l w i l l  be 
bu i l t  i n  the  Un i t ed States in  the forseeab l e  future,  except for 
product i on of methano l wh i ch i s  not s tr i ct l y  a synthet i c  l i qu i d  fuel . 

Because  of the  res emb l ance of coa l hydrogenat i on p l ants to o i l 
des u l fu r i z at i on p l ants  th i s  type may be  of more i nterest to the o i l 
compan i es wh i ch b u i l d  the synthet i c  fuel  p l ants . 

Both coa l hydrogen at i on p l ants  and o i l desu l fur i zat i on p l ants 
requ i re hydrogen at i on at  1 500 to 3000 ps i .  

Al so ,  a coa l hydrogenat i on p l ant has a h i gher therma l eff i c i ency 
than a gas  synthes i s  p l ant . 

W i th th i s  b ack ground mater i a l we can now l ook at the prob l ems a 
major catas trophe cou l d  cause  to a synthet i c l i qu i d  fuel p l ant such 
as a coa l  hydrogenat i on fac i l i ty .  

Synthet i c  fue l  p l ants are bu i l t t o  w i thstand the pressure of 
operat i on .  In coa l hydro p l ants these pressures may vary from 2000 
to 3500 ps i .  Bu t i n  any case  the pressure i s  such that a sturdy type 
of con struct i on i s  mandatory . 

In convers at i ons  l ong ago at Mi s sour i  w i th the Germans who had  
operated the hydrogenat i on p l ants dur i ng the Second Wor l d  War ,  we 
l earned that th e effect of Al l i ed bombi ng on the h i gh pressure 
equ i pment was not severe . 

Th ese  p l ants  by the i r v ery nature are bu i l t  to w i thstand extreme 
exter i or effects .  

Earthquak es 

Earthquak es can occur  a l most anywhere but the reg i ons  of the severe 
ones are rather we l l -k nown . 

There h as b een much controversy over the s i t i ng of some nuc l ear 
p l ants  wh i ch are s a i d  to be over earth fau l ts .  

Synthet i c  fue l  p l ants w i l l  certa i n l y not be l ocated i n  areas 
wh i ch m i ght be  s ubj ected to major qu akes . 

However , i f  a synfuel  p l ant i s  subj ected to a major earthquake 
what wou l d  be  the supposed resu l ts ? 

1 .  Du e to t he  rugged construct i on of the maj or p i eces of h i gh 
pres s ure equ i pment , the  damage to th i s  equ i pme�t shou l d  be 
m i n i ma l . However , p i pe l i nes conta i n i ng gases , l i qu i ds ,  and 
water wou l d  certa i n l y  be ruptured . Th i s  wou l d  resu l t  i n  the 
escape of  proces s gases and l i qu i ds i n  the p l ant , wh i ch at the 
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very l east  wou l d  pres ent a maj or f i re hazard . Al so  l i ght  o i l ,  
heavy o i l ,  coa l s l urry ,  etc . , wou l d  be  re l eas ed through the  
p l an t . Du e to the  pres ence of f i red heaters , gas i f i ers , etc . , i t  
may be  s uppos ed t h at a major f i re wou l d  res u l t  from t he  
l i berat i on o f  the  i nf l ammab l e  gases a n d  l i qu i d s i n  the  p l ant . 
Oi l t ank s , s i nce  t hey are not made to w i ths t and h i gh pressures 
wou l d  be espec i a l l y  vu l nerab l e .  A s ev ere earthquak e  wou l d  be a 
major c atastrophe to a synthet i c  fu e l  p l an t . 

W i nd s , Cyc l ones , and Tornadoes 

Du e to the rugged construct i on of synfuel  p l ants  and the i r d es i gn for 
h i gh w i nd l oad i ngs  ( u p  to 1 00 mph ) ,  i t  i s  doubtfu l that  even a 
torn ado wou l d  c au s e  a maj or breakdown of  a synthet i c  fuel  p l ant . 

However , bu i l d i n gs such as off i ces , shops , and warehou ses wou l d  
probab l y  rece i v e  major damage .  

The mos t  v u l n erab l e  p i eces of  process equ i pment i n  a w i ndstorm 
are the towers , such  as  absorbers , regenerators , fract i onators , etc . 

Each i ns t a l l at i on wou l d  have  to be check ed for i ts res i stance to 
w i nd  l oad . 

L i ghtn i ng 

The pr i nc i pa l  effect  of l i ghtn i ng i s  to cause  power outages . If a 
syn fue l  p l ant i s  buy i ng power from a u t i l i ty ,  l i ghtn i ng cou l d  d i srupt 
the power s upp l y  and stop  p l ant operat i on .  

Th e ch ances of a d i rect h i t  from a l i gh tn i ng bo l t  are remote .  
Mos t  o f  t h e  proces s equ i pment wh i ch s tands h i ghest , and i s  thus 

mos t  s uscept i b l e to l i gh tn i ng ,  i s  enc l osed i n  a s teel framework wh i ch 
i s  grounded . Th i s  i s  a l s o true of the  towers wh i ch are  some of the  
h i gh es t  structures i n  the  p l ant . 

Any l i ghtn i ng s tr i k i ng a steel  framework or tower shou l d  be 
carr i ed to the ground . 

In other words the  p l a nt  equ i pment s hou l d  funct i on as a l i ghtn i ng 
rod . 

Sabotage 

Here the amount  of damage d epends on th e sk i l l  of the  s aboteur . 
In  norma l t i mes , p l ant s ecur i ty shou l d  be capab l e of p l ant 

protect i on .  
Al so , i f  a re l at i ve ly  few peop l e  are i nvo l ved a certa i n  amoun t  of 

t i me wou l d  be  requ i red wh i ch aga i n  s hou l d  g i v e p l ant  s ecur i ty an 
opportun i ty to funct i on .  

However , i n  wart ime a h i gh l y s k i l l ed demo l i t i on t'eam shou l d  be  
ab l e  to comp l ete ly  des troy or put ou t of commi ss i on any synfue l  p l ant . 
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Bomb i ng 

Probab l y  more i s  known of the effect of bomb i ng on coa l hydrogenat ion 
p l ants than any other type of catastrophe .  

The German coa l  hydrogen at i on p l ants had a h i gh pr i or i ty on  the 
bombers • l i st . 

However , accord i ng to Donath , when the p l ants were bombed they 
wou l d  be out of s erv i ce for severa l days but repa i r  wou l d  beg i n  
i mmed i ate ly  and the p l ants wou l d  soon be  back i n  operat i on .  

Donath c a l cu l ated that bomb i ng from the a i r  accounted for about 
20 percent down t i me .  
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POS I T ION  PAPER K 

ESTABL I SH I NG A REG ISTRY OF WORKERS 
I NVOLVED  IN O I L  SHALE AND COAL GAS I F ICAT ION 

AND L I QUEFACTION  DEMONSTRAT ION AND COMMERC IAL PLANTS 

Ra fael  Moure 
Oi l ,  Chemi ca l , and Atom i c Work ers Un i on 

I NTRODUCT ION  

The exposures encountered i n  the p i l ot p l an t  operat i on s  of o i l s h a l e 
and coa l l i q uefact i on p l ants h ave  been assoc i ated w i th chron i c  
occupat i on a l d i s eas e i n  other i ndustr i es w i th s i mi l ar exposures . For 
examp l e ,  exposures to po l ycyc l i c  aromat i c  hydrocarbons ( PAHs ) h ave 
been l i nk ed w i th sk i n  ma l i gnant neop l asm i n  a coa l  hydrogen era t i on 
p l ant , l and d ecreas e of pu l monary funct i on after s h i ft has  been 
obs erved i n  underground  m i n ers expos ed on l y  to d i es e l  exhaust  
fumes . 2 Th es e  exper i ences c l os e l y  res emb l e  coa l  l i quefact i on and 
o i l sh a l e  exper i ences . Coa l  l i quefac t i on work ers i n  a p i l ot p l ant 
operat i on ( SRC I , I I )  were  reported to be  expos ed to PAHs exceed i ng 
i n  some c as es the  OSHA-perm i tted exposure  l i m i t s  to coa l tar p i tch 
vo l at i l es by factors of ten . 3 S i xteen cases of s k i n  neop l asms ( two 
ma l i gnant ) were i d ent i f i ed among 1 9 2 work ers i n  a per i od of four 

l R .  J .  Sexton , 11 Th e  Hazards to Hea l th i n  the Hydrogenat i on of 
Coa l , 11 Arch i ves of Env i ronmenta l  Hea l th ,  Vo l .  1 ( 1 960 ) , p .  1 8 1 . 

2J .  Gamb l e ,  et a l . ,  11 Acute  Ch anges i n  Pu l monary Fu nct i on i n  Sa l t  
Mi nes , .. Industry Hyg i ene  for M i n i n g and Tunne l i ng ,  Proceed i ngs of a 
Top i ca l  Sympos i um ,  ACG I H ,  Denver , Co l orado , November 1 9 78 .  

3c . P .  Wen , " Ep i demi o l ogy at SRC , 11 Gu l f  Sc i ence and Techno l ogy 
Company presentat i on for DOE Hea l th and Env i ronmenta l  Research 
Conference i n  D i rect Coa l  L i quefact i on ,  Wash i ngton , D . C . , Ju l y  8 - 1 0 ,  
1 98 1 . 
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years  of p l ant operat i on . 4 The commerc i a l product i on of o i l sha l e 
w i l l  requ i re the u s e  i n  underground mi n i ng of d i esel  equ i pment 
.. s evera l  t i mes l arger than any avai l ab l e Bureau of M i nes -approved 
equ i pment . .. S Exposure to NOx from d i esel  exhaust  concentrat i ons 
never experi enced i n underground mi n i ng comb i ned w i th :  (a ) add i t i onal 
NOx exposure from extens i ve  use of exp l os i ves ; (b ) o i l sha l e dust 
exposure dur i ng m i n i ng ;  ( c ) d i es e l part i cu l ates ; and (d ) SOx 
warrant a proj ect i on of potent i a l chron i c  pu lmonary d i sease .  

The potent i a l ( o i l s ha l e ) and  measured (coa l  l i quefact ion ) 
occupat i on a l  h ea l th effects of the commerc i a l i z at i on of th i s 
techno l ogy requ i re the p l ann i ng and i mp l ementat i on of a record ­
k eep i ng method ( that  i s ,  reg i s try ) that wou l d  i ntegrate work 
env i ronment character i z at i on w i th med i ca l  screen i ng capab l e of 
quant i fy i ng hea l th effects . An occupat i ona l  hea l th program that 
l i nk s  tox i co l og i c a l  data  w i th i ndustri a l  hyg i ene . surv ey needs shou l d 
precede the est ab l i s hment  of such a reg i s try .  Th e  tox i co l og i ca l  
character i z at i on o f  occupat i ona l  po l l utants i n  both i ndustr i es has  
l arge ly  been accomp l i shed ,  estab l i sh i ng the  bas i s  to  imp l ement a 
s amp l i ng s trategy .  

CHARACTER IST ICS OF THE REG ISTRY  

Data  Co l l ect i on 

Demograph i c  d ata  of part i c i pants shou l d  i nc l ude :  ( a ) name ,  ( b ) job 
t i t l e  ( cod i f i ed to spec i f i c  i ndustry ) ,  ( c ) work l ocat i on ( cod i f i ed to 
spec i f i c  i ndustry ) , ( d ) soc i a l s ecuri ty number , ( e ) address (z i p  
code ) ,  ( f ) phone number , and ( g )  prev i ou s  job exper i ence (deta i l s  on 
dusty occupat i on and prev i ou s  exposure to d i esel s ,  carc i nogens , and 
so on . )  

4R .  T .  Ch eng , 11 lndustr i a l  Hyg i ene Mon i tor i ng Program Deta i l ed  
Di scus s i on s , .. Gu l f  Sc i ence  and Techno l ogy Company presentat i on for 
DOE Hea l th and Env i ronmenta l Research Conference i n  Di rect Coa l  
Li qu efact i on ,  Wash i ngton , D .  c . , Ju l y  8 - 1 0 , 1 98 1 . 

Sp . A .  Rut l edge ,  11M i n i ng Prob l ems Un i que to 01 1 Sha l e,  .. paper 
presented at commi ttee ' s  Work shop on Synthet i c  Fue l s Fac i l i t i es 
Safety, La  Jo l l a , Ca l i forn i a ,  January 1 982 . 
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An i ndustr i a l  hyg i en e  data retr i ev a l  system cou l d  be  s im i l ar to 
th e one  u s ed by Gu l f  Sc i ence  and Techno l ogy Company , Med i ca l  and 
Hea l th Resources Di v i s i on , on work ers i n  a coa l l i q uefact i on SRC 
p i l ot p l ant ( s ee Append i x  A ) . In  add i t i on ,  i nformat i on on acc i dent  
frequency , l os s  t ime , and abs entee i sm s hou l d  be  appropr i ate ly 
tabu l ated i n  retr i ev a l  form . 6 

A computer retr i ev a l  d ata  of mea i ca l  s u rve i l l ance ,  i nc l ud i n g 
i nformat i on from b i o l og i c a l  mon i tor i ng and pas t med i ca l  h i story ,  
s hou l d  b e  t h e  d ata bas i s  for h ea l th effects . 7 ( See Append i x  B . ) 

Dat a  An a l ys i s  

Once  the  data  d escr i bed i n  Append i x  A are ava i l ab l e i n  computer 
retr i evab l e  form , a ser i es of quest i ons  on pos s i b l e  correl at i ons  
between exposures and  effects s hou l d  be posed . Th es e q uest i ons  wou l d  
generate hypotheses o f  pos s i b l e  corre l at i on s  to b e  tested by 
ep i d em i o l og i c means ( cross -sect i on a l  stud i es ,  c as e -contro l s tud i es ,  
for i n s tance ) .  Def i n i t i on s  of the s i z e  of the  group  to be  s tud i ed ,  
the compar i son grou p ,  and the  s t at i s t i c a l  power o f  the tes ts to be  
app l i ed to  eva l u ate such  hypothes es wou l d  fo l l ow the cho i c e  of  the 
ep i demi o l og i c a l  s tud i es to be  conducted . 

CONCLUS ION  

The  estab l i shmen t of a reg i s try wou l d  i nc l ude  the  compat i b l e  
comp i l at i on o f  d i fferent  d ata  sources ( d emograph i c ,  i ndustr i a l  
hyg i en e ,  med i c a l ) ,  and the  des i gn o f  spec i f i c  ques t i on s  to b e  tested 
w i th the  co l l ected d ata . Fa i l u re to d es i gn a reg i s try w i thout 
know i ng  prec i s e l y  what spec i f i c  hypotheses need to be  eva l uated wou l d  
res u l t  i n  comp i l i n g  unnecess ary d ata  or m i s s i ng es s ent i a l data for 
future stud i es .  

It i s  ess ent i a l  that  data  formats be  compat i b l e  for u s e  between 
d i fferent operators of the  i ndustry . Th e  most  appropr i ate repos i tory 
of an occupat i on a l  h ea l th reg i stry wou l d  be  the  federa l  governmen t ,  

6wen , op . c i t .  

7R .  Moure-Eraso ,  11 l ndustr i a l  Hyg i ene  and Med i c a l  Data Co l l ect i on i n  
a Coa l  L i quefact i on P i l ot P l ant , •• Paper pres ented at commi ttee • s  
Work shop on Synthet i c  Fu e l s Fac i l i t i es Safety , La Jo l l a ,  Ca l i forn i a ,  
January 1 982 .  
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i n  part i cu l ar ,  the agency of the federal  government i n  charge of 
occupat i ona l  hea l th research --the Nat i ona l  Insti tute for Occupat i ona l 
Safety and Hea l th ( N I OSH ) . Th e reasons are mu l t i p l e : 

o N IOSH • s exc l us i ve mi ss i on i s  to prevent advers e hea l th 
consequences of i ndustr i a l  env i ronments wi thout the conf l i c t i ng 
burden of s imu l taneous l y  promot i ng and devel op i ng the i ndustry 
to be  mon i tored ( as i s  the case wi th the Department of Energy 
and the Ameri can Petro l eum Inst i tute ) . 

o N I OSH has  the techn i ca l  expert i se to i n s t i tute occupat i ona l  
h ea l th reg i s tr i es i n  gen eral  ( as  i t  has  for beryl l i um ,  DBCP , 
a l umi num and oth ers ) , and the spec i fi c  part i cu l ar know l edge of 
th e synthet i c  fu el  i ndustry wh i ch wi l l  enab l e  the i ns t i tute to 
des i gn v a l i d  protoco l s  for rel evant occupat i ona l  hea l th stud i es .  

o N IOSH wou l d  guarantee that the data on a reg i stry wou l d  be 
homogeneou s  and comparab l e  for operators in the same i ndustry 
( that i s ,  s ha l e  o i l and coa l l i quefact i on ) . 

o N IOSH h as the i ndustr i a l  hyg i ene ,  med i ca l , and ep i demi o l og i ca l  
expert i s e i n -hous e  to des i gn ,  p l an ,  and imp l ement a 
s c i ent i f i ca l l y  sound occupat i ona l  hea l th reg i stry . 
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EP I DEM IOLOGY AT  SRC 

1 .  C l i n i ca l  Ep i dem i o l ogy 

o Annua l  mandatory ( regu l atory ,  prev en t i v e )  exam 
- Med i ca l  
- laboratory resu l ts ( CBC , SMA , pu l monary funct i on ,  

u r i n a l ys i s ,  aud i ometr i c  test ) 
- Phys i ca l  

o Prep l acement exam 

2 . Prospect i ve Ep i demi o l ogy 

o Cancer reg i s try 
o Morb i d i ty- i l l n es s  and  acc i dent  report i ng 
o Morta l i ty reg i s try 

3 .  Retrospect i v e Ep i demi o l ogy 

o Cohort s tudy (of act i ve ,  ret i red , and term i n ated empl oyees ) 
- Morta l i ty 
- Ann u a l  med i c a l  h i story u pdate 

4 . Reproduct i ve Ep i demi o l ogy 

o Fert i l i ty 
o B i rth defects  
o Feta l  wastages 
o Per i n ata l morta l i ty 
o Women i n  the  work p l ace  

5 . App l i ed Ep i demi o l ogy 

o Hea l th s erv i ces ev a l u at i on ( cost , qu a l i ty ,  process , outcome ) 
o Cos t -benef i t an a l ys i s  
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Records 

A med i ca l  f i l e  i s  kept on every permanent empl oyee and each 
contractor or temporary emp l oyee who has work ed i n  the process 
contro l area more than 30 days . These i nd i v i du a l  records , as a 
who l e , i nc l ude :  

o Acc i dent  reports 

o Aud i ogram 

o Author i zat i on for re l ease of med i ca l  i nformat i on 

o B l ood pressure  record 

o Dermato l ogy reports 

o Hemoccu l t  exam i n at i on resu l ts 

o Med i c a l  correspondence  

o New emp l oyee check l i s t  

o Persona l med i c a l  record 

o Phys i c i an cert i f i c ate 

o Pre-empl oyment report of med i ca l  examinat i on 

o Pu l monary funct i on test 

o Re l evant prescr i pt i ons  

o S i gned forms show i ng that th e emp l oyee recei ved the pre­
emp l oyment or i entat i on and understood i ts components 

o Sk i n  exami n at i on 

o Work h i story 

o Da i l y med i ca l record 

o Summary record of pu l monary and sk i n  abnormal i t i es 

o B l ack -Speck exam i n at i on sheets 

o Comp l eted wr i tten test SRC P i l ot P l ant h ea l th protect i on 
or i entat i on 
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Phys i ca l  Exam i n at i ons  

Prepl acement exami n at i ons  prov i ded to  estab l i sh base l i ne data on  
i nd i v i du a l s pr i or to emp l oyment . 

Composed of : 

a .  Fami l y ,  med i ca l , and work h i story 

b .  Phys i ca l  exam i n at i on by a med i ca l  doctor 

c .  Aud i ogram and v i s u a l  test 

d .  Chest x -rays ( posteroanteror and l atera l ) 

e .  Comp l ete  b l ood count  and b l ood chemi str i es 

f .  Hemoccu l t  

g .  Pu lmonary funct i on test 

Comp l eted exam i n at i on forms are s ent  to the  p l ant  nurse for 
approv a l , then to the Reg i on a l  Med i ca l  Di rector for rev i ew and f i l i ng .  
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S R C  I N FORMAT ION RETR I EVAL SYSTEM 

I N FORMAT I ON CODES 

PART TWO 

Item 

Gravimetri c Wei ght - Tota l Pa rti cu l ates 
Grav imetri c Wei ght - > 7 . 2� 
Gra v i metri c Wei ght - < 7 . �  Res pi ra bl e 

Benzene Sol ubl e Wei ght 
a- Qua rtz 
As bestos 
Cadmi um 
Lead  
Zi nc 

Part icu l ate 

Tota l Hydrocarbo ns as  Benzene 
Benzene 
n- Hexa ne 
Tol uene 
Xyl enes (m , - ·  p )  
Proces s So l vent 
Pl ant L f  ght Of 1 
Wa s h  So l vent 
Aroma t i c s  
Al f phati cs 
Hydro gen Sul fi de 
Phenol 
Sul fur Di ox ide  
Ca rbon Monox i de 
Carbon Di oxi de 
Tota l Aroma t i c  Ami nes 

Tota l Pol ynuc l ear  Aroma ti c Hydrocarbons 
Benzo (a ) pyrene 
Anthracene 
Fl uoranthene 
Pyrene 
Benzo (a )anthracene 
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Type o f  Ana l ys i s :  
Computer Code 

35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
50 
51  
52 
53 

Computer Code 

1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
A 
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I tem 

Chrysene 
Coronene 
Benzo (e ) pyrene 
Di benz ( a , h ) a nthracene 
Acena phthene 
Fl uorene 
Phena nthrene 
Benzo ( b ) fl uora nthene 
1 , 2 , 4 , 5- Di benzopyrene 
Benzo ( g , h , i ) peryl ene 
Sk i n Wa s h  - Tota l �g 
Sk i n Wa s h  - �g/cm2 
An i l i ne 
Ortho-to l u i d i ne 
2 , 4- Di methyl a n i l i ne 
N , N - D i methyl - pa ra - to l u i d i ne 

Un i t :  

I tem 

mg/m3 
�g/M3 
ngJm3 
% 
ppm 
ppb 
fi bers/cc  
g/m2/ 3 0  days 
mgJm2J 30 days 
�g 
�g/cm2 
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POS I T ION PAPER L 

I NDUSTR I AL HYG I ENE AND MED I CAL DATA 
COLLECT ION I N  A COAL L I QUEFACTION P I LOT PLANT 

Rafael Moure 
Oi l ,  Chemi ca l , and Atom i c  Work ers Un i on 

Th i s  s er i es of t ab l es presents the i ndustr i a l  hygi ene data of a P i l ot 
Co a l  Li qu efact i on Operat i on ( SRC I . I I ) co l l ected by Pi ttsburgh -M i dway 
Coa l , a s u b s i d i ary of Gu l f  Oi l Corporat i on . (Fi gure 1 prov i des a 
l ayout of th e SRC Pi l ot Pl ant . ) Gu l f ' s  Corporat e Off i ce of 
Occ u pat i on a l  Hea l th co l l ected occupat i ona l  hea l th data for the U . S .  
Departmen t of En ergy ( DOE ) at the Fort Lewi s ,  Wash i ngton p l ant  from 
1 974 to 1 98 1 . Th e ev a l u at i on of th es e  data comes from two sourc es , 
an Oi l ,  Chem i c a l ,  and Atomi c Work ers Un i on ( OCAW ) hea l th hazard 
ev a l u at i on conducted by t h e  OCAW Hea l th and Safety Department at t h e  
s ame fac i l i t i es i n  Apr i l  1 98 1 , and th e DOE eva luat i on on occupat i ona l 
and env i ronmen t a l  h ea l th of th e SRC- 1 1 program based on th e Fort 
Lew i s - Gu l f  dat a .  Th i s  eva l uat i on took p l ace i n  a DOE -s ponsored 
meet i n g i n  Ju l y  1 98 1 . Most of th e conc l u s i ons and ev a l u at i on of th e 
pres en tat i on are based on the eva l u at i on of the Fort Lewi s  data by 
t eams of  expert s on tox i co l ogy . i ndustr i a l  hyg i ene,  eco l ogy . and 
en v i ronmen t a l  con tro l . 
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AREA DES I GNATI ONS 

Area Descriptions 

01 . 0  
'
coal Prepa rati on Area 

02 . 0  Preheater a nd Di s sol ver Area 
03 . 0  Mi nera l Sepa ra t i on Area 
04 . 0  · sol vent Recovery Area 
05 . 0  Ga s  Recovery and Recompres s i on Area 
06 . 0  Pa rtial l y  Paved Storage Area 
07 . 0  Paved Storage Area 
08 . 1  Prod uc t Sol i d i fi ca t i on Area 
08 . 2  Sol i d  Product Stora ge Area 
09 . 1  Process Waste Water Di sposal Sys tem 
09 . 2  Ta nk Fa rm 
09 . 3  Cool i ng Water 
09 . 4  Boi l ers 
09 . 5  Hydrogen/Synthes i s  Ga s  and I nert Ga s  

Genera t i on a nd Desul furi za t i on Un i ts 
09 . 6  Control B ui l d i n g 
09 . 7  Shop a nd Wa rehouse B u i l d i ng 
09 . 8  Dowtherm Sys tem 
09 . 9  Dry Chemi ca l Stora ge B u i l d i ng 
10 . 0  L ummus Uni t 

Fi gure 1 Layo u t  o f SRC  P i l o t P l a n t , Ft . Lewi s ,  Wa s h i n gto n 

SOURCE : W .  H u bi s , "So l vent  Refi ned Coa l P i l o t P l a n t  a nd Pro c es s , Fort Lewi s ,  Wa s h i n g to n , " pa per 
pres ented a t DOE Hea l th a nd Env i ro nme n ta l  Res ea rc h t n  Direc t Coa l L i q u e fa c t i o n  Co n feren c e ,  
Wa s h i n gton , D . C . , J u l y  8- 1 0 , 1 981 . 
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TABlE  1 Eva l uat i on of Occupa t i o na l Hea l th  Program , Fort lewi s , Wa s h i ngto n ,  Coa l l i quefa ct i o n  P i l ot 
Pl a n t  ( P i ttsbu rgh-Mi dway Coa l Co . ) ,  by DOE I nd u s tr ia l  Hyg i ene  Res earch  Rev i ew Team 

Genera l 

Pos i t i v es 

* I nd u s tr i a l  hyg i ene  s u bs ta n t i a l  data col l ecti on 

* Aggres s i ve pro gram 

* I nnova t i o n  ( or i g i na l  s k i n  wa s h  tec hn i qu e )  
i ns trumentat i on a n d  eva l ua tf6n-

Expo s u re Mon i to ri ng 

* Exten s i v e  number of sampl es ta ken for every 
contami na nt  

Negat i ves 

* Overa l l program pl ann i ng and i mpl emen­
ta t i o n  pro gram not expl a i n ed 

* No comprehen s i v e  pl a n  

* Care s hou l d  b e  exerc i s ed i f  extra­
pol at i n g  i s  a ttempted for other S RC 
proces s 

* Apparen t l ow budget mi s l ead i n g ( d ue to 
DOE su bs i d i es ) does not refl ect actua l 
co s t  of program 

* No sampl i ng s tra tegy defi ned 

* Over s i mpl i fi ca t i on o f  exposure p i cture 

* No  i n forma t i on on  number of sampl es 
exceed i ng gu i de l i nes or s tandards  

* No  s pec i a l  treatment of exposures 
du r i n g  extended 1 2- hour s h i fts 

* Common exposu res to CO and H2S were 
s er i ou s  pro bl ems d u r i n g  th i s  operat i on  
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TABLE  1 ( cont i nued ) 

Pos i t i ves Negat i ves 

* No eval u at ion  of  ex posures to 
cata l ys ts 

Med i ca l  Hea l t h  Program 
{ Epi dem i o l ogy )  

* Good efforts to character i ze s k i n  exposure 
to coa l products  

* Most  of  the  el ements to devel op  dose  res pons e 
rel a t i ons h i p pres ent i n  the program 

Recommendat i ons  

* No a pparen t  s pec i fi c i ty of  med i ca l  
screen i ng  to ha zards  i dent i fi ed by 
i ndustr i a l hyg i ene s urv eys ( except 
s k i n  exam i nat ion ) 

* No attempt to correl a te i nd u s tr i a l  
hyg i ene  data to med i ca l s creen i ng 
res u l ts  

* No protoco l  for pro s pect i ve ep i demi o­
l og i c stud i es 

* No attempt to es ta bl i s h  a reg i s try of  
wor kers 

The dua l c ha rter of DOE ,  on one ha nd to promote a nd devel op energy systems and , on t he other , to 
protect wor kers a ga i ns t  potent i a l  adverse cons equences , l i m i ts  t he sco pe of  resea rc h  i n occupa­
t i ona l hea l t h  a nd t hwarts i n i t i at i ves  for preventi on . 
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TABLE 1 ( cont i nued ) 

The ep i demi o l og i c  stud i es that  cou l d be ba sed on the data co l l ected shou l d  be conducted or rev i ewed 
by the governmental agency i n  c ha rge of occupa t i ona l  hea l th research . N I OSH i s  t h i s a gency whi c h  
s hou l d be  encoura ged to  promote t he i nterfac i ng of the data ban ks and esta bl i s h a reg i s try on  
workers i nvo l ved i n  the  Fort Lewi s , Wa s h i ngton operat i on . 

Source : 11 l ndustri a l  Hygi ene Research Rev i ew , .. dra ft from DOE Hea l th and Env i ronmenta l Resea rch i n  
Di rect Coal  L igu i fact i o n ,  1 975- 1 981 : A Case Study ( Wa sh i ngton , D . C . : U . S .  Depa rtment of  Energy , 
1 981 ) .  
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TABLE 2 I ndustr i al Hyg i ene Data , Fort Lewi s ,  Wa s h i ngton , PMCM Coa l 
L i quefact ion  Fac i l i ty ( SRC I ) 

Ai r  Number 
Contami nant of Range OSHA 
Mon i tored Sampl es Concentrat i on PE L  Obs ervat i ons 

Organ i c  va pors-- 1 20 3 1 - 0 . 02 ( ppm ) 1 0  ppm F i ve s ampl es 
benz ene , tol uene a bove OSHA PE L  
xyl ene ( BTX ) 04 area and 

ca s t i ng  SRC 
s l a bs .  Most  
concentra t i on s  
bel ow 0 . 1  ppm 

Part i cl es 2 3  1 . 3-9 . 0023 0 . 2  mg/m 3 F i ve  samp l es 
benzene- sol u b l e mg/m a bove OSHA PEL .  
fraction  Area sampl es 

Wel d i n g fumes 4 0 . 293 0 . 00 1  Va r i ous  No va l ues 
mg/m a bove OSHA 

PEL  • s  

Benzene sol u bl es i n  5 0 . 3� 0 . 1 3  3 0 . 2 mg/m Four samp l es 
wel d i ng fumes , coa l mg/ a bov e OSHA PEL  
products , contam i nat- work  on 03 and 
ed parts 031  area s  

As bestos 23  4 . 9- 0 . 00 f /m 1 2 f/ml One sampl e 
above  OSHA PEL 
As besto s con-
centrat i ons  
great l y de-
crea se when 
g l ove bo x i s  
i n  u se 

% Quartz i n  1 2  7 -3%  Average 4 . 5% 
mi nera l res i due quartz 

Hydrogen s u l fi de 34 0 . 47 .. 000 ppm 20 ppmC None detected 
i n  21  sampl es; 
5 sampl es 
a bove 0 . 1  ppm 

Su l fur d i ox i de 42 0 . 50- 0 . 01 ppm 5 ppm 34 sampl es 
bel ow detec-
ta bl e 1 i mi t  
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TAB LE 2 ( conti nued )  

Ai r 
Contami na nt 
Moni tored 

Phenol  cresol 

Ca rbon monox i de 

226 

Number 
of Range OSHA 
Sampl es Concentration PEL 

78 0 . 04-0 . 00 ppm 

51  1 0 , 000-0 . 00 50 ppm 

Obs ervat io ns 

72  sampl es 
bel ow 
detectab l e 
l i mi t or l es s  
tha n  0 . 01 ppm 

At l east  1 0  
l ocat ions  i n  
01 Area a nd 
3 i n  050 Area 
potent i a l l y 
above OSHA 
PEL . S i x 
sampl es a bove 
3000 ppm 
Detector Tu be­
Area Sampl e .  

Source : R .  Moure and L .  Rudol ph , OCAW Hea l th  Hazard Eval uat i on , 
P i tts burgh-Mi dway Coa l Mi n i ng Comfany Coa l  L i qu efacti on Pl ant , 
Fort Lewi s ,  Wa s h i ngton , OCAW Loca 1 - 592 , Denver , Col orado : 1 981 .  
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TABLE 3 I N DUSTRIAL HYGI ENE DATA , Fort Lewi s , Wa s h i ngton , PMCM Coa l 
L i quefacti on Fac i l i ty { SRC I )  

Ai r 
Contami nant 

SRC I benzene 
so 1 u b 1 es { BS ) 

SRC I I  ( BS ) 

SRC I { BS ) 

SRC I I  { BS ) 

SRC I ( BS ) 

Number 
of 
Sampl es 

9 

29 

1 0  

7 

9 

Ar i t hmet i c  
Mean 

0 . 09 mg/m3 

0 . 08 

0 .  21 

0 . 20 

2 . 00 

Range OSHA Observa -
Concentrat i on PEL  t ion  

3 3 0 . 26-0 . 01 mg/m 0 . 2  mg/m 01 Area , 
persona l 
sampl es , 
two 
s amp l es 
a bove 
OSHA PE L  

0 .  60- 0 .  01  mg/m
3 

0 .  2 mg/m3 0 1  Area , 
per sona l 
sampl es , 
t hree 
sampl es 
a bov e 
OSHA PE L  

0 . 78- 0 . 01 
3 3 mg/m 0 . 2  mg/m 04 Area , 

1 . 2 -0 . 01 mg/m 

7 . 5- 0 . 23 mg/m 

3 

3 

persona l 
sampl es , 
3 samp l es 
a bove 
OSHA PEL  

0 . 2  mg/m3 04 Area , 
persona l  
sampl es , 
one 
sampl e 
a bove 
OSHA PEL 

0 . 2  mg/m 3 08 1  Area , 
persona l 
sampl es , 
a l l n i ne 
sampl es 
a bove 
OSHA PE L  
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TAB LE 3 ( conti nued )  

Ai r 
Contami nant 

SRC I I  BS 

Hydrogen 
s u l fi d e  

Su l fu r 
d i ox i de 

Phenol 

Number 
of  Ari thmet i c  
Samp l es Mean 

28 0 . 66 

90 

36 

1 1 9 

Range 
Concen tra t i on 

3 1 0- 0 . 01 mg/m . 

OSHA Obs erva -
PEL t i o n  

0 . 2  mg/m 3 081 Area , 
persona l  
sampl es , 
1 3 
sampl es 
a bove 
OSHA PEL 

93 , 000- 0 . 01 ppm 20 ppmC Fi ve 
sampl es 
a bove 
1 000 ppm 
( l et ha l 
cone en -
tra ti  on ) ,  
8 sampl es 
a bove 2 
ppm , 
tota l 1 3  
sampl es 
a bove 
OSHA PEL 

3 . 0-0 1 p pm 5 ppm One 
sampl e 
3 ppm , 
rest on 
or bel ow 
0 . 01 ppm 

3 
0 . 01 - 0 . 00 mg/m 1 01 

3 mg/m Al mos t  
a l l  
sampl es 
bel ow 
0 . 01 3 mg/m 
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229  

TABLE 3 ( cont i nued } 

Number 
Ai r of Ar i t hmet i c Ra nge 
Contami nant Sampl es Mean Concentrat i o n  

Orga n i c 1 58 
va pors 
BTX ( hexa ne ) 

Carbon 200- 1 0 
monox i de 

OSHA 
PEL 

Hexane 
500 ppm 

50 ppm 

Observa ­
t io n 

E i ght  
sampl es 
s howed 
brea k­
t hrough  

Abs ence 
of  a i r  
l oc k  a t  
c hu te 
( 01  0 
Area ) 
cou l d 
ra i s e 
exposure 
to 
5000 ppm 

Sou rc e :  R .  Moure and L .  Rudo l ph , OCAW Hea l th  Hazard Eval uat i on , 
P i tts bur�h-Mi dway Coa l Mi n i ng Comfany Coa l L i quefact i on P l ant , 
Fort Lew s ,  Wa s h i ngton , OCAW Loca 1 - 592 , Denver , Co l orado : 1 981 .  
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TABLE 4 Overexposures to OSHA- Regu l a ted Substances at  PMCM Fort 
Lewi s  P l ant  ( DOE Da ta ) 

Number of Sampl es 
Date Contami nant  Loca t i on Area s Exceed i ng OSHA PEL 
May Benzene so l u bl es of total  02 , 02 , 06 5 
1 976  part i cu l ate  03 , 03 

May ( Wel d i ng contami nated 06 , 07 , 07 , 07 4 
1 97 6 meta 1 parts ) 

May As bestos As bestos m i x i ng 1 
1 976 ( no i so l at i on box ) 

May Carbon monoxi de 0 1 , 05 1 0 
1 976 

1 977  Benzene sol u bl es of 08 , 08 , 02 3 
tota l pa rt i cu l ate 

1 977  Benzene sol ub l es of 04 1 
tota l pa rt i cu l ate 

1 977  Benzene so l u bl es of  1 2 , 04 , 04 1 3 
tota l part i cu l a te 08 , 09 , 1 2 

1 977 Hydrogen s ul fi de 04 , 02 , 04 1 3 
07 , 07 , 07 

Source : R . Moure a nd L .  Rudol ph , OCAW Hea l th Ha zard Eva l ua t i on , 
P i tts burgh-Mi dway Coa l Mi n i ng  Company Coa l L i quefacti on Pl ant , 
Fort Lewi s ,  Wa s h i ngton , OCAW Local  1 - 592 , Denver , Col orado : 1 981 . 
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TABLE 5 Gu l f  So l vent- Refi ned Coal Opera t i ons  and Research  

Loca t i o n  
Ft . Lewi s 
( s i nce 1 974 ) 

Merri am 
( s i nce a bout  1 962 )  

P- 99 
( s i nce a bout  1 97 5 )  

Act i ve Empl oyees Termi na ted Empl oyees 
1 99 92 

32 50 

22 1 0 

Source : C . P .  Wen , " Ep i demi o l ogy at S RC , " pa per presented a t  DOE 
Hea l th and Env i ronmental  Res earc h  i n  Di rect Coa l L i quefact ion  
Conference , Was h i ngton , D . C . , Ju l y  8- 1 0 , 1 981 . 

Tota l 
291  

82 

3 2  
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TABLE 6 SRC F i nal  D i a gnos i s from Phys i ca l  Exami nat ioh 

Tota l No .  S 

1 .  I n fecti ve and paras i t i c  d i sease  

2 .  Neopl asms ( ben i gn ) 

3 .  Endocr i ne , nutr i t i ona l and meta bo l i c  
d i s eases , and i mmu n i ty d i sorders 

4 .  B l ood a nd bl ood- formi ng organs  

5 .  Menta l d i sorders ( a l cohol ) 

6 .  Nervous system a nd sense organs  

7 .  C i rcu l atory system 

8 .  Resp i ratory system 

9 .  Di gest i ve  sys tem 

1 0 . Gen i to- ur i na ry system 

1 1 . S k i n and subcutaneous  t i ssue 

8 

1 6 

26 

3 

1 5  

1 2  

1 6 

8 

9 

7 

4 1  

1 2 . Muscu l o s kel eta l system and connecti ve  t i ssu e 24 

1 3 .  Congen i ta l anoma l i es 3 

1 4 . Symptoms , s i gns , a nd i l l - defi ned cond i t i on s  1 2  

1 5 . I nj ury and  po i son i ng 1 0  

Source : C . P .  Wen , 11 Ep 1 demi o l ogy at SRC , 11 pa per presented at  DOE 
Hea l th a nd Env i ronmental  Research i n  Di rect Coa l L i quefact ion  
Con ference , Wa s h i ngton , D . C . , Ju l y  8- 1 0 ,  1 981 . 

6 

1 3  

20 

2 

1 2  

9 

1 3  

6 

7 

6 

32 

1 9  

2 

9 

8 
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TABLE 7 SRC Phys i ca l  Exami nat i on for Neopl a sms 

Age Sex D i agnos i s  

44 M Ben i gn nevu s  l ow bac k 

40 M Ben i gn mo l es ; one dark seborrhei - keratos i s , ben i gn 

29  M Ben i gn mo l es 

26 M Ben i gn mol es 

46 M Statu s post  l eft forearm ma s s  exc i sed 

33 M Ri ght  anter i or t h i gh , 3 em X 1 . 5 em 
Left fl a n k  1 . 2 X 1 . 5 em 
Left CVA 0 . 8  em X 0 . 5 em 

Cherry a n g i omata chest- a bdomen 

Ben i gn nev i  ba se  of nec k 

Ben i gn pa pi l l oma r i g ht gro i n 

Pro bab l e l i poma . 
Exc i s i o n  b i opsy o f  
one for defi n i t i v e 
d i a gnos i s  

53 

25 

29 

34 

33 

29 

M 

M 

M 

M 

F 

M 

Ben i gn nev u s  mi d- chest ; numerous  c herry hemang i omas 

Ben i gn mo l e  r i ght  sca pu l a  

38 

37 

M 

M 

2� to 3 years  Hx sca l i ng l es i on- pen i s , probl em psor i a s i s , 
pos s i bl e  carc i noma i n  s i tu ;  mu l t i pl e  s k i n  tags  

Quest i onabl e l i poma r i ght pret i bi a l  area 

Warty pa pi l l oma l eft knee 

Source : C . P .  Wen , " Ep i demi o l ogy at SRC , " pa per presented at  DOE 
Hea l t h  and Env i ronmenta l  Research  i n  Di rect Coa l L i quefact i on 
Con ference , Wa s h i ngton , D . C . , Ju l y  8- 1 0 , 1 981 . 
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TABLE 8 SRC Nonmel anoma S k i n Cancer I nc i dence , 1 976- 1 980 

Person-�ears Rate* Ex�ected Obs erved S I R  

Age 

1 5  - 24 1 1 1 . 55 2 . 1  0 . 002 

25 - 34 474 . 66 34 . 4 0 . 1 63 

35 - 44 22 1 . 64 1 42 . 7  0 . 3 1 6 1 

4 5  - 54 1 83 . 63 361 . 7  0 . 664 

55  - 64 55 . 59 662 . 1  0 . 368 1 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 .  5 1 3 2 

* Rate  per 1 00 , 000 pop�l at ion  ba sed o n  NCI  i nc i dence data from 
Seattl e ,  Wa s h i ngton for wh i te  ma l es , 1 97 7 - 1 978 . 

Source : C . P .  Wen , 11 Ep i demi o l ogy a t  SRC , 11 pa per presented at DOE 
Hea l t h and  Env i ronmenta l Researc h  i n  D i rec t Coa l L i quefacti on 
Conference , Wa s h i ngton , D . C . , Ju l y 8- 1 0 ,  1 981 . 

1 . 32 
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POS I T ION PAPER M 

RESEARCH NEEDS FOR ASSESS I NG THE COSTS OF 
HEALTH AND SAFETY COMPL IANCE I N  A SYNTHET I C FUEL I NDUSTRY 

Kenneth E .  Ph i l l i ps 
Th e  Rand Corporat i on 

Th i s  paper i s  s ubmi tted to  the  members of the  Commi ss i on on  
Eng i neer i ng and Techn i ca l  Systems • Commi ttee on Synthet i c  Fue l s 
Fac i l i t i es Safety . It  i s  offered to h e l p i d ent i fy the  res earch 
requ i rements  for devel op i ng methodo l og i es to ass es s  the  cost s  of 
h ea l th and s afety comp l i ance  through the l i fe cyc l e  of a synthet i c  
fue l s i ndustry .  Th e v i ews  expres s ed a r e  n o t  neces s ar i l y  s hared by 
the Rand Corporat i on ,  but  are the  s o l e respos i b i l i ty of the author . 

S UMMARY 

Th i s  paper i d ent i f i es i s s ues and res earch requ i rements  for d eve l op i ng 
methods to a s ses s  the costs  of nea l th and safety comp l i ance  dur i ng 
th e l i fe cyc l e of  a syn th et i c  fu e l s i ndustry .  After exam i n i ng many 
factors that cou l d  i nf l u ence  the costs  of hea l th and s afety 
comp l i ance  i n  en ergy proces s fac i l i t i es ,  s evera l genera l conc l us i ons  
emerge .  

Conc l u s i o n - - In d i v i du a l  Research Progr ams Requ i re I n tegrat i on 

Dev el op i ng th e  capab i l i ty to a s s es s  the  costs  as soc i ated w i th h ea l th 
and s afety comp l i ance  i n  syn thet i c  fue l s fac i l i t i es requ i res 
coord i nat i ng programs of res earch i n  s evera l rel ated areas i nc l ud i n g :  

o Hea l th Effects Research - -ep i demi o l og i c a l  and  tox i co l og i c a l  
stud i es t o  deve lop  rel at i onsh i ps between hea l th effects  and 
exposure l eve l s to tox i c  mater i a l s .  

o Research on  P l ant  Performance  and Tox i c  Expos u re--the 
deve lopment  of rel at ions h i ps to l i nk techn i c a l  measures , 
p l ant  performance ,  and th e t i me for work er exposure  to tox i c  
proces s streams d u r i ng  p l ant repa i rs .  

236 
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o Research on  Cos t  and Performance  Tradeoffs - -the  deve l opment 
of re l at ionsh i ps l i n k i ng  product costs  to i mprovemen ts i n  
p l an t performanc e .  

Mos t  of th e res earch r equ i rements for d eve l op i ng cost  methodo l ogy 
are concen trated i n  th e l as t  two areas . However , f i nd i ngs  regard i ng 
hea l th effects  may wel l b r i ng  about th e regu l atory po l i c i es that  
affect product  costs . Cons equen t l y ,  research ers deve l op i ng cost  
methodo l og i es w i l l  b en ef i t  from the  efforts of those i nves t i gators 
engaged i n  ep i dem i o l og i ca l  and tox i co l ogy stud i es .  

Recommendat i on 

Encourage d i a l ogue  between res earchers i nvo l ved i n  hea l th effects 
stud i es and thos e i nv est i gat i ng eng i neer i ng  and econom i c i s sues . 
Co l l aborat i on tnrough conferences and commi ttees represents  a 
feas i b l e  opt i on .  

Recommendat i on 

To account  for l i nk s  between h ea l th effects res earch , regu l atory 
po l i cy ,  and product  cost s , i ncorporate methodo l ogy to s imu l at e  po l i cy 
dec i s i ons . 

Conc l us i on - -Costs  May Ch ange Ov er th e Industry L i fe Cyc l e  

Th e  cost s  of protect i n g work ers from exposu re to tox i c  e l ements cou l d  
reduce d ur i ng  the  ear l y  phas e o f  synfue l s i ndustry d ev e l opment 
bec au s e  of i mprovements  i n  p l ant  performance .  However , regu l atory 
ch anges dur i n g  l ater ph ases cou l d  dr i v e  costs  u p .  Tne comb i n ed 
effects  of thes e act i on s  cou l d  produce the fo l l ow i ng  h ea l th and 
safety cost s c en ar i o :  

o In i t i a l product costs cou l d  dec l i ne s omet i me after 
techno l ogy commerc i a l i zat i on and before s i gn i f i cant  c apac i ty 
d ep l oyment . 

o Product costs cou l d  reach some m i n i mum l eve l  for a short 
durat i on wh i l e  the synfu e l s i ndustry beg i n s  to grow . 

o Product costs cou l d  then i ncrease  rap i d l y  as the  i ndustry 
matu res and beg i n s  to depl oy s i gn i f i c ant synfuel s product i on 
capac i ty .  

Recommendat i on 

Structure the  res earch agenda  to addres s l i fe cyc l e i s s ues i n  a 
synthet i c  fue l s i ndustry . 
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Th e purpose  of th i s  d i scuss i on i s  to i dent i fy th e k ey res earch tasks  
requ i red to deve l op  th e capab i l i ty to as s es s  the costs  of hea l th and 
safety comp l i ance  i n  a dev el op i ng synfu el s i ndustry . Pr i or res earch 
h as i dent i f i ed numerous  potent i a l l y  harmfu l const i tuents  as soc i ated 
w i th the process and waste  streams of energy p l ants . l Adequate 
con s i d erat i on of hea l th and s afety i s s ues i mp l i es costs that cou l d  
s i gn i f i cant l y  i nf l u ence  th e requ i red s e l l i n g  pr i ce o f  f i na l  
products . Such ram i f i c at i ons are  part i cu l ar l y  i mportant for 
determi n i ng t he  mark et compet i t i v en es s  of  synthet i c  fue l s ,  espec i a l ly  
when cons i d er i ng th e return on i nv estment t hat  pr i vate  s ector f i rms 
wou l d  requ i re and  the  as soc i ated pr i c e  s u pports th at m i ght be  n eeded 
to he l p estab l i sh a synfu el s i ndus try . 

Th i s  paper rev i ews the  l i k e ly  cost -effects of d i fferent opt i ons  
to reduce occupat i on a l  exposure  to tox i c  e l ements  and  pub l i c  exposure 
to env i ronmenta l  po l l utants ; d i cusses the  methods by wh i ch hea l th and 
s afety cons i derat i ons  cou l d  forc e product  costs  to  chan ge  dur i n g  the 
l i fe-cyc l e  of a synfue l s i ndustry ;  i d ent i f i es the  major res earch 
n eeds for deve l op i ng cost  an a l ys i s  methodo l og i es ; and d i scu s ses 
s trateg i es for undertak i ng res earch on the  costs of hea l th and s afety 
comp l i ance . 

COST E FFECTS R ELATED TO H EALTH AND SAFETY COMPL IANCE 

Sev era l  methods c an h e l p reduce  work er and pub l i c  exposure to tox i c  
mater i a l s .  Short-t erm opt i ons  i nc l ude  ma i n tenance- l evel adj ustments  
to improve p l ant performanc e ,  and  product i on cutback s to  l ower 
po l l utant emi s s i on l ev el s  t i ed to p l ant c a l endar-d ay operat i on s . 
Longer-t erm opt i ons  i nc l ude  contro l l i ng po l l ut i on w i th retrof i t  
d ev i ces ;  con tro l l i ng po l l ut i on by mod i fyi ng  the  bas i c  synfue l s 
process , and i mprov i n g performance- -a l so throu gh changes to the 
process . 

In  add i t i on to v ar i ab i l i ty i n  the methods for reduc i ng exposure  
l eve l s ,  the cos ts as soc i ated w i th thes e methods a l so tak e d i fferen t 
forms .  Both f i xed and v ar i ab l e costs app l y .  Cap i ta l  costs , wh i ch 

1 Federa l  In teragency Commi ttee on the Hea l th and Env i ronmenta l  
Effects  of En ergy Techno l og i es , Hea l th and  Env i ronmenta l  Effects  of  
Coa l  Gas i f i cat i on and L i qu efact i on Techno l og i es ( Mc Lean ,  Vi rg i n i a : 
The MITRE Corporation , May 1 979 ) . See al so  compan i on report Hea l th 
and Env i ronmenta l  Effects of  O i l Sh a l e Techno l o�y ( Mc Lean , V i rg 1 n 1 a :  
The M I TRE Corporati on , May 1 9 79 } ; and Heal th an En v i ronmental  
Effects of Synthet i c  Fu el  Techno l oiJes : Research Pr i or i t i es ( Mc Lean , 
Vi rg i n i a :  The MITRE Corporatl on , r 1 l 1 98 1 ) .  
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are f i x ed over a short p l ann i ng hor i zon , a pp l y  ma i n ly to l onger term 
opt i on s  for reduc i ng tox i c  exposure . Var i ab l e cost s , wh i ch are 
read i l y  ch angeab l e  dur i ng a short p l ann i ng hor i zon , can app l y  to both 
short - and l on g -term opt i on s . Var i ab l e  costs  i nc l ud e  mai ntenance 
costs , o perat i ng costs , and opportun i ty costs assoc i ated w i th revenue  
l osses from product i on cutback s . 

Tab l e  1 l i n k s  th e methods of  reduc i ng exposure l eve l s to t he  
d i fferen t cos t  forms t hat  app l y .  The methods a r e  grouped i nto short ­
and l ong-term opt i ons . As s u gges ted i n  th e tab l e ,  v ar i ab l e  costs  
appear to prov i d e  the  greates t number of  opportun i tes to change 
exposure  l ev e l s .  Fu rth ermore ,  ev ery method shown affects at  l east  
three of the  cost forms and thes e changes in  cost  often work i n  
d i fferent  d i rect i on s . I n  some cases ( s uch a s  i mprov i ng performance  
through proces s mod i f i cat i on ) a s i ng l e cost  form can  change  i n  e i ther 
d i rect i on .  

Cons i der th e examp l e from Tab l e 1 fu rther . Mod i fy i n g  the  proces s 
to i mprov e performance mos t  l i k e l y  requ i res some form of c ap i ta l  
i nv estment . If , for examp l e ,  an extra process s t ep i s  added ( perhaps 
to remove  abras i ve ,  suspended so l i ds from a h i gh -ve l oc i ty gas  s tream ) 
the cons truct i on t i me probab l y  mak es th i s  a moderate- to l on g -term 
opt i on .  W i th better performance ,  mai n tenanc e costs w i l l  mos t  l i k e ly  
decrea se .  However , n et operat i ng costs ( re l ated to ut i l i t i es ,  
feedstock , con sumpt i on ,  and so forth ) cou l d  i ncreas e or decrease .  
Th i s  wou l d depend  u pon t h e  part i cu l ar proces s s e l ected , t h e  proces s 
un i t  conf i gurat ion  chos en du r i ng  eng i neer i ng ,  p l u s  any ben ef i t s from 
cogen erat i on and oth er opt i ons . Revenue  ch anges i n  th i s  c as e  wou l d  
proba� l y  i ncreas e .  Th i s  wou l d  fo l l ow d i rect l y  from the  greater 
average d a i l y  product i on th at an i ncreas e i n  performance  wou l d  
a l l ow .  Fi n a l l y ,  s i nc e  the  var i ou s  cos ts  work i n  oppos i t e  d i rect i on s , 
tne n et effects on product cost  cou l d  move  e i th er u p  or  down . 
Obv i ou s l y ,  th i s  wou l d  d epend u pon wh i ch i nd i v i du a l  cos t  forms 
reg i s ter tn e greatest i nf l u ence when con s i dered i n  the  context of 
d i scounted cash  f l ows , tax l i ab i l i t i es ,  tax opt i on s , r ates of return , 
and other factors . 

Th e v ar i ous forms of  costs , as d i scu s sed above ,  move i n  d i fferent 
d i rect i on s  depend i ng on th e metnod chos en to reduce  exposure l eve l s .  
Tab l e 1 ,  s hows the  s t at i c  i n terre l at i onsh i ps of cost  effects . Th e 
next s ect i on howev er exam i n es the  poss i b i l i t i es for cos ts to change 
i ncrementa l l y over t ime . 

COST CHANGES DUR I NG AN I NDUSTRY L I FE CYCLE  

As a synthet i c  fu e l s i ndus try deve l ops , two factors cou l d  force a 
chang e  i n  th e  product i on cos t curve  as  the i ndustry moves from 
commerc i a l i z at i on through dep l oymen t .  F i rs t  i s  a gradu a l  i mprovement 
i n p l ant performance that  s hou l d  fo l l ow from exper i ence  g a i ned dur i ng 
pl an t  operat i on s . Th i s  factor i s  expected to l ower the  costs 
assoc i ated w i th h ea l th and s afety i s s u es .  Th e s econd factor i nvo l ves 
th� potent i a l  for greater res tr i ct i ons  on occupat i ona l s afety 
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TABLE  1 Cost  E ffects o f  Reduc i ng Occupa t i ona l  and  Publ i c  Expos ure to Tox i c 
I ntermed i a te Process Streams and  Env i ronmenta l Po l l u ta nts 

METHODS TO REDUCE EXPOSURE LEVELS 

SHORT-TERM OPT IONS MODERATE -TO· LONG TERM OPTI ONS 

Perfon�� nce Per.fon�� nce 
llljlroveMnts Pol l ut i on Control Pol l ution Control IIIProVeMnts Pol l ut i on Control  

FORM � COST Through Ml i n tenence Through Production Through Retrofi t Through Process Through New Process 
OUTLA - Level Adjlust.ent Cutblcks Devi ces Mod t fi cett on Des t an 

Clpi tl l  Costs 
( Ft xed Outley ) -- - - ---- - - -- -- -- Increue Increue I ncrease 

Ml t ntenence Cos ts 
( Vartable Outlay )  Increase Decrease lncruse Decrease l ncree s e/dec,..se 

Operati ng Cost� 
( Vari abl e Outlay )  Increase Decrease I ncrease Increase/decrease I ncrease/decrease 

Revenue Changes (Vari abl e ) Revenue t ncruse Revenue l oss - --- - - - Revenue t ncrease · - · · - · · -

MOST L I KELY NET 
EFFECT ON 
PRODUCT COSTS ., ., I ncrease ., ., 
�dt ti one l costs , independent of the .. thad used to al ter exposure l evel s ,  coul d t nvol ve the cost outl ays for workers ' 
protectt�e clothing and the capt tll  cos ts of fnstru.entl tton a nd .ont tori ng devt ces to provtde contt nual updates of 
wrker hul th effects . 

�ncl ades feedstock costs , utt l t ttes , etc . feedstock costs i ncrease wt th better plant perfon��nce except for otl  shal e 
pl ants thlt process l ease shal e .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

S a f e t y  I s s u e s  R e l a t e d  t o  S y n t h e t i c  F u e l s  F a c i l i t i e s
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 5 8 4

http://www.nap.edu/catalog.php?record_id=19584


241 

regu l at i ons  and amb i ent  env i ronmenta l  s tandards . Th i s  factor i s  
expected to work aga i ns t  the potent i a l  cos t  s av i n gs brought about by 
better p l ant performance .  

Cost Reduct i on s  from Better P l ant Performance 

Pr i or research has  demons trated that f i rs t -of -a-k i nd process 
fac i l i t i es s uffer more  performance  prob l ems dur i ng the  f i rst 1 2  
months  then p l ants  that do not i ncorporate h i gh l eve l s of 
commerc i a l l y unproven techno l ogy2 . Th e f i nd i ngs  s uggest th at the  
greatest potent i a l  for  expos i ng work ers to tox i c  proces s streams wi l l  
occur  dur i ng t he  commerc i a l i zat i on ph as e of the  i ndustry . 
Con sequent l y ,  the cos ts of  prevent i ve ma i ntenance  and other 
techno l og i es for r educ i n g  worker exposure shou l d  b e h i gh dur i ng th i s  
per i od .  

Later p l an ts c an benef i t  from th e opera t i n g  exper i ence  g a i ned by 
f i rs t -of-a -k i nd fac i l i t i es .  As techno l og i es mature  and dev e l op ,  
these p l ants w i l l  s l ow ly  evo l ve  i nto t h e  s t andard fac i l i t i es o f  the  
i ndustry .  Bas i c  mater i a l s research , i n  comb i nat i on w i th pract i c a l  
operat i ng exper i ence ,  s hou l d  resu l t  i n  s i gn i f i cant performance  
improvements  over t ime .  Th i s  can  reduce th e pot en t i a l  for pro l onged 
work er exposure wh i l e  l ower i n g  requ i red prev ent i v e  ma i ntenance l eve l s 
and other work er protect i on costs . 3 

Cost  Increas e to Meet New Regu l atory Standards 

The  commerc i a l i z at i on phase of the synfue l s i ndustry ,  and the t i me 
extend i ng for s ev era l  years i nto the future , represen ts a per i od 
dur i n g  wh i ch res earch w i l l  be  under way to det erm i n e  th e s ev er i ty of 

2E .  Merrow , K .  Ph i l l i ps ,  and C .  Myers , Understand i ng Cost Growth 
and Performance Shortfa l l s  i n  P i on eer Proces s Pl ants , R-2569-DoE 
(Santa Mon i ca , Ca l iforn i a :  The Rand Corporat i on ,  Sept ember 1 98 1 ) .  
3cost  reduct i on s  from performance  i mprov ements  are d i fferent  from 
l earn i ng curve-cos t reduct i ons . I n  the l atter cas e ,  cost s a v i ngs are 
argued to d er i v e  from c ap i ta l  cost  reduct i ons  that correspond to the  
amount  of  tot a l  i ndus try proces s i n g capac i ty pu t i n  p l ac e .  Learn i ng­
curv e cost  s av i ngs are g enera l ly  v i ewed as  a l og - l i n ear curv e ,  w i th 
th e percentage  cos t reduct i on expres s ed as a funct i on of proces s i ng 
capac i ty .  For d i scus s i on o f  th e l earn i ng curve  effects o n  synfuel s 
fac i l i tes s ee W .  F .  Hederman ,  Jr . , Pros�ects  for the  
Commerc i a l i z at i on of  H i gh -BTU Coa l  Gas i  i cati on , R-2294-DOE ( Santa 
Mon i c a ,  Ca l i forn i a :  The Rand Corporat i on ,  Apr i l 1 978 ) ;  and E .  W .  
Merrow , Constr a i nts  o n  the  Commerc i a l i z at i on of O i l Sh a l e ,  R-2293-DOE 
{ Santa  Mon i c a : The Rand Corporat 1 on , September 1 978 ) . 
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hea l th effects from env i ronmenta l  po l l u tants  and tox i c  products i n  
synfue l s proces s s treams . The future s tream of res u l t s from 
tox i co l og i ca l  and  ep i dem i o l og i ca l  s tud i es c an affect syn fue l s 
product i on costs  i n  two ways . Fi rs t , resu l t s cou l d  sugges t  that 
current l y  u n regu l ated s ubstances s hou l d  be  contro l l ed by estab l i sh i ng 
n ew amb i ent  s t andard s . Second , the  f i nd i ngs  cou l d  sugges t that 
current l y  ex i st i ng s t andards  s hou l d  be s trength ened . Ev en i f  no 
greater res tr i ct i on s  are app l i ed to k nown l eve l s of  regu l ated 
po l l utants , eventu a l  s aturat i on po i nts cou l d  be  reached that  w i l l  
req u i re new en trants  i n to the  mark et to offs et ex i s t i ng po l l u t i on 
l eve l s w i th far more  cos t l y  control  t echno l ogy . Innovat i ve aspects 
of the n ew con tro l techno l ogy may rei n troduce  poor performance 
prob l ems and h i gh work er exposure r ates for a short t i me .  

In  e i ther c as e ,  a re l at i v e ly  f l at cos t  curv e  for hea l th and 
s afety comp l i ance  cou l d  sw i n g  s h arp ly  u pward somet i me dur i ng the 
pos t -commerc i a l i zat i on ph ase  of th e synfue l s i ndustry .  

F i gure 1 shows the  cost  curves th at resu l t  from better p l ant  
performance  and from n ew or s tr i cter regu l atory requ i rements . The 
hor i zont a l  a x i s traces th e l i fe  cyc l e  of  a synfue l s i n dus try , mov i n g  
from the ear l y  s tages o f  commerc i a l i z at i on throu gh fu l l  
d ep l oyment . 4 Th e enve l ope curve  r epres en ts a s i mp l e a l gebra i c  s um 
of the two separate cost  curves i l l us trat i n g th e i r poss i b l e comb i ned 
effects on product costs . The c l ear imp l i cat i on i s  th at over th e 
l i fe  cyc l e of the i ndustry , costs w i l l  f i rs t  decreas e ,  reach a 
m i n i mum po i nt somet i me dur i ng the  dep l oyment ph as e ,  and th en r i s e 
cont i nu a l l y as  f i rms beg i n  to addres s i n creas i ng l y  s evere  
requ i rements to offs et po l l ut i on .  C l ear l y ,  the  po i nt at wh i ch costs 
are l i k e l y  to  reach a m i n i mum depends  on th e comb i n at i on of ( 1 ) how 
qu i ck l y  performance  prob l ems c an b e  corrected i n  f i rs t -g enerat i on 
p l ants , and ( 2 )  how much de l ay occurs  before str i cter regu l at i on s  and 
po l l ut i on offs et req u i rements  dr i ve costs back u p .  The t i me-re l ated 
ch anges i n  th e cos t of hea l th and s afety comp l i ance  der i v e  from 
regu l at i ons  that  evo l ve  through th e formu l at i on of federa l ,  s t ate ,  
and l oc a l  po l i cy . The  res earch needs for  deve l op i n g cos t an a l ys i s  
methodo l og i es mu st  b e  s en s i t i v e  t o  th i s  i s s u e .  

RESEARCH N E E D S  TO DEVELOP COST ANALYS I S  METHODOLOGY 

A compr ehens i v e  program of res earch , encompas s i ng three top i c a l  
areas , wou l d  be  requ i red t o  deve l op  th e methodo l ogy for trac i ng 
h ea l th - and s afety-re l ated costs  through the l i fe-cyc l e  of a 
syn th et i c  fu e l s i ndu stry .  The  k ey areas i nc l ud e :  

4Pl ant d ecommi s s i on i n g i s  ack now l edged . However , i t  i s  a s sumed 
that permanent fac i l i ty shutdowns wou l d  be  staggered and that the 
decommi ss i on i ng costs and th e assoc i ated hea l th and s afety prob l ems 
wou l d  not face the ent i re i ndustry i n  the s ame t i me per i od .  
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Fi gure 1 Cha nge i n  product  cos ts over the l i fe cycl e o f  the 
syn fuel s i ndu s try .  
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o Hea l th effects  research--ep i dem i o l og i ca l  a n d  tox i co l og i ca l  
stud i es to dev el op rel at 1 on sh i ps between h ea l th effects  and 
exposure l eve l s to tox i c  mater i a l s .  

o Research on p l an t performance  and tox i c  exposure- -the 
devel opment of rel at i on sh i ps to l i nk  t echn i ca l  measures , 
p l ant performance ,  and the t i me for work er exposure  to tox i c  
proces s streams dur i ng p l ant repa i rs . 

o Res earch on cost and eerformance tradeoffs - -the deve l opment 
of rel at i onsh i ps l i nk 1 ng product cos ts to i mprovements  i n  
p l ant  performance .  

Hea l th Effects  Research 

Research requ i rements  i n  the areas of ep i dem i o l ogy and tox i co l ogy 
h av e  been addres s ed part ly  through the  Federa l  I n teragency Commi ttee 
on the Hea l th and Env i ronment a l  Effects of Energy Techno l og i es ,  and 
are the s ubj ect  of more deta i l ed cons i derat i on by other members of 
th e Commi ttee on Synth et i c  Fu e l s Fac i l i t i es Safety . S Hea l th 
effects research , men t i oned l ater , i s  one  e l ement requ i red for 
exam i n i ng cos t -ben ef i t trade-offs . However , th i s  d i scus s i on l i m i ts 
i t s focus  to th e l as t  two areas of res earch n eed . 

Res earch on P l ant Performance and Tox i c  Exposure 

Studyi ng the effects of p l ant performance  on tox i c  exposure l eve l s 
i mp l i es a n eed for two re l ated programs of res earch . Th i s  
requ i rement resu l ts because  the techn i ca l  character i s t i cs of a 
proc ess cou l d  affect both p l ant performance and the tox i c  exposure 
l eve l s that corre l ate w i th the repa i r  t i me needed to correct the 
performance prob l ems .  

Th e f i rst  program of res earch concerns  deve l op i ng re l at i onsh i ps 
between p l ant  performance  prob l ems and th e techn i ca l  character i s t i cs 
of the  process . Th e  s econd program wou l d  focus  on deve l op i ng 
re l at i onsh i ps between p l ant performance and exposu re t i me to tox i c  
i ntermed i ate process s treams . By i mp l i cat i on , performance becomes 
the common denom i n ator that rel ates techno l og i ca l  character i st i cs 
d i rect l y  to work er exposure l eve l s .  

I n connect i on w i th th i s  res earch , one m i ght eas i l y  embark on a 
data co l l ect i on strategy that wou l d  address on l y  techno l og i ca l  

5Federa l  I n teragency Commi ttee on th e Hea l th and En v i ronmenta l  
Effects of Energy Techno l og i es ,  op . c i t .  See  a l so  compan i on report 
Hea l th and Env i ronmenta l Effects of Oi l Sh a l e Techno l og�, op . c i t . ; 
and Hea l th and En v i ronmental  Effects of Synthet ic  Fue l echno l o  i es :  
Researc r 1 or 1  1 es , op . c 1  • 
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character i st i cs and work er exposure ,  l i nk i ng t hem d i rect ly  through an 
appropr i ate  stat i s t i ca l  methodo l ogy . Th at approach i s  unacceptab l e .  
L i nk i ng t echno l ogy and exposure rates through p l ant p erformance  i s  
necess ary becau s e  performance  adj u stments  repres ent one  of i ndustry ' s 
too l s for comp l y i ng  w i th r egu l atory po l i cy .  

Pr i or res earch exam i n ed the  l i nk between techno l ogy and 
performance  i n  f i rs t -of-a -k i nd proces s p l ants . Major f i nd i ngs  s howed 
that  average p l ant  performance  dur i ng th e f i rst  year cou l d  b e  
pred i cted u s i ng measures of : th e l eve l  o f  commerc i a l ly  unproven 
techno l ogy i n  the  p l ant , know l edge  abou t th e h eat  and  mater i a l  
ba l anc es , s o l i d  v s . l i qu i d  feeds tock hand l i ng ,  and des i gn prob l ems 
for waste-s tream h and l i n g . 6 Thes e  res u l ts d emonstrate th e 
feas i b i l i ty of try i n g  to pred i ct a system ' s  performance  u s i ng 
techn i c a l  ch aracter i s t i cs .  However , con s i derab l e  n eed rema i ns  for 
deve l op i ng pred i ct i v e var i ab l es th at  rel ate more  c l os e l y  to 
eng i neer i ng measures and process operat i ng parameters . 

Res earch on techno l ogy eva l ua t i on i n  re l ated energy areas 
suggests  that th i s  c an be accomp l i sh ed .  For examp l e ,  th e res u l ts 
from stud i es i n  ocean th erma l energy convers i on ( OTEC ) and 
magn etohydrodynam i c power gen erat i on demonstrated th at methodo l og i es 
for l i nk i ng system performance and eng i neer i ng measures s how 
con s i derab l e  promi s e . 7 I n add i t i on ,  th e l i t erature on i nnovat i ve 
weapon s  systems deve l opment offers an i ndependent body of ev i d ence 
suggest i ng further that  eng i neer i ng measures and proc ess operat i ng 
parameters c an h e l p pred i ct cost  and performance outcomes . B  

6Merrow , Ph i l l i ps ,  and Myers , op . c i t .  

7see t he  fo l l ow i ng reports pub l i s hed by Th e Rand Corporat i on ,  Santa 
Mon i c a ,  Ca l i forn i a :  E .  C .  Gr i tton et a l . ,  A Qu ant i tat i ve Eva l u at i on 
of C l os ed Cyc l e  Oc ean Th erma l EnerAY Convers ion Techno lo� i n  Centr a l  
stat 1 on App i 1 c at 1 on s ,  R-2595-00E ( ay 1 980) ; R .  V .  Pe l  a n  R .  w .  
Hes s , Th e L i q u i d -Meta l C l os ed -Cyc l e System of Ma9netohydrodynam i c  
Power Generation , R-2343-DOE ( December 1 978 ) ; an R. V: Pei and R .  W .  
Hes s , Th e  Nob l e  Gas C l os ed Cyc l e  S's tem of Magnetohydrodynami c  Power 
Gen erat i on ,  R -21 28 -ERDA ( Augu s t  1 9  7 ) . 
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F i gure 2 shows th e l i nk age between techn i ca l  ch aracter i s t i cs and 
exposure  rat e .  The t o p  graph corresponds  t o  t h e  res earch program for 
understand i ng th e re l at i onsh i p  between t echno l og i ca l  ch aracter i s t i cs 
and p l ant  performance .  Norma l l y ,  a s  a dependen t  v ar i ab l e , 
performance wou l d  l ocate on th e v ert i ca l  ax i s .  Th e graph was changed 
to h e l p v i su a l i z e performance as the  common denom i n ator . The  
hypothes i zed re l at i onsh i p  rema i ns the  s ame . Th e  bottom chart 
addres s es research to dev e l op re l at i on sh i ps between exposure l eve l s 
and p l ant p erformance .  

A s  shown by  F i gure 2 ,  techn i ca l  ch aracter i s t i cs c an i mp l y  
d i fferent  performance and work er exposure l eve l s .  Us i ng var i ab l es 
from the res earch on f i rs t -of-a -k i nd process p l ants as  an  examp l e ,  
the  vert i c a l  ax i s  of  th e top  graph cou l d  eas i l y repres ent the number 
of commerc i a l l y  unproven proces s u n i ts i n  th e p l ant . 9 Th e top 
curve ( proces s 1 ) m i ght  represent a proj ect w i th s ev ere waste­
hand l i ng d es i gn prob l ems wh i l e t he  l ower curve cou l d  app l y  to a 
proces s w i th no unus u a l prob l ems i n  was te  hand l i ng .  Even for the 
s ame number of process s teps , the p l ant s  cou l d  p erform at d i fferent 
l eve l s .  I n  th e cas e shown , proces s 1 performs at a h i gher rate than 
proces s  2 .  

Th e bottom gr aph s hows that  th e d i fferences can trans l ate even 
further i nto d i fferent exposure l eve l s .  I n th e hypothet i ca l  case  
shown the  d i fferent curves i n  th e  l ower graph cou l d  wel l app ly  to  
var i a t i on s  i n  the  comp l ex i ty of each proces s .  Process 1 represent s  a 
p l ant w i th few proces s u n i ts .  Proces s 2 cou l d  h ave  many cont i nuous ly  
l i n k ed proces s steps . As a resu l t ,  even when overa l l  performance i s  
h i gh for both p l ants , i f  a fa i l ure  does occur ,  th e comp l ex i ty of 
process 2 cou l d  requ i re l onger work er exposure to tox i c  proces s 
streams dur i ng equ i pment repa i rs .  

9Th e v ert i c a l  ax i s  cou l d  a l so repres ent proc ess operat i ng 
parameters . See D .  Deutsch , and P .  Kohn , "Mater i a l s ,  Equ i pmen t for 
Convers i on of Coa l , "  Chemi ca l  Eng i n eer i ng ,  ( Ju ne  2 , 1 980 ) ;  L .  W .  
Da i l y ,  "Max i mi z i ng On -Stream Time for Large P l ants , "  Chem i c a l  
Eng i neer i ng Progress , Vo l .  66 , No .  1 2 , ( December 1 980 ) ;  V .  S .  
Morel l o ,  " Improv i ng On s tream Ti me i n  Proces s P l ants , "  Chemi c a l  
Eng i n eer i ng Progres s , Vo l . 66 , No . 3 , ( March  1 9 72 ) ; and W .  Tuck er and 
W .  E. Cl i n e ,  11 Large P l ant  Re l i ab i l i ty , "  Chem i c a l  Eng i neer i n g  
Progres s , Vo l .  6 7 ,  No . 1 ,  ( January 1 9 7 1 ) . See a l so T .  R .  Sh i v es and  
W .  A .  W 1 l l a rd ( ed s . ) ,  " Prevent i on of Fa i l u res i n  Coa l  Convers i on 
Sys tems , "  Proceed i ngs of the  24th Meet i ng of the  Mechan i ca l  Fa i l u res 
Prevent i on Group ,  NBS Spec i a l  Pub l i cat i on 468 (Wash i ngton , D . C . : 
Na t 1 on a l Bu reau of Standards , Apr i l 1 9 7 7 ) .  
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Fi gure 2 Pl ant performance as a common denomi na tor l i nk i ng techn i ca l 
characteri s t i c s  to tox i c  expos ure  l evel s .  
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By i mp l i cat i on , the l i t erature  on p l an t  fa i l u res s upports th i s  
argument . l O  

Res earch on Cos t and Performance  Trade-offs 

F i g ure 3 s hows hypothet i ca l  curves rel at i ng p l an t  performanc e to 
produc t i on costs . As s u ggested , p l ant performance acts  as  a common 
denom i n ator for techn i c a l  measures , tox i c  exposure  l evel s ,  and 
product  costs . Performance i s  l ocated a l ong  t he  hor i zonta l  ax i s  to 
fac i l i tate  the d i scuss i on i n  the n ext  s ec t i on . 

As noted i n  th e d i scuss i on s  for Tab l e 1 and  the  l ast  s ect i on ,  
performance  represents  an i ndus try too l for br i ng i ng exposure  l evel s 
i nto comp l i ance w i th regu l atory po l i cy .  Th e graph s hows product 
cos ts  becau s e  d i fferen t  cos t  forms can  app l y  s imu l taneou s l y  to 
performance mod i f i c at i on .  See Tab l e 1 .  

Integrat i ng Research --Cos t s , Benef i ts , and  Regu l at i on 

F i gure 4 demons trates th e i mportance of i ntegrat i ng res earch on 
hea l th and s afety i s su es i n  synthet i c  fue l s produc t i on . Each graph 
shows a form for d i s p l ay i ng  resu l ts from res earch i n  one of the  three 
requ i red areas . The graph i n  the u pper l eft  hypothes i zes resu l ts 
from h ea l th effects res earch . Th e hor i zont a l  ax i s  shows i ncreas i ng l y  
s ev ere  hea l th effects  a s  t i me and exposure  i ncreas e .  Th e vert i c a l  
ax i s  measures l eve l s of exposure to tox i c  mater i a l ; th e exposure 
l eve l s i ncreas e mov i ng away from the or i g i n . Th e graph i n  th e upper 
r i ght shows res u l ts from research on p l ant  performance  and tox i c  
exposu re .  Th e graph i n  the  l ower r i ght s hows resu l ts from research 
on cost and performance  trade-offs . ( Both were  exp l a i ned i n  the i r 
respect i ve s ect i on s  ear l i er . ) Th e i ntermed i at e  graph rel at i ng 
t echn i c a l  measures to p l ant  p erformance ( top graph from F i gure 2 )  i s  
not i nc l uded . 

Th e h ea l th effects  graph ( u pper l eft ) conta i ns th e i nformat i on 
for s i mu l at i ng a regu l atory po l i cy and asses s i ng i ts soc i a l  
ben ef i ts .  The po l i cy chan g e  c an be  i mp l emented a l ong  th e v ert i ca l  
ax i s .  Th e soc i a l b enef i ts can  be  a s ses s ed a l ong  th e hor i zonta l  

l Osee , for examp l e ,  N .  o .  Cox , ••An App l i c at i on of Re l i ab i l i ty 
Th eory to Process  Des i gn , •• Anna l s  of Re l i ab i l i ty and Ma i nta i n ab i l i ty ,  
Ni nth Re l i ab i l i ty and Ma i nt a 1 n ab 1 l 1 ty Conference ,  Ju ly  1 970 ; K .  M. 
Lew i s and A .  Kel l y ,  11Ma i n tenance  Strategy , Now and In  the Future , •• 
Product i on Deve l o ents : Pa  ers from Product i on Con ress • 7a • 

pr i l 1 978 ) . 
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synthet i c fuel s production  (trac i ng the cos t effects and  soci a l  
benefi ts o f  a regul a tory pol i cy s h f ft ) . 
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ax i s .  The performance-cost  trade-off graph ( l ower r i ght ) conta i ns 
the i nformat i on for asses s i ng the costs  of regu l atory changes . The 
ent i re f i gure c an be  read c l ockw i se  to trace the  cost -effects 
assoc i ated w i th a s imu l ated regu l atory po l i cy .  Th e f i gure perm i ts 
compar i son among  d i fferent synfue l s process es . 

An Examp l e--S imu l at i ng a Regu l atory Po l i cy 

Cons i der a hypoth et i ca l  examp l e .  Beg i n  w i th th e hor i zonta l ax i s  on 
the hea l th effects  graph ( upper l eft ) and , for the moment , i gnore a l l 
the dashed l i n es i n  the f i gure . Su ppose  that hea l th effects 
i nv es t i gators conc l ude  that  the l eve l  of tumor format i on l l  for . 
occupat i ons i n  synfue l s proces s i ng i s  s i gn i f i cant l y  h i gher th an for a 
contro l grou p of work ers  from a l l oth er i ndustr i es .  Perhaps i n  
respons e  to congres s i on a l  hear i ngs o n  th es e  f i nd i ngs , l eg i s l ators 
cou l d  en act po l i c i es to l ower th e max i mum a l l owab l e exposure l eve l  to 
some part i cu l ar tox i c  mater i a l . l 2  Th e po l i cy i s  s i mu l ated by a 
mov e  from a to b a l ong  th e vert i c a l  ax i s .  I t  corresponds  to mov ement 
from po i nt c to d a l ong  the curve re l at i ng hea l th effects to exposure 
l eve l s .  Soc i a l  ben ef i ts are i nd i cated by th e n et tumor d i fference 
between th e occupat i on a l  and contro l groups . 

The performance-exposure  graph ( u pper r i ght ) s hows how the 
tech n i ca l  parameters of d i fferent  synfue l s proces ses can trans l ate  
regu l atory mandates i n to very d i fferent i mp l i ed l eve l s of p l ant 
performance .  In th i s  part i cu l ar examp l e ,  for the  s ame l eve l  of tox i c  
exposure ,  proces s 2 mu s t  perform b etter than proces s 1 . 1 3 

Th e performanc e-cos t trade-off graph s hows how the  i nd i v i du a l  
cost prof i l e  for a part i cu l ar process c an trans l a te  th e performance 

l l Tumor format i on was chosen comp l ete ly  arb i trar i l y  for u s e  w i th 
th i s  examp l e .  

1 2An equa l ly  rea l i s t i c  po l i cy wou l d  resu l t  for a f i rst -t ime 
app l i cat i on of con tro l s  to curren t l y  unregu l ated mater i a l s . 

1 3The curves i n  th i s  graph , a l though not thought to be  
unreasonab l e , a re  obv i ous l y  conceptu a l . The  cros sover po i n t for the 
curves s i gna l s  th e tox i c  exposure l eve l  be l ow wh i ch process  2 mu st  
perform better t h a n  process 1 .  At l es s  res tr i ct i v e  exposure l eve l s 
proc es s 1 i s  reau i red to perform better than proc es s 2 .  Th i s  has  
i nt eres t i ng i mp l i c at i on s  for  the eng i n eer i ng and des i gn of  synfue l s 
proces ses . 
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requ i rements  i nto d i fferent i mp l i ed product costs . l 4  To comp l y 
w i th the s i mu l ated regu l atory po l i cy regard i ng tox i c  exposure ,  
process 2 ( at the  po i nt f )  i ncurs far more cost  i mpact than proces s 
1 ,  shown at  po i nt g . l 5  Th e  dash ed l i n es i n  F i gure 4 are i nc l uded 
on l y  to he l p v i s u a l i z e the amount of change i n  product costs 
assoc i ated w i th d i fferent  regu l atory po l i c i es .  As th e f i gure shows , 
for th e part i cu l ar cas e s el ected , a change i n  tox i c  expos ure  l eve l  
from a to  b cau s es the  product cost s  for  proces s 2 to  s tart from a 
l eve l  l ower th an proces s 1 and r i s e  to a l eve l  h i gher than proc ess 
1 . 1 6 

Th i s  examp l e d emonstrates the  u t i l i ty of  i ntegrat i ng research i n  
th e three areas . Al thou gh the actu a l  i nves t i gat i on s  mu st , of 
n ecess i ty ,  tak e p l ace w i th i n  d i sc i p l i n ary boundar i es ,  d i a l ogu e s hou l d  
b e  encouraged between research ers engaged i n  h ea l th effects  stud i es 
and those i nv es t i gat i ng eng i neer i ng and econom i c i s s u es . 

REQU I R EMENTS AND CONSTRA I NTS FOR IMPL EMENT I NG COST RESEARCH 

Key l og i s t i c a l  requ i rements  for i mp l emen t i ng  th e res earch agenda 
s k etch ed in  th e prev i ou s  s ect i on i nc l ude  mode l  spec i f i cat i on s , data 
co l l ect i on ,  and s t at i st i ca l  es t i mat i on of mode l  parameters . Comments 
app ly  on l y  to the programs of res earch on p l ant  performance  and 
exposure rates and on p l ant performance  and product costs . 

1 4As noted i n  s ect i on 2 ,  s ev era l  methods and cost  forms can 
accomp l i s h p l an t performance adj ustments  to meet exposure l eve l  
requ i rements  ( Tab l e 1 ) . Th erefore ,  product cos t changes may depend 
on changes i n c ap i a l  costs , ma i nten ance costs , operat i ng costs , and 
ev en revenu e l os s es --depend i ng on wheth er l ong - or short -term 
i nvestmen t opt i ons  are  adopted . 

1 5 product costs , as  noted dur i ng the  d i scu ss i on for Tab l e  1 ,  d er i ve 
from severa l d i fferent forms of  cos t ( s ome f i xed and others var i ab l e )  
that  move i n  d i fferent d i rect i ons  d epend i ng on th e method u s ed to 
reduce tox i c exposure .  Performance  i s  on l y  one such method . 
Po l l u t i on reduct i on cou l d  j us t  as  wel l b e  s ubs t i tuted on th e 
hor i zont a l  axes of  the two charts on the  r i ght s i d e of F i gure 4 . 
Obv i ou s l y ,  t he  two methods are  not  exc l u s i v e .  Repres ent i ng both 
s imu l taneou s l y ,  however , wou l d  requ i re unnecessary comp l i cat i o n  u s i ng 
ch arts w i th th ree axes . 

1 6 Emp i r i ca l  c a l i brat i on of  s tructura l r e l at i onsh i ps l i k e  those 
shown i n  F i gu re 4 wou l d  actua l l y descr i be p l ant  performance  i n  
probab i l i s t i c  form . Th erefore ,  the  regu l atory comp l i ance costs  wou l d 
show u p  as  expected v a l u es and a cont i nuous  d i str i but i on funct i on 
wou l d  attach probab i l i t i es to th e cost range = ( g  - h ) for process 1 
and the cos t range = ( f  - i )  for proces s 2 .  
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Mode l  Spec i f i cat i on 

Research to spec i fy s tructura l model s for th e two programs of 
research cou l d  proceed i mmed i ate l y .  Av a i l ab l e l i t erature on 
equ i pment fa i l u res can h e l p i dent i fy cand i date  var i ab l es to pred i ct 
performance  l eve l s .  Prev i ous  s tu d i es of  p l ant ma i n ten ance  l eve l s can  
hel p s ugges t var i ab l es for  measu r i ng  tox i c  exposure  potent i a l dur i ng  
repa i r  and s erv i c i n g .  D i scuss i on w i th i ndustry process and p l ant 
eng i n eers wou l d  be  requ i red to g a i n the  proper feel  for operat i ng ,  
ma i nten ance  and repa i r  prob l ems . 

Data  Req u i rements 

Al though the  ava i l ab l e l i terature can s uggest  cand i date pred i ctor 
var i ab l es ,  deve l op i ng methods to as s es s  th e cost s  of h ea l th and 
safety comp l i ance  requ i res a l l data on a proj ect -spec i f i c  b as i s .  A 
h i gh l eve l  of i ndus try cooperat i on wou l d  be  requ i red - -mos t l y  from 
f i rms i n  the  o i l and chem i c a l s i ndustr i es . In d i v i du a l  p l ant 
mai n tenanc e ,  cost , and performanc e h i s tor i es mu s t  be surveyed and 
l i nk ed through th e s tructura l  mode l s .  Tech n i c a l  character i s t i cs for 
each p l an t wou l d  be requ i red to match data  on cos t and performance .  
Much of  th e i nformat i on may be  propr i etary .  

Exper i ence s uggests that data  co l l ect i on and synthes i s  cou l d  
proceed a t  a n  average rate  of 5 . 0  p l ants p er man year . l 7  Th i s  
i nc l udes t i me requ i red to return to f i rms and d i scu s s  the i nformat i on 
prov i ded to assure  that  data  are i nterpreted accurate ly  and t ime for 
computer i z i ng the data  bas e .  

Exc l uded i s  th e front -end t i me n eeded t o  dev e l op a n  appropr i ate  
d ata  co l l ect i on i n s trument a nd  p l ant s e l ec t i on gu i de l i nes . A l so 
exc l uded i s  t i me for meet i ng w i th i ndustry repres entat i ves to dec i de 
wh i ch p l ants  can  yi e l d enough data  and the  t i me for execut i ng 
nond i sc l osure agreements . 

Stat iJ t i c a l  Es t i mat i on of Parameters 

Approx i mate l y  s i x  mon ths wou l d  be requ i red to gen erate prel i m i n ary 
f i nd i ngs  u s i ng d i fferent s t at i s t i c a l  an a l ys i s  methodo l og i es .  Data  

1 7Bas ed on t i me and  resources to co l l ect  data for  th e 44 commerc i a l  
proces s p l ants under ly i ng  the  sta t i s t i c a l  ana lys es i n  the  Rand 
Corporat i on • s res earch on  cos t and p erformance  i n  p i oneer p l ants . 
Compan i es can  however requ i re as much as  s i x  months  to as semb l e a l l 
th e i nformat i on for trac i ng the  var i ous  as pects  of a p l ant • s  
operat i ng and cost h i s tory . 
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co l l ect i on cou l d  over l ap the  ana l ys i s .  How much , d epends u pon the  
comp l ex i ty of the  model s and the  requ i red degrees of freedom n eeded 
for stat i st i ca l  purposes . F i n a l  p arameter es t imates for a 
cont i nu a l l y  grow i n g  data  base  cou l d  stab i l i z e  about  one year after 
stat i s t i ca l  ana l ys i s  beg i ns .  
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POS I T ION  PAPER N 

M I N I NG PROBLEMS UN I QUE  TO O I L  SHALE 

Peter A .  Rut l edge 
U . S .  Geo l og i c a l  Survey 

The  m i n i ng of o i l s h a l e i s  not ana l ogous to any oth er m i n i ng .  Some 
mi n es u s e  l arge-open i ng ,  h i gh -extract i on -rate methods ,  and some m i nes 
operate under gassy cond i t i ons , b ut  w i th th e pos s i b l e except i on of 
sa l t  dome m i n es , no m i n es operat i n g under gassy cond i t i on s  u s e  l arge­
open i ng ,  h i gh -r ate-of-extract i on methods s uch as  requ i red for o i l 
sha l e m i n i ng .  Th i s  may pres ent s afety hazards as  yet unknown to 
m i n i n g .  

An O i l Sh a l e Safety Comm i ttee was organ i zed w i th members from 
compan i es w i th i nterest i n  the deve l opment  of o i l sh a l e to 
co l l aborate on th ese  prob l ems .  Research and regu l atory ch anges w i l l  
be requ i red for th e  reso l ut i on of prob l ems confron t i ng  th i s  un i qu e  
i ndustry . 

The f i v e i n i t i a l areas of concern wh i ch requ i re extens i ve 
research are :  

1 .  Th e i gn i tab i l i ty of o i l s ha l e d u s t  c l ouds - -m i n imum 
e l ectr i c a l  i gn i t i on energy and  i ts therma l dependence .  

2 .  F i re h azard of  o i l s ha l e d u st  l ayers on a hot  s urfac e .  
3 . Deve l opment of effect i ve face ven t i l at i on systems for l arge 

open i ngs .  
4 . In ves t i gat i on of th e f l ammab i l i ty and s pontaneous combust i on 

potent i a l of coarse  o i l s ha l e and determi nat i on of th e most  
effect i ve means of ext i ngu i shment . 

5 . Deve l o pment of  l arge perm i s s i b l e  d i ese l -powered m i n i ng 
equ i pment . 

Th e  Bureau  of M i nes h as t he  best  es tab l i shed res earch c enter 
ava i l ab l e  for work i n  thes e  areas . The M i n e  Safety and Hea l th 
Admi nstr at i on i s  the  agency r es pons i b l e  for approv a l  and 
cert i f i c at i on of l arge d i es e l -powered equ i pmen t  wh i ch w i l l  be 
operated under th e gassy cond i t i on s  of th e o i l s h a l e m i n es .  

Th e  s i z e of d i ese l -powered equ i pment u sed i n  th e o i l sh a l e m i nes 
w i l l  b e  s evera l  t i mes l arger than  any ava i l ab l e approved equ i pment . 
The temperature  con tro l s ,  f l ame arrestors , and emi ss i on con tro l s  
cannot b e  s i mp l y  sca l ed u p  from th e sma l l er u n i ts .  Safe l i m i ts and 
i nnovat i ve dev i ces mus t  b e  devel oped to produce  equ i pment of the 
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requ i red s i z es that c an b e  operated s afe ly  i n  th e gassy m i n es .  
At presen t , the  Bureau of  Mi n es does not have  equ i pmen t  l arge 

enough to t es t  s uch l arge hors epower equ i pment . Through r es earch th e 
Bureau of Mi n es cou l d  deve l op safe  l i m i ts  for operat i on ,  and 
equ i pment d es i gn n ecessary to ma i nta i n these  l i m i ts .  Methods cou l d  
a l so be deve l oped for tes t i ng  and approv i ng th e equ i pment t o  b e  u s ed .  

Once  s afe l im i ts are es tab l i s hed and equ i pment i s  d es i gned to 
meet thes e l i m i t s , the  Bu reau of M i nes cou l d  th en work w i th the 
regu l atory agency to wr i te regu l at i ons govern i ng the  operat i ons . 
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POS IT I ON PAPER 0 

O I L  SHALE  FAC I L I T I ES S I T I NG 

GEOLOG I C  AND E NV I RONMENTAL CONS I DERATIONS 

Peter A .  Rut l edge  
U .  S .  Geo l og i c a l  Survey 

RESOURCE BASE 

One pr i nc i pa l  factor i n  d eterm i n i ng l oc at i on of s urface fac i l i t i es i s  
the resource bas e ,  espec i a l l y  wh en m i n i n g by open -p i t methods .  I t  i s  
genera l l y  accepted that  areas h av i ng a s tr i pp i ng r at i o  of l es s  than 
1 : 1  ( tons  of  overbu rden/tons  of ore )  are amen ab l e to open -p i t  
mi n i n g .  Th e  sh aded area o n  F i gure 1 i nd i cates those areas o f  the  
Pi ceance Creek Bas i n  wh ere there are at  l east  1 00 b i l l i on  barre l s of 
sh a l e o i l i n  p l ace that cou l d  be  recovered from open -p i t  m i n i n g .  
Th ere are add i t i on a l  areas a l ong  the  sou thern edge  o f  the b as i n  at  
the  Ch evron property and a t  th e Nava l  O i l Sn a l e  Reserve that  cou l d  be  
deve l oped by open -p i t m i n i ng .  Th e  major factor i n  p l ant  s i t i ng for 
a l l of  these areas w i l l  b e  the  trade-off b etween l oc at i ons  of th e 
open p i t  and mater i a l s h and l i ng d i s t ances . 

Th e area of t he  bas i n  sou th of  th e Ro an P l ateau to t he  south r i m  
and much o f  t h e  Ui nt a  bas i n  i n  Utah are s u i tab l e on l y  for m i n i ng 
methods s uch as  underground room-and-p i l l ar m i n i ng .  Maj or s i t i ng 
factors w i l l  i nc l u de  mater i a l s  hand l i ng d i stances and th e n ecess i ty 
of p l ant protec t i on p i l l ars . 

The area north of  th e Roan P l ateau , b ut  south of t he  open p i t  
area , c a l l s  for some form of h i gh co l umn m i n i n g such  as mod i f i ed i n  
s i tu retort i ng .  P l ant protect i on p i l l ars and th e effects  of  

--­

subs i dence and v i brat i on may be  the  s i gn i f i c ant  p l an t s i t i ng factors . 

MATER I AL HANDL I NG 

In a l l cases , s u rfac e fac i l i t i es mus t  be  l oc ated to mi n im i z e  
transportat i on o f  ore a n d  product . Ex i s t i ng transportat i on 
corr i dors , tract conf i gurat i on ,  and tract geo l ogy w i l l  b e  maj or 
cons i derat i ons . 
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Fi gure 1 Ma p o f  o i l  s ha l e resource area i n  Co l ora�o , 
W.yomi ng , a nd Utah . 
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E NV IRONMENTAL CONS I DERAT IONS 

Geo l og i c  Hazards  

Earthquak es 

Th e  o i l s ha l e reg i on i s  i n  a zone- 1  c l ass i f i cat i on area . Th erefore ,  
t h e  potent i a l for earthquak es i s  very l ow .  No reports  of tremors 
have b een rece i ved from t he  tracts  s i nce  mon i tor i ng operat i ons  b egan 
i n  1 974 , a l though on e sma l l earthquak e  occurred i n  Grand Junct i on i n  
1 97 5 .  

Subs i dence  

I n  gen era l , any  underground m i n i ng w i l l  res u l t  i n  some s u rface 
subs i denc e .  P l an s  deve l oped to date  produce  very l ow ( < 1 0 ft ) 
surface effect . Two i mportant con s i derat i ons are p i l l ar des i gn to 
promote  ev en subs i dence  and  el i m i n ate  sh arp break s a l on g  th e property 
boundary ,  and t he  n ec es s i ty and exten t  of p l ant protec t i v e  p i l l ars . 

Al l u v i a l  S l umpi ng  

Mi nor a l l uv i a l  s l ump i ng and  as soc i ated fractur i ng h ave b een observed 
i n  a l l uv i a l  v a l l eys on and  n ear Tract C -a .  No c au s e  for th i s  
s l ump i ng has  yet been i d en t i f i ed .  S l ump i ng  i s  ch aracter i z ed by 
open i ng of surface fractures rang i ng from a few i nches to a few feet 
i n  w i dth and up to more  than 1 000 ft  i n  l en gth . 

Know l edge of l i k e l y  s l ump l ocat i ons  i s  es s en t i a l to p l an t s i t i n g .  

ATMOSPHER I C  CONS I DERAT IONS 

Atmospher i c  phenomen a that  mus t  be cons i dered fo l l ow w i th the i r  
appl i cab i l i ty to t he  area : 

o Hurr i canes - -no pos s i b i l i ty .  Hurr i canes s pawn and grow over 
water . The i r s trength  weak ens qu i ck l y as  they come onto l and and 
soon become l ow pressure  s torms . A hurr i cane  cou l d  not  occur 
over Co l orado or Utah bec au s e  they are too far from any coast a l  
area . 

o Tornadoes - -v ery s l i ght  pos s i b i l i ty .  Wes tern Co l orado and eas tern 
Utah are cons i dered areas of very l ow tornado probab i l i ty .  
Funne l  c l ouds ( torn adoes not reach i ng th e ground ) h ave  been 
s i ghted but  are rare . Shou l d  a tornado occur  i n  th i s  area i ts 
l i fe wou l d  b e  s hort and  i t  wou l d  soon rev ert to  a funnel  c l oud  
due  to the  rou gh t erra i n .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

S a f e t y  I s s u e s  R e l a t e d  t o  S y n t h e t i c  F u e l s  F a c i l i t i e s
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 5 8 4

http://www.nap.edu/catalog.php?record_id=19584


262 

o Thunderstorms --Heavy ra i ns c aus i ng f l ash  f l ood i n g ,  a l ong w i th 
s tron g  w i nds  and l i ghtn i ng ,  are a rea l potent i a l  i n  thes e  areas . 
W i nd gusts  of  50 to  60 mph have  b een recorded on t he  Co l orado 
Lease  Tracts . The w i nds  and l i ghtn i ng cou l d  cau s e  power outages 
and mak e dr i v i ng cond i t i ons  h azardou s . 

o Severe b l i zz ards ( h i gh w i nds  and snow ) --Hi gh w i nds  and heavy 
snowfa l l s d u r i n g  th e w i n ter months  cou l d  c au se power outages and 
i so l at i on in  the  o i l sh a l e  area . 

o W i nd s - - Except i n  i nfrequen t  i n s tances , w i nd v e l oc i ty i s  not 
cons i dered a s i gn i f i cant  prob l em  in  the  o i l s h a l e areas . Du r i n g  
th e per i od from 1 9 75  to 1 980 , t h e  h i gh est  record average w i nd 
ve l oc i ty on Prototype Oi l  Sh a l e  Trac t  C-a was on l y  39 mph and the 
mean a verage hour l y  w i nd s peed was 7 to 9 mph . 

o Temperature  extremes - -W i de t emperature extremes occur i n  th e o i l 
sh a l e area . Year l y  t emperatures rang i ng from -5 l Of ( -460C )  
t o  980f  ( 3 70C )  have  b een recorded . The mean annua l  
t emperatures average b etween 430 and 450f  ( 60 and 70C ) . 
The  co l des t  temperatures occu r  i n  t he  v a l l eys as  co l d ,  d en s e  a i r  
dra i ns to l ower e l ev at i ons . Extreme l y  h i gh and l ow t emperatures 
cou l d  affect the  operat i on of equ i pment and construct i on 
sch edu l es .  

o Temperature i nv ers i ons  ( i ncrease  i n  t emperature w i th he i ght 
compared w i th norma l decreas e i n  temperature w i th he i ght ) --The 
i nvers i ons occur frequen t l y  i n  the  o i l sh a l e  area . Th es e  
i nvers i on s  dev e l o p  i n  ear l y  even i ng and break u p  o r  d i s s i pate by 
ear l y  to m i d -morn i ng .  Tab l e  1 shows th e qu art er l y  average 
i nv ers i on he i ght , ons et t ime , break u p  t i me ,  and durat i on at  Tract 
C -b .  
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TABL E 1 I n vers i on Hei gh ts  and Durat i ons  at  Tract C -b 
( Quarter l y  Averages ) 

Month/Year 
Av erage  
He i gh t  
(m i l es )  

Sep 78 - Nov 78 303 

Dec 78 - Feb 7 9  3 1 0  

Mar 79  - May 7 9  323 

Jun 79  - Aug 79  272  

Sep 79  - Nov 79  266  

Dec 79 - Feb 80 2 73 

Mar 80 - May 80 283 

Jun 80 - Aug 80 3 1 4  

Sep 80 - Nov 80 35 5  

Ons et 
T i me 

1 720 

1 7 20 

1 800 

1 900 

1 730 

1 600 

1 800 

1 8 20 

1 700 

Breakup  Durat i on 
T i me ( hours ) 

0820 1 5 . 7  

0940 1 6 . 7  

0740 1 3 . 7  

0720 1 2 . 3 

0840 1 5 . 2  

1 220 20 . 3 

0740 1 3 . 7  

0720 1 3 . 0  

0920 1 6 . 3 

Temperature i n vers i on s  i n  the  v a l l eys are more cr i t i ca l  and wou l d  
cause  much more of  a po l l ut i on prob l em  from s t ack emi ss i ons . 
Therefore , o i l s h a l e proces s i ng fac i l i t i es mu s t  b e  l ocated on  the  
r i dges or p l ateaus rather than i n  the  v a l l eys i n order to meet the  
a i r  q u a l i ty standard s .  Strong , pro l onged i nvers i on s  nave  been 
measured i n  th e P i ceance Creek Va l l ey , Parachute  Creek Va l l ey ,  and 
the Grand Va l l ey area i nc l ud i ng Grand Junct i on . I n  Grand Junct i on ,  
w i n t er i nv ers i ons  h av e ,  on occas i on ,  l as ted u p  to  two weeks b ut  more 
common l y  may l as t  from four  to s i x  d ays . 

HYDROLOG I CAL CONS I DERAT I ONS 

Snowme l t i n  th i s  area on ly  rarel y produces h i gh rates of runoff . The 
mel t i ng typ i ca l l y  occurs at thes e  a l t i tud es i n  Febru ary and March . 
Norma l precaut i on s  i n  dea l i ng w i th s t ream-f l ow hazards wou l d  
adequate ly  cover th i s  h az ard , except for t he  h i gh l y u n u s u a l  
comb i n at i on of  a heavy snowpack a n d  a warm ra i n .  Such a comb i n at i on 
h as produced d i sas trous l y  h i gh runoffs as  i t  d i d  i n  th e Sa l t  Lak e  
Ci ty f l ood i n  1 95 2 . 
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Destruct i ve thunderstorms and res u l t ant  f l ash  f l oods typ i ca l l y  
occur  dur i ng  Ju l y  throu gh September i n  o i l s h a l e country .  In  the 
P i ceance Bas i n ,  an a l most  year ly  occurrence is  th e temporary c l os i ng 
of reaches of P i ceance Creek Road d ue  to a l l uv i a l con es of debr i s  
from such  events . Surf i c i a l  d epos i ts a t  s evera l  p l aces i n  t he  bas i n  
attes t to the frequentness  of s uch s torms . Th e mos t  thorough ly  
documented s uch event occurred on September 7 , 1 9 78 ,  when 1 . 5 i nches 
of  ra i n  was recorded i n  a two -hour per i od at a gage  i n  th e l ower 
reaches of Yel l ow Creek . Th i s  produced a peak f l ow of about  6 ,800 
cub i c  feet p er s econd ( cfs ) i n  Ye l l ow Creek and rescu l ptured the  
stream channe l  th ere ;  norma l f l ow at  the  gage  i s  1 to 2 cfs . Stud i es 
i n  th i s  area i nd i cate  that  runoff peak s of as much as 500 cfs per 
square m i l e  c an be expected i n  sma l l dra i n ages . 

For des i gn pu rpos es , the prototype l eases and other gu i de l i n es 
genera l l y refer to cons i d erat i ons  of " 1 00 -year s torms " or " 1 00-year 
f l ood s . "  I t mu s t  be  k ept  i n  m i nd that  a 1 00-year s torm can produce 
much greater or much l es s  runoff th an that of the  1 00-year f l ood . 
Anteceden t  cond i t i on s , such  as ra i n  on a snow pack , l argel y gov ern 
the  runoff . Al so , recurrence i n terva l s  of u n u s ua l  ev ents  wh i ch tend 
to caus e great damage are i mprec i s e l y  k nown . For examp l e ,  a 1 00-year 
f l ood on Ye l l ow Creek , u s i ng two methods of  est i mat i on ,  ranges from 
about  2 , 000 to 3 , 000 cfs . Th ere i s  no convent i on a l  method of 
es t i mat i ng recurrence of a f l ood l i k e  1 9 78 ' s ( 6 , 800 cfs ) . 

Imp l i c a t i ons  of thes e hydro l og i c  h az ards are that : 

o Th ey shou l d  be  recogn i z ed as  be i n g  v ery l i k e l y  to occur 
somet i me dur i n g  the  l ong  proj ect l i fe at an o i l s h a l e p l ant . 

o Th ey are d i s t i nc t l y  s easona l ; p l ann i ng of s i t e cond i t i ons  
subj ec t  to d amage shou l d  t ak e  th i s  i nto accoun t .  The 
s now-mel t runoff cond i t i ons  are  read i ly  ant i c i pated , but  
thunders torms are much l es s  so . 

o Phys i c a l  s i t e p l ann i ng for an o i l s h a l e  p l ant s hou l d  i nc l ude  
very con servat i ve des i gn features wh en cons truct i on i s  
n ecessary i n  a dra i n ageway .  Earth -mov i ng ,  retort i ng s h a l e 
p i l e  con s truct i on , and ear l y  phas es of revegetat i on are 
part i cu l ar ly  v u l n erab l e  to damage by thunders torms . 

Copyright © National Academy of Sciences. All rights reserved.

Safety Issues Related to Synthetic Fuels Facilities
http://www.nap.edu/catalog.php?record_id=19584

http://www.nap.edu/catalog.php?record_id=19584


POS I TION  PAPER P 

POTENT IAL USES OF A SYNTHET I C  FUE LS WORKER REG I STRY  

Da v i d A .  Sav i tz 
Un i v ers i ty of Co l orado Schoo l of Med i c i ne 

In order for the  commi ttee to con s i der research recommendat i ons 
i nvo l v i ng worker reg i s tr i es ,  some b ack ground  i nformat i on on what 
reg i str i es c an and  c annot do i s  es s ent i a l . Too often , the i dea of a 
reg i s try i s  b l i nd l y  supported or oppos ed w i th i n ad equate  
cons i derat i ons  of  i ts true  mer i ts .  The c entra l themes were d er i v ed 
pr imar i ly  from Or .  John Berg throu gh d i scu s s i ons  and from h i s  
statements a t  t he  conference o n  Med i ca l  Aspects  o f  O i l  Sh a l e  
Deve l opment i n  Gl enwood Spr i ngs  w i th supp l ementary i deas from the  
open l i t erature . l The au thor ' s  exper i ence d er i v es most l y  from work 
in the o i l s h a l e i ndustry as a member of the r i s k  ana l ys i s  t eam , 
though most  of t he  comments  are  equ a l l y  a pp l i cab l e  to other synfue l s .  

The three gen era l pr i nc i p l es presented be l ow may s eem obv i ou s  but 
are rare ly  d i scussed :  

1 .  P l ans  for a reg i stry s hou l d  emanate from exp l i c i t l y  s t ated 
need s  and  goa l s .  

2 .  Becau s e  o f  t h e  tremendous expense  and c umbersomeness o f  a 
reg i stry ,  i t  shou l d  be  turned to  on l y  as  a l a s t  resort for 
answer i n g  thos e quest i ons . In th e s ame s en se ,  on l y  data  
ess ent i a l  to address i ng the spec i f i c  n eeds ought  to  be  
co l l ected .  

3 . Th e  ana l yses to answer t he  qu est i on s  must  be  b u i l t  i nto the  
reg i s t ry sys t em .  I t  i s  i nsuff i c i en t  to h a ve  a genera l  
i ntent i on to do s ome an a l ys i s  a t  a l at er d a te .  

l J . W .  Berg , " Comments  on Work er Reg i stry , " Conference  on Med i ca l  
Aspects  o f  Oi l Sha l e Deve l opment , G l enwood Spr i ngs , Co l orado , October 
28-30 , 1 981 . 

265 

Copyr igh t  © Nat iona l  Academy o f  Sc iences .  A l l  r igh ts  reserved.

Safe ty  Issues  Re la ted  to  Synthe t ic  Fue ls  Fac i l i t ies
h t tp : / /www.nap.edu/ca ta log .php?record_ id=19584

http://www.nap.edu/catalog.php?record_id=19584


266 

Brook e pub l i s hed a Wor l d  Hea l th Organ i zat i on monograph d i scuss i ng 
i n  genera l t erms the  u s e  of reg i s tr i es i n  s t ud i es of h ea l th . 2 She 
prov i ded a rather comprehens i ve l i s t  of purposes wh i ch reg i str i es can 
s erv e ;  the facets app l i c ab l e  to work er reg i s tr i es i n  synfuel s mer i t  
some comment : 

o Id ent i f i cat i on of i nd i v i du a l s - -A s i mp l e roster or t a l ly  of 
work ers i nvo l ved i n  d i fferent fac et s  of the i ndustry wou l d  s erve 
to ch aracter i z e  i n  broad t erms occupat i on a l  exposures and prov i d e  
a s amp l i ng frame for cros s -s ect i on a l  stud i es and s erve  as  a 
cohort l i s t  for future h i stor i ca l  pros pect i v e  i nv est i gat i ons . 

o Immed i at e  protect i on of the  i nd i v i du a l - - In mos t  d i scuss i on s  of 
work er reg i s tr i es ,  l i tt l e  attent i on i s  g i v en to  the t i me course 
of the h ea l th outcomes of i nteres t .  Rap i d i dent i f i c at i on o f  such 
fat a l  d i s eases as  l ung  cancer offers l i tt l e  s o l ace to the 
s ent i ne l  i nd i v i du a l s .  For  thes e purpos es , a focu s  on c l i n i c a l  
d i s ease precursors s uch as  abnorma l cyto l ogy o r  decrements  i n  
l un g  funct i on wou l d  offer more hope of effect i v e  ear l y  
i n tervent i on .  Of course ,  even when th e v i ct i ms who i d ent i fy th e 
prob l em  cannot be  h e l ped ,  future  work ers often can b e .  Hazardous 
exposures c an b e  qu i ck l y and accurate ly  i dent i f i ed through 
reg i str i es ,  and presumab ly  the rap i d  i dent i f i cat i on of unforeseen 
prob l ems a l l ows for th e rap i d  erad i c at i on of  th e prob l em .  Area 
s t at i s t i c s on morta l i ty and cancer patterns by county , for 
examp l e ,  c an b e  u sefu l , 3 es pec i a l l y  i n  reg i ons  wnere  t he  
occupat i on a l  group  of i nt erest predom i n ates . Ut i l i z at i on of 
ex i st i ng gen era l popu l at i on reg i s tr i es wou l d  c erta i n l y be one 
worthwh i l e  cons i d erat i on i n  the  ca se  of o i l s h a l e ,  wh i ch i s  be i n g  
deve l oped i n  a v ery spars e ly  popu l ated reg i on .  

o Su rvei l l anc e--A reg i s try prov i des the opportun i ty to k eep track 
of workers over l on g  per i ods  of t ime . Substant i a l  work force 
mob i l i ty wou l d  d i mi n i sh the  u t i l i ty of reg i on a l  h ea l th s t at i st i cs 
i n  i dent i fyi n g  occupat i on a l  h az ard s . In  add i t i on ,  l on g - l atency 
d i s eases such  as  cancer wou l d  not n ecess ar i l y  be  obs ervab l e  i n  
th e act i ve work force .  Long -t erm fo l l ow-up w i th exp l i c i t  
cons i derat i on s  o f  comparab l y  l on g -t erm confounders ( smok i n g  
h i s tory ,  pr i or occupat i on a l  exposures ) i s  n ecessary for the  
prec i s e i dent i f i cat i on of occupat i on a l l y  i nduced r i sk s . The 

Hea l th 
gan 1 zat i on , 

3 J . R .  Go l dsmi th , 11 Geograph i c a l  Pathol ogy as  a Method for Detect i n g  
Occupat i on a l  Cancer , .. Journa l  o f  Occupat i ona l Med i c i n e ,  Vo l . 1 9  
( 1 9 77 ) ,  pp . 5 33-539 .  
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expen se  and d i ff i cu l ty in  s uch prospect i ve s tud i es mu s t  be  
ba l anced w i th the  poten t i a l  g a i n s  i n  dec i d i ng wheth er a reg i stry 
ou ght to be  emp l oyed for th i s  purpos e .  

o Descr i pt i ve ep i dem i o l ogy--Th e  caus e-spec i f i c  morta l i ty pattern i n  
a;fferent s egments of th e i ndustry wou l d  s erve  the  t ime-honored 
ro l e  of  des cr i pt i v e  ep i demi o l ogy- -the  generat i on of  suggest i ons  
for more d eta i l ed ana l yt i ca l  s t ud i es .  Some i ndu stry-w i d e  
approach t o  def i n i ng exposure  groups wou l d  n eed to be  i mp l emented 
to gen erate  mean i ngfu l rates . 

o Research - -Part  of t he  i nteres t of ep i demi o l og i sts  and other 
sc i enti sts  transcends  th e immed i ate  concerns for  worker h ea l th 
and tends  toward more bas i c  research q uest i on s . Th e quest i on of 
where t ne  l i n e  i s  drawn b etween i ndustry • s  ob l i g at i on to 
occu pat i on a l  h ea l th and the su pport of sc i ent i s t s • exp l oratory 
endeavors i s  often unc l ear . 

G i v en th es e  pr i nc i p l es ,  a s ummary i n  t he  form of  s pec i f i c  
comments  o n  j u s t  what  reg i s t r i es can and cannot accomp l i sh i s  c a l l ed 
for . F i rst , a reg i stry i s  extremel y  b en ef i c i a l to the  accurate 
i dent i f i cat i on of occupat i ona l l y i nduced d i s eas es w i th a l on g l at ency 
per i od ,  s uch  as cancer . A reg i s try a l l ows for d et a i l ed 
cons i derat i on s  of  exposure  as  we l l as  confounders i n  rel at i on to a 
tempora l l y d i s t an t  hea l th outcome . Th e pos s i b i l i ty of a s i ng l e ,  
extreme l y  h i gh dos e caus i ng d i s ea se  cannot be  d i sm i s s ed ,  b u t  the  
emphas i s  h ere  i s  on l on g -t erm l ow-dos e exposures . Th e argument  for  a 
reg i stry on th i s  cr i ter i on i n  d i scuss i on of catastroph i c  events  i s  
not s upportab l e . 

Second , ev en a m i n i ma l  reg i s try wou l d  prov i de th e d ata sou rc e  for 
cros s -s ect i on a l  and cas e-contro l stud i es .  Th e opportun i ty for act i ve 
surve i l l ance  wou l d  ex i s t i f ,  for examp l e ,  an i mportant t eratogen or 
sk i n  carc i nogen were d i scovered . A ros ter of  th i s  sort wou l d  be 
i nd i spen sab l e i n  the fo l l ow-up of acut e ,  c atas troph i c  exposures w i th 
de l ayed h ea l th effec t s . W i thout a c l ear i dent i f i cat i on of expos ed 
work ers , h ea l th s tud i es wou l d  be  n ear ly  i mpos s i b l e . 

F i na l l y ,  a reg i s try a l l ows for the  rap i d  i dent i f i c at i on of 
un expected prob l ems .  An ongo i ng b u t  unrecogn i zed c atastroph i c  
exposure ( at  l east  a s  catas troph i c  to hea l th a s  asbes tos  was ) wou l d  
b e  r ecogn i z ed i n  th i s  way . Ev en  automated mon i tor i ng c an be  emp l oyed 
to i dent i fy c l u s ters of h ea l th outcomes requ i r i n g immed i at e  
atten t i on .  Access  t o  d et a i l ed exposure h i s tor i es wou l d  a l l ow for a 
qu i ck i dent i f i cat i on of 11rea l 11 ( th at  i s ,  exposure-caused ) ep i demi cs  
versus  spur i ous ( random )  c l u s ter i n g .  Aga i n ,  th e goa l  of protect i ng 
work er • s  h ea l th i s  centra l and some form of a reg i s try wou l d  be  
extremel y u s efu l i n  th es e  apparent  emergenc i es . 
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POS I T ION PAPER Q 

SURVEY  OF WORKER EXPOSURES  AT A FLU I D IZ ED  BED 
COAL GAS I F I CAT ION FAC I L I TY 

J .  Si n gh ,  D .  Lazarev i c  
C l ayton En v i ronmenta l  Consu l tants , I nc . 

and 
E .  F .  Vandergr i ft 

Wes t i n ghou s e  E l ectr i c  Corporat i on 

The energy cr i s i s  wh i ch t he  Un i ted St ates faces today po i nts  to t he  
drast i c  n eed for i n creas i ng th e n at i on ' s  u s e  of coa l over th e n ext 
decade . Oi l ,  o i l s ha l es ,  and  n atura l gas h ave  h i stor i ca l l y  b een th e 
major components  of  U .  S .  energy s u pp l y  even thou gh coa l reserves are 
far more abundant . 

I t  i s  therefore i mportant to purs u e  th e product i on of synthet i c  
fue l s from coa l . The u .  S .  Department of En ergy h a s  est i mated that  
by the  year 2000

, 
the  coa l g as i f i cat i on i ndustry may emp l oy u p  to 

1 40 , 000 work ers . However , curren t l y  no  commerc i a l -sca l e  coa l  
convers i on fac i l i t i es are  operat i ng i n  the  Un i t ed States , a l thou gh 
sev era l  s econd -gen erat i on coa l gas i f i cat i on proces ses are under 
deve l opment and a few demons trat i on p i l ot p l ants  are a l ready i n  
operat i on .  

I t  i s  d i ff i cu l t  under t h es e  cond i t i ons  to effect i v e ly  pred i ct how 
work ers i n  th e coa l gas i f i c at i on i ndus try w i l l  b e  affected , as  the 
sca l e of future o perat i ons  may resu l t  i n  d i fferent expos ures t han 
those  encountered dur i n g  the demon s trat i on of a p i l ot p l an t . The 
poten t i a l  h ea l th h az ards  from each proces s may a l so d i ffer i n  n ature 
and  magn i tude .  Potent i a l h ea l th hazards  from coa l convers ion  
processes cou l d  resu l t  from s i l i c a ,  meta l s ,  b enzen e ,  ph eno l i cs ,  
po lynuc l ear  aromat i c  hydrocarbon s ,  h eterocyc l i c compound s , aromat i c  
ami n es ,  and s u l fur  compounds . A l though th e pres ence of t hese  
compounds  i n  th e proces s s tream h a s  been fu l l y documented , l i t t l e  
ava i l ab l e  d at a  concerns actu a l  worker expos ures at  th ese  fac i l i t i es .  

l u .  S .  Departmen t of Hea l th ,  Educat i on and We l fare , Nat i on a l  
Ins t i tute  for Occupat i on a l  Safety and Hea l t h , Cr i ter i a for a 
Recommended Standard • • •  Occupat i on a l  Exposures i n  Coa l  Gas i f i c at i on 
Pl ants , Pub l 1 caf 1 on No . 78- 1 9 1  (Wash 1 ngton , 0 .  c . : 0 .  S .  GOvernment 
Pr ; nt i ng Off i c e ,  1 9 78 ) . 
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The data  pres ented i n  th i s  p aper are representat i ve of work er 
exposures to the  var i ous  contami nants  dur i ng  the  coa l gas i f i c at i on 
process . 

THE WEST I NGHOUSE COAL GAS I F I CAT I ON FAC I L I TY 

Dur i ng  th e ear l y  1 970 ' s , Wes t i n ghou se  E l ectr i c Corporat i on made i ts 
f i rst  commi tment to d ev e l op an effect i ve coa l  g as i f i cat i on process 
for e l ectr i c  power generat i on .  The  dec i s i on to purs ue  the  
dev e l opment  of coa l gas i f i c at i on t echno l o gy was pred i cated on the  
n eed to prov i de an acceptab l e  a l ternate  fue l  sourc e .  

Th e Synthet i c  Fu e l s D i v i s i on ,  l ocated a t  t h e  Wa l tz Mi l l  S i te ,  
Mad i son , Pennsyl v an i a  approx imate ly  30 m i l es southea s t  of  P i ttsburgh ,  
i s  respon s i b l e for dev e l o p i n g  and t es t i ng an opt i m i z ed coa l  
gas i f i c at i on proces s and i ntegrat i ng the fue l  source w i th comb i ned 
cyc l e  or other compat i b l e end -u s es . Th es e other u s es i nc l ude  fue l  
c e l l s ,  cogenera t i on , and  i ndus tr i a l  app l i cat i on s . I n add i t i on to the 
Wa l tz  Mi l l  fac i l i ty ,  the  Wes t i nghou s e  program i s  a l so s u pported by 
the Research and Deve l opment Center i n  Chu rch i l l  Borough , P i ttsburgh , 
Pennsy l v an i a  and the  Combu s t i on Turb i ne Sys tems Di v i s i on department 
fac i l i t i es i n  Concordv i l l e , Pennsyl v an i a .  

Th e Wes t i nghou s e  proces s i s  based on f l u i d i z ed bed techno l ogy 
s i m i l ar to the  f l u i d i z ed beds u s ed for over 30 years by the 
petrochem i c a l  i ndus try .  The process deve l opment work has  been 
ver i f i ed by operat i on of the 1 5 ton per d ay ( TPD ) proces s deve l opment 
at the  Wa l tz Mi l l  fac i l i ty . Dur i n g  the  g as i f i c at i on proces s ,  three 
bas i c  mechan i sms occur : devo l at i l i z at i on , gas i f i cat i on , and 
combust i on and ash  agg l omerat i on .  The t echn i ca l  feas i b i l i ty and 
f l ex i b i l i ty of the  proces s i s  curren t l y  bei n g  est ab l i shed . The mos t  
prom i s i ng character i s t i cs o f  t h e  Wes t i nghouse  process are : the 
ab i l i ty to proces s a l l rank s of coa l  regard l es s  of s u l fu r  conten t  or 
c ak i ng tendency and the  compat i b i l i ty w i th env i ronmenta l 
con s i derat i on s . 

CONTAM I NANT POTENT IAL 

Coa l gas i f i cat i on i s  certa i n l y a v i ab l e  cand i date  for 
commerc i a l i zat i on becau s e  of the  n eed to reduce U .  S .  d ependence  on 
petro l eum and natura l gas  and th e apparen t advantages of the coa l 
gas i f i c at i on comb i ned cyc l e . Th i s  t echno l ogy appears to be  an 
attract i v e energy source for the e l ectr i c u t i l i ty i ndustry .  

Pr i or to  acceptance i n  the  mark etp l ace ,  the  env i ronmenta l  effects  
of th i s  t echno l ogy mus t  be  est ab l i shed . Toward th a t  end , th e data  i n  
th i s  paper ,  w i th acknow l edged l i m i tat i ons , are presented . The 
resu l t s i nd i cate  that  person a l  contami nant  exposure  l eve l s can  be  
ma i nt a i ned w i th i n  an  acceptab l e  l eve l . 

Copyright © National Academy of Sciences. All rights reserved.

Safety Issues Related to Synthetic Fuels Facilities
http://www.nap.edu/catalog.php?record_id=19584

http://www.nap.edu/catalog.php?record_id=19584


27 1  

Maj or sources of  personn e l  exposure occur  from thes e  sources : 

o Coa l s torage and h and l i n g ,  
o unconta i n ed emi s s i on s  from t h e  gas i f i cat i on process , 
o Uncon t a i n ed emi ss i on s  from the  c l eanup  system,  and 
o Wast e  d i sposa l .  

Co a l  Storage and Hand l i ng 

Coa l  feedstock for gas i f i c at i on purposes mus t  be  dry and of a f i ne­
mesh s i ze .  As  a res u l t ,  d u s t  i s  a s er i ous prob l em . An i dea l 
so l ut i on i s  to have  an enc l os ed dryi n g  and crush i n g u n i t  on the  i n l et 
s i de of  th e proces s so  th at the feedstock c an be  h and l ed i n  a more 
favorab l e  cond i t i on .  Th i s  equ i pment w i l l  undoubted l y  be  an  i ntr i n s i c  
part of a l l commerc i a l  p l ants . A 5 ton-per -hour u n i t  i s  curren t l y  
bei n g  i n sta l l ed o n  th e West i nghous e  Proces s Deve l opment Un i t  ( PDU ) . 

Uncon ta i n ed Em i ss i ons  

Each commencemen t of  a coa l gas i f i cat i on operat i on i nc l udes a 
pres sure t es t  of the ent i re system as  a means of  determ i n i ng and 
repa i r i ng ,  i f  need ed , any l eak s .  Idea l l y ,  the em i s s i on s  are l im i t ed 
to e i ther end of  the  process system,  where they are i s o l ated and c an 
be dea l t w i th .  I n  pract i c e ,  sma l l l eak s i n  th e gas i f i cat i on and 
c l eanu p  system are unavo i dab l e  due to  the many reactor and  p i pe l i ne 
connect i on s , s amp l e ports , and  i ns trumentat i on i ns ta l l at i on s . 

Frequent s amp l e tak i ng i n  a deve l opment un i t  i s  es sen t i a l  i f  the  
proces s var i ab l es are  to be  adequate l y character i z ed .  In  a 
commerc i a l p l ant , the  n eed w i l l  b e  r educed w i th on ly v er i f i cat i on of 
proces s cond i t i on s  requ i red .  Personne l  exposure  to proces s v apors 
and s o l i ds must a l so be con s i dered d ur i ng d i s as semb l y  or ma i ntenance  
operat i on s . 

Waste Di spos a l  

The  waste d i spos a l  a spec t  a l s o requ i res atten t i on . In  th e proces s 
descr i bed i n  th i s  paper , a l l product and v ent  g as es are burned i n  a 
therma l ox i d i z er .  The u sed coo l i n g water i s  co l l ected i n  a p i t where 
the more d ens e s ett l ed port i on or s l udge i s  w i thdrawn by means of an 
Eden s eparato r ,  a dev i ce wh i ch conveys th i s  mater i a l  to a portab l e  
b i n .  The water rema i n i ng i n  the p i t  i s  rec i rcu l ated i nto the  
proces s ,  wh i l e  the  b i n  i s  h au l ed to a l andfi l l  where the  content s  are 
depos i ted . 

The ash  res i due  from the  process i s  co l l ected i n  two l ock hoppers 
from wh i ch depos i ts are a l ternate l y  removed for wei gh i n g and chemi c a l  
ana l ys i s .  Th i s  operat i on prov i des s i gn i f i cant exposure to dust ; 
however , the dus t at  th i s  stage  of the proces s cons i st s  of 
con s i derab l y  reduced carbon content . 
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SAMPL I NG AND ANALYT I CAL PROCEDURES 

Th ree i ndustr i � l  hyg i ene  s urveys were conducted a t  the Wes t i nghouse  
f l u i d i z ed bed coa l gas i f i cat i on P D U  between May 1 978 and August  
1 9 79 .  Th e surveys i nc l uded measurements  of exposure  to b enzen e ,  
pheno l i c s ,  arsen i c , l ead , tot a l  an d resp i rab l e dust , crysta l l i n e  
s i l i ca ,  n aphth a l en e ,  and part i cu l ate  po l ycyc l i c  aromat i c  hydrocarbons 
( PPAH ) . 

Samp l i ng was conducted dur i ng f i ve con secut i v e  s h i ft s  for Survey 
1 and dur i ng  s i x  consecu t i v e  sh i ft s  for Surveys 2 and 3 . Four 
process t echn i c i ans  were mon i tored i n  a l l c a ses , and were s e l ec ted on 
the bas i s  of h av i ng the greatest potent i a l  for exposure  from coa l gas 
operat i on s . 

Th ree of th e four t echn i c i an s  s pent the  ent i re ei gn t -hour sh i ft ,  
exc l ud i ng work break s ,  on o r  around  th e coa l gas i f i cat i on s tructure .  
Th e i r ass i gnments i nc l uded t ak i ng s amp l es i n  v ar i ous l oc at i ons  and  
ma i nt a i n i ng operat i on s  of th e syst em  in  respons e  to d i rect i on s  from 
th e contro l room . Al though j ob funct i ons  were mon i tored for each , 
there was no s i gn i f i cant  d i st i nct i on i n  res u l ts .  Th e  resu l t s on one 
of  the  four t echn i c i an s , a ss i gned the  respons i b i l i ty for contro l and 
ma i ntenance  of u t i l i t i es ,  and as  a res u l t  s pent l es s  t i me near the 
s tructure , d i d  s how l ess  exposure i n  s ome cases . 

Al l  s amp l es were co l l ected and subs equen t l y  ana l yzed us i ng 
curren t l y  accepted methods and equ i pmen t . 2 

RESULTS AND D I SCUSS ION  

Survey 1 

Samp l i ng res u l ts for benzen e ,  tota l d u st  and PPAH are presented i n  
Tab l e  1 .  Benzen e  concen trat i on s  ranged from 0 . 04 to 0 . 5 parts 
ben z ene  per m i l l i on parts of a i r  ( ppm ) . Samp l es tak en were w i th i n  
the proposed e i ght -hour t i me-wei ghted average ( TWA ) s tandard of 1 ppm 
by the  Occupat i on a l  Safety and Hea l th Adm i n i s trat i on ( OSHA ) . One 
samp l e  ( Proces s Techn i c i an [ PT] 8 , May 25 , 1 9 78 ) i nd i cated a benzen e  
l eve l  of  0 . 5 p pm ,  wh i ch OSHA d ef i n es as  th e " act i on l eve l " for 
benzen e .  

2u .  S .  Department of  Hea l th ,  Educat i on and We l fare , Nat i on a l  
Ins t i tu t e  for Occupat i on a l Safety a n d  Hea l th ,  N IOSH Manu a l  of 
An a l yt i ca l  Methods , Vo l s .  1 through 3 , 2nd  ed . ,  Pub l i c at i on No .  0 1 7 -
033-00267 -3 (Wash ; ngton , D .  C . : U .  S .  Government Pr i nt i n g  Off i c e ,  
1 9 77 ) .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

S a f e t y  I s s u e s  R e l a t e d  t o  S y n t h e t i c  F u e l s  F a c i l i t i e s
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 5 8 4
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TABLE  1 S urvey 1 

Wor�shi ft 

Process 
techn i c i a n  

DAY 

PT - 1 
PT - 2 
PT - 3 
PT - 4 

PT - 1 
PT - 2 
PT - 3 
PT - 4 

A FTERNOON 

PT - 5 
PT - 6 
PT - 7 
PT - 8 

PT - 5 
PT - 6 
PT - 7 
PT - 8 

M I DN I GHT 

PT - 9 
PT - 1 0  
PT - 1 1  
PT - 1 2  

Benzene 
(ppm ) 

0 . 09 
0 . 1  
0 . 2  
0 . 3  

0 . 04 
0 . 1  
0 . 2  
0 . 1  

0 . 1  
0 . 2  
0 . 07 
0 . 2 

0 . 1  
0 . 3  
0 . 1  
0 . 5  

0 . 2  
0 . 2  
vo i d  
vo i d  

273 

Total  
Dus t  

(mg/m3 ) 

May 24 , 1 978 

2 . 8  
2 . 9  
3 . 1  
1 . 2  

May 25 , 1 978 

1 . 2  
4 . 4 

1 36 . 0  
0 . 5  

May 24 ,  1 978 

4 . 0  
0 . 3  
1 . 0  
0 . 3  

May 25 , 1 978 

2 . 7  
0 . 5  
0 . 2  
0 . 5  

May 24 , 1 978 

4 . 4 
1 4 . 0  
0 . 3  
1 . 5 

PPAH 
( mg/m3 ) 

0 . 2  
0 . 03 
voi d 
0 . 06 

(0 . 06 
0 . 2  
0 . 3  
0 . 8  

0 . 2  
<0 . 06 
0 . 2 
0 . 06 

0 . 09 
0 . 2  

<0 . 06 
<0 . 06 

0 . 1 
0 . 2  

<0 . 07 
0 . 2 
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Tot a l  d u st  resu l ts ranged from 0 . 2  to 1 36 mgjm3 . On e  tota l  d u st  
concentrat i on of 1 36 mgjm3 ( PT-3 , May 25 , 1 9 78 ) exceeded both the  
Amer i can Conference  of  Governmenta l  Industr i a l  MYg i en i st s  ( ACG I H ) 
thresho l d  l i m i t v a l u e  ( TLV ) and the  OSHA s t andard of 1 5 mg/m3 . 
Another tota l d u s t  concentrat i on of 1 4 mgjm3 ( PT- 1 0 , May 24 , 1 9 78 ) 
exceeded the  ACG I H  TLV of 1 0  mgjm3 . 

Samp l i n g res u l ts for P PAH ,  as the  benzene-so l ub l e frac t i on of 
tota l part i cu l ate matter ,  ranged from l es s  t han 0 . 06 to 0 . 8  mgjm3 . 
PPAH l eve l s for PT ' s  3 and 4 , ( May 25 , 1 9 78 )  were 0 . 3 and 0 . 8  mgjm3 , 
res pect i ve l y ,  both of  wh i ch are i n  exces s of  th e ACG I H  TLV and OSHA 
s tandard of 0 . 2  mgjm3 . 

Samp l i ng for ph eno l was conducted as  fo l l ows . Area s amp l es were 
co l l ected us i n g the convent i on a l  i mp i nger method and s i l i c a  ge l  
tubes . Pumps were s trateg i ca l ly  p l aced to obta i n  a representat i ve 
s amp l e of th e work env i ronmen t . Persona l  s amp l es were not  co l l ected 
becau s e  t he  pos s i b i l i ty of  an i mp i nger break i ng or t he  absorb i ng 
so l ut i on s p i l l i ng .  Th i s  para l l e l  s ampl i ng was conducted i n  hope of 
d eterm i n i ng a more pract i ca l  method of s amp l i ng .  S i nce  resu l t s for 
a l l area s amp l es for both s amp l i n g method s were l es s  than the 
detectab l e  l i m i t of  t he  s amp l i n g and an a l yt i ca l  methods u s ed ,  no 
compar i sons cou l d  be mad e .  

Survey 2 

Tab l e  2 pres ent s  the  s amp l i ng resu l ts for benzen e ,  tota l  d u st , PPAH , 
ars en i c ,  res p i rab l e  dust , and crysta l l i ne s i l i c a .  Measured 
concen trat i on s  for benzen e  ranged from l es s  th an 0 . 02 to 0 . 1 ppm . 
Resu l ts of  breath i ng zone  s amp l i n g for b en zen e  prov i ded no ev i dence  
of expos ures in  exces s of  th e curren t  OSHA l i m i t .  

Concentrat i on o f  tota l  d u s t  ranged from l es s  th an 0 . 2  to 97  
mgjm3 . Th e TWA concentrat i on of  9 7  mgjg3 tot a l  d u s t  determ i n ed 
for PT-3 , October 25 , 1 978 , exceeded th e OSHA l i m i t and ACG I H  TLV for 
tot a l  " i n ert or  n u i sance d u s t . "  Du e to v i s i b l y  h eavy l oad i n g  of 
part i cu l ate  matter on the i n i t i a l  f i l t er , a n ew s amp l e  was s tarted 
approx imate ly  s i x  hours i n to t he  work s h i ft .  The TWA concentrat i on 
reported i n  Tab l e  2 i s  the  resu l t  of  t ime-wei ght i n g both s ampl i ng 
res u l ts . On e of  th e t a s k s  p erformed by th i s  i nd i v i du a l  was hour ly  
s amp l i ng of th e  a sh  s treams . Subj ect i ve l y ,  the  observed ash  s amp l i ng 
procedure a ppeared to be  qu i te d u s ty ;  however , i t  i s  u n l i k e l y  that  
th e durat i on of the act i v i ty ( a s  obs erved ) was s u ff i c i en t  to account  
for th e i nd i cated concentrat i ons . Except for t he  pos s i b i l i ty of  
i n adverten t contam i n at i on of tn i s  s amp l e ,  no  exp l anat i on of the 
res u l t  i n  t erms of the  act i v i t i es obs erved i s  apparent . 

Th e  PPAH resu l ts ranged from l ess  th an 0 . 03 to 0 . 56 mg/m3 . Two 
s amp l es ,  for PT-6 ( October 25 , 1 978 ) and PT-8 ( October 24 , 1 978 ) ,  
i nd i cated concentrat i ons  of 0 . 56 and 0 . 32 mgjm3 , respect i ve ly ;  both 
concen trat i on s are i n  excess  of th e OSHA and ACG I H  l i m i t s . The 
rema i n i ng s amp l es i nd i cated concentrat i ons  be l ow the  current  l i m i t .  
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TABLE  2 S urvey 2 
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" - I 0.04 0.1 D.07 <D,DDDI 

" - I ••• 0.4 0.11 <0.DDD7 
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" - 11 <D • •  0.4 D.D7 <O .DDOI 

" - II D.D3 0.1 <0.01 (O .DDDI 

DctMw n, 1m 

" - ' D.OI 4.D 0.04 <D . DDD7 

" - 1D ••• O.II<TII<D.I <D.DJ <D.DDDI 
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" - 11 0.01 <O.DDDI 1.4 <1.1 2 .4 
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The benzene -extracted res i dues  of the  above  two s amp l es were 
s ubj ected to gas chromatograph i c -mass s pectrometr i c  ( GC/MS ) ana l yses 
for th e determ i n at i on of po l ynuc l ear aromat i c  ( PNA ) conten t . The 
GC/MS ana l yses d i d  not i nd i cate the  presence of any po lynuc l ear 
aromat i c  compounds , such  as benzo ( a ) pyrene ( BAP ) , s uggest i ng that the  
benzene  so l ub l e  mater i a l s may not be  po l ynuc l ear i n  n ature . 
Compar i son of thes e v a l u es aga i n s t  the  OSHA standards for PPAH may 
not be  s tr i ct l y  v a l i d  s i nce  th e i n tent of the  s t andard i s  to protect 
work ers aga i n s t  po l ynuc l ear aromat i c  compounds . 

Th e reason for a h i gher than expected v a l u e  for P PAH compared 
w i th  the tot a l  d u s t  conten t for PT-8 ( October 25 , 1 9 78 ) i s  not c l ear , 
even though there are fa i r l y  l arge random errors assoc i ated w i th the  
determi nat i on of benzen e  so l ub l e  matter . 

At f i rst  g l ance1 th e PPAH concentrat i on (of  greater than 0 . 1 0  but  
l es s  th an 0 . 1 4 mg/mJ ) i nd i cated for PT-3 ( October 25 , 1 9 78 ) may 
appear i ncon s i sten t  w i th the  concentrat i on of tota l dust  ( 9 7  
mg/m3 ) .  However , the  bu l k  of dust  co l l ected on the  samp l es was 
probab l y  generated dur i n g  repeated samp l i n g  of C- l l 7A and B ash ;  
becau s e  th e ash  s hou l d  conta i n  l i tt l e ,  i f  any , benzene  so l ub l e  
matter , the  two resu l ts are not i ncons i stent . 

Concentrat i ons  of res p i rab l e  dust  ranged from l es s  than 0 . 1  to 
0 . 5 mg/m3 . Th e s amp l es for PT- 1 0  ( October 25 , 1 9 78 ) i nd i cated a 
TWA concentrat i on ( 0 . 5 mgjm3 ) es sent i a l l y  eq u a l  to the  ca l cu l ated 
OSHA l i m i t for "coa l dus t " conta i n i ng 20 . 0  percen t quartz . 

Al l s amp l es i nd i cated TWA concentrat i on s  of ars en i c  l ess  than 
0 . 0001 mgfm3 , wel l b e l ow the  0 . 0 1 mg/m3 OSHA standard for 
i norgan i c  arsen i c . 

Su rvey 3 

Samp l i ng resu l ts for Survey 3 are presented i n  Tab l e  3 . Al l  samp l es 
i nd i cated TWA concentrat i on of naphth a l en e  to b e  l es s  th an 0 . 04 ppm ,  
wel l be l ow th e 1 0 ppm OSHA standard . 

Concentrat i ons  of  tota l  dust  ranged from l ess  th an 0 . 1 to 7 70 
mgjm3 . W i th two except i ons , concentrat i ons  were be l ow the OSHA l i m i t  
for a da i l y  TW A  exposure  t o  tot a l  " i nert o r  nu i sanc e dust . " 

The s amp l e co l l ected on PT-2 ( Ju ly 3 1 ,  1 9 78 ) i nd i cated a TWA 
concentrat i on of 7 70 mgjm3 of tota l d u st . Du e to a v i s i b ly  heavy 
l oad i n g of th e i n i t i a l  f i l t er , a n ew s amp l e was started approx imate l y  
2 l /2 hours i nto t h e  s h i ft .  Th e concentrat i on reported i n  Tab l e 3 i s  
a TWA of the  i nd i v i du a l  s amp l es .  

On e  task  performed by th i s  i nd i v i du a l  pr i or to the f i l ter change 
was c l ean i n g th e T- 1 2 1 be l t we i gher . Du r i n g  damp weather cond i t i on s  
( ra i n and/or h i gh h um i d i ty ) , th e coa l char tends  t o  become wet and 
c l ogs the grat i ng wh i ch s eparates th e grave l  and char .  Th e  c l ean i ng 
of the  T- 1 2 1 be l t wei gh er by the  techn i c i an was not observed dur i ng 
th e survey .  Therefore ,  t h e  n ature  o f  th e act i v i ty (whether o r  not i t  
was a dusty enough operat i on to account for s uch a h i gh 
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TABLE  3 Survey 3 

-kiAI U c::� Total llesl:!�bll er'lHl!! .. OSHA Pi'OCns .... , (�). Lt.t§ 
Tecaetctaa ,,.., ,..,. ) ,..,.

3
, (I) ,..,. ) 

Day .11111 :n , 1171 
" . <0 . 03 <0.4 <0.003 <0 . 1  
" . I <0 . 03 no.o 0.04 0 . 1  10.0 o.u 
" . <0.01 1.1 <D •• 0.1  <10.0 >O.U 
" . 4 <0. 04 0.1 <0.003 <0.1 

AqllsC I, 1171 
" . <0. 03 0.4 <0 •• <0. 1 
" . <0.01 0.1 <0.003 0.1 <1.0 >1.4 
" . 3 <0. 03  0.3 <0.003 <0 . 1  <10.0 >0.14 
" . 4 <0. 04  0 . 3  <D • •  <0.1 

Afternoon .11111 :n. 1171 

" . I <0.03 1.1 <0 .003 0.4 10.0 o.u 
" . I <0.03 0.1 <0.003 0 . 1  < 1 0 . 0  >O . U  
" . 7 W.l' 0.1 <0.003 0.3  1.0  1 .4 
" . I <0.03 I . J  <0 • •  <D . I  

_., 1 ,  1171 

" . I <0.03 1 . 1  <0 •• 1 . 3  <1 .0 )J.3 
" . I <0.03 1 . 1  <0.003 0.1 10.0 0.45 
" . <0.03 1 . 0  <0.003 0.3 <1.0 >1 .4 
" . I <0.03 1 .1 <0.001 <0. 1 

Mtdnt ght .11111 11 , 1171 

" . I <0.01 0.1 <0. 003 0 . 1  
" . 10 <0.01 0.1 (0 .• 0 . 1  
" . 11  <0.01 0.1 <0 •• 0.1 <1 . 0  > 1 . 4  
" . 11 <0.01 0.1 <0.003 0 . 1  < 1 . 0  > 1 . 4  

..... , 1 ,  1171 

" . I <0.01 1 1 . 0  <0.003 1 . 1  4 . 0  1 . 7  
" . 10 <0.01 5 . 1  <0.003 1 . 1 1.0 1 .4 
" . 1 1  <0.01 <0. 1 <0.003 <0.1 
" . 11 <0.01 Jli. li  0 . 001  1 . 5  4.0  1 . 7 
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concen trat i on )  and i ts durat i on cou l d  not b e  determ i n ed .  Except for 
the pos s i b i l i ty of i n advertent  contami nat i on ,  no exp l anat i on for th i s  
exces s i ve expos ure  i s  apparent . 

A s econd exces s i v e  exposure , i nd i cat i ng a concentrat i on of 35 . 5  
mg/m3 , was d eterm i n ed for PT- 1 2 ( August  1 ,  1 9 78 ) .  

Th e samp l i n g resu l ts for a i rborn e concentrat i on s  of l ead ranged 
from l ess  than 0 . 003 to 0 . 04 mgjm3 . W i th one  exc ept i on ,  
concentrat i ons  were we l l b e l ow the  0 . 05 mgjm3 ( 50 g jm3 ) OSHA 
l i m i t .  The samp l e for PT-2 ( Ju ly 3 1 ,  1 978 )  i nd i cated a concentrat i on 
of  0 . 04 mgjm3 . ( Th e  concentrat i on was c a l c u l ated u s i ng the  same 
procedure  d i scu s s ed i n  th e prev i ou s  s ect i on on tot a l  dust ) .  The 0 . 04 
mgjm3 concentrat i on i s  b e l ow the  perm i s s i b l e  exposure l i m i t , but  i n  
exces s of the  "act i on l ev e l " of 0 . 03 . 

Concentrat i ons of  res p i rab l e  d u st  ranged from l ess  than 0 . 1  to 
1 . 5 mgjm3 . None  of  the  resp i rab l e d u st  s amp l es exceeded the OSHA 
l i m i t for s i l i c a -conta i n i n g res p i rab l e  dus t . However , crysta l l i ne 
s i l i c a was d etected i n  the  maj or i ty of  the s amp l es w i th three of  
thes e samp l es i nd i cat i n g concentrat i on s  approach i n g th e OSHA l i m i t 
for s i l i c a-conta i n i ng d u st . The exposures a l l occurred dur i ng t he  
m i dn i ght sh i ft .  

Th e OSHA l i m i t had been c a l cu l ated u s i ng both the  crysta l l i ne 
s i l i c a  s tandard and th e coa l d u st  standard . S i nce  exposures were 
be l ow both s t andards , i t  was d ec i ded that  t he  more s tr i n gent standard 
( crysta l l i n e s i l i c a ) wou l d  be  reported . 

In v i ew  of  t he  l ow l ev e l s of PPAH • s  found i n  t he  prev i ou s  s u rv eys 
and the re l at i ve ly  l arge ana lyt i c a l  errors as soc i ated w i th the 
measurement of  sma l l quant i t i es of these mater i a l s ,  i t  was dec i ded to 
ev a l uate  PPAH concentrat i on s  u s i n g  h i gh -vo l ume area samp l i ng .  These 
resu l ts are pres ented i n  Tab l e 4 . A rev i ew  of the  PPAH data 
i nd i cates that PPAH concen trat i on s  were l ow ,  rang i ng from 0 . 00 1  to 
0 . 008 mg/m3 . 

F i ve  h i gh -vo l ume s amp l es ,  repres ent i ng  the  h i ghes t  d etected 
concen trat i on s  of  PPAH res i du e  at  each of the f i v e  stat i on s , were 
submi tted to gas chromatograph i c -mass s pectrometr i c  ( GC/MS ) ana l yses 
for the determi nat i on of po lynuc l ear aromat i c  ( PNA ) content . The 
se l ected i on mon i tor i ng techn i qu e  was i ncorporated . Trace amounts of  
s ev era l  PNA • s (name l y ,  f l uoranthen e ,  pyrene ,  ben z ( a ) anthracene ,  
benz o ( e ) pyren e ,  a nd  benzo ( a ) pyren e )  were detected . 
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TABL E  4 Hi gh  Vo l ume Mo n i to r i ng  Da ta 

Work 
Shi ft 

Date 
1 979 

1 

S I TES 

2 3 4 

7/30-
7/31 0 . 07 1  0 . 002 0 . 070 0 . 005 0 . 075 0 . 004 0 . 28 0 . 004 0 . 21 

5 

0 . 003 
Mi dni ght 7/31 -

8/1 
0 . 060 0 . 001 0 . 045 0 . 002 0 . 057 0 . 003 0 . 061 0 . 001 0 . 12 0 . 004 

Day 
7/31 

8/1 

0 . 1 1 0 . 003 0 . 12 0 . 004  0 . 24 0 . 005 0 . 67 0 . 008 0 . 40 0 . 002 

0 . 088 0 . 002 0 . 058 0 . 002 0 . 089 0 . 003 0 . 13 0 . 002 0 . 17 0 . 004 

0 . 092 0 . 002 0 . 076 0 . 002 0 . 1 1  0 . 002 0 . 1 4  0 . 003 0 . 1 9  0 . 002 
Afternoon 

7/31 

8/1 0 . 17 0 . 003 0 . 070 0 . 001 0 . 088 0 . 003 0 . 088 0 . 002 0 . 10 0 . 008 

Geometri c .  Mea n  0 . 093 0 . 002 0 . 070 0 . 002 0 . 096 0 . 003 0 . 16 0 . 003 0 . 18 0 . 003 

S i te 1 - North s i de of coal feed shed ( ground l evel ) 

S i te 2 - Northwest of tower structure , north of oxi der ( ground l evel ) 

S i te 3 - West of tower structure ( ground l evel ) 

Si te 4 - East of tower structure , between tower and coal feed s hed ( ground l evel ) 

S i te 5 - North of water p i t  separator ( ground l evel ) 
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POS I T ION PAPER R 

R I SKS  OF SHALE O I L  RECOVERY 

R .  J .  Stegemei er 
Un i on Oi l Company of Ca l i forn i a  

I SSUE 

Wh at are th e r i sk s  to the pub l i c  or the env i ronment from s ha l e  o i l 
recov ery operat i ons  that may be  as soc i ated w i th :  n atural  d i sasters , 
s abotage , p l an t  re l i ab i l i ty ,  fac i l i ty s i tes , and proces s techno l ogy?  

POS I T ION 

Bas ed on the assumpt i on that sha l e o i l recovery w i l l  be  concentrated 
i n  western Co l orado and w i l l  i n vo l ve m i n i ng of o i l s h a l e ,  retort i ng 
of o i l s ha l e  to produce  raw s ha l e o i l ,  and upgrad i ng of raw sha l e o i l 
to produce h i gh -qua l i ty syncrude ,  r i sk cons i derat i on s  can be 
genera l i z ed as fo l l ows : 

o Th e i nfrequency of s e i sm i c  and s evere weather events i n  western 
Co l orado , as compared w i th other areas of the n at i on , reduce the 
r i sk s  of such natura l  d i sasters to s ha l e o i l fac i l i t i es to l eve l s 
l ower than s i m i l ar r i sk s  norma l l y  exper i enced by s im i l ar 
petro l eum-produc i ng fac i l i t i es e l s ewhere i n  the  Un i ted States . 

o Secur i ty precaut i ons  at n ew sh a l e fac i l i t i es can be expected to 
be at l east as effect i v e  as s ecur i ty precaut i ons  curren t ly i n  
p l ace at o l der , petro l eum-rel ated fac i l i t i es e l s ewhere i n  the 
Un i ted States . There i s  no reason for secur i ty to be of un i qu e  
concern at sha l e fac i l i t i es .  

o P l ant rel i ab i l i ty of n ew s ha l e  fac i l i t i es can be  expected to be 
at l east  as  effect i ve as  for s im i l ar petro l eum-rel ated 
fac i l i t i es .  Rel i ab i l i ty factors re l ated to h uman and 
env i ronmenta l r i sk s  accord i ng l y  s hou l d  be  of no spec i a l  concern . 

o ·s i tes for m i n i n g ,  retort i ng ,  and u pgrad i ng fac i l i t i es are s i m i l ar 
to s i tes that have been u s ed for otner i ndustr i a l  operat i on s , 
part i cu l ar l y  m i n i ng fac i l i t i es ,  i n  comparab ly  rugged terra i n .  
Any r i sk s  pos ed by l and  s l i ppage , r i ver contam i nat i on , or 
l oca l i z ed a i r  po l l u t i on can be  expected to be m i n i ma l  or 
nonex i s tent as a resu l t  of current eng i neer i ng  pract i ces and 
env i ronmenta l  requ i rements . 
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o Proces s techno l ogy r i sk s  c an be expected to re l ate pr imar i l y  to 
quest i ons  of proces s operaM H ty ,  on -stream eff i c i ency , and 
econom i cs , w i th the m i n i m i zat i on of such  r i sks  be i ng  d i rect l y  
rel ated to th e extent of  pr i or research a n d  bench - ,  p i l o t - ,  and 
demonstrat i on -sca l e d ev e l opment . R i s k s  to h umans and the 
env i ronmen t from sha l e proces ses can be  expected to be  compared 
w i th r i sks  common l y  presented by m i n i ng and petro l eum operat i ons , 
both of wh i ch - -a l ong  w i th sha l e operat i on s - -are covered by an 
exten s i ve array of env i ronmenta l  and s afety regu l at i on s . 

By p l ac i ng sha l e operat i ons  i nto the context of comparab l e  
i ndustr i a l  operat i ons  for wh i ch r i sks  and prec aut i ons  are wel l known 
and accepted , and by assur i ng  that sh a l e  operators comp l y  w i th both 
th e l etter and s p i r i t  of ex i s t i ng env i ronmenta l  and s afety l aws and 
regu l at i on s , r i s k s  that m i ght be  posed to emp l oyees , ne i ghbors , 
cons umers , and th e env i ronment can be  expected to be no greater than 
those  pos ed by any other modern m i n i ng or petro l eum operat i on of a 
comparab l e  sca l e .  

RAT IONALE  

Natura l Di s asters 

Wes tern Co l orado , where most  sha l e dev e l opment i s  ant i c i pated , i s  
s e i sm i ca l l y  stab l e i n  contrast to other areas , part i cu l ar l y  the Far 
Wes t ,  where s im i l ar petro l eum operat i ons  have  been conducted for 
n ear l y  a century .  No cred i b l e reason can b e  seen for concern over 
un i qu e  r i s k s  d ue  to s e i sm i c events , g i v en the  eng i neer i n g pract i ces 
common l y  empl oyed to accommodate poten t i a l  s e i sm i c l oads . 

Western Co l orado weather , a l though occas i on a l l y  h arsh , i s  
ess ent i a l l y  free from the  s ev ere weather events  th at are  norma l l y  
exper i enced i n  oth er areas , part i cu l ar l y  t h e  Gu l f  Coast , the  
Sou thwest , and th e Mi d -West , where petro l eum operat i ons  are 
commonp l ac e .  Aga i n ,  no cred i b l e reason can b e  found for concern over 
un i q u e  r i s k s  du e to s evere weath er events , g i v en the  eng i neer i ng 
prac t i ces common l y  emp l oyed for weath er factors and th e env i ronmenta l  
regu l at i on s  th at  cover sp i l l  preven t i on . 

No oth er n atural  d i s asters can be  env i s i oned a s  present i ng any 
r i s k s  worthy of un i qu e  con s i derat i on . In compar i son w i th petro l eum 
operat i ons  i n  s ome front i er areas , s h a l e operat i ons  i n  wes tern 
Co l orado presen t much  l ower l ev e l s of  natura l d i s aster r i s k s  as wel l 
as more ready access  to major popu l at i on centers w i th good 
commun i c at i ons  and med i c a l  fac i l i t i es .  
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Secur i ty 

Secur i ty r i sk s  for sha l e  operat i on s  can be cons i dered comparab l e  to 
s ecu r i ty r i sks  for any s i m i l ar m i n i ng or petro l eum-re l ated 
operat i on .  Al l requ i re a moderat e l y  h i gh l ev e l  of secur i ty ,  and no 
r i s k s  requ i r i ng unus u a l  precaut i ons  for sha l e  operat i ons c an be 
env i s i oned . 

P l an t  Re l i ab i l i ty 

P l ant rel i ab i l i ty and operab i l i ty cou l d  be of econom i c concern to 
some s ha l e  operators , part i cu l ar l y  thos e that may not have  done 
exten s i ve res earch , deve l opment , and sca l e u p  work on retort i ng 
fac i l i t i es . Les s concern can be  expected over re l i ab i l i ty and 
operab i l i ty of  the m i n i n g and upgrad i ng fac i l i t i es becaus e  of the 
s i mi l ar i ty of these  fac i l i t i es to conven t i ona l  m i n i n g and petro l eum 
operat i on s . 

As sum i n g  th at on l y  we l l deve l oped proces ses w i l l  be  
commerc i a l i z ed becau se  of the major f i nanc i a l  requ i rements , no s evere 
operat i ng cond i t i ons or mater i a l s  env i ronments are l i k e l y  to be 
encountered w i th sha l e operat i on s  that have  not been encountered and 
contro l l ed i n  oth er petro l eum or petrochem i ca l  operat i ons  that 
rout i ne ly  u s e  h i gh temperatures and pres sures . 

Actua l r i sk s  to humans and the  env i ronmen t - -wh i ch m i ght  resu l t  
pr i mar i l y from upset cond i t i on s - -can b e  expected to be wel l 
contro l l ed and m i n i ma l  g i v en the requ i red comp l i ance w i th fug i t i ve 
emi s s i on regu l at i on s , New Source  Performance Standards { NSPS ) , 
Nat i ona l  Po l l ut i on D i scharge E l i m i n at i on System { NPDES ) prov i s i ons , 
Sp i l l  Preven t i on Contro l and Countermeasure { SPCC ) requ i rements , and 
OSHA and Tox i c  Substances Contro l Act { TSCA) prov i s i ons . 

Fac i l i ty S i tes 

Sh a l e  fac i l i t i es can be  expected to be s i ted on h i gh p l ateau s , on 
benches  a l on g  canyon wa l l s ,  and on bottom l ands i n  steep -wa l l ed 
canyons . S i te-spec i f i c  r i s k s  cou l d  be re l ated to l and s l i ppage ,  
r i v er or s tream contami nat i on , or l oca l i zed a i r  po l l u t i on .  

Land s l i ppage appears to be  an i ncon s equent i a l r i sk becaus e  of 
eng i neer i ng and m i n i ng standards and prac t i ces common l y  i n  u s e .  

R i v er o r  s tream contam i n at i on appears t o  be  a wel l contro l l ed 
r i s k  due  pr i mar i l y  to prov i s i on s  of  the C l ean Wat er Act { CWA) , the 
Resourc e Con servat i on and Recovery Act { RCRA ) , and the Co l orado Mi ned 
Land Rec l amat i on Act .  Th e r i s k  of  perhaps greates t concern - -rel ease  
of  raw s ha l e o i l i nto ground or s urface waters - -w i l l  be contro l l ed 
and m i n ima l as a resu l t  of comp l i ance  w i th Safe Water Dr i nk i ng Act , 
and RCRA and SPCC requ i rements that ca l l for precaut i on s  s uch as 
i mpermeab l e  barr i ers under tank age , vu l nerab l e p i peways , and transfer 
areas and for qu i ck -respons e  c l eanup  capab i l t iy  to capture and 
d i s pose of any s p i l l ed o i l .  
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Loca l i z ed a i r  pol l ut i on s im i l ar l y  wou l d  be  a we l l contro l l ed r i sk  
d ue  to the  prov i s i on s  of  the C l ean Ai r Act that c a l l for NSPS and 
Best Ava i l ab l e Contro l Techno l ogy ( BACT }  d es i gn for a i r  emi ss i ons , 
and for comp l i ance  w i th Nat i on a l  Amb i ent  Ai r Qua l i ty Standards as 
wel l as w i th Prev ent i on of S i gn i f i cant Deter i orat i on i ncrements . 
Concerns over potent i a l emi s s i ons  of a broad range of ••unregu l ated 
po l l utants •• have  no cred i b l e bas i s  i n  fact as  a res u l t  of NSPS , BACT, 
and fug i t i ve emi ss i on requ i rements . The on l y  obv i ou s  way such 
"unregu l ated po l l utants " cou l d  become of concern wou l d  be  i f  raw 
sh a l e o i l were to be u s ed as fue l  i n  some sort of i n eff i c i ent  and 
unregu l ated f i red un i t .  Such u se  i s  not ant i c i pated . 

Safety concerns over remoteness , l os s  of power , unava i l ab i l i ty of 
s k i l l ed work ers , or unre l i ab l e water supp l i es s im i l ar l y  have  no 
cred i b l e bas i s  i n  fact because  western Co l orado i s  h ard ly  remote , tne 
c l i mate i s  rel at i ve ly  ben i gn ,  and any sha l e  process es commerc i a l i zed 
i n  tne  area w i l l  have  assured s upp l i es of power , manpower , and water 
as k ey cond i t i ons for the  major f i n anc i a l commi tments . 

Proces s Techno l ogy 

Proces s techno l ogy and p l ant re l i ab i l i ty c an be con s i dered together 
because  concern s w i l l  focus  on r i sk s  re l ated to operab i l i ty ,  
on -stream eff i c i ency ,  and econom i c s . Human and env i ronmenta l r i sk s , 
wh i ch cou l d  occur  as  a resu l t  of proces s u p sets , uncontro l l ed 
emi s s i ons ,  or i nord i n ate  expos ure of  ma i ntenance personne l  to 
b i o l og i c a l l y  act i ve mater i a l s ,  a r e  we l l contro l l ed throu gh standard 
petro l eum safety pract i c es and through requ i rements of the C l ean Ai r 
Act , OSHA, and TSCA .  

Tox i co l og i c a l  compar i sons of  petro l eum products a nd  sh a l e  
products nave  yet t o  show any u nant i c i pated b i o l og i ca l  r i s k s  that 
wou l d  s et s ha l e operat i on s  un i que ly  apart from petro l eum operat i on s . 
In  th e event that future compar i son s wou l d  s how spec i a l  tox i co l og i c a l  
prob l ems for s h a l e ,  OSHA and TSCA prov i s i ons , a s  we l l a s  c urrent  
s afety , i ndus tr i a l  hyg i en e ,  and med i c a l  surve i l l ance p l an s , are 
d es i gned to detect and m i t i gate such  prob l ems at an ear l y  and 
correctab l e  stage . 

Gi v en the  f i n anc i a l  requ i rements for s ha l e  operat i on s  there 
appears to be l i tt l e  probab i l i ty that i nadequ ate l y  researched and 
d ev e l oped processes w i l l  be commerc i a l i z ed . St art i ng and operat i ng 
fac i l i t i es that u l t i mate l y . are commerc i a l i z ed shou l d  be  rel at i ve ly  
stra i ghtforward , w i th any potent i a l r i sks  to  h umans or  th e 
en v i ronmen t be i n g  we l l contro l l ed .  
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SUMMARY 

When proposed sh a l e operat i on s  are v i ewed i n  the  context of 
comparab l e  m i n i ng and petro l eum operat i on s , and when s h a l e products 
a re compared w i th ana l ogous  petro l eum product s ,  i t  i s  d i ff i cu l t  to 
f i nd any area where an unusua l  and cred i b l e en v i ronmenta l  or hea l th 
r i s k may rema i n  after comp l i ance  w i th th e curren t  array of 
env i ronmenta l , s afety , and h ea l th l aws . 
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POS I T ION PAPER S 

THE TOX I COLOGY DATA BASE AND RESEARCH 
PROGRAM PLANS FOR D IRECT COAL L IQUEFACTION 

G .  K .  V i ck 
Exxon Res earch and Eng i n eer i n g  Company 

Th i s  paper w i l l  addres s  th e i s s u e  of th e adequacy of th e pres ent 
tox i co l ogy data  bas e and tox i co l ogy res earch program to m i n im i z e  the 
probab i l i ty of future u n p l eas ant s urpr i s es from a d i rect  coa l 
l i quefact i on i ndus try . F i rst  the  presen t d i rec t  coa l l i quefact i on 
tox i co l ogy data  base  and  res earch program are rev i ewed . Th en the 
cr i ter i a  a tox i co l ogy data  base shou l d  meet to ens u re a s u rpr i se-free 
future , are con s i dered , a l ong  w i th add i t i on a l  res earch wh i ch cou l d  be  
u s efu l . 

C URRENT DATA BASE ON HUMAN H EALTH E FFECTS 

Acute  Tox i c i ty 

Bas ed u pon an i ma l  tests  and med i ca l  s urve i l l ance  programs i n  p i l ot 
p l ant s , the  acute  tox i c i ty of coa l -der i ved mater i a l s appears to be 
l ow except for l ow-bo i l i ng s treams w i th h i gh concentrat i on s  of  
pheno l i cs .  Acute  ora l L D  50 ' s  for  H-Coa l  and SRC - I  and  I I  mater i a l s 
range from about  0 . 6 g /k g  to ov er 1 5 g /k g . l Th e  most  tox i c  

l see th e fo l l ow i ng two reports pub l i shed by Battel l e  Pac i f i c  
Northwest Laboratory , B i omed i ca l  Stud i es o n  So l ven t  Ref i n ed Coa l  
( SRC - I I )  L i quefac t i on Mater i a l s :  A status Report , PNL-3189 ,  
(Append i x  December 1 979 ) ( Ri ch l and , Was h i ngton : Battel l e  Pac i f i c  
Northwes t Laboratory ,  December 1 9 79 ) ;  Th e P i ttsburgh and M i dway Coa l  
M i n i ng  Company ,  " So l v ent  Ref i n ed Coa l  ( SRC ) Proces s :  Hea l th 
Programs , "  FE/496-Tl 9 ( P i ttsburgh , Pennsyl van i a :  Th e P i ttsburgh and 
M i dway Coa l  M i n i ng Company , Apr i l 1 9 79 ) ;  P .  D .  Mah l um ,  Chemi c a l , 
B i omed i c a l  and  Eco l og i ca l  Stud i es of SRC - I  Mater i a l s from th e Fort 
Lewi s  Pi l ot Pl ant : A Statu s Report , PNL-3474 ( Ri ch l and , Wash i n gton : 
Battel l e  Pac if i c  Northwest Laboratory , January 1 98 1 ) ;  O . K .  Schma l zer , 
" Th e  So l ven t Ref i n ed Coa l  P i l ot P l an t :  Hea l th Programs and  
Obs ervat i ons , "  Proceed i ngs of  Adv i sory Work shop on Carc i nogen i c  
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mater i a l  i n  acute  i nha l at i on t ests  was a l ow-bo i l i ng s tream from 
SRC- 1 , wash  s o l v ent , w i th an LCso of 1 6 . 7  mg/ 1  when admi n i st ered as  
an aeros a 1 . 2 I t  has  been reported that 27 p ercent  of th i s  mater i a l  
i s  a n  ac i d i c  fract i on cons i s t i ng ma i n l y of a v ar i ety o f  pheno l i c  
compounds , 3 and th i s  probab l y  accounts for th e s tream ' s  acute  
tox i c i ty .  Acute d erma l tox i c i t i es for  H-Co a l  d i st i l l ates are  
report ed to b e  l ow ,  LDso > 2  g /kg . 4 

Acute  eye i rr i t at i on by the  Ora i z e  techn i que  for SRC- 1 mater i a l s  
i s  reported t o  b e  m i n i ma l  t o  moderate exc ept for th e l ow-bo i l i ng 
l i gh t  o i l and wash s o l v ent  wh i ch s howed i rrevers i b l e  cornea l 
opac i ty .  Th es e frac t i on s  h a v e  s i gn i f i can t  concen trat i on o f  pheno l s 
wh i ch are thought to b e  respon s i b l e . S Some revers i b l e s uperf i c i a l 
abras ions  were reported i n  eye i rr i t at i on tests  on H-coa l 
d i s t i l l ates . 6 

The acute  tox i c i ty reported i n  the  l i terature for the  l ow bo i l i ng  
s treams shows a w ide  range  of resu l ts .  Those  i nv es t i gators measur i ng  
h i gh l eve l s of tox i c i ty s uggest th at ph eno l  cont ent  i s  probab l y  
respon s i b l e . The data  i nd i cate  that  pheno l  contents  have  probab l y  
var i ed w i del y .  Surpr i s i ng l y ,  however , l i t t l e i nformat i on on ph eno l 
content  has  been reported i n  the tox i c i ty stud i es .  

Th e exper i ence  at  the  SRC p i l ot p l ant i n  Fort Lew i s ,  Wash i ngton 
has revea l ed on ly  cas es of m i l d  eye i rr i tat i on , m i l d  trans i en t  
dermat i t i s  ( erythema ) ,  a n d  fo l i cu l i t i s  (mechan i c ' s  acn e )  from 
exposure to coa l -d er i v ed mater i a l s . 7 Al l  h av e  responded wel l to 
temporary s u spens i on of exposure . 

1 ( cont . )  Effects  of Coa l  Convers i on ,  EPR I WS-78- 1 1 0  ( Pa l o  A l to ,  
Ca l i forn i a :  El ectri c Power Res earch Inst i tu te ,  September 1 979 ) ; 
and Oak R i dge Na t i on a l  Laboratory ,  Hea l th Effects Research i n  D i rect 
Coa l  L i quefact i on . Stud i es of H- Coa l  Di s t i l l ates : Phas e I .  PDO 
Samp l es - -The Effect of A{drotreatment , ORNL-TM-8071 (Oak Ridge,  
Tennes s ee :  Oak R 1 dge Na 1 on a l  Laboratory , November 1 98 1 ) .  

2Th e P i ttsburgh and M i dway Coa l  Mi n i ng Company, op . c i t . ; and 
Schma l z er ,  op . c i t . 

3Mah l um ,  op . c i t .  

4Qak R i dge  Nat i on a l  Laboratory , op . c i t .  

STh e P i ttsburgh and M i dway Coa l  Mi n i ng Company , op . c i t . ; and 
Schma l zer , op . c i t .  

6Qak R i dge Nat i on a l  Laboratory ,  op . c i t .  

7Schma l zer ,  op . c i t . ; and Th e P i ttsburgh and Mi dway Coa l  M i n i ng 
Company , " So l ven t  Ref i n ed Coa l  ( SRC ) Proces s : Hea l th Programs , "  
FE/496-Tl S ( P i ttsburgh , Pennsyl v an i a :  Th e P i ttsburgh and Mi dway Coa l  
Mi n i ng Company , January 1 978 ) . 

Copyright © National Academy of Sciences. All rights reserved.

Safety Issues Related to Synthetic Fuels Facilities
http://www.nap.edu/catalog.php?record_id=19584

http://www.nap.edu/catalog.php?record_id=19584


288 

Subchron i c  Tox i c i ty 

Some ev i dence of cumu l at i v e tox i c  effects  have been noted for the 
SRC - I  and SRC- I I  l i qu i ds bo i l i ng above 4000F i n  t ests  i n  wh i ch a 
d a i ly  ora l dos e was repeated for f i v e con s ecut i v e  d ays . 8 

Carc i nogen i c i ty 

L i qu i ds from the  d i rect l i quefact i on of coa l  have  b een found to be 
fa i r l y  potent mou se  sk i n  c arc i nogens . 9 Severa l  i nv es t i gators hav e  
reported that carc i nogen i c i ty i s  greatest i n  t h e  h i gh bo i l i ng  
fract i ons  ( 500 to  l OOOO F ) l O and  i s  abs ent  from l ow-bo i l i n g  
l i qu i ds ( bo i l i n g  be l ow 5000F ) . l l  

Hydrotreat i ng has  b een reported to d ecreas e th e carc i nogen i c i ty 
of H-Coa l  d i s t i l l ates dramat i ca l l y . l 2  In th i s  s ame sk i n  pa i n t i n g  
s tudy ,  however ,  th ere was ev i dence  from body wei ght , k i dn ey wei ght , 
and i ncreased water u ptak e that th e mater i a l  produced at the  h i ghest 
hydrotreatment l eve l  may be  produc i ng some chron i c  system i c  tox i c i ty .  

A n umber o f  c ancerous and precancerous s k i n  l es i ons  among work ers 
at the  coa l hydrogenat i on fac i l i ty i n  Inst i tu te ,  West V i rg i n i a  have 

8Battel l e  Pac i f i c  Northwest Laboratory ,  op . c i t . ; and Mah l um ,  op . 
c i t .  

9sattel l e  Pac i f i c  Northwes t Laboratory , op . c i t . ; Oak R i dge  
Nat i on a l  Laboratory ,  op . c i t . ; W .  C .  Hu eper ,  11 Exper imenta l  Stud i es on 
Cancer i gen es i s  of Synth et i c  L i qu i d  Fue l s and Petro l eum Subs t i tutes , •• 
Arch i ves of Indus tr i a l  HY i ene  and Occu  a t i on a l  Med i c i n e ,  Vo l .  8 

, pp . • We 1  and N .  I .  Chandra , 11 Th e  Hazards to 
Hea l th i n  the HYdrogen at i on of Coa l : 2 .  Carc i nogen i c  Effects  of 
Mater i a l s  on th e Sk i n  of M i ce , •• Arch i v es of Env i ronmenta l  Hea l th ,  
Vo l .  1 ( 1 960 ) ,  pp . 1 8 7 - 1 93 ; L .  M .  Holl and et a l. , 11Sk i n  
Carc i nogen i c i ty o f  Syn th et i c  and Natura l Petro l eums , •• Journa l  of 
Occupat i on a l  Med i c i n e , Vo l  2 1  ( 1 979 ) ,  p .  6 1 4-6 1 8 ; and W .  H. Calk i ns 
et a l . ,  Syn th et i c Crude O i l s Carc i nogen i c i ty Screen i n g Tests , 
C00-4758-4 (Wi lmi ngton , Del aware :  E .  I .  du Pont  de Nemours and 
Company , I nc . , August  1 980 ) .  

l Osattel l e  Pac i f i c  Northwest Laboratory ,  o p .  c i t . ; Oak R i dge 
Nat i on a l Laboratory , op . c i t . ; Hueper , op . c i t . ; and Wei l and 
Chandra ,  op . c i t .  

l l oak R i dge Nat i on a l  Laboratory ,  op . c i t . ; We i l and Chandra , op . 
c i t . ; and Ho l l and  et a l . ,  op . c i t .  

1 2oak R i dge Nat i on a l  Laboratory ,  op . c i t .  
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b een reported . l 3 However , becau se  of th e pauc i ty of data  on the  
background i nc i dence  of  such s k i n  l es i on s , the  s i gn i fi cance of the 
data  i s  unc l ear . A fo l l ow-up study showed no  ev i dence  that those 
peop l e  w i th v er i f i ed or suspected cancerous  s k i n  l es i ons  exper i enced 
h i gher cancer morta l i ty rates . l 4 

Other Chron i c  Effects 

In  mouse  s k i n -pa i nt i ng t ests  on H-Coa l  d i st i l l at es , on e mater i a l  
produced a n eurotox i c  react i on i n  some o f  the  m i ce on test . l 5 Not 
a l l the m i ce showed the  effect and not a l ways the s ame m i c e  each 
t ime . The syndrome i nvo l v ed prostrat i on ,  t hen ton i c -c l on i c  
convu l s i on s  trans i t i on i ng i nto hyperact i v i ty ,  fo l l owed by exhau st i on 
and co l l aps e ,  and eventua l l y recovery and a return to norma l 
act i v i ty .  The s i gn i f i cance of the obs ervat i on i s  not c l ear . 

Deve l opmenta l  Tox i c i ty 

Fet a l  growth and surv i v a l  have  been reported to be  d ecreased by both 
SRC- I and SRC- I I  l i qu i ds . On l y  the h i gh -boi l i n g  l i qu i ds i ncreased 
the i nc i dence  of feta l ma l format i on s  (ma i n l y  c l eft  pa l ate ,  immature 
l ung , and h ern i ated d i aphragms ) .  In  most  cases , pren ata l  tox i c i ty 
was s een on l y  at doses produc i ng i nd i cat i ons  of materna l  tox i c i ty . l 6 

P i l ot derma l and i nh a l at i on teratogen es i s  tr i a l s  on SRC - I  
mater i a l s  were  reported to  show some ev i dence  o f  decreas ed v i ab i l i ty 
of offspr i n g  and r educed feta l  wei ght i n  rabb i ts . l 7  

1 3R .  J . Sexton , " The  Hazards to Hea l th i n  the  Hydrogenat i on of Coa l 
I V ,  The Contro l Program and Cl i n i c a l  Effects , "  Arch i ves of 
Env i ronmenta l Hea l th ,  Vo l . 1 ( 1 960 ) ,  pp . 208-23 1 .  

1 4A .  Pa l mer , "Mort a l i ty Exper i ence  of  F i fty Workers w i th 
Occupat i on a l  Expos u res to the  Products  of Coa l MYdrogenat i on 
Process es , "  Journa l  of Occupat i on a l  Med i c i ne ,  Vo l .  2 1  ( 1 9 79 ) ,  pp . 
4 1 -44 . 

1 5oak R i dge Nat i on a l  Laboratory ,  op . c i t .  

1 6sattel l e  Pac i f i c Northwest Laboratory , op . c i t . ; and Mah l um ,  op . 
c i t .  

1 7Th e P i ttsburgh and M i dway Coa l  Mi n i ng Company , So l v ent  Ref i ned 
Coa l  ( SRC ) Proces s : Hea l th Programs ,  FE/496-Tl 9 ,  op . c 1 t .  
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Mutagen i c ; ty Tests 

A great deal  of the recent  tox i co l ogy l ; terature on d i rect coa l  
l i quefact i on mater ; a l s  i nvo l v es i n  v i tro t ests  for mutagen i c i ty . 1 8 
Thes e tests  i nvo l v e expos 1 ng a part ; cu l ar ee l 1 l i n e  ( bacter i a l  or 
mamma 1 1 an )  i n the l aboratory to  a mater 1 a 1  and then measu r 1 ng  certa i n  
changes i n  succeed i ng generat i on s  of the  ce l l s .  The word 
mutagen 1 c i ty h as b een app l i ed to the resu l ts from a var 1 ety of 
d i fferen t  techn i ques  us i ng d i fferen t k i nd s  of ce l l s a�d d i fferent end 
po i nts . About the  on l y  th i ng t he  v ar i ous  resu l ts h ave  i n  common i s  
that pos i t l v e res u l t s i nd i c at e  that  some change i n  th e ce l l ' s genet i c  
apparatus h as b een i nduced by th e mater 1 a 1 .  

I t  i s  a v ery M g  j ump from such  t est s  to  the h uman "genes h "  
r i s k s : c arc i nogenes i s  ( c ancer ) ,  t eratogenes i s  ( b i rth d etects ) ,  and 
mutagenes i s  (mutat i on s ) ,  and the proper u s e  and i nterpretat i on of i n  
v i tro mutagen l c i ty t est  resu l ts i s  a s ubj ect  ot cons i derab l e  

-

controv ersy . Th e mos t  popu l ar j u st i f i cat i on for th e tests  i s  as  a 
pre l 1 m i n ary screen for h uman c arc 1 nogen s , bas ed on corre 1 at 1 ons  
reported i n  th e l i t erature .  However , the  v a l u e  of  the  tes t s  for 
1 dent 1 fy1 ng  tox i c  h azards to h umans i n  syn thet i c  fue l s  has been 
ques t i oned on the bas i s  that th e d egree of corre l at 1 on has  been 
overstat ed ,  and that the  d egree of corre l at i on i s  not h 1 gh enough to 

1 8�atte l l e  Pac i t l c  Northwest Laboratory ,  o p .  c i t . ;  Mah l um ,  op . 
c i t . ; Oak R i dge Nat i ona l  Laboratory , op . c i t . ;  Ca l k i n s  et a l . ,  op . 
c i t . ;  R .  F .  K l mba l 1 and N .  B .  Munro , A Cr i t 1 ca 1 Rev i ew  of the  
Muta en i c  and  Oth er Genotox i c  Effect s  of  01 rect Coa l  [; quefact i on ,  

ak l dge ,  ennes s ee :  ak i dge Nat i ona l laboratory , 
Ju l y 1 98 1 ) ;  R .  A .  Pe l roy and B .  W .  W i l son , Fract i on a l Di st i l l at i on as 
a Strategy for Reduc i n  Genotox i c  Potent i a l  of  SRC - 1 1  Coa l L i qu i ds : A 

a u s  epor , 1 ch an , as 1 ng on : a e e ac 1 1 c  
Northwest laboratory ,  September 1 98 1 ) ;  Oak R i dge  Nat i ona l Laboratory ,  
L i fe Sc i ences Synthet i c  Fu e l s  Semi annua l Pro res s  Report for  the  
er 1 o  n d 1 ng une  0 , 9 1 , ORNL/TM-7926 Oak R i dge ,  Tennes s ee :  Oak 

R i dge Nat i on a l Laboratory , October 1 98 1 ) ;  Satte l l e  Pac i f i c  Northwes t 
Laboratory ,  In i t i a l Ch emi ca l and B i o l og i ca l Ch aracter i zat i on ot 
H¥drotreated So l vent Ref i ned Coa l ( SRC- I I )  [1 qu 1 ds :  A Statu s Report , 
PNl-�4b4 ( R i ch l and , Wash i ngton : Batte l l e  Pac i f i c  Northwest 
laboratory ,  Ju l y  1 980 ) ; J .  L . Ep l er ,  et . a l . ,  "Ana l yt i ca l and 
� 1 o 1 o g 1 ca 1 An a l ys es of  Test Mater i a l s  from the Synthet i c  Fu e l 
Techno l og i es , "  Mutat i on Research , Vo l .  5 7 ( 1 9 78 ) pp . 265 -276 ; R .  A .  
Pe l roy , Th e Mu ta  en 1 c  and Chemi ca l Pro ert 1 es of SRC- 1 Mater 1 a l s :  A 
Status  Repor , 1 ch an , as 1 ng on : a e e ac 1 1 c  
Northwest Laboratory , January 1 9H I ) ;  and M .  R .  Guer i n  et a l . ,  
" Po l ycyc l i c  Aromat i c  Pr imary Plni n es as  Determ i n ant  Chemi c a l Mutagens  
i n  Petro l eum Su bs t i tutes , "  Env i ronmenta l Res earch , Vo l .  23 ( 1 980 ) .  
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mak e t ests  u s efu l for i dent i fyi ng  the h uman carc i nogens . l 9  Perhaps 
th e bes t  i nd i cat i on of the present ut i l i ty of th e tests  for 
i dent i fy i ng  h azards and manag i ng r i sk w i th synthet i c  fue l s  come from 
those  who u s e  th e tests .  Mutagen i c i ty i nv es t i gators regard a 
pos i t i v e  t es t  to i nd i cate th e n eed for further t es t i n g ,  u s ua l l y i n  
an ima l sk i n  test s . However , n egat i v e  resu l ts hav e b een fo l l owed by 
an i ma l s k i n t es t i ng a l so ,  b ecau se  t he  t ests  are known to produce 
fa l s e negat i v e  resu l t s .  S i nce  e i th er pos i t i v e  or n egat i v e  res u l ts 
l ead to the  s ame act i on ,  the  res u l ts ,  i n  pract 1 ce ,  appear to be  
contr i but i n g  l i tt l e to th e prob l em of i dent i fyi ng  hazards for 
synthet i c  fue l s .  

Th i s  i s  not to s ay th at mutagen i c i ty t ests  h av e  no v a l u e i n  other 
app l i cat i on s . They are apparent l y  con s i d ered to b e  of  v a l u e  i n  the 
drug  i ndustry for s creen 1 ng a l arge number of potent i a l  drugs for 
genotox i c i ty .  S im i l ar i l y ,  they c an probab l y  be  of va l u e as  a 
pre l i m i nary s creen i ng d ev i ce i n  s tud i es to f i nd ways to a l t er the  
carc i nogen i c i ty of a part i cu l ar synthet i c  fue l a nd  some mutagen i c i ty 
stud i es h av e  b een d i rected toward th i s  goa 1 . 20 The tests  s eem a l so 
l i k e l y  to b e  u sefu l i n  the  attempt to  ga i n  a more  fundamen ta l 
understand i ng of  the  mechan i sm of chemi ca l l y i nduced g enotox i c  
effects . 

CURRENT DATA BASE ON ECOLOG I CAL E FFECTS 

Re l at i ve l y l i tt l e  data  has  been reported on th e res u l t s of tox i c i ty 
test s  a imed at the  eva l uat i on of tox i c  h azards to eco l og i ca l 
systems . Mos t  of the  data  reported concern aquat i c  systems . In 

1 9M .  S .  Legator , " Genet i c  Tox l co l ogy--Re l ev ant Stud i es w i th An i ma l 
and Human Subj ects , 11 Proceed i ngs  of Adv i sory Work shop on Carc i nogen i c  
Effects of Coa l Convers i on ,  EPR I W S - 78 - I I U ,  ( Pa l o  A l to , Ca l i forn i a : 
E l ectr i c  Power Research Inst i tu te ,  September 1 9 79 ) ; and  R .  A .  Sca l a , 
" How Va I i d  are Short- Term Tes ts i n  As s es s i ng Human Carc i nogen i c i ty? " , 
Presented at the Ang l o-Amer i can Conferenc e on HUman Hea l th and 
Env i ronmenta l Tox i c ants , London , Eng l and , May 1 5 , 1 9 79 .  
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gen era l ,  t he  resu l ts conf i rm expectat i ons . Raw process wat ers w i th 
h i gh concentrat i on s  of su l fur  and ammon i a  were tox i c  to amph i b i an 
embryos . 2 1 Treated waste  waters were  not tox i c  to  fresh  water 
a l gae , nor to m i dge  l arvae  but  50  perc ent of Daphn i a  magn a were 
k i l l ed or i mmob i l i z ed by 1 . 1 percent  of treated waste  water i n  a 24-
hour t est . 22  

Aq u eous extracts of product and  process s treams h ave  b een tested 
to exami n e  the  poten t i a l  for tox i c  hazards  resu l t i ng from sp i l l s i nto 
aquat i c  env i ronments .  I n gen era l ,  the  major d eterm i nant  of aqu at i c  
tox i c i ty i dent i f i ed thus  far are water-so l ub l e ph eno l s . 23 Tes t i n g  
of proces s waters and aqueous  extracts  i s  comp l i cated by the fact 
that th e aqueou s so l ut i ons  are unstab l e . Pheno l s  t end to be  
b i odegraded fa i r l y  rap i d l y  by mi croorgan i sms . Tox i c i ty of  thes e  
aqueous so l ut i ons  i s  s trong l y  affected by p H  and p H  a l so t ends to 
change  w i th t ime wh i ch comp l i cates the tox i c i ty t ests . 24 
�drotreatment of l ow bo i l i n g  fract i on s  (wh i ch t ends  to des troy 
ph eno l s )  h as b een shown to d ecreas e the  tox i c i ty of aqu eous  
extracts . 25 

Ev en l ess  work h as been don e on the  t errestr i a l  systems . On e 
study showed no  effect on germi n at i on ,  growth , or y i el d of barl ey for 
s o l i d  SRC - 1 product m i xed 50/50 w i th s o i l . 26 

2 1 Qak R i dge Nat i on a l Laboratory ,  L i fe Sc i ences Synthet i c  Fu e l s  
Semi annu a l Progres s Report for the  Per iod Endi ng  Jun e  30, 1 98 1 , op . 
C l f .  
22 Ib i d .  

24oak R i dge  Nat i ona l Laboratory , L i fe Sc i ence  Synthet i c  Fue l s  
Semi annu a l  Progres s Report for the Per 1 od £ng 1 ng June  30, 1 98 1 , op . 
c 1 t . ; and Strand and Vaugh , op . c i t .  

250ak R i dge Nat i on a l  Laboratory , Hea l th Effects  Research i n  D i rect 
Coa l  L i quefact i on .  Stud i es of H-Coa l Di sti l l ates : Phase I .  POD 
Samp l es - -The Effect of Hydrotreatment ,  op . c i t .  

26Mah l um ,  op . c i t .  
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PLANNED RESEARCH PROGRAMS 

Tox i co l ogy research program p l an s  for the H-Coa l , SRC - I I ,  and E DS 
proces s es have  b een reported . 27  Th es e  programs are s ummar i zed i n  
Tab l es 1 ,  2 ,  and 3 . Thes e  programs appear to cov er ess ent i a l l y a l l 
the current  state-of-the-art test i ng techno l ogy and i n  some cas es , go 
beyond that i nto exper i men t a l  procedures . 

RESEARCH NEEDS 

Management of tox i c  r i s k s  i nvo l ves three steps . F i rst , a tox i c  
hazard assoc i ated w i th a part i cu l ar mater i a l  must  b e  i dent i f i ed .  
Second , some est i mate  of the  magn i tude  of the  r i s k  mus t  be  mad e .  
Th i rd ,  i f  the  magn i tude of t he  r i sk i s  j udged un acceptab l e , contro l s 
mus t  b e  app l i ed to reduce  the r i s k  to an acceptab l e  l eve l . 
In th i s  d i scuss i on the  word h az ard means a mater i a l or cond i t i on 
capab l e  of  i nf l i ct i ng i nj u ry or  d amage , and th e word r i s k  mean s the 
probab i l i ty of a part i cu l ar i nj u ry or d amage occurr i ng as a resu l t  of 
expos ure  to a h azard . 

A conceptua l  fr amework for manag i n g  r i sk before an i ndustry i s  
bu i l t  i s  shown i n  F i gure  l .  Some k i nd  of mode l of th e i ndus try (or 
th e part of concern , s uch as  the  p l ant or the transportat i on system)  
i s  u s ed to es t i mate  a l eve l  of em i s s i on s . Thos e emi s s i on s  are  fed 
i nto a d i spers i on mod el  a l ong  w i th i nformat i on on th e l ocat i on and 
act i v i t i es of peop l e  to gen erate an expos ure  es t i mate ,  that i s  an 
est i mate of  the l eve l s and durat i on of exposure and the  number of 
peop l e  expo sed .  Bas ed on th e exposure ,  a dos e  mus t  be es t i mated 
wh i ch can b e  f ed i nto a dos e/response  mode l  to prov i de an est i mate of 
the r i sk . That  est i mate can then be  u s ed to d ec i d e  whether and how 
contro l s  mus t  be  changed to br i ng r i s k s  to an acc eptab l e  l eve l . 
Contro l s  can b e  u s ed to i nt erven e  at any number of  po i nts . Rel eas es 
c an be d ecreas ed , exposed i nd i v i dua l s  can be protected from the  
exposure ,  or th e b as i c  tox i c  potency of th e mat er i a l  may b e  a l tered . 
Thus  the  n eed for data must be  j udged aga i ns t  th e ab i l i ty of that 
data to f i t somehow i nto a framework for r i s k  management , and to 
contr i bute  s i gn i f i cant l y  to a dec i s i on mak er ' s a b i l i ty to j udge  the 
magn i tude of th e r i s k  and opt i on s  for contro l l i n g  r i sk . 

2 7satte l l e  Pac i f i c  Northwest Laboratory , So l v ent Ref i ned Coa l - 1 1  
SRC - 1 1 Deta i l ed Env i ronmenta l P l an ,  PNL-351 7 (R l ch l and , 
as  1 ng on : a e e ac 1 1 c  or west Laboratory , October 1 980 ) ;  K .  

E .  Cowser ( ed . ) ,  Env i ronmenta l and Hea l th Program for H-Coa l  P i l ot 
P l ant ( Oak R i dge ,  Tenn es see :  Oak R i dge  Nat i on a l  Laboratory , November 
1 980 ) ; and W . R .  Epper l y ,  E DS Coa l L i qu efact i on Process Dev e l opment , 
Phas e V ,  E DS Env i ronmenta l Program , FE-2893-79 ( F l orham Park , New 
Jersey :  Exxon Research and Eng i neer i ng  Company , November 1 98 1 ) .  
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TABLE  1 Summa ry of  Tox i col ogy Program on SRC- 1 1 

Pha se  I 
B i omed i ca l  Stud i es 

Submamma l i a n  a nd Mamma l i a n  Cel l � Vi tro Assays for Genotox i cants 
Acute Ora l Tox i c i ty 
Acute Derma l Tox i c i ty 
Eye I rri tat i on 
Derma l Sens i t i za t i on 
As p i ra t i on Ha zard 
Tera to gen i c i ty 

Eco l og i ca l  Screen i ng Assays 

Acute tox i c i ty to : 

A l gae  ( Sel ena s trum ca r i cornutum ) 
Zoop l ankter Daphn i a  magna 
Sed i ment dwel l i n g  detr i t i vores ( C h i ronomus tenta ns a nd Ta nytarus 

d i s s imi l i s )  
Fa thead mi nnow ( Pi mepha l es prome l as ) 
Ra i nbow trout  ( Sa l mo ga i rdner i } 
Attract i on/avo i dance wi th  fi s h  
P l a nt growth a nd root i ng  ( bar l ey )  

Pha se I I  

B i omed i ca l  Stud i es 

Derma l Carc i nogen i c i ty ( Mouse S k i n Pa i nt i n g ) 
I n ha l a t i on Tox i c i ty ( 3  week , 1 3  week , and  l i feti me )  
Domi na nt  Letha l Tes t  
Transp l a ncen ta l  Carc i no genes i s  
Devel opmenta l Tox i co l o gy 
Neurobehav i ora l Tox i co l ogy 

Cond i t i oned Ta s te Avers i on 
Cond i t i oned Avo i da nce Beha v i or 
Learn i ng and  Memory 
Open F i el d Act i v i ty 
Phys i ca l  Endurance 

Eco l og i ca l  Stud i es 

B i o l o g i ca l  Fa te i n  the Aquat i c Env i ronmen t 
B i o l o g i ca l  Fa te i n  the Terres tri a l  Env i ro nment 
Mul t i s pec i es Tes t i ng  i n  Aqua t i c Systems 
La b Stud i es on Revegeta t i o n  o f  So l i d  Wa s tes 
Chemi ca l a nd M i crobi o l og i ca l  Fa te i n  Sed i ment a nd So i l  Sys tems 
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TABLE  1 Summary of  Tox i col ogy Program on  SRC- I I  - Con t i nued 

Pha se I I I  

B i omed i ca l , ecol og i ca l , and  c hemi ca l a na l yses of ma ter i a l s  whi c h  may 
be produced by demons trat i on and commerc i a l  fac i l i t i es under d i fferent  
cond i t i ons tha n t hose establ i s hed as base l i ne i n Phase  I I  a nd ma ter i a l s 
proces sed through vari ous control techno l ogy opti ons  or subjec ted to 
upgrad i n g . 

Materi a l s :  

L i qu i d  process streams and  produc ts 
So l i d  proces s s treams and effl uents 
Proces s wa ters 

SOURCE : Battel l e  Pac i fi c Northwes t La borato ry , Sol vent Refi ned Coa l - I I  
( SRC- I I }  Deta i l ed Env i ronmenta l  Pl a n , PNL-351 7 ( Ri c h l and , Wa s h i ngton : 
Ba ttel l e  Pac i fi c Northwes t La boratory ,  Octo ber 1 980 } . 
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TABL E  2 Summary o f  Toxi co l ogy Program on H-Coa l 

Occupa t i ona l Tox i co l ogy 

Cel l u l a r B i oa s says ( Muta genes i s  and  Cytotox i c i ty )  

Mamma l i a n  Tox i c i ty Tes ts 

Ac ute Ora l LD  
Acute I ntra pe�Yt i onea l  LD50 Acute Derma l L Dso 
Pr imary Eye I rri ta t i on  a nd S k i n Corros i on 
Derma l Sens i t i za t i on 

Subacute ( 90 day )  tes ts for sys temi c tox i c i ty 

Chron i c  Stud i es 

Lung  Adenoma B i oassay 
Mo use S k i n Pa i nt i ng  Tes ts 
Extended I nha l a t i on Tes ts 

Env i ronmenta l  Fa te and E ffects 

Chemi ca l and  Phys i ca l  Character i za t ion  

Tox i c i ty Screen i n g Tes ts 

Al ga l  Photosyntheti c I nh i bi t i on 
Acute Tox i c i ty to : 

Pl ankto n i c  Cru s tacean ( Daphn i a  m)gna ) 
Mi dge Larvae ( C h i ronomus tenta ns 
Fa thead Mi nnow ( P i mepha l es prome l a s ) 

Chroni c Tox i c i ty Tes ts 

28 day reproduct i on ( Daphn i a ma gna ) 

48 hour Fi s h  Embryo- La rva l Tes ts 

Reproduct i ve e ffects of terres tri a l  i nsects 
La bora tory stud i es of the fa te a nd effec t o f  so i l s p i l l s  
Stud i es o f  a ttenua t i on o f  contami na nts i n  so l i d  wa s te l eachates 

dur i n g movement  through  soi l s  
Stud i es o f  tra ns port and  fa te o f  products s p i l l ed i n  aqua ti c  

env i ronmen ts 
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TABLE  2 Summary of  Toxi co l ogy Program on H-Coa l - Conti nued 

Materi a l s :  

These tests and  studi es w i l l  be carri ed out  on sel ected l i qu i d  and 
so l i d  product and proces s s treams , was te wa ter streams and so l i d  
wa ste . 

SOURCE : K .  E . Cowser ( ed . ) ,  Env i ronmenta l  and Hea l th Program fo r 
H- Coa l Pi l ot P l ant  ( Oa k R i dge , Tennessee : Oa k R i dge Na t i ona l 
La boratory ,  November 1 980 ) . 
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TABLE  3 Summary o f  Toxi col ogy Program on EDS 

HUMAN HEALTH EFFECTS 
Acute 

Ora l 
Derma l 
I n ha l a t i on 
Repeat Derma l 
Eye I rri ta t i on 
I nv i tro Mutagen i c i ty 

Env i ronmenta l E ffec ts 

S u bchron i c  Chron i c 

Tox i c i ty 2 yr Mouse S k i n Pa i nti ng 
Tera to l ogy 
Reproduct i ve Effec ts 

2 hr Al ga l Photosynthes i s Embryo-La rva l , 30 2 1  day Da phn i a  
48 & 3 6  h r  Al ga l  Growth  day pos t hatch , 

fa t head mi nnows 

48 hr Da phn i a - s tat i c 
96 hr  I nvertebrate­

dynami c 
96 hr  Vertebra te­

dynami c 

Dens i ty 

Embryo-Larva l , 60 
day post  ha tch , 
s a l mon i d 

Ana l yt i ca l  Tes ts 

E l ementa l Compos i ti on 
Bo i l i n g  Po i n t or Ra nge 
Fl a s h  Po i n t Deta i l ed c harac ter i za t i on 

of  orga n i cs  us i ng GC and 
chemi ca l sepa rat i ons , l ow 

V i scos i ty 
Refrac t i ve I ndex 
Exp l os i ve L i mi t 
Mean Mo l ecu l a r  Wei ght  

MATER IALS : 

and  h i gh  reso l ut i on MS , MS , and 
NMR . 33  Trace El ements by 
I CPES 

These tes ts w i l l  be carri ed out  on three boi l i ng ra nge fract i ons , 
na phtha ( 1 50- 350 F ) , recyc l e so l vent ( 400-800 F ) a nd a bl end of  
va cuum ga s o i l i n  recyc l e  so l vent ( 400- 1 , 000 F ) . Th i s  represents the 
fu l l bo i l i ng ra nge of  ma teri a l s whi c h  mi gh t  cons t i tute l i qu i d  products 
from a commerc i a l  p l ant . 

SOURC E : W .  R .  Epperl y ,  EDS Coa l L i  uefacti on Proces s Devel o ment , Pha se 
V ,  E DS Env i ronmenta l Program , FE-2893-79 Fl orham Park , New Jersey : 
Exxon Res ea rc h  a nd Eng i neer i ng Company ,  No vember , 1 981 ) . 
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V i ewed aga i ns t  th i s  fr amework , the  pres ent tox i co l ogy d ata  base  
and  research program appear suff i c i ent  to generate an adequ ate  data 
base  on acute  tox i c i ty .  However , some effort shou l d  b e d evoted to 
determi n i ng the rel at i onsh i p  between acute  tox i c  potency and pheno l 
concentrat i on .  

C l ear l y ,  chron i c  tox i c i ty i s  an area of concern . Effects wh i ch 
are expressed on l y  after a substant i a l de l ay or wh i ch can b e  cau sed 
by l ow l eve l s of exposure are the  h ardest to t est  for . Carc i no­
gen i c i ty of th e h i gh -bo i l i ng fract i ons  h as been i dent i f i ed as  a tox i c  
h az ard to b e  reckon ed w i th .  Cancer o f  the sk i n ,  l ung , o r  other organ 
systems i s  a poss i b i l i ty ,  g i ven suff i c i ent  exposure .  Th e date  base ,  
however , i s  i n adequate t o  perm i t  a quant i tat i v e  est i mat i on of t he  
r i sk  o f  t h e  v ar i ou s  pos s i b l e cancers  wh i ch cou l d  b e  produced by sk i n  
contact or aeroso l i nh a l at i on .  A reasonab l e f i rst s tep wou l d  be  to 
quant i fy the potency of d i rect  coa l l i quefact i on mater i a l s rel at i ve 
to mater i a l s  on wh i ch there i s  some measure of h uman dos e/respons e  
(c i garette smok e and cok e oven emi s s i ons ) ,  u s i ng ex i s t i ng sk i n  
carc i nogen i c i ty t ests . Admi tted l y ,  th i s  wou l d  be  crude ,  but i t  wou l d  
b e  better than noth i n g unt i l s uch t ime a s  va l i dated an ima l  tests  are 
av a i l ab l e  for l ung  cancer and other systemi c cancers . 

There i s  a l ready some ev i dence  for teratogen i c  effects . I n th i s  
area a l so the n eed i s  for quant i tat i ve dos e respon se  i nformat i on 
wh i ch w i l l  perm i t est i mat i on of human r i sk .  Tests  for reproduct i ve 
effects are p l anned . 

Many mater i a l s  i nvo l v ed i n  d i rect coal  l i quefact i on have  been 
i dent i f i ed as potent i a l  tox i c  h az ards . Such a l i s t , adapted from the 
Env i ronmenta l Impact Statement  for the SRC- I I  demonstrat i on proj ect 
i s  shown i n  Tab l e 4 . 28 Most  of thes e  mater i a l s are a l ready w i del y 
encountered i n  commerce and i ndustry ,  and the i r  tox i c  propert i es are 
adequate l y understood . Th e mater i a l s for wh i ch an adequate data base  
does not ex i s t are those  un i qu e  to coa l l i quefact i on .  C l ear l y ,  the  
mater i a l s  wh i ch d i ffer most  from conven t i on a l  ones are th e l i qu i d  and  
s o l i d  hydrocarbon product and i ntermed i ate streams . As th e products 
are u pgraded to make s u i tab l e rep l acements for petro l eum products , 
they become more and more  l i k e  petro l eum products . At some po i nt i n  
th e u pgrad i ng process  i t  i s  l i k e ly  that the  d i fferences w i l l  
d i s appear . It wou l d  be  u sefu l to determ i n e  how much upgrad i ng i s  
req u i red to br i ng the  raw l i quefact i on products to the  po i nt at wh i ch 
they are b i o l og i c a l l y  equ i va l ent  to convent i on a l  petro l eum products . 
Th i s  wou l d  assure  that , i n  s i tuat i ons  where  that exten t  of upgrad i ng 
i s  rea l i z ed ,  th e coa l -der i ved mater i a l s wou l d  pres ent no greater 
tox i c  h azards than ex i s t i ng petro l eum products . It i s  not c l ear that 
current  stud i es on th e effect  of upgrad i ng w i l l  ach i ev e  th i s goa l . 

28u . s .  Department of En ergy ,  F i n a l  Env i ronmenta l  Im�act Statemen t ,  
So l v ent Ref i n ed Coa l - I I Demonstrat 1 on ProJ ect , DOE/ IS-0069/02 
(Wash i ngton , D . C . : U . S .  Department of  En ergy , Janu ary 1 98 1 ) . 
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TABLE  4 Ha zardous  Materi a l s  i n  Di rect Coa l L i quefact i o n  Proces ses 

Materi a l  

Coa l  Dus t 
S l ag  
Hydrogen 
Methane  
Carbon Monoxi de 
Carbon Di oxi de 
Ca rbonyl  S u l fi de 
Oxygen 
N i trogen 
Argon 
Hydrogen Su l fi de 
L i qu i d  Products 
Vacuum Bottoms 
Ammon i a 
Su l fur 
Su l fur D iox i de 
Hydrogen Ch l ori de 
DEA/MEA 
Sel exo l so l vent 
Phenol i c s 
Hydrogen Cyan i de 
L i quefi ed Petrol eum Gas  

As s umed Hazardous Property 

Exp l os i ve , fl amma bl e , tox i c 
Pyrophori c , pos s i b l y  carc i nogeni c 
Fl amma bl e , expl os i ve ,  a s p hyx i ant  
Fl amma bl e , expo l s i ve , a s phyx i a nt  
Fl amma bl e , tox i c 
Asphyx i a n t  
Fl amma bl e , tox i c 
React i ve , i ncrea sed fi re ha zard 
Asphyx i ant 
As phyx i ant  
Fl ammabl e , tox i c 
Fl amma bl e ,  tox i c , expl os i ve , carci nogen i c 
Tox i c , fl amma bl e , carc i nogen i c 
Fl amma bl e ,  tox i c  
Fl ammab l e , tox i c  combus t i on products 
Fl ammab l e , toxi c 
Tox i c 
Fl amma bl e , tox i c  
Fl amma bl e , tox i c 
Toxic  
Tox i c , fl amma bl e 
Fl ammab l e ,  expl os i ve 

SOURCE : U . S .  Depa rtment o f  Energy , Fi na l Env i ronmenta l Impact  Sta te­
ment , So l vent Refi ned Coa l - 1 1  Demons trat i on Pro ·ect , DOE/ E I S-0079/U2 
Was h i ngton , D . C . : U . S .  Department o f  Energy , January 1 981 ) . 
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Other potent i a l l y  d i fferen t mater i a l s are waste  waters  and so l i d  
waste .  Th e pres ent  r es earch program appears adequate to def i n e  the  
tox i c  propert i es of thes e mater i a l s .  

Th e  tox i c  r i sk s  of combus t i on products from coa l l i quefact i on 
mater i a l s that h av e  not been u pgraded i s  an area not adequatel y 
covered i n  t he  pres ent  program . However , the  tox i co l ogy of the 
products of combus t i on of current  fue l s i s  not we l l def i ned .  The 
major n eeds are to furth er understand i ng of the  tox i c  h az ards 
assoc i ated w i th the combust i on of current  fuel s and to determ i n e  i f ,  
ch emi ca l l y ,  the  combust i on products from raw coa l l i qu i ds are 
d i fferent from thos e from current  fuel s .  If  they are ,  then some 
furth er tox i co l ogy res earch i s  probab l y  c a l l ed for . 

An area of uncerta i nty i n  th e presen t program i s  the  extent  to 
wh i ch the mater i a l s  t hat have  b een or w i l l  be t ested are 
representat i v e of commerc i a l product i on .  Th e SRC - I and SRC- I I 
s amp l es are produced i n  a 30 T/D p i l ot p l ant , t he  H-Coa l  s amp l es i n  a 
200 T/D p i l ot p l ant , and the  EDS  s amp l es i n  a 250 T/D p i l ot p l ant . 
Th e  l arger p i l ot p l ants  have  b een d es i gn ed to  d u p l i cate commerc i a l 
operat i ons  wel l enou gh to  perm i t th e des i gn of a commerc i a l  s i ze 
p l ant , and th erefore th i s  uncert a i n ty s hou l d  b e  sma l l .  In add i t i on ,  
some i nd i cat i on of the magn i tude  of th i s  uncerta i n ty w i l l  b e  obt a i n ed 
when a l l t he  d ata are  a va i l ab l e .  If  th e res u l ts s how th at the  
tox i c i ty of s im i l ar bo i l i ng fract i on s  does not vary much from process 
to process , i t  wou l d  s u ggest that the  b i o l og i c a l  propert i es are not 
v ery s en s i t i v e  to proces s changes . Th i s  wou l d ,  i n  turn , s uggest that 
commerc i a l mater i a l s  are not l i k e ly  to behave d i fferen t l y  from those 
tested . Converse l y ,  w i d e  var i at ion s  wou l d  sugges t  that th e 
re l at i onsh i p  of p i l ot p l ant to commerc i a l mater i a l s shou l d  b e  check ed 
further . 

Th e  major uncerta i nty i nh erent  i n  the  pres ent  tox i co l ogy program 
i s  that i ntroduced by the d i fference  between human and an ima l  
res ponse  to  tox i c  mater i a l s .  An i ma l s  often respond d i fferen t l y  to 
tox i cants than do human s . It u s ua l l y  tak es a fa i r amount of research 
to d eve l op an an ima l  tes t  model  wh i ch dup l i cates a human tox i c  
respon s e ,  and i n  some c as es , convent i on a l  an i ma l  mode l s d o  not 
accurate ly  pred i ct h uman res pon s e .  Rodents , for examp l e ,  are much 
l es s  s ens i t i ve th an human s to meth ano l ,  are apparent l y  refractory to 
l un g  c ancer due  to c i garette smok e ,  and cou l d  not have  i dent i f i ed 
th a l i domi de  as a human teratogen . Conversel y ,  rodent mode l s may be 
more s en s i t i v e than h umans to other mat er i a l s . As p i r i n , for examp l e ,  
i s  teratogen i c  to rodents but  i s  not k nown to presen t tox i c  hazards 
to humans at norma l dosages . When proper l y  v a l i dated , an i ma l  tests 
are u sefu l for pred i ct i ng tox i c  hazards to humans . Th e battery of 
an i ma l  and i n  v i tro t ests  be i ng  app l i ed to d i rect  coal l i qu i ds can be  
expected to�etect the tox i c  hazards for wh i ch th e tests  were 
deve l oped . Howev er , b ec ause  an i ma l s and humans somet imes res pond 
d i fferent l y  to tox i cant s , the poss i b i l i ty ex i sts  th at  curren t  an ima l  
tests  may f a i l t o  d et ect a hea l th effect wh i ch has  n ev er b een seen 
before and for wh i ch no test has  been deve l oped and v a l i dated . 
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In  the f i n a l  ana l ys i s ,  there  c an be no guarantees . The prob l em 
i s  very much l i k e  the prob l em  of prov i ng a s c i ent i f i c  theory tru e .  
At best , o ne  can on l y  try d i l i gent l y  to prove a th eory fa l s e  and , 
hav i ng fa i l ed ,  ass ume i t  i s  true .  I n  a s imi l ar manner , researchers  
can on l y  try d i l i gent l y  to f i nd the  unacceptab l e  tox i c  r i sk s . 

Two strateg i es come to m i n d  to try to dea l w i th the uncerta i nty 
l eft by ex i st i ng i n  v i vo and i n  v i tro tox i c i ty t ests . On e  poss i b l e 
strategy wou l d  beito�ry ou�some very exp l oratory research 
attempt i n g  to expose  a v ar i ety of s pec i es to cond i t i ons  s i mi l ar to 
what peop l e  are l i k e l y  to exper i ence  for very l ong  per i od s  of t i me 
but at h i gh er dos ages to compensate  for the  shorter l i fet i mes of 
an i ma l s .  The goa l wou l d  be to d eterm i n e  i f  there are pos s i b l e h ea l th 
effects  wh i ch s omehow have  not b een i d ent i f i ed i n  current tests . 
Su ch a program wou l d  not u s e  va l i dated test s , and therefore pos i t i ve 
res u l ts  cou l d  on l y  tr i gger further research . It  wou l d  be  v ery 
expen s i ve and wou l d probab l y  h av e  to b e  l im i ted to j u s t  one or two 
mater i a l s .  It wou l d  tak e  a l on g  t ime . It wou l d  probab l y  produce a 
number of fa l s e pos i t i v e  res u l ts and ra i s e  more ques t i on s  than i t  
answered , but then that wou l d  be  the purpose- -an exp l orat i on of 
unknown terr i tory to s ee what i s  there .  

A s econd s trategy i s  further ep i demi o l og i ca l  stud i es i n  the cok e 
oven /coa l  tar and petro l eum i ndus tr i es .  L i q u i ds from d i rect coa l  
l i quefact i on are  d i fferent from both coa l  t ar and  petro l eum . 
However , as coa l  tar i s  hydrogenated , i t  can be  made to l ook f i rs t  
l i k e  d i rect coal l i qu i ds and then l i k e  petro l eum . It  s eems a 
reasonab l e  assumpt i on that raw , d i rect  coa l l i qu i ds w i l l  produce 
effects  somewhere between those of coa l tar and thos e of petro l eum 
and the greater the degree of ref i n i ng and u pgrad i ng ,  the more l i k e  
petro l eum they w i l l  b ecome . Th ere i s  a l ways t h e  pos s i b i l i ty that i n  
d i rect coa l  l i quefact i on ,  some mo l ecu l es w i l l  be  produced wh i ch are 
not present  i n  e i ther coa l t ar or petro l eum . Th i s  i s  j ust  another 
facet of the fact that no  guarantees are poss i b l e  and i s  not a 
persuas i ve argument for d i sregard i n g  th i s  as  another s trategy i n  the  
s earch for the tox i c  h az ards of d i rect coa l l i quefact i on .  Th e on l y  
reason for not purs u i ng s uch a strategy wou l d  be  i f  current  data 
resources have  a l ready been fu l l y exp l o i ted . That i s  an i s s ue  for 
experts i n  the  f i e l d  of ep i demio l ogy to s ett l e . 

SUMMARY 

I n  s ummary , there  s eems to be  no way to guarantee a surpr i s e-free 
future , w i th respect  to tox i c  r i sks . At best a d i l i gent search us i ng 
th e best  methods curren t l y  ava i l ab l e can be  conducted . Th e  fo l l owi ng  
res earch efforts shou l d  b e  cons i d ered as add i t i on s  to  the current 
program to meet the  t est  of d i l i gence :  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

S a f e t y  I s s u e s  R e l a t e d  t o  S y n t h e t i c  F u e l s  F a c i l i t i e s
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 5 8 4

http://www.nap.edu/catalog.php?record_id=19584


304 

o Quant i fy th e rel at i ons h i p  between acute  tox i c i ty and pheno l  
content . 

o Qu ant i fy the  c arc i nogen i c  potency of h i gh bo i l i ng  fract i on s . 
o Defi n e  d evel opmenta l  and reproduct i ve effects  and quant i fy 

as n ecessary . 
o Def i n e  the  l eve l  of u pgrad i ng at wh i ch products b ecome 

b i o l og i ca l l y  equ i va l ent  to current  products . 
o Determi n e  i f  combust i on products from raw coa l l i qu i ds 

d i ffer from thos e from current  fue l s and i f  so , how . 
o Exp l ore chron i c  exposures i n  a broader range of spec i es ,  

under cond i t i on s  as  representat i ve as  pos s i b l e of human 
exposures ( except for dose l eve l s wh i ch may have  to be  
proport i onatel y h i gher to compen s ate  for the shorter l i fe  
s pans of th e t est  an ima l s ) .  

o Ensure  that th e presen t  cok e oven /coa l t ar and petro l eum 
exper i ence  h as b een adequate ly  exami n ed for c l u es to 
potent i a l effects .  
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