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( a )  Lead Agency : U . S .  Department of Energy ( DOE ) 

( b )  Proposed Ac t i on :  The cost shari ng by DOE (45% ) , the Federal Republ i c  of Germany ( 2 5% ) ,  
Japan ( 2 5% ) , and SRC I nternationa l , Inc . [composed of The P i ttsburg & Mi dway Coal Mi n i ng Co . ,  a 
whol l y  owned subs id i ary of Gu l f  Oi l Corporation  ( 5 0% ) , and the West German ( 25% )  and Japanese 
( 25% )  i ndu stri a l  parti c i pants] in the construction  and operat ion of a 6000 tons per stream day 
( tpsd ) sol vent refi ned coal ( SRC- I I )  demonstrati on pl ant wi th the potenti a l  fo r u l tima te deve l op
ment of a 3 0 , 000-tpsd commerc i a l  faci l i ty at Fort Marti n ,  Monongal i a  County ,  West  V i rg i n i a . 

( c )  Fo r fu rthe r i n formati on , contact ( 1 ) Mr .  James A .  Reafsnyder ,  Resea rch  and Deve l o pmen t 
Manage r ,  SRC Proj ects Office , U . S .  Department of Ene rgy , P . O .  Box E ,  Oak Ri dge , TN 37830 
[phone ( 6 1 5 )  576-1 055];  ( 2 )  Dr. Ro bert J .  Ste rn , Act i n g  Di recto r ,  NEPA Affa i rs D i v i s i o n ,  Offi ce 
of the Assi stant Secretary for the En vi ronment , Room 4G-06 4 ,  Forrestal  Bui l d i ng ,  1 000 Independence 
Avenue SW, Wa s h i ngton , DC 20585 [p hone ( 202 )  252-4600] ; or ( 3 )  M r .  Stephen H .  Greenl e i g h , Esq . , 
As s i stant General Co unsel  for Envi ronment ,  Room 6D-033 , Forrestal Bu i l d i n g ,  1 000 I ndependence 
Avenue SW , Wa s h i ngton , DC 20585 [phone ( 202 ) 252-6947] . 

For copi es of  the E I S ,  contact James A. Reafsnyder at the address noted a bove . 

( d )  De si gnati o n :  F i n a l  E I S  ( FE I S ) . 

( e )  Abstract : The statement a ssesses the poten ti a l  envi ronmental i mpacts a ssoci ated wi th the 
constructi on  and short-term o peration  of a 6000-tpsd-capac i ty faci l i ty that wi l l  demonstrate the 
techni cal operabi l i ty ,  economi c v i a bi l i ty ,  and envi ronmenta l acceptabi l i ty of the sol vent refi ned 
coal ( SRC- I I )  process a t  Fort Marti n ,  West Vi rgi n i a .  Impacts as sessed i nc l ude effec ts o f  the 
project on occupational  and pub l i c  heal th resul t ing  from the production and use of SRC products ; 
potenti a l  i mpacts on terrestri a l  and aquatic  ecol ogy ; potent ia l  and expected impacts on l and 
use ; projected effects on fl oodpl a i n s  and wetl and areas ;  potent ia l  contami nation of su rface and 
groundwater qua l i ty ;  wate r u s e  and effects on water ava i l abi l i ty ;  potenti a l  effects on State and 
Federal ambi ent a i r  qua l i ty standards ; potentia l  change of the cu l tural l andscap e ,  i nc l ud ing 
structures e l i g i b l e  for or l i sted on the Nati ona l Re gi ster of Hi sto ri c Pl aces ; effects on s i tes  
of  archaeol ogical  s i gni fi cance ; and  changes to  exi st i n g  economi c and  soc i a l  characteri s t i c s  of  
the  s i te area . Addi tiona l l y ,  the sta tement presents an assessment o f  potent ia l  l ong-range and 
cumul at ive i mpacts of a future commerc i a l  expansion  of the propo sed fac i l i ty to achi eve an 
approximate 3 0 , 000-tpsd capac i ty .  The effects of conti nued operati on of the demonstrati on 
pl ant , mothba l l i n g ,  conversion  to another government use , and decommi ssi oni ng are a l so con
s i dered a s  a l ternative fates of the fac i l i ty after the demonstration . A mi ti gation p l an and the 
construct ion  and operational  mon i tori ng p l ans  for asse s s i n g  the effecti veness of mi t i ga t i on 
measures  fo r the durati on o f  the demonstrati on phase are al so presented . 

( f )  In  asses s i n g  the potenti a l  envi ronmental impacts of the proposed acti on , seve ra l  program
matic  and des i gn a l ternati ves a re consi dered and eval uated . The range of a l ternatives assessed 
i ncl udes proceedi ng wi th the action a s  proposed , modi fi cation of the action and subsequent 
conti nuation  of  the project , and no further act i on . The modi f i cation secti on i ncl udes eva l uation 
of a l ternat i ve p l ant desi gns and a l ternative pl ant s i te s .  

( g )  The proposed action i s  i ntended to demonstrate the fea s i b i l i ty o f  a sol vent refi ned coal  
proces s .  As a resu l t ,  it i s  poss i b l e  that desi gn changes or other s imi l ar actions may occur . 
I f  such changes or actions  a re determi ned to produce s i gni fi cant adverse envi ronmental i mpacts 
beyond those descri bed in thi s FE I S ,  appropriate NEPA ( National  Env i ronmental Pol i cy Act ) 
doc umentat ion wi l l  be prov ide d .  

( h )  A Record of  Deci s i o n  wi l l  b e  prepa red and publ i shed i n  the FederaZ Register i n  connecti on 
w ith  thi s p roposed action . I n  con s i deri ng  the comments recei ved on the D E I S  i n  preparation  of 
th i s F E I S ,  the Depa rtment has been parti cu l arl y  cogni zant of  the compl exi ty of i ssues  ra i sed i n  
connection  wi th th i s  project .  Acco rdi ngl y ,  the Department wi l l  con s i der any wri tten comments 
on the F E I S  rec e i ved on or befo re March 1 5 , 1 981 , i n  preparation  of the Record of Deci s i on . Any 
comments shou l d  be sent to Mart i n  L .  Rogowsky , Cha i rman , Foss i l  Energy Envi ronmental Task Force , 
Room 5A-06 l , Forrestal Bu i l d i ng ,  1 000 Independence Avenue , Washi ngton , DC 20585 . 
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Append i x  B 

S ITE-S ELECT I ON ANAL YSES 

B . l  I NTRODUCT I ON 

In 1 975 , G u l f Oi l Co rporati on unde rtook a s i te-sel ect i on analys i s  for accommod ati ng a 6000 tons/d 
SRC- I I  p l ant , capab l e  of  s u pport i n g an expan s i on of  pl ant capaci ty to 30 ,000 tons/d . The s i t i ng 
c r i ter ia  u sed i n  t he Gu l f s tudy were primari l y  p hys i ca l , engi neeri ng , and economi c fac tors that 
were j udged to be i mportant for c onstructi on and opera t i on of the SRC - I I p l a n t .  Morgantown , 
West V i rg i n i a  ( s pec i fi ca l l y  Ft . Marti n )  was c hosen as the proposed s i te .  At t hat t i me , the 
U . S .  Department of  Energy ( DOE ) was not a part i c i pant in  the projec t .  

After  Gu l f  comp l eted i ts s i te -sel ect i on anal ys i s  for t he S RC - I I  project , seve ra l  i mportant events 
t ransp i red : ( 1 ) t he DOE  became a part i c i pant i n  the proj ect and ( 2 )  Execut i ve Orders 1 1 988 and 
1 1 990 perta i n i ng to fl oodpl ai n/wet l and encroac hment were i s s ued ( May 24 , 1 977 ) .  The Request  for 
Propos al ( RFP ) from DOE to sol i c i t  an i ndus tri al  partner for the S RC - I I Demons trati on Project 
requ i red the i ndu stri al  res pondents to subm i t  a s i te-s pec i fi c  proposa l .  Morgantown , West Vi rg i n i a ,  
hav i ng been c hosen i n  the 1 975  Gu l f  s i te-se lect ion s tudy , was proposed as the s i te for the SRC - I I  
project .  The DO E ,  tak i n g N EPA respons i b i l i ty for the i s s uance of  the  SRC - I I Envi ronmental  Impact 
Statement ( E I S ) , en l i sted ORNL to prepare the E I S  for thei r rev i ew .  Al though a p roposed s i te had 
a l ready been c hosen for the project (as s pec i fi ed i n  the  RFP from DOE and the contract wi th  i ts 
i ndustr ia l  partne r) , i t  was recogn i zed that an eval uati on of the reasonab l e  a l ternati ves to the 
proposed acti on , i nc l ud i ng a l ternati ve s i te s , was nece s sary .  Oak Ri dge Nati onal Laboratory 
eval uated a l arge number of poten t i a l  s i te s .  The eval uat i on i nc l uded s i tes i denti fi ed for other 
synfuel d emonstrat i on projects  to g i ve regi onal d i vers i ty to the study .  The proposed Morgantown 
s i te h ad been eval uated prev i ou s l y ,  and pri mary base l i ne data had been co l l ected from an exten s i ve 
mon i tori ng prog ram conduc ted at the s i te by Stearns -Roge r .  

A maj or d i ffe rence between t h e  s i te-sel ect i on anal yses performed by G u l f O i l a n d  ORNL i s  t h a t  t h e  
O R N L  anal ys i s  p l aced pri mary emphas i s  on envi ronmenta l cri teri a and i denti fi ed t h e  two envi ron 
mental l y  l east  sens i t i ve a l ternat i ve s i tes . The Gu l f  s i te-sel ect i on study p l aced pr ima ry emp ha s i s 
on engi neeri ng c ri teri a .  Sect i on B . 2  of th i s append i x  descri bes the actual  s i te-sel ecti on 
proce ss  c onducted by G u l f i n  1 975 , wh i c h  i nc l udes the Morgantown s i te .  Sec t i on B . 3  descri bes 
the ORNL anal ys i s , wh i c h  eval uates a number of  s i te s , from wh i c h  two a l ternat i ve s i te s  were 
sel ected ( Sects  . .  2 . 3 . 2 , 4 . 3 ,  and 4 . 4 ) . 

B . 2  THE GULF  O I L  CORPORAT ION S ITE-SELECT I ON ANALYS I S  

Th i s  sect i on o f  Appendi x B d i scusses  the actual  s i te -sel ect i on p rocess that res u l ted i n  the 
cho i ce of  the Mo rgantown s i te as t he p roposed s i te for the SRC- I I faci l i ty .  

Be g i n n i n g  i n  1 97 3 , Gu l f  Oi l Corporation  acce l e rated acti vi ty toward commerci al devel opment o f  the 
SRC proces s  i nc l ud i ng i nvol vement in severa l  potent i a l  projects that l ed to the i n i t i at i on , i n  
1 974 , o f  a j o i nt deve l opment act i v i ty w i t h  fore i g n  compan i e s , M i t s u i  o f  Japan and Ruhrkoh l e and 
STEAG of the Federal Re pub l i c  of Germany . Part of th i s effort was to des i gn an SRC-I I Demonstra
ti on Pl ant with a coa l feed rate of  about 6000 tons/d . 

S i te e va l u at i on for the proposed p l ant began i n  the fa l l  of 1 9 75 when l etters we re wri tten to 
the governors of  t he states of  I l l i no i s , I nd i ana , Kentucky , Oh i o ,  Penn syl van i a ,  Tennes see , and 
Wes t  V i rg i n i a ,  desc ri b i ng t he prospecti ve p roject , defi ni ng s i te requ i rements , and request i ng 
as si s t ance i n  fi nd i ng a s i te for the S RC - I I Demonstrati on Pl ant . A total of 2 0  s i te s  were 
i n i t i a l l y  nomi nated by the s tates for cons i de rati on . Two s i te s  were l ater added , and two s i te s  
we re w it hdrawn . Most  of these s i tes previ ou s l y  h a d  been Offered to Coal  c o n  for t h e  ERDA
s ponsored C l ean Bo i l er Fuel Demonstrati on Pl ant , and , for those s i tes , t he Coa l con p roject was 
g i ven fi rst c hoi ce . Tabl e B . l  i s  a compl ete l i s t  of the s i tes . 
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Table B.1 . List of proposed sites 

State Site 

I ll inois New Athens· 

I nd iana Mt. Vernon 

Kentucky Baskett 
Cooper LandinI 
Holt Bottomb 

Ohio Belmont 
Br i l l iant 
D i l les Bottom 
Haverh i l l  
Witten 

Pennsylvania Clinton 
Crucible 
Georgetownb•c 
St. Joe Lead 
Tarrtownb.c 

Tennessee Li l lardb 

Loudonb 

Shellmoundb 

West Virginia Ben's Rund 

Morgantown 
North Point Pleasant 
Ravenswood 

·Selected by Coalcon. 
b Not presented to Coalcon for evaluation. 
CNot originally presented to G M R C. 
dSite withdrawn by Union Carbide. 

County 

St. Clair 

Posey 

Henderson 
Livingston 
Breckenridge 

Belmont 
Jefferson 
Belmont 
Scioto 
Monroe 

Armstrong 
G reene 
Beaver 
Beaver 
Armstrong 

Polk 
Loudon 
Marion 

Tyler 
Monongalia 
Mason 
Jackson 

A s pec i f i c  req u i rement for the SRC- I I  Demonstra t i on P l ant s i te was that i t  be abl e to s upport 
a commerci a l  p l ant because  a major  proj ect objecti ve was to expand the demonstration  pl ant once 
the technol ogy had been proven and the econom i c  u ncerta i nt i es reso l ved . The s i te req u i rements 
were : 

1 .  l and - at l east 526.5 ha ( 1 300 acres ) ,  

2 .  l ocation  - ra i l , h i g hway , and ba rge access , 

3 .  l a bor  - requ i remen t for about 400 operators and ma i ntenance personnel and a construction 
work  force of  a bout  2000 for the demonstra t i on p l a nt and a bout  twi ce that number for the 
expanded p l ant , 

4 .  water - water requ i rements for the demonstra t i on p l ant were s pec i f i ed as 567 l is ( 9000 g pm )  
consumed and 5040 l i s  (80 , 000 gpm)  o f  once-through cool i ng water. If a c l osed coo l i ng water 
system was to be u sed , the water con sumpti o n  wou l d  be 945 l is ( 1 5 , 000 gpm ) , 

5 .  e l ectr i c  power - a pproximately  40 MW , and 

6 .  coal - the demonstra t i on p l ant ' s  annual  consumpti on wou l d  be about 1 . 8 x 1 07 t (2 X 1 06 tons ) 
of h i gh-su l fur  coal . Upon expans i on to commerc i a l  s i ze ,  annual  cons umption wou l d  i ncrease 
to about ( 1 0  x 1 06 ton s ) . Large reserves of coal  shou l d  be l oca ted cl ose to the s i te to 
m i n im ize  the transportation  costs . 

I nformat i on rece i ved from the various  states was eva l uated , f i rst to el i m i nate from con s i dera t i on 
those s i tes  that d i d  not meet the stated requi rements , and then to e l i mi nate l ess  des i rabl e s i tes 
in each state. Of the or i g i nal 2 0  nomi nation s ,  el even were e l im i na ted rap i dl y. I n  addi t ion , 
Coa l con announced sel ection of New Athens , I l l i no i s ,  for i ts proposed p l ant  and Un ion  Carbi de 
wi thdrew the Ben ' s  Run  s i te i n  West  V i rg i n i a .  The rema i n i ng seven s i tes  i n  f i ve sta tes were 
sel ected for further study by an i n spection  team. 

As a resu l t of these i ns pecti ons , the number of candi date s i tes  was narrowed to four - Baskett , 
Kentucky ; Cooper Land i ng , Kentucky ; Ravenswood , Wes t  V i rg i n i a ; and Morgantown , Wes t  V i rg i n i a .  
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Stearns-Roger , I nc . , an engi nee r i ng f i rm ,  and Woodward-Cl yde , geotechn i cal  consul tants , were 
se l ected to a s s i s t  Gu l f i n  a more thorough eva l uation  of each of the four s i tes . Tours of each 
s i te and d i scuss i ons wi th l ocal  and state offi c i a l s too k pl ace i n  February 1 97 6 ,  after wh i c h  a 
deta i l ed eva l uat i o n  of each s i te was made . Twe l ve i tems were po i nt eva l uated on u s i n g  the 
fo l l owi ng  cr i teri a :  

1 .  Ava i l abl e l and and cost was a s s i gned a po i nt range of  20 to 50 because of  the fa i r l y  wide  
range i n  costs  from $3087 to  $ 74 1 0  per  ha ( $ 1 2 50 to  $3000 per  acre ) . 

2 .  Ra i l roads was a s s i gned a po i nt range of  1 0  to 30 because of  the range of  d i ffi cul t i es i n  
runn i ng a s p u r  a n d  tota l costs . 

3 .  H i ghways was a s s i gned a po i n t  range of 1 0  to 30 because o f  the range o f  qual i ty of the roads . 

4 .  The avai l ab i l i ty of s l a g  d i sposal  areas was a s s i gned a p o i n t  range of 2 5  to 50 because of i ts 
potenti a l l y  l arge impact on the envi ronment and operati ng  costs . 

5 .  Access  to navi gab l e  waterways to accommodate barge fac i l i t i es wa s a s s i gned a po i n t  range o f  5 
to 20 because of the w i de range of s h i pment potent i a l , routi ng , and s i ze of barges that cou l d 
be accommodated on the va r ious  r i vers . 

6 .  S i te geol ogy was a s s i gned a po i n t  range of 2 0  to 50 because of the anti c i pated var iat i ons 
in s i te-preparation  probl ems and foundation  condi t ions  a t  the va ri ous s i tes and because  of 
poss i b l e  var i at i on in se i sm i c  c l a s s i f i cati ons . 

7 .  Envi ronment  was a s s i gned a po i nt range o f  2 0  to 7 5  because o f  i ts grea t i nfl uence on pl ant 
cap i ta l  expendi tures to ma i n ta i n  the var i ous sta ndards and restri ctions  i mposed on operati ng 
p l ants . 

8 .  Ava i l abl e Power Source was a s s i gned a po i nt range of 5 to 1 0  beca use the survey i nd i cated 
l i ttl e d i fference in ava i l ab l e  power sources a t  the various  s i tes . 

9 .  Water source was a s s i gned a po i nt range of 20 to 7 5  because  of i ts i mportance i n  p l ant 
operati ons . 

1 0 .  Tax cons i derations was a s s i gned a po i n t  range of 5 to 1 0  based on constructi on taxes onl y ;  
accord i n g l y ,  po i nt va l ues are l ow .  

1 1 .  Construction manpower was a s s i gned a po int  range of  1 0  to 1 5 .  

1 2 .  Work force ava i l abi l i ty ,  becau se of  i ts i mportance , a po i n t  range of 30  to 40 was sel ected . 

As a resu l t of these eva l uations  and addi tional  d i scuss i ons wi th l ocal and state offi c i a l s ,  the 
Cooper Land i ng s i te was e l i m i nated for geo l og i ca l  reasons ; the other three s i tes adequate l y  
ful f i l l ed s i te req u i rements . However ,  a s  events devel oped , the Baskett s i te was commi tted to 
another DOE- i ndustry j o i n t  proj ect and d i ff i c u l t i es i n  acqu i r i ng the Ravenswood s i te made the 
s i te unde s i rabl e .  As a resul t ,  the Morgantown s i te was sel ected in early 1 97 7 .  Arrangements 
were made w ith  the l ocal  Mononga l i a  County Devel opment Author i ty to beg i n  acqu i ri n g  options  of 
the various  l and parce l s that made up the s i te .  

Among the factors that i nfl uenced the f i nal sel ection  o f  the Morgantown s i te were : 

1 .  Apparent ava i l abi l i ty at reasonabl e cost of  l and adequate to support a commerc i a l  coa l  
l i quefacti on fac i l i ty ,  

2 .  Locat ion  i n  a major  h i gh-su l fur  bi tumi nous coal  produc i ng reg i on , 

3 .  Rura l s i te l ocation  with  no l a rge  concentra t ion  of hous i n g  nearby , 

4 .  S i te area had a l ready been proposed for i ndustr i a l  use by the Mononga l i a  County P l a nn i ng 
Comm i s s i on , 

5 .  Favorabl e ex i st i n g  envi ronmental  qua l i ty and sma l l pos s i b i l i ty that construct ion  of  the 
SRC- I I  Demonstration P l ant wou l d  s i gn i f i cant l y  degrade the env i ronment , 

6 .  Avai l a bi l i ty o f  water adequate for the demonstrat i on p l ant and for a future commerc i a l  p l a nt ,  

7 .  Proxim i ty to a n  ex i s t i n g  1 1 50 MW e l ectr i ca l  generation  stat i on , 

8 .  Proxi m i ty to a nav i gab l e  r i ver and a n  exi st i n g  ra i l road system that servi ces the reg i ona l 
coal  f i e l ds and proj ected market area , 
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9 .  Proxim i ty to l arge eastern market for l i qu i d  p roduct , 

1 0 . Proxim i ty to p i pel i n e  for de l i very of product p i pe l i ne gas , 

1 1 .  Av ai l abi l i ty of  adequate manpower for constructi on and operati on of  the p l ant , 

1 2 .  Favorabl e l oca l  b u s i ness  c l i mate and state government s upport , and 

1 3 .  Steady g rowth of a rea and avai l abi l i ty of good school s ,  good med i ca l  faci l i ti es ,  and many 
c u l tural a cti vi t i es . The Morgantown a rea i s  regarded as a des i rabl e c ommun i ty for l i v i ng 
and work i n g .  

B . 3  ORNL S ITE SELECT I ON ANALYSIS  

Th is  append i x  descri bes the method used  to se l ect two a l ternati ve s i tes in  add i t i on to the pro
posed Fort Mart i n ,  West  V i rg i n i a  s i te .  Addi t i onal s i tes were i denti fi ed for the purpose o f  com
pa ri ng  the envi ronmental  i mpacts ant i c i pated at the Fort Marti n s i te to i mpacts at other s i tes . 
Th i s  method i denti f ied  two a l ternati ve s i tes for ana l ys i s :  ( 1 ) Equal i ty ,  i n  Oh i o  County , 
Kentucky , and ( 2 )  Ravenswood , i n  Jackson County , West V i rg i n i a .  The se l ecti on o f  these s i tes  
was  based  on  a survey of  sens i t i v e  envi ronmental  i s sues . The  res u l ts of the anal ys i s  of  envi ron 
menta l i mpacts a t  t h e  two a l ternati ve s i tes  a re d i scussed i n  Sects . 4 . 3  and 4 . 4  and a re summari zed 
and compared to the proposed s i te i n  Sect . 2 . 3 . 2  of th i s  F i nal  Envi ronmental  I mpact Statement 
( FES ) . 

The  two s i tes  we re se l ected for deta i l ed envi ronmental  a n a l ys i s  by c omparati ve eva l uati on of 
27 candi date s i tes  ( Ta b l e B . 2 ) . Al though the candi d ate s i tes have been i denti fi ed a s  poss i b l e  
al ternati ve s i tes  for coal -convers i on demonstrati on  fac i l i ti es , l -S a l l the s i tes were not 
con s i dere d .  The 27 candi d ate s i tes were sel ected from a l arger set of s i tes  on the bas i s  of 
two requ i rements : 

Table B.2. I nitial site screening - sites not satisfying physical constraints 

Constraint not satisfied 

Alternative sites 
AreaB 

Water Rai lroad Barge 
sourceb accessc access 

1 .  Pigeon, Shelbv County, Tenn. 
2. R ivergate, Shelbv County, Tenn. X 

3. Mud I sland, Shelbv County, Tenn. X 
4. North, Shelby County, Tenn. X 
5. Lewisport, Hancock County, Ky. 
6. Equality, Ohio County, Ky. 
7. Moro Is land, Randolph County, I I I .  X 
8. Banner, Fulton County, I I I .  
9. Dykersburg, Wi l l iamson County, I I I .  X 

1 0. New Athens, St. Clair County, I I I .  X 
1 1 .  Mt. Vernon, Posey County, I I I .  X 
1 2. Carrs, Lewis County, Ky. X 
1 3. Belmont, Belmont County, Ohio X 
1 4. D i l les Bottom, Belmont County, Ohio X 

1 5. Br i l l i ant, Jefferson County, Ohio 
1 6. Witten, Monroe County, Ohio X 
1 7. Haverh i l l, Scioto County, Ohio X 

1 8. Clinton, Armstrong County, Pa. X 

1 9. Crucible, G reene County, Pa . X 
20. Ravenswood, Jackson County, W. Va. 
2 1 .  North Point Pleasant, Mason County, W .  Va. X 
22. Ben's R un, Monongalia County, W. Va. 
23. Site A, Noble County, Ohio X 
24. Site D, Noble County, Oh io X X X 
25. Site E, Noble County, Ohio X X X 
26. Site F, Noble County, Ohio X X X 
27. Site G, Noble County, Ohio X X 

a At least 526 ha ( 1 300 acres) .  
bYield o f  9 1 0-1 1 40 m3/h (4000-5000 gpm) .  
cClose or contiguous. 
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1 .  A candi date s i te must be i dent i fi ed and cons i dered ( at  l east  in  part ) from an env i ronmenta l 
perspect i ve i n  a s i te-se l ection  document , and 

2 .  A s i te must be wel l defi ned rather than i dent i f i ed as a l a rger area ( such  as a county ) i n  
wh i ch a proposed fac i l i ty cou l d  be l ocated . 

Al though any of these 2 7  s i tes may be consi dered s u i tab l e for a synfuel  demonstra t i on fac i l i ty ,  
add i t i onal  constra i nts must b e  imposed based o n  p l ant s i ze ,  des ign , and resource consi dera t i ons . 
Thus , 20 s i tes were e l imi nated from further cons i deration  because  of fa i l ure to sati sfy four  
constra i nts i denti fied by S RC- I I  ( see page  B-5 ) : ( 1 )  at l east 1 300 acres of ava i l ab l e  l a nd , 
( 2 )  a water supp ly  y i e l d i ng 9000 to 1 5 , 000 gpm ,  ( 3 )  a ra i l road c l ose  or conti g uous to the s i te ,  
and ( 4 )  barge access . Ta bl e B . 2  l i sts the 2 7  s i tes and i n d i cates the s i tes that were e l imi nated 
because of fa i l u re to s a t i s fy these four  constra i n ts . 

The rema i n i n g  seven s i tes were eva l uated on the bas i s  of seven important envi ronmental i ss ues 
( Tabl e B . 3 ) . For each i ssue , each s i te was rated + ,  - ,  or 0 to i nd i cate a potenti a l  for bene
f i c i a l , adverse , or l i ttl e or no impa ct ,  respecti ve l y .  Rati ngs were determi ned by contacti ng 
s tate and l ocal  agen c i e s  and knowl edgeabl e persons and by consu l t i ng maps , s i t i ng reports , and 
other publ i cat ions . 

The ratings  on the seven envi ronmenta l i ssues  were used to compa re each potent i a l  s i te wi th 
every other s i te .  For each pa i r  o f  s i tes , the s i te w i th the more pos i t i ve rat i ng for mos t of 
the var iab l es was sel ected as the preferabl e a l ternat i v e .  Tab l e B . 4  s hows an exampl e of th i s  
procedure . 

Tab l e B . 5  i s  the matri x that res u l ts from compari ng  a l l the s i tes by pa i rs .  Each entry i n  the 
matr ix  i s  the i dent ify i ng number of the preferabl e s i te res u l t i ng from compa r i n g  the row
numbered s i te wi th the col umn-numbered s i te .  A total of seven s i tes resu l ts i n  s i x  compari sons 
of any one s i te wi th other s i tes . The more frequently that a s i te i s  rated equ i va l ent or 
s u perior  to another s i te ,  the more preferab l e  the s i te .  Tab l e B . 6  s ummari zes the  res u l ts of the 
matr ix  compari son . 

For the i ss ues consi dered , rat i ngs  of four s i tes were a l mo s t  equ i va l ent  as far as havi ng fewer 
sens i t i ve envi ronmental i ss ues : Lewi s port , Kentucky ;  Equa l i ty ,  Kentucky ;  Ravenswood , Wes t 
V i rg i n i a ;  and Ben ' s  Run , Wes t  V i rg i n i a .  These s i tes were eva l uated further o n  1 5  add i t ional  
envi ronmental i s sues , wh i ch i nc l uded phys i ca l , b i o l og ica l , and soci oeconom i c  effects of the 
demonstra t i on pl ant  ( Tabl e B . 7 ) . Each set of s i tes was eva l uated by the method used to produce 
the  matr ix  i n  Tab l e  B . 5 .  Th i s eva l uat i on ( Tabl es B . 8  and B . 9 ) i nd i cated that Ravenswood was the 
most preferabl e a l ternat i ve s i te .  Lewi sport was rated l ower , but  the rati ngs for Equa l i ty and 
Ben ' s  Run s i tes  were equ i va l en t  on the f i r s t  and second compari son matr i ces . The matr ix  method 
cou l d  not d i s ti ng u i sh between these two s i tes . 

The proposed s i te and the f i rs t  a l ternat i ve s i te are Wes t  V i rg i n i a  s i tes . Of the rema i n i n g  
a l ternati ves , on ly  the Equal i ty s i te i s  not l ocated i n  Wes t  V i rg i n i a .  To prov i de a range of 
potent i a l  l ocat ions  in the ana lys i s ,  the Equal i ty s i te in Kentucky was chosen a s  the second 
a l ternat i ve s i te .  Impacts  o n  the proposed Fort Mart i n  s i te and the al ternative  Ravenswood and 
Equal i ty s i tes  are eva l uated in Sect .  4 and compared in Sec t .  2 . 3 . 2 .  
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Table B.3. Ratings o f  the seven alternative sites o n  
seven environmental variables 

Site Variables 

numbe� 2 3 4 5 

Pigeon, Shelby County 0 0 0 
Lewisport, Hancock County 5 0 0 0 0 0 
Equality, Ohio County 6 0 0 0 0 
Banner, F ulton County 8 0 0 0 
Bril l iant, Jefferson County 1 5  0 0 0 0 
Ravenswood, Jackson County 20 0 0 0 0 0 
Ben's Run, Monongalia County 22 0 0 0 0 0 

• Environmental variables l i sted in Table B.4. 
bSite numbers l isted in Table B.2. 

Table B.4. Example Comparison of two sites on seven important 
environmental variables",b 

Environmental variable Site 1 - Pigeon Site 15 - Bri l l iant 

1 .  Surface water quality 
Significant im pact potential 
ex ists at the site 0 0 

2. Endangered species 
B reeding area or 
significant habitat, 
known or suspected 0 0 

3. Wetlands 
S ign ificant wetlands 
at or near the site 0 

4. Geological hazard 
Potential for slope 
failure and/or seismic 
risk 

5. Prime agricu ltural soils 
Large portions of site 
having soi ls  classified 
as prime agricultural so i l s  0 0 

6. G roundwater use 
Potent ial  im pacts to use 
of groundwater, quality 
or quantity 0 0 

7. Air qual ity 
Nonattainment area for 
ozone, sulfur dioxide, or 
suspended particulates 

6 

0 
0 

0 
0 
0 
0 

·Site 1 5, Bri l l iant, is selected over site 1 ,  Pigeon, because it is rated more 
positively ( lower impact potentia l )  for one issue, wetlands, and equivalent for the 
remainder. 

b Key to potential impacts: 
+ Beneficial impact 
o Little or no im pact 

Adverse i m pact 

7 

0 
0 
0 

0 
0 



Table B.5. SRC-I I - first comparison matrix" 

Site No.b 22 20 1 5  8 6 5 

2 22 20 1 5  8 6 5 
5 5 5 
6 6 6 
8 22 20 

1 5  22 20 
20 
22 

" Each entry indicates the more preferable site from 
the comparison of the row-numbered site with the 
column·num bered site on the basis of ratings on seven 
sensitive environmental variables in Table B.4. 

b Site num bers l i sted in  Table B.2. 
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Table B.6. Results of  first comparison 
matrix (see Table B.5) 

Site No · No. of times 
superior 

2 0 
5b 3 
6b 3 
8 

1 5  1 
20b 3 
2� 3 

"Site numbers l i sted in Table B.2. 
b H ighest SCore. 

No. of 
ties 

0 
3 
3 
1 
1 
3 
3 

Table B.7. Environmental issues that are evaluated 

to determ ine final selection of alternative sites 

Table B.8. 

Site 

Lewisport 
Equal ity 
Ravenswood 
Ben's R u n  

Socioeconom ic issues 

Biological and eco logica l  
issues 

Physical issues 

SRC-I I second comparison matrix" 

No. 22 20 6 

5 22 20 6 
6 20 
20 20 
22 

" Each entry indicates the more preferable site from 
the comparison of the row-numbered site on the basis 
of ratings on fifteen sensitive environmental issues 
shown in Table B.7. 

Community infrastructure 
H istorical or archaeological resouraes 
Transportation 
Employment 
Local finanaes 
Surface water qua I ity 
Vegetation 
Aquatic habitats 
Terrestr ia l  habitats 
Land use 
Lithology 
Soils 
G roundwater quality 
Structu ra I geology 
Topography 

Table B.9. Results of second comparison 
matrix !see Table B.7) 

Site 

Lewisport 
Equality 
Ravenswood" 
Ben's Run 

" H ighest score. 

No. of times 
superior 

o 

3 

N o. of 
ties 

o 
1 
o 
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Appendi x C 

PLANT DES IGN AND CHARACTERI ZAT ION O F  EFFLUENTS 

C . l  I NTRODUCT ION  

C . l . l  P rocess h i  story 

Deve l opment of the sol ven t - refi ned coal ( SRC )  proce ss began i n  1 962 a t  the Merri am , Kansas � . research l aboratori es of The P i ttsburg & Mi dway Coa l M i n i ng Co . ( P&M ) , a whol l y-owned S u bs l dl a ry 
of G u l f O i l Co rpo ra t i on . Benc h-sca l e  work has conti nued at that l ocat i on s i nce that time . Thi s 
work l ed to the construct ion  and opera t i on of a 0 . 5-ton/d coal -feed-rate p i l ot un i t  i n  1 964 , 
wh i c h  provi ded des i gn data for a 50-tons/d p i l ot p l an t .  Con struc t i on of  the 50-tons/d Government
owned fac i l i ty was comp l eted in  1 974 in  Fort Lewi s ,  Wash i ngton , and the u n i t  has been in  operat ion  
s i nce then . Th i s  extended research and  devel opment p rogram a t  Me rri am and Fort Lewi s has  been 
conducted by P&M under contract to the U . S .  Department of Energy ( DO E )  and i ts predecessors . 

Al l work unt i l  1 973 was a i med a t  the devel opment of a process to p roduce a l ow-ash , l ow-sul fur 
sol i d  p roduct known a s  SRC- I .  I n  the SRC - I  process , coal i s  s l u rr i ed i n  a d i st i l l ed ,  coa l -deri ved , 
recyc l e  sol ven t ,  mi xed wi th hydroge n ,  and reacted a t  h i gh tempe ra t u re a nd pres s u re . The reacti on 
p roduct i s  fi l tered to remove ash  and unreacted coal ( cr i t i ca l -sol vent dea sh i ng and ant i sol vent 
deash i ng  a re a l so bei ng  tested fo r removal of  ash and unreacted coal ) wh i c h  i s  fu rther p rocesse d ,  
such a s  b y  gas i fi cati on , t o  convert i t  t o  a form that may b e  d i sposed of  i n  an envi ronmenta l l y  
acceptab l e manner .  The fi l trate i s  vac uum-di st i l l ed to separate d i st i l l ate from the "heavy "  
resi dual  orga n i c  mater i a l  that i s  removed and sol i d i fi ed a s  the so l i d  SRC - I  product . The d i s
t i l l ate is  further  frac ti onated to separate it  i nto ( 1 ) a recyc l e  p rocess sol vent used  in  the  
react ion  a rea and  (2 )  l i mi ted q ua n t i t i es of  fue l o i l  and  naphtha p roducts . 

By 1 973 , Mer r i am data had i nd i cated the poten t i a l  probl ems of i n suffi c i ent  p roducti on of the 
p roce ss  sol vent to sat i sfy the need i n  the reaction  area and extreme d i ffi c u l ty in separat ion  of 
the res i dual  ash by f i l t rat ion . I t  was theori zed that add i t i onal  sol vent produc tion  cou l d be 
attai ned by recyc l i ng a portion  of the reacto r-effl uent s l urry and u s i ng i t  to rep l ace some of  
the d i sti l l ed so l vent used to s l u rry the  feed coal . Th i s  mode of  operat ion  i nc reases the  concen
trat ion  of  ash and i ts cata l y t i c  components and a l l ows t he " heavy "  ( h i gh mo l ec u l ar we i ght ) organ i c 
mater ia l  contai ned i n  the s l u r ry to be subj ected to further l i q uefact ion  reac t i on s .  The i n i t i a l  
s l u rry-recyc l e  experiments were s uccessful  i n  ach i evi ng t he object i ve of  i nc reased sol vent produc
t ion . Mo re i mportant l y ,  thoug h ,  resu l ts  i nd i cated that rep l ac i ng the d i st i l l ed sol vent compl etel y 
w i t h  recycl e sl u r ry i nc reased the degree of convers ion  of the " heavy "  o rga n i c s  to d i st i l l ate 
l i q u i d s  to such  an extent that a modi fica t i on of  the overa l l SRC process appeared fea si bl e ,  wh i ch 
wou l d a l l ow t he e l im i nat i on of the troubl esome and cost ly  fi l t rat ion  method of sol i ds separat ion . 
In stead , so l i ds separati o n  from the react i on p roduct wou l d be accompl i s hed i n  a much s imp l er  and 
common commerc i a l  proce s s i n g  step - vacuum fl a sh i ng - wi th the hi gh-sol i d s  " heavy "  orga n i c  stream 
from the bottom of the vacuum-fl ash  drum bei ng u sed as feed to a h i gh-pressure gasi f ier  for pro 
duc t i on of  the hydrogen requ i red i n  t he coa l - reac t i on a rea . Subsequent testi ng h a s  demonstrated 
the  v iab i l i ty of  th i s SRC p roce ss modi ficati on ,  wh i c h i s  now known a s  SRC- I I . The SRC - I I  process 
re su l ts  in  the p roduct i on of  a l i q u i d ,  rather than a sol i d ,  a s  the ma i n  p roduct . 

I n  1 976 , G u l f i n i t i ated opera t i on of a one-ha l f ton of coal pe r day p rocess deve l o pment un i t ,  
i dent i fi ed a s  P-99 , a t  i ts Co rporate Research Center a t  Harmarvi l l e ,  Pennsyl van i a , to deve l o p  
p rocess -des i gn i nfo rmat ion  for the SRC- I I  p rocess . Pri vatel y funded research was conducted unt i l  
1 978 , a t  wh i c h  t i me a contract wa s s i gned by P&M to con ti nue t he research work  under contract to 
DOE .  S i nce that t i me ,  the Merri am ,  Fort Lewi s ,  and P-99 un i ts have a l l  conti nued ope ra t i on i n  
further devel opment o f  the SRC process ; the P-99 efforts have been dedi cated t o  SRC- I I  and much 
of the Mer r i am and Fort Lewi s efforts have al so been devoted to SRC-I I .  

P&M began pr i vatel y funded conceptual -des i gn studi es for a demon strat ion-s i zed SRC- I I  pl ant  i n  
1 97 5 . A s  a resu l t o f  these stud i es , P&M contracted w i t h  DOE i n  1 978 t o  desi gn , construct , and 
o perate an SRC- I I  demonstrat ion  p l ant  with a feed rate of  6000 tons per stream day ( tp s d )  of coal . 
The  goal s were to demonstrate the tec hn ica l , economi c ,  and envi ronmenta l v i a b i l i ty of the SRC- I I  
p rocess , wh i c h  cou l d  l ead to expans ion of the demonstrat ion  p l ant  to a commerc i a l  p l ant of up to 
30 , OOO-tons/d capaci ty and potenti a l  construct i o n  of  commerc i a l  p l ants at other l ocat i o n s . Des i gn 
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work has conti nued s i nce that t ime . The fol l owi ng des i g n  and env i ronmental i nforma t i on has been 
p repared from the P hase Zero Conceptual De s i g n , p re l imi nary resu l ts  f rom the Phase I Des i g n , 
and i nformati on devel oped i n  su pport of envi ronmental perm i t  appl i cati on s .  ( See Append i x  R for 
a schedu l e  for procur i ng envi ronmental permi ts . ) 

C . l . 2  Organi zation  of thi s Append i x  

Secti on C . 2  descri bes the var ious  secti ons  o r  process areas o f  the demonstration  p l a n t .  Env i ron
menta l control  equ i pment is  descri bed in  Sec t .  C . 3 .  Emi ss i ons  and res i dua l s from pl ant operati on 
a re descri bed i n  Sect.  C . 4 .  Secti on C . 5  descri bes the constructi on phase acti v i ty and envi ron
mental control s .  Sect i on C . 6  g i ves  the resource consumptions  associ ated w ith  the p l a n t .  Sec t i on 
C . l  descri bes end-use  emi s s i on s  when the p l ant p roducts are uti l i zed . Secti on C . S descri bes the 
potent ia l  expanded commerci al pl ant and i ts env i ronmenta l c haracteri s ti c s .  

C . 2  P LANT DESC R I P T I ON 

The cu rrent ly  proposed des i g n  of the SRC- I I  demonstrati on pl ant i s  an update of t he one descri bed 
in the Draft E I S .  The des i g n  i s  bei ng eval uated by both DOE and the i ndu stri a l  part i c i pant ( SRC  
I nternati ona l ) and  may be further mod i f ied . Any c hanges resu l t i ng in  a s i gn i f i cantl y more adverse 
i mpact than predi cted in th i s  FES wi l l  tr igger preparati on of a suppl ement to the FES . Thi s aspect 
of DOE ' s  NEPA strategy i s  descri bed in Appendi x  X .  

The demonstrati on pl ant i s  be i ng desi gned t o  produce a pr imary product o f  l ow-su l fur  d i sti l l ate 
fuel oi l from Pi ttsburgh seam coa l . By-products wi l l  i nc l ude s u bsti tute natural gas , propane , 
butane , naphtha , ammon i a ,  e l emen ta l  su l fu r ,  and tar ac i d s .  Producti on rates from the demonstra
t i on pl ant a re s hown i n  Tabl e C . l . F i gure C . l  i s  a s i te l ayou t  map showi ng the p l ant on the pro
posed Fort Marti n s i te .  F i gure C . 2  shows a p l ot p l an of the p roce ss  area . 

Table C . 1 .  Products from the demonstration plant a 

Quantity 

S u bstitute natura l  g as 
L iq u id p ropane product 
N aphtha ( nominal boi l ing range 

1 50-385° F, 31°AP I ) b 

L ight  fuel o i l  ( nominal boi l ing 
range 385-600° F ,  1 4.4° AP I ) b 

Heavy fuel o i l  ( nominal  boi l ing 
range 600-950° F, 7.2" A P I ) b 

Anhydrous ammonia 
E lemental sulfu r 
Tar acids 

Synth esis fuel gas 
M ixed l iqu id butane p roduct 
Metha n e-rich gas 

P roducts 

1 0.6 x 1 06 scfd 
2,924 bbl/d 
3,368 bb l/d 

6,278 bbl/d 

2,871 bbl/d 

By-products 

30 short tons/d 
202 short tons/d 
43 bb l/d 

Plant fuel products 

30.8 x 1 0· fP/d 
1 ,590 bb l/d 
34. 6 x 1 0· fP/d 

Btu/lb 

21 ,630 
1 7,500 

1 7, 1 1 0  

1 6,930 

9,600 
4,050 

20,000 

H ig her heating 
value 

B tu/bbl 
( X 1 06) 

3.85 
5.02 

5.87 

6.40 

7.50 

Btu/scf 

950 

" Expected prod ucts if the dec ision is made not to burn naphtha as fuel .  I f  naphtha 
is burned, rather than being a product, the substitute natural gas p rodu ction wou ld 
increase to about 40 x 1 0· fP/d .  

b L iqu id fue l  specific g rav i ty and API  g ravity. A 1 0° API  o i l  has a specific g ravi ty at 70° F of  
1 .0 i n  relation to water at 60° F .  The general form u la for  API  is  

0API  = 
1 4 1 .5 

_ 1 3 1 .5 . 
specific g ravity 70" F/60° F 
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The on-stream factor for the i n i t i a l  per i od of demonstrat ion  p l ant opera t i on is  expected to be 
l ow .  On an overa l l bas i s , trans i ent  emi ss i on genera t i on that occu rs dur ing startup/s hu tdown 
ac t i v i ty wi l l  be offset by l ow em i ss i ons dur ing shutdown . S�C I n ternat i ona l has est ima ted that 
for the fi rst yea r ,  one d i s so l ver ( 50% of the p l an t )  wi l l  operate 50% of the t ime , but at 70% of 
ra ted throughpu t ,  l eadi ng to a capa c i ty u t i l i za t i on of 1 8% .  Va l ues a re h i g her  in t he second , 
t h i rd ,  and l ater yea rs of opera t i on ( see Ta b l e  C . 2  for deta i l s ) . These factors affect rate of 
coal  transport and del i very ,  ra te of bri ne genera t i on , yearly rate of emi s s i ons , etc . Because 
t he impact anal yses in  th i s E I S  a re based on the pl ant  operati ng conti nuous ly  a t  1 00% of capa c i ty ,  
these ana lyses a re bel i eved to be conservat i ve .  Emi ss i ons wh i c h  wi l l  conti nue duri ng shutdown 
i nc l ude fug i t i ve dust  from t he coal p i l e ,  f l u e  gas  from the power bo i l ers , and water d i scharge 
from treated storm ru noff . 

Year 

1 
2 
3 
4 
5 

Table C.2. Estimate of demonstration plant capacity for 
first five years of operation 

Total 
Average d esign 

Time onstream d issolver capacity 
capacity of the 

(%) operating " 
d issolver(s) 

(%) 
onstream 

(%) 

50 50 70 
60 80 75 
70 90 80 
75 1 00 85 
80b 1 00 goC 

Annual  average 
calendar 

day capacity. 
(% of stream day 
design capacity) 

1 8  
36 
50 
64 
72 

"Percent of total d issolver capacity eq uals average n u mber of d issolvers i n  operation t imes 50%; for 
example, one d issolver 40'10 of the t ime and two d issolvers 60'10 of the time = 80%. 

bB ecause 30 sing le-train ammon ia plants, now a matu re ind ustry with n u m erous spare parts pools, 
have plateaued at 85% onst ream , anything above 80'10 for the one-of-a-k ind ,  fi rst-of-a-k ind SRC 
demonstration plant would be u n realistic. 

cBased o n  two d issolvers operating 70% of the t ime at 1 00'/0 , 20% at 75%, and 1 0'10 at 50%. 

The various proces s i ng steps a re briefly descri bed be l ow .  Envi ronmental and control equ i pmen t 
a re d i scus sed i n  Sec t .  C . 4 .  A b l oc k  f l ow d i agram for the p rel i m i na ry des i gn i s  presented i n  
Fi g .  C . 3 .  

C . 2 . 1  Coa l  feedstock handl  i ng and prepa ra t i on 

When opera t i ng a t  des i g n  capac i ty ,  the p l ant wi l l  process 6000 tpsd of 
P i ttsburgh seam coal  from the northern West  Vi rg i n i a  panhand l e  and 
adjacent Be l mont Co unty of Oh i o .  The c ha racte r i s t i c s  o f  the coal used 
as the des i gn ba s i s  are s hown i n  Ta b l e  C . 3 .  Coa l  from severa l mi nes 
in the Morgantown area ( B l acksvi l l e  Nos .  1 and 2 ,  Lover idg e ,  and 
Ro bi nson Ru n )  has  been tested in the SRC- I I  process . These coa l s  have 
been found to be substan t i a l l y  l ess  react i ve ( 25 to 30% l ess  o i l  y i e l d )  
than coal obta i ned from mi nes i n  the northern West  Vi rg i n i a  panhandl e 
and adjacent Be l mont Cou nty of Oh i o  ( Va l l ey Camp No . 3 ,  I re l and , 
Powhatan No s .  5 and 6 ) .  As a resu l t ,  the use  of coal from the Morgan
town area wou l d  not be econom i ca l ly  attrac t i ve .  Researc h  work i s  con
t i n u i ng to determ i ne wha t p rocess i ng steps can be taken to improve the 
appl i cab i l i ty of coal  from t he Morgantown area . Th i s  wo rk cou l d  res u l t  
i n  the u l t i mate u s e  o f  Mo rgantown-area coa l for a t  l east  part o f  the 
p l ant  supp l y .  

Coa l s i zed 2 x 0 i n .  and was hed to about 1 2% a s h  l evel wi l l  b e  del i vered 
to the p l ant by barg e .  The coal wi l l  be un l oaded from the barges w i t h  a 
continuous  bucket un l oader and transported by conveyor  to the coal 
s to rage area where it wi l l  be s tored i n  l ayered or  c hevron type p i l es 
w i t h  an automa t i c  l uffi ng stacker.  

Table C .3. Feed coal 
composition for the 
demonstration plant 

(mOisture-free basis)B 

Carbon 
Hyd rogen 
N itrogen 
Oxygen 
Su lfu r b 

C h lorine 
Ash e 

Total 

W t %  

70.49 
4.88 
1 . 1 2  
7.87 
3.59 
0.05 

1 2.00 
1 00.00 

a Btullb = 1 2,400. 
b,Composed of pyrite 

(2.00), organic ( 1 .54), 
and sulfate (0.05) .  

C I ron contained i n  
t h e  ash amounts to 
1 .75 wt % .  
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The coal storage a rea wi l l  con s i s t  of two p i l es hav i ng a 30-d total capaci ty ( about 1 80 , 000 ton s )  
a n d  wi l l  occupy an a rea of a bout  7 acre s .  Both p i l es wi l l  b e  ac t i ve - one bei ng fi l l ed whi l e  
p l ant  feed i s  rec l a imed from the other.  To ensu re homogene i ty i n  the p i l e ,  about 200 l ong i tud i na l  
p a s s e s  of t he s tac ker wi l l  b e  u sed t o  form eac h p i l e .  The rap i d  t u rnover of coal from t h e  storage 
p i l es ( max i mum of 30 d in storage at des i g n  rate ) wi l l  keep coal stoc k s  on hand a t  l ess  than the 
pe ri od needed for spontaneous combust ion and wi l l  a l l ev i ate the poten t i al for coal -p i l e  fi res and 
t he resu l tant  emi ss i on of part i c u l a tes and sul fu r compounds . The proposed l ocat ion of t he coal 
s to rage a rea i s  shown in F i g .  C . l .  

Coa l wi l l  be rec l a i med from the storage a rea by an automa t i c  rec l a imer and t ran sported by conveyors 
to t he coal pu l ve r i z i ng-drying  sys tem . The pu l veri zed coa l wi l l  be transferred pneuma t i ca l l y  
through p i p i ng t o  s i l os i n  t he process  area . F rom t he s i l os ,  i t  i s  s l u rr i ed and fed i nto the 
proces s .  

C . 2 . 2  Coa l l iquefact i on 

The demon stra t i on fac i l i ty wi l l  use the noncata l yt i c ,  d i rect hydrogenati on SRC- I I  p rocess to l i quefy 
6000 tpsd of b i tum i nou s coal . The p rope rti es of the p l ant ' s  p roducts a re not expected to vary 
s i g n i fi cant ly  due to var i a t i ons  i n  the propert i e s  of the coal  anti c i pated for use . The pu l veri zed 
feed coal wi l l  be mi xed wi t h  a hot recyc l ed heavy l i q u i d/mi nera l residue  s l u r ry s tream from t he 
process , pumped to reacti on pressure ,  and then mi xed wi t h  hydrogen . Th i s  coal s l u rry-hydrogen 
m i x tu re wi l l  fl ow through  a fi red preheate r ,  where i t  wi l l  be heated to reac t i on tempera t u re .  I n  
the p re heater ,  the coal  wi l l  parti a l l y  d i s so l ve i n  the recyc l e  s l u r ry .  Hyd rogenat i on and hydro
c rac k i ng reac t i ons  wi l l  beg i n  in the p reheater and con t i nue in the d i ssol ver ;  t h i s  nece ss i tates 
t he addi t i on of col d hydrogen to t he d i s sol ver to control the react i on temperatu re a t  the desi red 
l evel . 

The major reacti ons occu rri ng i n  the preheater and d i ssol ver  wi l l  be : 

• sol u ti on of the c oa l  i n  the sol ven t ,  accompan i ed by format i on of a gel  a s  the coal 
beg i ns to d i s so l ve ,  

• hydrogenat i on and depolyme r i za t i on of t he gel  and of the coal i n  sol u ti on , 

• hydroc rac k i ng of t he d i ssol ved coal to l ower mol ecu l a r  we i g ht hydrocarbons rangi ng 
from l i q u i d  midd l e  d i st i l l a tes to methane , 

• conver s i on of orga n i c  su l fur by hydrogena t i on to hydrogen su l fi de ,  

• conversi on o f  i ron pyri tes to ferrous su l fi de ,  and 

• hydrogena t i on of oxygen in the coal to water ,  ch l or ine to HC 1 , and n i t rogen to ammon i a .  

The d i ssol ver effl uent wi l l  fl ow to a hot hi gh-pressu re separator where the hot s l u rry wi l l  be 
sepa ra ted from t he gas  s tream. 

C . 2 . 3  Di ssol ver o ff-gas process i ng 

The hot overhead vapor and gas  s tream from the hot h i g h- pressure separator wi l l  be cool ed i n  a 
series  of heat exchangers and add i t i onal  vapor- l i q u i d  sepa ra t i on s tep s .  Water i njec t i on wi l l  be 
req u i red to sol u bi l i ze ammon i um compounds to p revent t hei r depos i t i on as sol i d s  resu l ti ng i n  
p l ugg i ng and poss i bl e  corro s i o n .  The condensed hyd rocarbon l i q u i d  from these separators wi l l  go 
to t he frac ti onati on system . The non-condensed gas wi l l  con s i st of unreacted hydrogen , methane ,  
and other l i ght  hydrocarbons , pl u s  hydrogen s u l fi de ( H2S )  and carbon d i o x i de ( C02 ) .  The gas  wi l l  
fi r s t  be sent to a butane was h  tower to remove heavy hydrocarbons  and then to a d i ethanol ami ne 
( DEA )  acid gas t reat i ng un i t  for remova l  of H2 S and CO2 • The treated ga s wi l l  then fl ow through  
a guard vessel  to remove impu ri t i es that cou l d  sol i d i fy i n  the c ryogeni c  un i t ;  then , it  wi l l  be 
p rocessed i n  the c ryogen i c  u n i t for removal of a rgon , n i trogen , methane , and other l i ght  hydro 
carbon s .  The recovered hydrogen wi l l  be mixed wi t h  fres h  make-up  hydrogen from the gas i f i e r  
tra i n .  Thi s mi xtu re wi l l  compri se t h e  hydrogen fed to t he p roces s .  

An ethane-r i c h  stream from the cryogen i c  u n i t wi l l  b e  fract i onated t o  recove r p ropane and butane 
as by-products and an ethane stream , wh i c h  wi l l  be mixed wi t h  the methane - r i c h  stream from t he 
c ryogen i c  u n i t and fed to t he methanator,  al ong wi t h  the req u i red amount of hyd rogen , to convert 
the ethane to methane. Fol l owi ng dehyd ra t i on , the methanator product , su bst i tute natura l  gas ,  
wi l l  be i ntroduced i nto a natu ra l  gas pi pel i ne a s  a p l ant  product .  Some of t he methanator feed 
may be u sed as pl an t  fuel . 
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C . 2 . 4  D i s so l ver effl uent s l urry proces s i ng 

The s l u rry l eav i n g  the hot h i gh-pres sure separator wi l l  fl ow through a series  of pres s u re reducti on 
stages , comb i ned wi th phase separat i on and condensors . The gas stre ams wi l l  be comb i ned w i t h  gas 
s treams from the fract i onat i on area and routed to a l ow-pressure DEA a c i d -gas removal system . 
The c l ean gas wi l l  then be u sed as p l ant fuel . The fl ashed l i qu i d  wi l l  be condensed and sent to 
frac t i onati on . The s l u rry stream wi l l  be sp l i t  i nto two streams - one wi l l  fl ow back to the 
l i quefac t i on s tep for use i n  s l urry i ng fresh coal  feed , wh i l e  the other wi l l  f l ow to the vacuum
f lash  system . 

C . 2 . 5  Vacuum fl a s h i n g  

I n  t h e  vacuum-fl ash  sys tem , d i s t i l l ate wi l l  b e  separated as  a n  overhead stream a n d  s e n t  to the 
frac t i on at i on system . The bottoms from the vacu um drum wi l l  con s i s t  of a s l urry conta i n i ng about 
30% ash , 1 5% u nconverted coal . and 55% heavy o i l wi th a norma l  boi l i ng po i nt of above 900°F . I t  
wi l l  be u sed a s  feed t o  the gas i f i ers . 

C . 2 . 6  D i s t i l l at i on , fract i onat i on ,  and hydrotreat i ng 

The overhead s tream from the vacuum-fl ash  system and the condensed l i q u i d  s treams from the va r ious  
fl ash  vesse l s down stream of  the  h i g h- pressure , h i gh-temperature separator wi l l  be  combi ned and 
fed to a frac t i onat ion  system for separa t i on i nto l i ght  and heavy fuel -o i l  produc ts and crude 
naphtha , wh i c h  wi l l  be upgraded by hydrotrea t i ng for use as p l ant fuel o r  a reformer feedstock  
grade produc t .  

C . 2 . 7  Ai r separation  

Approximately  1 2 , 000 tons/d of a i r  wi l l  be separated i nto n i trogen and  oxygen in  a cryogen i c  a i r
separat i on p l ant .  Part  of the n i trogen wi l l  be used throughout the  p l ant as an i nert i ng gas , and 
the rema i nder wi l l  be vented . The oxygen wi l l  be compressed and u sed in the gas i fi ers . 

C . 2 . 8 Gas i fi ca t i on 

Texaco gas i fiers  wi l l  reac t vacuum -tower bottoms w i t h  a l i m i ted qu ant i ty of oxygen i n  the presence 
of  steam at e l evated pre s s u re to produce a synthes i s gas , pr imari l y  carbon monox i de and hyd rogen . 
Oxygen ( rather than a i r) i s  supp l i ed to the gas i fi ers to fac i l i tate separa t i on of h i gh-puri ty 
hydrogen fo r process u se . Ga s i fi cati on of t h i s mater i a l  wi l l  offer the dua l  advantage of recover
i ng the carbon content of the m i neral -re s i due  s l urry and convert i ng the mi neral  res i due i nto a 
s l ag s u i tabl e for d i sposal . The carbon monoxi de produced wi l l  be reacted wi th s team i n  a cata 
l yt i c  s h i ft convertor to produce add i t i onal hydrogen and carbon d i ox i de i n  accordance w i t h  the 
fo l l ow i n g  reac t i on : 

A vari ety of carbon sources , i n c l u d i ng coa l , o i l , and natu ra l  gas can al so be u sed a s  gas i f ier  
feed . Cons i de rati on i s  be ing  g i ven to provi d i ng for  the  u se  o f  one  or more such a l ternate fue l s  
for per i od s , such  a s  p l ant  startups , when mi neral -res i due s l urry feed i s  not avai l ab l e .  

Duri ng normal opera t i on , no d i rect emi s s i on s  to the atmos phere from the gas i fi cat i on proces s  wi l l  
occu r .  However ,  a g as pu rge stream from the s l ag dewateri ng system wi l l  be d i rected to the con
trol l ed combustor ( see Sec t .  C . 3 . 8 ) . The gas i f icat ion  and s h i ft-convers i on processes  wi l l  consume 
wate r .  A was tewater stream ( s l ag and g as quench water) wi l l  resu l t ,  wh i c h  wi l l  be d i rected to 
the wastewater treatment and rec l amat i on system . 

The s l ag produced by the g as i fi e r  wi l l  be the maj or sol i d  waste produced by the proces s ;  i t  wi l l  
be conveyed to the s l ag-di sposal  a re a .  D i s posa l  i s  d i scus sed i n  Sect . C . 3 . 7 . 1 . 

C . 2 . 9  Ac i d -gas removal . s u l fur recovery , and tai l -ga s treat i ng 

I n  the d i s so l ver , hydrogen wi l l  react w ith  both organ i c  and i norgan i c  s u l fur to produce hydrogen 
s u l f ide  and other reduced s u l fur  compo unds ( COS , CS 2 ) .  Most of the s u l fu r  wi l l  be contai ned a s  
hydrogen s u l f ide  i n  t h e  g a s  and vapor stream ; however , a s i gn i fi cant amou n t  of s u l fur wi l l  rema i n  
wi th the l i qu i d  streams and the mi nera l res i due , and most of i t  wi l l  b e  l i berated as hyd rogen 
s u l fide d u r i n g  subsequent process i ng s teps , e spec i a l ly  in the gas i fi er .  A s u l fu r  bal ance for the 
pl ant i s  presented in Sect . C . 4 . 1 . 2 ,  Tab l e  C . 1 3 . The presence of hydrogen s u l f ide i s  cons i dered 
unde s i rabl e from a proces s  standpo i n t , and gaseous streams conta i n i ng exces s i ve quanti t i es wi l l  
be d i rected to ac i d -gas removal  sys tems at vari ous l ocat i on s  wi th i n  the p l ant ( after gas i f i ca t i on , 
d i sso l ver effl uent separat i on ,  and frac t i on at i on ) . 
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These s�stems cou l d  use  several c ommerc i a l  processes ( but  current ly  env i s i oned to be DEA and 
Sel exo l ) i n  wh ich  the hydrogen s u l fi de i s  absorbed i nto a scru b b i n g  sol u t i on and then removed 
from the sol u t i on by further proces s i n g ,  wh ich  produces a concentrated hyd rogen-s u l fide stream 
and a c l ean gas stream for further process i ng or u se .  The concentrated hydrogen-s u l fide streams 
wi l l  be col l ected from the vari ous ac id-gas trea t i n g  fac i l i t i e s  and routed to the Cl aus  s u l fur
recovery u n i t .  

I n  the Cl aus  un i t , a port i on of t he hyd rogen s u l fi de wi l l  be b u rned to produce s u l fur d i ox i de ,  
wh i ch wi l l  then be combi ned w i t h  the unburned hydrogen s u l fide  and pas sed over a catalyst . The 
cata lyst  wi l l  promote an ox idat i on/reduct i on react i on between the hydrogen s u l fi de and the s u l fu r  
d i ox i de to produce e l emental  s u l fu r ,  w h i ch wi l l  b e  recovered and s tored i n  mo l ten form for sal e 
a s  a by-product . The ta i l  gas from the C l aus un i t  wi l l  be p rocessed i n  the SCOT tai l -gas un i t ,  
fi rst to convert res i d ua l  S02 to H2S and t hen to recover a l l  t he hyd rogen s u l f ide for recycl e  
back  through the C l aus  u n i t .  The ta i l  gas from the SCOT u n i t  wi l l  then be i n c i nerated to convert 
trace q uant i t i es of hydrogen s u l fide  and other reduced s u l fur compounds to s u l fur d i ox i de . Th i s  
wi l l  m i t i gate odor probl ems and reduce the acute tox i c i ty o f  the ta i l  gas . As descri bed i n  Sect . 
C . 4 . 1  . 2 ,  t he fl ue  gas from the tai l -gas i n ci nerator wi l l  const i tute the maj or  s u l fur-d i o x i de 
emi s s i on from the demon s t ra t i on pl an t .  ( Re fer  t o  Sect . C . 4 . 1 . 2  for emi ss i ons and control s 
d i scu s s i on . )  

C . 2 . 1 0  Waste heat reject i on 

Control of p rocess ope rat i ons wi l l  req u i re the removal  of s i gn i fi cant quan t i t i es of heat from 
process  s t re am s .  Wherever econom i cal l y  feas i b l e ,  heat wi l l  be recovered through t ransfer  to 
other process  streams or by steam generat i on to i nc rease overa l l therma l effi ci ency of the p l ant 
( expected to  be about 60% ) . Decreased water use wi l l  a l s o resu l t  from heat recovery rather than 
heat reject i on through wet evapora t i ve systems . However ,  substant i a l  amounts of heat must st i l l  
be rejected to the env i ronment .  Aeri al  cool ers wi l l  be used where envi ronmental ly  acceptabl e and 
techn i cal l y  and econom i ca l l y  j u s t i f i ed to decrease water use . The maj or  heat rejection , howeve r ,  
wi l l  b e  t hrough wet evaporati ve water cool i ng towers . ( Refer  to Sect . C . 3 . 5 . 5  for emi s s i ons  and 
control s d i scuss i on . )  

C . 2 . 1 1  Water s uppl y ,  u se and t reatment 

Several water-rel ated factors and features i nd i v i dua l l y  and col l ect i ve l y  wi l l  affect the des i gn ,  
operab i l i ty ,  and envi ronmental  effects of the SRC-I I demonstra t i on pl ant  i n c l u d i ng : q uan t i ty of 
water withdrawn and rel eased to the river a nd the  net water con sumpt i on ;  types of wastewater 
treatment ; deg rees of appl i ca t i on of evapora t i ve , dry ,  and i nd i rect cool i n g ; s i ze and number of 
wastewater reservoi rs ; and methods for d i spos i ng of sol ub l e sa l ts . 

Based on data t hat i s  s t i l l  be i ng col l ected and devel oped , i t  now appears fea s i b l e  and envi ron
mental l y  des i rabl e to des i gn the pl ant wi th the fl ex i b i l i ty for :  

• di scharge to the ri ver of s u i tably treated coo l i ng-tower b l owdown , p rocess wastewater , and 
ra i nwater runoff from the process  area , product-storage area , coal p i l e , and s l ag p i l e  
d u ri ng those per i ods when ri ver cond i t i ons a l l ow i t  to b e  done i n  conformi ty wi th appl i cabl e 
perm i tt i ng req u i remen ts and regu l at i ons and 

• substan t i a l  reduc t i on or pos s i b l e  el i m i nat ion of the d i scharge of treated cool i ng-tower 
b l owdown and t reated process wastewater , w i th i ts asso c i a ted sal ts , duri ng peri ods of h i gh 
so l ub l e-sa l ts l oad i n g  i n  the r i ver , wi th part i c u l a r  atten t i on to s u l fate concentrat i on i n  
t h e  ri ver . 

Modes of operation  req u i red to decrease water d i scharge to the ri ver wi l l  res u l t i n  decreased 
p l ant therma l effi c i ency and an i ncrease in the q uant i ty of sol u b l e sa l ts removed from the process  
wh i c h  req u i re d i sposal  by  spec i a l means . 

S i g n i fi cant reducti on s i n  consumpt i ve water use  can be achi eved on ly  by favoring  dry cool i n g  over 
wet-cool i ng methods for process -heat rej ec t i on . Dry-cool i ng methods are most effect i ve when used 
on h i gh -tempe rature streams ; however ,  it is d i ffi cu l t  to detect fug i t i ve emi s s i ons  from l ea k i ng 
a i r-fi n heat exchangers . Thus , the proposed coo l i ng strategy for the demonstra t i on pl ant i n vo l ves 
u s i ng d ry coo l i ng on t he hottest and l east hazardous  streams , w i t h  a barri er  fl u i d  ( i nd i rect ) 
wet -cool i ng system used on t he more hazardous  h i g h -press u re streams as di scussed i n  Sec t .  C . 3 . 5 . 5 .  
A h i gh -pressure d i rect wet-cool i ng c i rc u i t  ( i . e .  wi thout the barr i er fl u i d )  i s  being  con s i dered , 
i nstead of the i nd i rect system , for the l ow-pressure more hazardous streams . Th i s  wou l d  ensure 
that , i n  the event of a l eak , the process fl u i d  wou l d  not contam i n ate the cool i ng fl u i d  because  
the cool i ng f l u i d  wou l d  be forced i nto the process  fl u i d  by its  h i gher pressure .  Conven t i onal  
( i . e . , atmospheri c )  d i rect wet coo l i ng wi l l  be u sed on a l l non-hazardou s  process streams where 
dry cool i n g  i s  not econom i ca l l y  advantageous . 



C-1 4 

Reduct i on i n  water-withdrawa l rate and treated wastewater effl uent rate can be ach i eved  by 
i ncreas i ng the q uant i ty of wate r recycl ed wi th i n  the proces s to users s u ch as steam boi l e rs and 
coo l i n g  towers . The chl ori de concentrati on of a water stre am i s  an important cri teri on in assess
i ng whether the stream is  acceptabl e for recycl e ,  because h i gh ch l or ide concentrati ons  can  cause 
severe corros i on and p l ugg i ng prob l ems . Thu s ,  water streams wi l l  be recycl ed whereve r pos s i b l e  
unt i l ch l ori de leve l s  become p roh i b i t i ve .  P urge streams carry i ng ch l or i des , other s a l ts , and 
organ i c  contam i n ants wi l l  be di rected to the was tewater treatment  sys tem . Secti on C . 3 . 6  detai l s  
waste stre am characteri s t i cs . E qu i pment  wi l l  be i n cl uded i n  the wastewate r treatment system to 
remove v i rtual l y  a l l of the organ i c  contami nants and heavy meta l s ,  w i th on l y  d i s s o l ve d  s a l ts 
( c h l ori des and s u l fates , etc . ) remai n i ng i n  the treated was tewater .  Evaporator or other des a l t 
nati on equ i pment  wi l l  be i n c l uded  to enab l e  ( 1 )  removal of the di sso l ved sOl i ds and ( 2 )  recycl e  
wi th i n  the p l ant  ( ze ro was tewater di scharge ) when r i ver  condi t i ons  d i ctate . Howeve r ,  i t  i s  
doubtfu l that overa l l envi ronmental  advantages are achi eved by i ts conti nuous  use because the 
evaporator ( desal i nati on )  eq u i pment produce s a concentrated br ine  so l ut i on for wh i ch few di sposal  
opti ons are ava i l ab l e ;  each di sposal  opti on has ass oci ated envi ronmental  r i sks . Thus , the tre ated
wastewate r di s posal strategy currently  bel i eved to p resent the l east impact on the envi ronment 
wou l d  be to di s charge treated wastewater to the Monongahe l a  Ri ver during  peri ods of h i gh r i ve r  
fl ow and condi ti ons  o f  l ow ambi ent tota l di sso l ved sol i ds (TDS ) .  A s  des cri bed i n  Sects . 4 . 5 . 3 . 3  
and 4 . 5 . 4 , an exten s i ve wate r mon i tori ng p rogram wi l l  be con ducted on both the di s charge i tse l f  
and the r i ve r  to ensure the envi ronmental acceptabi l i ty o f  the treated wastewater d i s charge . 
Standby desa l i nati on equ i pment wi l l  be operated during  those peri ods when the ri ver  cannot accom
modate the i n c reased TDS l oadi ng . 

Due to the rel at i ve l y  l ow i n i t i al producti on rate of bri ne , especi a l l y  du ri ng  reduced  p l ant  capac
i ty ,  a l ong-term p l an for bri ne di s posal  w i l l  not be a pres s i n g  need for severa l years ( see 
Tab l e  C . l l ) .  Th i s  wi l l  provi de t ime to adequately dete rmi ne the chemi cal  characteri sti cs of the 
bri ne and to deve l op an acceptab l e  a l ternati ve d i s p os a l  p l an for the sol ub l e sa l ts .  Br ine  
d i s posal  opti ons currently under con s i derati on i ncl ude chemi cal  fi xati on , chemi cal l andfi l l , 
deep wel l i njecti on , and barg i ng to the ocean . Factors that wi l l  affect the need for bri ne 
d i sposal are d i scus sed in Sect.  C . 3 . 7 . 2 . 

C . 2 .  1 1 .  1 Water s upply and use 

The water supply for the p l ant wi l l  be prov i ded by withdrawi ng , under norma l  operati on , an average 
of 4826 gpm of water from the Monongahel a R i ver , s uppl emented by an average of  400 gpm of ra i n 
water runoff accumu l ated from contami nated areas ( process areas , coal  pi l es ,  and s l ag p i l e )  where 
col l ect i on wi l l  be prov i ded . Therefore , the average total water i nput to the pl ant wi l l  be 
5226 gpm .  Total consumpti ve use  averages 3988 gpm , whereas net consumpt ive  u se from the r i ver i s  
3588 gpm ( 8 . 0  c fs ) ,  compared wi th 3900 gpm ( 8 . 7  cfs ) ,  whi ch  was a worst-case estimate u sed by the 
Water Resources Counc i l  i n  the i r  eva l uation  of water-use impact on the Monongahel a R i ver . l The 
rate of  d i scharge of  treated wastewater to the Monongahel a R i ver  during  periods of d i scharge i s  
est imated to average 1 238 gpm .  

Fi g u re C . 4  s hows a n  est imated water bal ance for the pl ant operat i n g  a t  des i gn rate and wi th n ormal 
f l ow of treated wastewater effl uent to the r i ve r .  A drawing  of the i ntake structure is i nc l u ded  
in  Appendi x D .  

C . 2 . 1 1 . 2 Was tewater treatment  under normal condi t i ons  

Fl ow and treatment processes , equ i pment , and  a l ternati ves for  the  vari ous p l ant wastewate r  streams 
are di scus sed i n  Sect.  C . 3 . 6 . 2 . I t  i s  i mportant to recogni ze that treatment  sys tem pe rformance 
on p l ant wastewater wi l l  not be known wi th certai nty unti l comp l eti on of treatabi l i ty studies  
that are under way . 

C . 2 . 1 1 . 3  Was tewater treatment  under abnormal condi t i ons 

A number of  ci rcumstances wi l l  cause a s ubstanti a l  dev i at i on from the normal operating  mode 
des cr i be d  above . The des i gn features  i ncl u ded  i n  the wastewater tre atment system to p revent an 
adverse impact under abnorma l condi ti ons are described be l ow .  The occurrences that are expected 
to tax the was tewater treatment system i n cl u de :  

• shutdown and startu p , 
• extended shutdown , 
• abnormal l y  l ow r i ver  fl ow ,  and  
• abnormal l y  h i g h  ra i nfal l .  
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Shutdown and startup 

Becau se th i s  fac i l i ty wi l l  be a demonstra t i on pl ant , shutdown and s tartup of  the p r i nc i pa l  p rocess 
u n i t s  are expected to  occur  frequently , produc i n g  vari ati ons in quan t i t i e s  and concentrati on s  
characteri z i ng the feed t o  t h e  wastewater treatment sys tem and p roduc i ng a s i gn i fi cant effect on 
the operat i on of  the wastewater t reatment systems . 

Duri ng a maj or s hutdown of the p l ant , wastewate r treatment faci l i t i e s  wi l l  conti nue to operate . 
Wastewater fl ow from the g as i fi e r  and d i ssol ve r  wi l l  stop , whi l e  those from the s l ag p i l e ,  coal 
p i l e ,  and process  area runoff wi l l  conti nue to be gene rated at the i r normal rate . Empty i ng and 
fl u s h i ng of p rocess  equi pment i n  preparat i on for mai ntenance acti v i t i es wi l l  i ncrease the fl ow of 
p rocess  wastewaters for a t ime . 

Faci l i t i es wi l l  be p rovi ded to permi t hand l i ng and treatment of fl u s h i ng wastewater with  mi n i mum 
d i srupti on of wastewater treatment operati ons . These faci l i ti es wi l l  i nc l ude a fl u s h i n g  sewer 
and storage system equ i pped with  vapor recove ry , fl ow and concentrati on equa l i z ati on , and , where 
app rop ri ate , treatment capac i ty a l l owances to accommodate these non-cont inuous  fl u s h i n g  waste
water fl ows . 

As i nventories  of di sso l ver and gas i fi e r  was tewaters are dep l eted to p rese lected l evel s ,  the Tar
Aci d  Recove ry and Ammoni a Recovery faci l i t i e s  wi l l  be shut  down . I f  the s hutdown i s  to extend 
ove r a l ong  t ime peri od , d i sso l ve r-was tewater i nventory wi l l  be retai ned to serve as a susta i n i ng 
feed for the b i ol og i ca l -treatment system , whi ch wi l l  be operated throughout the s hutdown . 

Suffi cient  boi l e r  and cool i ng-towe r capac i ty wi l l  remai n  onstream to p rov i de for the steam req u i re 
ments of the wastewater-treatment systems a n d  t o  prov i de evaporati on o f  treated wastewater when 
req u i re d .  I t  i s  therefore expected that zero wastewater d i s charge can b e  achi eved duri ng shutdown . 

Du ring  the s hutdown , untreated wastewater i nventories  wi l l  be dep l eted to p rese l ected l evel s so  
that , when normal  operati ons are resumed , fl ows to the  wastewater t reatment  u n i ts may be g radua l l y 
i n creased to norma l l eve l s .  

F l ow rates and contam i n ant l oads of effl uent to the ri ve r  wi l l  decl i ne s ubstanti a l l y  dur ing  a 
s hutdown . Du ring  the s u bsequent s tartup , fl ows or contam i n an t  l oadi ng are not expected to exceed 
normal l eve l s .  

Extended shutdown 

Du ri ng a shutdown of the pr inc i pal  process  uni ts for an extended peri od of time , rai nwate r runoff 
from the p rocess  are a , coal p i l e , s l ag p i l e ,  and p roduct storage are as can accumu l ate i n  hol d i ng 
ponds to the extent that i t  needs to be e i ther treated for d i scharge or evaporate d .  Treati n g  and 
d i scharg i ng to the Monongahe l a  R i ve r  i s  the prefe rabl e approach as l ong  as the r iver  cond i t i on s  
al l ow th i s  to b e  done . However ,  duri ng pe ri ods of h i g h  TDS concentrati ons i n  the r i ver , d i scharge 
may n ot be acceptabl e ,  and evaporati on may be requ i red . Th i s  eventua l i ty wi l l  be hand l ed by oper
a t i ng a uti l i ty boi l e r  and the coo l i ng towe r at reduced  l oads . The boi l e r  and throttl i n g  system 
wi l l  produce l ow-press ure steam to dri ve the evaporators , wh i ch wi l l ,  i n  turn , produce cool i ng
tower makeup . 

Curves s howi ng the Mon ongahe l a  R i ver ' s  as s imi l at ive capac i ty for d i sso l ved sol i ds are presented 
in Sect . C . 4 . 2 .  These curves are examp l es of a fami ly  of curves that cou l d  be constructed for 
each reg u l ated compound and d i scharge speci es . Mon i tori ng  compos i t i on of the wastewater di sch arge 
and the ambi ent ri ver wi l l  be used to dete rmine  when to d i scharge treated wastewate r .  I f  mon i tor
i n g  i ndi cates that the avai l abl e as s i mi l at i ve capaci ty of  the Monongahe l a  R i ver  for a part i cu l ar 
d i scharge speci e s  wi l l  be exceeded , evaporators wi l l  be brought on l i ne , and the wastewater treat
ment p l ant wi l l  convert to the zero wastewater d i s charge mode . Retenti on bas i n s  are used to 
equal i ze and m i n i mi ze swi ngs i n  the concentrati on of consti tuents i n  the d i scharge . 

Abnormal ly  l ow r i ver  fl ow 

Under condi t i ons  of abnormal ly l ow r i ver f l ow ,  the mass -di scharge rate of d i sso l ved  sol i ds (TDS ) 
or tox i c  metal s to the ri ver may res u l t  i n  unacceptab l y  h i gh l evel s of TDS or tox i c  metal s . Under 
these ci rcums tances , faci l i t i es wi l l  be p rovi ded  to al l ow sal t-beari ng streams to be wi thhe l d from 
d i scharge to the r i ver  and store d .  Vari ous a l ternates for hand l i ng these accumu l ated wastes a re 
be i n g  expl ored , i ncl ud i ng : ( 1 ) s u bseq uent d i s charge to the r i ver  when fl ow and as s i mi l at i ve 
capac i ty i ncreases and ( 2 )  concentrat i on ,  fo l l owed by deepwel l d i sposal  to a compati b l e br ine
bear i n g  aq u i fe r ,  secured chem i cal l andfi l l , barg i ng to sea , chemi cal fi xat i on , or  encaps u l at i on 
and l andfi l l . Est imates of the ass im i l at i ve capaci ty of the Monongahe l a  R i ver  for TDS a re d i s 
cussed  i n  Sect . C . 4 . 2 .  
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Abnormal l y  h i gh ra i nfal l 

Duri ng peri ods of abnorma l ly  h i g h  ra i n fa l l ,  the capac i ty of runoff storage ponds associ ated w ith  
the coal p i l e  and  s l ag p i l e  wi l l  occa s i ona l ly be  exceede d .  Under these condi t i ons  of extended 
heavy ra i nfal l ,  r i ver f l ow wi l l  be h i g h ,  so  that bypass of the d i l u te runoff water from contam i 
nated p l an t  areas shou l d  n o t  present a serious  envi ronmen tal  prob l em .  Poss i b l e  except i ons  t o  th i s  
s ta tement wou l d  i n cl ude : ( 1 )  process-fl u i d  s p i l l age from process equ i pment  during  a n  extended 
ra i ny peri od and ( 2 )  res i dua l  a c i d  dra i n age from the coal p i l e .  

Du r i n g  such  an extended ra i ny peri od , process  area runoff wi l l  be desi gnated the pri ori ty s tream , 
and s l ag-p i l e  runoff wi l l  be di verted to the ri ver . Coa l - p i l e  runoff wi l l  be d i verted to the 
r i ver through a pH correct i on system that wi l l  neutra l i ze aci d i ty .  As a resu l t ,  the fu l l  capac i ty 
of the runoff was tewater treatment  system wou l d  be made ava i l ab l e  for treatment  of exce s s i ve 
process area runoff f l ow ,  wh i c h  may be contam i n ated wi th hydrocarbon s .  Th i s  method o f  operat i on 
( u s i ng bo i l ers , coo l i n g  towers , and evaporators a s  water cons umers ) i s  expected to reduce s i gn i fi 
cant adverse i mpact on the ri ver .  

C . 2 . l 2  Contro l l ed comb u s t i on and fl are system 

Dur ing  abnorma l operati ng  condi t i ons  ( upsets ) , i t  wi l l  often be neces sary to re l i eve p ressure i n  
process  u n i ts ,  e i ther by a utomati c pressure- re l i ef val ves o r  by man ua l ly  ope rated val ves , to 
preven t damage to equi pment or hazards to personne l .  A fl are system wi l l  be prov i ded i n  the 
SRC- I I  demon s trat i on p l an t  for th i s  purpos e .  L i q u i d  knockout vesse l s  wi l l  be p rov i ded upstream 
of combust ion dev i ces  to separate l i q u i d  for return to the proces s .  The vapors and gases wi l l  
then fl ow to a contro l l ed combus tor , a speci al  combusti on devi ce that wi l l  p rov i de very effi c i ent  
combust i on w i t h  no extern a l  fl ame to cause  i l l um i n ati on and noi se prob l ems . Very h igh  fl ows that  
exceed the  capac i ty of the control l ed combustor wi l l  res u l t i n  suffi c i en t  fl are-header pressure 
to " b l ow" a wa ter seal  and d i rect the fl ow to an e l evated fl are . More i n format i on on the con 
trol l ed combustor fl are system i s  pro v i ded i n  Sec t .  C . 3 . 5 . 4 .  

C . 2 . l 3  Tar-ac i d  and ammoni a recovery 

The process  water from the l i q uefact i on area wi l l  conta in  s i gn i fi cant  q uant i t i e s  of ta r ac i ds 
( phenol s )  and ammon i a .  The quench water purged from the gas i f icat ion eq u i pment wi l l  a l so conta i n  
ammon i a .  Th i s  water eff l uent from the l i q uefacti on area wi l l  b e  processed i n  l i censed equ i pment 
to recover about 98% of the tar- ac i d  content as a by- produc t .  The water eff l uent stream from 
tar-ac i d  recovery wi l l  be comb i ned wi th the q uench water purge stream from g as i f i cati on and 
processed in l i censed eq u i pment to recover about 98% of the ammon i a  con ten t  as a by-product . The 
effl uent-water s tream from the ammon ia-recovery u n i t  wi l l  fl ow to the wastewater treatment area 
o f  the p l ant  for further pur i f i cat i on .  

C . 2 . l 4  Steam and e l ectri cal  generat i on 

A s ubstan t i a l  amount of s team wi l l  be generated at several pressure l eve l s  by recoveri ng  heat from 
process  streams . In add i t i on ,  fi red boi l ers total l i ng  600 , 000 l b/h  des i gn capac i ty wi l l  prov i de 
add i ti onal 1 500 ps i g  s team.  The current ly  p l anned s team- pressure l eve l s  and pri mary uses wi l l  be : 

• 1 500 ps i g  - to power s team turb i nes for l arge compres sors and the p l an t  e l ectri cal  generator 
and to provi de reacti on s team for the gas i fi ers , 

• 600 p s i g  - to power s team turbi nes on l arge pumps and medi um-s i zed compres sors , 
• 250  p s i g  - to power s team turb i nes  for med i um and sma l l  pumps and steam ejectors , and 
• 50 ps i g  - for heat i ng and trac i ng . 

As descri bed i n  Sec t .  C . 3 . 2 . 2 ,  the bo i l ers are p l anned to be fi red wi th p l an t fuel - naphtha 
and/or gas dur ing  normal  opera t i on ; if  avai l ab l e ,  natural  gas wi l l  be used for p l an t  startups and 
upsets . I t  may become neces sary to purchase some l i q u i ds for use  as supp l ementa l fue l  duri ng  
u psets and  startups , espec i a l ly dur ing  the  i n i t i a l  p l ant s tartu p .  No p l ans  for  u s i n g  coal  have 
been made , and none are expected. I f ,  in the future , coal is con s i dered , the coal -burn i n g  i n s ta l 
l at i on wou l d  o f  necess i ty i n c l ude s u i ta b l e  s tack-gas scrubb i ng t o  control emi s s i ons  i n  accordance 
wi th envi ronmen tal  regu l at i on s .  

T o  i mprove re l i ab i l i ty ,  i t  i s  proposed t o  generate the p l ant ' s  el ectri c i ty needs of about 45 MW 
by u s i n g  conven ti onal s team turbogenerators . The est i mated water use and a i r  emi ss i on s  are based 
on th i s  des i gn feature . 
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C . 2 . 1 5  Fue l  system 

Cu rrent pl ans are for a mi xed-fue l  sys tem u s i ng hydrotreated p l ant-produced naphtha , excess gas 
from the g a s i f i cati on system , and hydrocarbon gases produced in the process . The gases wi l l  be 
t reated to  remove s u l fu r  compounds . 

C . 2 . 1 6  Prod uct storage and s h i pping  

Two separate produ ct storage and  s h i pp i n g  areas are  p l anned . The truck s h i pp ing  area  adj acent to 
the ma i n  process  area ( see F i g .  C . l )  wi l l  store and hand l e  tar aci d ,  propane , butane , anhydrou s 
ammoni a ;  i t  wi l l  a l so prov i de fac i l i t i es for truck  l oa d i ng . The s h i p p i n g  area at the south end 
of the p l an t  s i te adj acent to the ra i l road and t he Mononga hel a Ri ver wi l l  prov i de s torage for 
naphtha , l i gh t  and heavy o i l , and l i q u i d  e l emental  s u l furs products and wi l l  have fac i l i ti e s  for 
l oad i ng rai l cars ( Fi g .  C . l ) .  T h i s  r i vers i de storage i s  part of the fl oodpl a i n /wet l ands rev i ew 
presented i n  Append i x  D .  

Al l l i q u i d-product and s u l fur s torage areas wi l l  be d i ked and l i ned wi th an imperv i ou s  materi a l  to 
contai n the re l ease of l i q u i d-product materi al s in the event of tan k  fai l ure or sp i l l age due to  
operator erro r .  The d i ked area wi l l  have  capac i ty adeq uate to contai n the contents of  the  tank  
pl us prec i p i tat ion from the 1 0-year , 24-h  storm and  water u sed in  the event  of a fi re .  Drai nage 
from wi th i n  the d i ked area and runoff from the product l oadi ng areas wi l l  be pumped to the waste
water treatmen t  system . The  dra i n age  col l ect i on system wi l l  i ncorporate measures  to prevent 
i nadvertent rel eases of materi a l  to the envi ronment as a resu l t  of equ i pment fa i l u re or operator 
erro r .  

T h e  cl osest res i dence wi l l  be about 5 0 0  f t  from t h e  tru c k  l oadout s torage area and 2500 f t  from 
ra i l  s torage . 

The bases of the tanks  l ocated i n  the s torage area al ong the Monongahe l a  Ri ver wi l l  be above the 
500-year fl ood , and  the tanks a re protected by di k i ng .  Product  storage on the fl oodp l a i n  of 
the Monongahel a Ri ver i s  t he s ubj ect of a fl oodpl a i n /wet l ands asses sment presented i n  Sect . 4 . S  
and Appen d i x  D .  

Propane wi l l  be s tored i n  pressure sphero i ds , where as butane and ammon i a  wi l l  be s tored i n  
p ressure bu l l et s .  

See Sect . C . 3 . 5 . 3  for more i nforma t i on o n  sp i l l  preventi on and contai nmen t .  

C . 2 . 1 7  Sol i d  wastes 

When operati ng  at the des i g n  rate ( 6000 tpd of coal ) ,  the SRC- I I  demons trat i on pl ant  wi l l  generate 
the fol l ow ing  approx imate quanti ty of sol i d  wastes per yea r :  

• g a s i fi er s l ag , 240 ,000 tons , 

• process  s l udges , 1 4 ,000 tons , 

• spent catalysts and adsorbents , 250  tons , and 
• when the pl ant i s  operat i n g  i n  the zero wastewater d i scharge mode , a brine  of sol ub l e sa l ts 

wi l l  be produced and wi l l  req u i re di sposal . At a coal feed rate of 6000 tpd w i t h  an average 
ch l ori de concentrati on of 0 . 09 wt % ,  the pl an t  wi l l  produce 1 02 ,000 gal of bri ne  per day . I f  
t h e  coal h a s  a c h l or ide concentrati on of 0 . 2  w t  % ,  t h e  b r i ne producti on rate wou l d  be 
227 ,000 g pd .  The sol i ds content of the bri ne wou l d  be 0 . 43 l b/gal . The zero wastewater 
d i scharge mode is not the p r i nc i p l e  mode of operation . Tab l e C . l l  g i ves the percentage of 
the year that zero d i scharge operati on i s  expected . 

Methods  for d i sposal  of these wastes are d i scu ssed i n  Sec t .  C . 3 . 7 .  

C . 2 . 1 S  Tu rndown capab i l i ty 

Al though the S RC- I I demons trati on pl ant i s  be i ng desi gned to process 6000 tpsd of coal , i t  i s  
aCknowl edged that hav i n g  the capabi l i ty t o  operate a t  g reatly  reduced rates i s  very i mportant , 
espec i a l l y  for the i n i t i al months of operati on and dur ing pl ant startups . Consequent l y ,  the 
p l an t  i s  be i ng des i gned for the c apab i l i ty to operate at g reatly  reduced rates . At th i s  t ime , 
m i n i mum throughput of around 1 500 tons/d appears feas i b l e .  Al l envi ronmental  control equ i pment  
and  systems , as wel l as  the  ma in  process systems , wi l l  be  desi gned for compat i b i l i ty wi th the 
m i n imum reduced rate that i s  determi ned to be techn i cal l y  and economi ca l l y  feas i b l e .  
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C . 3  ENVI RONMENTAL-CONTROL EQU I PMENT AND ALTERNATES 

The use  of adequate eng i neering  contro l s d ur i ng  the des i gn of the SRC- I I  demonstrat ion  pl ant i s  
of utmost  i mportance to ensure  the safety and hea l th of the workers and the publ i c .  Eng i neeri ng  
contro l s that  wi l l  be fol l owed i n  the  des i gn of the SRC- I I  demonstration  pl ant i nc l ude : 

• the deve l opment of appropri ate spec i f i ca t i on s , ta k i ng i nto consi derat ion  s pec i a l  s evere 
cond i t i o n s  ( i . e . , temperature , pre s s u re , eros ion , and corro s i o n )  that affect mechan i ca l  
i nteg r i ty ,  

• the eva l uation  of spec i a l req u i rements for adequate pl ant operabi l i ty dur i ng off-normal 
operation  ( s uch as startu p ,  shutdown , u psets , and eme rgenci es )  and the effect on equ i p
ment and sys tems , 

• the i n dependent revi ew of the des i gn as it deve l ops  by mul t i -d i sc i pl i ne personnel such as 
those wi th s pe c i a l  tra i n i ng and 'experi ence in eng i neeri ng , o pera t i on s , safety , hea l th ,  
ma i ntenance , envi ronmental effects , and qua l i ty a s s u rance , and 

• the use of data and s pec i a l i zed know-how that has been deve l o ped in the SRC research and 
deve l opment programs and other rel ated programs over many years . 

C . 3 . 1  Tota l s u spended part icu l ates (TSP )  

The pr ima ry sources of  suspended part i c u l ates rel eased by the  SRC- I I  demonstration  p l ant wi l l  be 
i ncompl ete combust ion in heaters and bu rners and fug i ti ve dust  from ( 1 )  coa l  handl i n g , storage , 
and preparati on ,  ( 2 )  s l ag handl i n g  and storag e ,  and ( 3 )  travel over hau l  roads . Currentl y 
pl anned envi ronmenta l contro l s  and a l ternati ves for these var i o u s  sources a re d i scussed i n  
th i s  sect i o n .  

C . 3 . 1 . 1  Coal handl i ng and preparati on 

The u se  of a conti nuous  bucket-type barge un l oader i s  currently pl anned . Thi s type of un l oader 
generates l es s  dust than c l amshel l -type u n i ts . A l arge number a re c urrent ly  in operati on . Before 
ma k i n g  the f i na l  se l ection  of equ i pment , a l ternative  types wi l l  be i nvesti gated . I n  add i t i on , 
experi ence wi th s i mi l ar u n l oaders i n  the general a rea , and therefore cl i mate , of the proposed 
p l ant wi l l  be u sed to determi ne if addi tional  dust-suppres s i on equ i pmen t ,  such as spec i a l  enc l o 
s u res and/or water s prays wi th spec i a l  add i t i ves , wi l l  b e  requ i red at the i n l et and outl et o f  the 
u n l oader . At th i s  t ime , i t  i s  bel i eved that such  equ i pment wi l l  not be needed because , in mo st 
case s , the coa l  in  the uncove red barge be i n g  un l oaded wi l l  be wet o r  damp ( except perhaps the 
top s u rface )  due to r a i nfa l l in tran s i t .  The dampnes s  of the coal shou l d  s uppress fug i t i ve 
emi s s i ons . 

Bel t conveyors u sed to transport the coal  to and from s to rage wi l l  be covered to prevent wi nd 
dust i ng . The trade-off between the cost of tota l l y  enc l o s i ng the conveyors and decreased dusti ng 
that wou l d  resu l t wi l l  be eva l uated as  an a l ternati ve .  Tota l l y  encl osed u n i ts requ i re venti l at i on , 
was hwater , and fi re p reventi o n  sys tems . Transfer poi nts wi l l  be encl osed to decrease a i rborne 
d u s t i ng . One a l ternat i ve ,  u s i ng vacuum hoods and venturi  s cru bbers for transfer po i nts , was 
ru l ed out because  of ( 1 )  i nc reased compl exi ty and cos t ,  ( 2 )  the i nc reas ed a ttention  req u i red by 
opera t i n g  and mai ntenance personnel i n  the remote l ocations  of the transfer poi nts , ( 3 )  the 
d i s posa l  pro b l em of the s l udge genera ted , and ( 4 )  doubt about any overa l l envi ronmenta l  advantage 
over encl osed transfer  po i nts . 

The coal  wi l l  be s tored i n  two wi nd row-type l ayered p i l es - one bei ng fi l l ed whi l e  pl ant feed i s  
rec l a i med from the othe r .  A 30-d supp ly  to the pl ant a t  des i gn rate wi l l  be provi ded . As expl a i ned 
i n  Sec t .  C . 2 . 1 , th i s  rel a t i ve l y  s ho rt t ime i n  storage wi l l  decrease the potent i a l  for coal p i l e  
fi res . Another a l ternati ve , covered o r  encl osed storage o f  the coal , was ru l ed out for safety 
reasons . Even very sma l l smou l de r i ng coal fi res  emi t  tox i c  s u l fu r  compounds and carbon monox i d e .  
Coveri ng o r  enc l o s i ng the pi l e  wou l d  great ly  i nc rease the s afety hazard t o  workers . I n  add i t i o n ,  
fi refi ghti n g  wou l d  b e  hampered and more hazardous . Another a l terna t i ve for coal storage i s  i n  
s i l o s .  However ,  severa l very l arge ,  cos t l y  s i l os wou l d  b e  req u i red . I n  addi t i on , the h i g h  
degree of coal  b l end i ng a n d  u n i form i ty wh i c h  i s  needed for the s tab l e operation  o f  the SRC - I I  
process cou l d  not b e  achi eved w ith  the u s e  o f  s i l o s .  

. 

A l uffi ng-type stacke r  i s  pl anned . The enti re dev i ce wi l l  move on ra i l s ,  l on g i tud i na l l y  to the 
p i l e  be i n g  formed . The d i s charge conveyor wi l l  be adj ustab l e  vert i ca l l y  so that the d i s tance the 
coal fa l l s  as i t  forms the pi l e  wi l l  be m i n imal . As a res u l t ,  dust  generation  wi l l  be reduced . 
Many s imi l ar stackers a re currently i n  se rv i ce handl i ng dusty sol i ds . A water-and-add i t i ve spray 
system i s  pl anned for the coa l -di scharge a rea . Al ternative  types of stackers a re s t i l l  be i ng 
stud i ed , but i t  i s  expected that p l an s  for the u se  of a l uffi ng  type wi l l  not change . 
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Water spray wi l l  be u sed to m i t i ga te dust i ng from the storage p i l e s .  The use  of a po l ymer
crust i ng agent for the pi l e  be i ng formed is  i mpract ica l  for the proposed s tacker . However , the 
u se of suc h an agent on the stati c porti on of the pi l e  be i ng rec l a i med is proba b l y  feas i bl e  and 
wi l l  be i nvesti gated . Before i ts u se ,  howeve r ,  stud i e s  must  be made to en sure that such  po lymer 
materi a l  wi l l  not cause proce s s i ng probl ems ( such  as foami ng i n  the d i ssol ver l etdown , aci d-gas 
remova l ,  or  fracti onat i on system s )  when fed i n to the p l ant  wi th the coa l . 

An au toma t i c  rec l a imer ,  desi gned for l ow dust  format i on ,  wi l l  be u sed to rec l a i m  coal  from storage . 
I t  i s  current l y  be l i eved thi s equ i pment wi l l  be a patented d rum rec l a ime r that i s  e s senti a l l y  
dust l ess  and p rovi des max imum coa l - bl end i ng capabi l i t i e s . More than 40 of th i s  part i c u l ar type 
a re i n  u se throughout the worl d on coal , ores . and var i ou s  sol i d  materi a l s .  Or i g i na l  pl ans  were 
for coal  to be rec l a i med wi t h  l a rge front-end l oader s .  However ,  t he drum rec l a imer wa s c hosen a s  
t h e  p referred a l ternat i ve d u e  pr imar i l y  t o  t h e  g reat reducti on i n  dust  generati on a n d  secondar i l y  
t o  i ts coa l - bl end i ng capabi l i t i e s .  

Coa l  dryi ng and pu l ver i z i ng wi l l  b e  accompl i s hed i n  a conventi onal pu l veri zer-c l a s s i f ier  where i t  
i s  s imu l taneo u s l y  pu l veri zed and d r i ed by the combu s t i on of fl ue  gases . The temperature i n  the 
mi l l  wi l l  be we l l  bel ow t he ox i dation  temperature of the coal  and metal l i c su l f i de s .  The pu l ver
i zed coa l  wi l l  be recovered primari l y  by a cyc l one system . The exha u s t  a i r  wi l l  conta i n  the 
combu sti on products of the heat i ng furnace , water ( perhaps su l furous ) removed from the coal , 
entra i ned parti cu l a te s ,  and potenti a l l y  some vol ati l es from the coal . The gases wi l l  f l ow from 
the cyc l one to a conventi onal bag house des i gned to remove 99% of the part i c u l a te s .  Grind i ng and 
d ryi ng tests  wi l l  be  performed on the des i gn coal  to determ i ne the concentrati on of acid  gases  
( H2 S ,  H CN ) , hydrocarbon s ,  and part i c u l ates in  the exha u s t  a i r .  The  exhaust-a i r  system wi l l  be 
des igned to capture po l l utants a s  requ i red by EPA and state a i r qua l i ty standard s .  The des i gn of 
the system has not progressed to the po i n t  where des i g n  spec i f i cat ions  such a s  a i r/c l oth rati o ,  
bag mater i a l , and c l eani ng mec hani sms have been deve l oped .  Howeve r ,  t hey wi l l  b e  devel oped a s  
the des i g n  conti nue s ,  based o n  be st  i ndustr i a l  practi ces  and experi ence . The equ i pment  sel ected 
wi l l  perform to meet regul a tory requ i rements . 

One al ternat i v e  i s  f l a s h  d ryi ng , wi th wet coal be i ng cru s hed and then dried  separatel y .  I n  a 
fl ash-dryer sys tem , crushed coal  i s  i njected i nto warm so l vent . The coa l -sol vent m i x tu re fl ows 
to the s l u rry-mi x i ng vessel , where a hot process- recyc l e  so l vent and a recyc l e  s l u rry are added 
and s l u rr i ed . The water fl ashes  off as s team and i s  l ater condensed , l eav ing  a hyd rocarbon gas  
that wou l d  then  be  i nj ected i nto  the  vapor-recove ry system . The  fl ash-dryi ng  system wou l d  not 
produce a part i c u l ate em i ss i on .  However , the l a rger-s i zed parti c l es , especi al l y  roc k , very 
l i ke l y  wou l d  sett l e  i n  vari ous parts of t he process , resu l t i ng i n  pl u gg i ng and cok i ng . Th i s  type 
of system has poten t i a l  econom i c  and envi ronmental  ad vantages b u t  has not been tested s uffi c ient ly  
for i nc l u s i on i n  the construct i on of t he S RC - I I demon strat i on pl an t .  A mod i fi ca t i on o f  th i s  
a l ternati ve wou l d  be the add i t i on o f  a ba l l  o r  rod mi l l  t o  gr i nd the coal -sol vent s tream before 
or after m i x i n g  i t  wi th the hot s l u rry . The conventi onal dryi ng -pu l veri zati on system i s  the 
sel ected method for the i n i t i a l  operation of the SRC- I I  demonstrati on pl an t  because f l a s h  
dry i ng i s  s t i l l  deve l o pmenta l . To demons trate f l as h-dry i ng technol ogy , such  equ i pment cou l d  b e  
i ns ta l l ed a t  a l ater t i me , shou l d  a dec i s i on b e  made to do s o .  

The fi ne dry coal wi l l  b e  tran sferred pneumat i ca l l y  through  p i p i ng from t h e  drye r-pu l verizer  b i n s  
to s i l os i n  t he d i ssol ver area . The pneumat i c  system wi l l  u se i nert  ga s  a s  t h e  tran sfer med i um .  
Thi s g a s  wi l l  b e  recyc l ed ,  wi th part  o f  i t  be i ng purged t o  prevent the bu i l du p  o f  very fine  
parti c l es .  Thi s pu rge stream wi l l  pass through  a convent i onal bag -fi l ter  system for  remova l  and  
recovery of the  very fi ne dust .  

C . 3 . 1 . 2  S l ag hand l i ng 

S l ag from t he gasi f icat ion system wi l l  be wet and wi l l  remai n  wet dur i ng trans port to and depo s i 
t i on i n  the s l ag - l andfi l l  fac i l i ti es .  Consequen t l y ,  l i tt l e ,  i f  any , dust  i s  expected t o  resu l t  
from th i s operati on . Pl ans  cal l for t he wet sl ag to be transported to the l andfi l l  area by bel t 
conveyor where i t  wi l l  be deposi ted by truc k or front-end l oade r .  The Draft E I S  i nd i cated that 
the ent i re movement wou l d  be by tru c k .  Th i s  a l ternat i ve has now been ru l ed out becau se of t he 
safety hazard of t he heavy truck  traffic  wi thi n the pl an t  area and across H i g hway 53 and because 
of the potenti al  dust  probl em due to b l owi ng or spi l l i ng of the wet s l ag i n  tran s i t  and i ts 
su bsequent dryi n g .  Another a l ternat i ve for sl ag hand l i ng t h a t  wou l d  mi n i m i ze d u s t i ng i s  i ts 
tran sport a s  a water s l u rry ; th i s i s  done conven t i ona l l y  i n  coa l - fi red e l ectr i c  generati ng pl ants . 
Severa l poten t i a l  advantages and d i sadvantages are apparent  wi t h  thi s a l ternat i ve and , a s  a 
resu l t ,  a g reat deal more study i s  needed before a dec i s i on can be made re l at i ve to i ts u se .  

Successful u se of a s l u rry movement depend s on s l ag character i st i c s . An advantage of s l urry com
pared wi th conventiona l  conveyance i s  the s impl i fi ed operat i on at the pond ( i . e . , the s l a g  pi l e  
formed a t  the end of t he transporter i s  se l f- l evel i ng ,  and u se o f  earthmov ing equ i pment i s  mi n i 
m i zed ) . However ,  energy consumption  and mai ntenance of equ i pmen t  ( espec i a l l y  pump s )  i s  more 
costl y wi t h  s l urri es . S l u rr ies  i n c rease t he pl ant ' s  consumpt i ve water use and a l so i ncrease 
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t he l oad o n  the wastewater treatment pl a n t .  Sca l i ng i n  s l urry l i nes from l eac hed s l ag 
consti tuents can resu l t in  downtime . Truck  movement mi ght be feas i bl e  a s  a bac kup mode . 

C . 3 . 1 . 3 Roads  

E s senti a l l y  a l l roads  and streets in  the  process  a rea of the pl ant and  heav i l y  trave l ed access  
roads  wi l l  be paved . There may be a l im i ted number of l i g htl y tra ve l ed roads that wi l l  on l y  be 
gravel ed . These roads wi l l  be o i l ed or water sprayed , a s  requ i red , to decrea se dusti n g .  As 
noted i n  Sec t .  C . 3 . 1 . 2 ,  the previ ou s l y  con s i dered heav i l y  travel ed haul  road for s l ag between 
the g a s i f i cat ion  a rea and the s l ag-di sposal  area has been e l imi nated by the s u bsti tution  of bel t 
conveyors for truck transport . 

C . 3 . 1 . 4 F i red heaters 

Operati on of  the S RC- I I  demonstrat i on pl ant wi l l  req u i re s i g n i f i cant quant i t i e s  of hea t ,  wh i c h  
wi l l  b e  suppl i ed by combu sti on of  fuel i n  i nd i rect heaters . I t  i s  current l y  pl anned to provi de 
th i s  fuel from p l ant-deri ved steams - desu l furi zed pl ant gas and hydrotreated ( hydrodesu l furi zed )  
naphtha . These fuel s wi l l  a l l ow compl i ance with  appl i ca bl e envi ronmen tal standard s ,  wi thout 
req u i r i ng add i t i ona l emi s s i on control equ i pment . Fi red heaters can read i l y  be obta i ned to burn 
th i s  type of  fuel  with v ery l i ttl e generati on of suspended parti c u l a te s .  

Consi derati on i s  be i ng g i ven to u s i ng naphtha a s  a p l ant product and u s i ng o n l y  gaseous fuel i n  
the pl an t .  Th i s  wou l d  further reduce the quant i ty of part icu l ates formed a n d  emi tted t o  the 
a i r  from combu s ti on source s .  

C . 3 . 2  S u l fur d i ox i d e  ( S 02 ) 

C . 3 . 2 . 1  S u l fur removal and recovery 

The s impl i f i ed b l oc k-fl ow d i agram for the S RC- I I  demonstra t i on pl ant s hown in Sec t .  C . 2 ,  a s  
Fi g .  C . 3 ,  i nc l udes t h e  steps u sed t o  remove and recover su l fur t o  maximi ze process  performance 
and reduce su l fu r  emi ss i on to the envi ronment .  

Because the des i gn coal for the pl ant i s  expected t o  conta i n  about 3 . 6  wt % su l fu r ,  a bout 
200 ton s/d of  s u l fur wi l l  be i ntroduced i nto the p l ant wi th the coa l ( when the p l ant  is operati ng 
at fu l l  capaci ty ) . Abou t 95% of  the su l fur  wi l l  be converted to hydrogen s u l f i de in chemi cal 
reactions  in the d i ssol vers and gas i f iers  and wi l l  be conta i ned in the gas  streams l eav i ng those 
fac i l i ti e s .  The g a s  streams from the d i ssol ver wi l l  con s i st o f :  a hi gh-pressure stream a t  
e s sent i a l l y  the same pressure a s  the operati ng pressure o f  the d i sso l ver and a l ow-pressure 
s tream cons i st i n g  of gas  f l a shed duri ng the var ious  pressure-l etdown steps p l u s  the sol u b l e  gas  
wh i c h  i s  rel eased duri ng  fract ionation  of  the process  l i qu i d s .  These gas  streams wi l l  conta i n  a 
h i g h  rat i o  of hydrogen s u l f ide  ( H2 S )  to carbon d i ox i de ( C0 2 ) .  As a resu l t ,  the two acid  gases 
wi l l  not have to be se l ecti ve l y  separated in  order to provi de su i ta bl e feed stoc k to a C l au s  
s u l fur- recovery p l an t .  Con sequent ly ,  a nonsel ect i ve aci d-gas removal  process , d i ethanol ami ne 
( DEA) , has been c hosen to remove the H2 S and CO2 from these hydrocar bon streams . Reduct i on 
o f  H2S content of the hydrocarbon stream to l ess  than 1 00 ppmv i s  read i l y  ach i evabl e .  DEA has 
been proven to be a rel i ab l e process  over many years in s im i l ar appl i cati ons throughout the gas 
process i ng , refi n i ng ,  and c hem i cal i ndustri e s .  

The synthe s i s-gas stream made by the gas i fi er wi l l  have a l ow rat i o  of  H2S t o  CO2 . Consequentl y ,  
the u s e  of  a nonse l ecti ve aci d-gas removal system wou l d  pro v i de a n  a c i d  gas  w i th a n  H2S concen
trati on too l ow for acceptab l e  feedstoc k to a C l a u s  un i t .  Therefore , a sel ect i v e  aci d-gas  removal 
process , Se l exol , has tentati v e l y  been sel ected for thi s appl i cat i on . I t  wi l l  produce a syn-gas 
s tream that conta i ns we l l be l ow 1 00 p pmv H 2S p l u s  two ac i d-gas streams , one that wi l l  have a 
moderate l y  h i g h  rati o of H2S to CO2 and another that wi l l  be mostl y CO2 wi t h  on l y  a very sma l l 
H 2S content . The H2S - r i c h  stream wi l l  f l ow to the C l a u s  s u l fur- recovery u n i t .  The CO2 -r ich  
stream , wi th i ts very sma l l amount of  H2S ,  wi l l  bypas s  the C l a u s  un it  and  fl ow d i rectl y  to  the 
H2S i nc i nerator ,  for conve r s i on to S02 . 

The concentrated a c i d-gas  streams from the h i g h-pressure DEA,  l ow-pres sure DEA , and Se l exol 
systems wi l l  be combi ned and processed in a C l au s  system where the H 2S is converted to e l emental 
s u l fu r ,  wh i c h  wi l l  be conden sed and recovered a s  a l i q u i d  by-product . Process  steam wi l l  be ra i sed 
i n  the s u l fur condense r .  Abou t one - th i rd of the H2S f i rst wi l l  b e  bu rned i n  a defi c i ency o f  a i r  
t o  produce a m i x tu re o f  essenti a l l y  two mol es o f  H2S and one mo l e  o f  S02 . Th i s  mi xture wi l l  then 
be reacted over a cata l yst to produce e l ementa l s u l fur and water a s  s hown by the fol l owi ng reacti on : 
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The ox i d i zer wi l l  be control l ed so that sl i ght ly  l ess  than one-ha l f a s  muc h  S02 a s  H2 S wi l l  fl ow 
to the cata l yst , whi c h  wi l l  mi n im i ze the amount of S02 t hat pas ses  throug h  the converter and i s  
s ubsequentl y re l ea sed to the a i r .  The C l aus-u n i t  ta i l  gas  wi l l  fl ow to a S COT ta i l -gas-treatment 
u n i t  where res i dual  S 02 wi l l  fi rst be converted to H2 S ,  fol l owed by absorpti on and recovery of 
the H 2S for recyc l e  back throu g h  the C l aus  system . The ta i l  gas ,  wh i c h  wi l l  have a l ow su l fur 
conten t ,  w i l l  be combi ned w i th the CO2 -r ich  stream from the Sel exol u n i t ,  which wi l l  have a sma l l 
H2S concentrati on , and fed to the H 2S i nc i nerator where the H2 S wi l l  be converted to S02 and 
re l eased to the atmosphere throug h  a stac k .  

As can be seen from the previ ou s  d i sc u s s i on , a h i g h-pressure DEA , l ow-pressure DEA , Sel exol 
Cl au s-SCOT system now appears to be the preferred combi ned s u l fur-remova l and recovery system for 
the SRC- I I  demonstration  p l ant whereas ,  when the Draft E IS was i ssued , i t  appeared that an a l ter
nati ve h i g h- pressure DEA , l ow-pressure DEA , Benfi el d-Cl au s-SUPERSCOT system wa s preferred . I n  
t he Benfi el d u n i t ,  two acid-gas  streams wou l d  b e  produced , both wi th very l ow H 2S-to-C02 rat i o s  -
0 . 01 and 0 . 02 .  The stream wi th the l ower rati o ,  0 . 01 , wou l d  be routed to the l ow-pressure DEA 
u n i t .  The stream wi th the h i g her  rat i o ,  0 . 02 ,  wou l d  sti l l  be far too d i l ute in H2 S  to serve as 
s u i tabl e feed stock to a C l aus  p l ant .  Therefore , i t  wou l d  be combi ned wi th the ac i d -gas streams 
from the l ow-pressure DEA and hi g h- pressure DEA un i ts and fed to a SUPERSCOT u n i t  to y i e l d  a 
carbon d i ox i de-r ich  stream w i t h  a l ow H2 S content ,  wh i c h wou l d  fl ow d i rect l y  to the H2 S i n c i n 
erato r ,  and a n  H 2S - r i c h  stream . The H2 S-r ich  stream wou l d  serve a s  feed t o  the C l a u s  u n i t .  The 
ta i l  gas  from the C l aus  u n i t  wou l d  be combi ned w i t h  the feed to the SUPERS COT u n i t .  S imp l i f i ed 
b l ock-fl ow d i agrams of t he se two a l ternati ves are shown i n  Fi g .  C . 5 .  E i ther system wou l d  produce 
a treated ta i l -gas effl uent conta i n i ng 230 ppmv or l es s  of S02 ' wh ich  conforms to EPA ' s  New Sou rce 
Performance Standards ( see Appen d i x  0 ) . 

The primary reasons for sel ecti ng the new preferred a l ternative  were l ower operat i ng costs and a 
probabl e reduct ion i n  S 02 emi s s i on s  due to an expected very l ow H 2S concentration  i n  the CO2 -r ich  
stream that  bypasses the C l aus  un i t  and  goes  d i rectly to  the H2 S i nc i nerato r .  

The overri d i ng reason for sel ection of the preferred a l ternati ve i s  t h e  demon strated re l i a b i l i ty 
and fl exi b i l i ty over other a l ternative  processes , such as Recti so l  H 2S removal  or Stretford ta i l 
g a s  trea t i ng . Thi s factor outwe i g hs al l others when eva l uat ions  are based on the consequences of 
u psets and varyi ng rates that are expected during the demon stration  peri od , espec i a l l y  duri ng the 
fi rst year or two . 

Other a l ternati ves that have been consi dered to a l esser extent and rejected are d i scu ssed i n  the 
fol l owi ng paragra phs . 

W i th the u se o f  a Beavon -Stretford tai l -ga s treatment system , the resu l t i ng off-gas concentrati on 
wou l d  theoret i ca l l y  be reduced to about 40 to 80 ppmv S02 ' and S02 emi s s i on s  wou l d  be reduced 
to 1 2 5 to 250 ton s  per year .  Howeve r ,  the l iq u i d  effl uents ( sour water and Stretford-so l u t i on 
b l owdown ) l eav i ng the Beavon u n i t  wou l d  conta i n  vanad i um sa l ts ,  wh i c h wou l d  pose ser i o u s  prob l ems 
for envi ronmenta l l y  safe d i sposal . A G i ammarco-Vetroco ke a l ternati ve cou l d  rep l ace the Stretford 
u n i t  i n  the Beavon-Stretford system , reduc i ng the S02 concentration  to l es s  than 40  ppmv in the 
ta i l  gas , and reduc i ng S02  emi ss i ons  to l e s s  than 1 25 ton s per yea r .  A maj or d rawback  wou l d  be 
t he use  of arsen ic  compounds ,  wh i c h  wou l d  appear i n  trace quanti t i e s  i n  al l effl uents , i nc l ud i ng 
the su l fu r  product . 

Two commerc i a l l y  avai l abl e a l ternati ve tec hnol og i e s  ex i st wh i c h  cou l d  potenti a l l y  rep l ace the 
C l aus  s u l fur-recovery system : Stretford and G i ammarco-Vetrocoke . Both o f  these systems have 
demonstrated l ower su l fu r  emi s s i on s  than C l aus  systems i n  some appl i cati on s ,  but the i r  perfor
mance i s  sen s i ti ve to feed -stream compos i t i o n ,  and the feed stream i n  the proposed p l ant may 
be variab l e and may conta i n  proces s  contami nants that wou l d  precl ude the effective  u se of these 
a l ternative  systems . The same d i sposal  probl ems l i sted in the prev i ou s  paragraph wou l d  a l so 
app ly  to t hese tec hno l og i e s .  

An ac i d-gas  ox i d i zer  p l u s  the Chi yoda Thoroughbred 1 01 proce ss  i s  a potentia l  a l ternati ve wh i c h  
wou l d  prov ide  a gypsum product from the rema i n i ng su l fur i n  t h e  ta i l -gas i n stead o f  e l emental 
su l fu r .  Su l fu r  d i o x i de in the off-gas  m i g ht be sl i ghtly  l ess  than with the proposed system . 
Other potent i a l  a l ternati ves , wh ich  may or may not be appl i cab l e to h i g h-C02 streams , i nc l ude 
the Dual -Al kal i proce ss , the C l eana i r  process , the Wel l man- Lord ( W - L )  system , the I FP-2 system , 
and a l ime- l imestone s l u rry system . The use  of some of these systems wou l d  have the d i sti nct 
d i sadvantage o f  requ i r ing  the d i sposal  of l arge quanti t i es of s l udg e .  Wel l man-Lord feedi ng S02 
to C l a u s  wou l d  i ncrease the producti on rate of su l fur by-produc t .  

C . 3 . 2 . 2  Fi red heaters 

The only v i a b l e  control for the l eve l  of S02 emi ss i ons  from the fi red heaters i n  thi s pl ant i s  to 
control the quanti ty of s u l fur i n  the fue l . The S 02 -emi s s i on rates projected for the pl ant have 
been based on : 29% of the heati ng val ue of the fuel be i ng prov i ded by pl ant naphtha that has 
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been hydrotreated to a l eve l of 0 . 1 wt % su l fu r  and 7 1 %  of the heat i ng val ue of the fuel prov i ded 
by hydrocarbon f l a s h  gas  and synt he s i s  g a s ,  each w i t h  a su l fu r  content of 1 00 ppmv . The combu sti on 
of th i s  m i xed p l ant  fue l  produces 0 . 047 pounds of S02 per m i l l i on Btu of energy i np u t .  

P i l ot tests by Gu l f  Sci ence and Technol ogy Company have shown that raw naphtha produced i n  the 
S RC- I I  process  with the P-99 process-devel opment u n i t  can be readi l y  desu l fur i zed to a l evel  
be l ow 0 . 1 %  s u l fur w i th moderate-severi ty hydrotreati ng . Several commerc i a l  processes have demon
strated the  capabi l i ty of reduc i ng H2S  i n  ga s streams to l ess  than  1 00 ppmv : Se l exo l , Benfi e l d  
H i -Pure , DEA,  and two- stage acti vated hot carbonate . As noted prev i ou s l y ,  i t  i s  bel i eved that 
the Se l exo l  process  wi l l  be u sed in the S RC - I I  demonstrati on p l ant to remove H 2S from the gas i fi e r  
synthe s i s g a s ,  and DEA wi l l  be used t o  remove H2 S from the hydrocarbon f l a s h  ga ses . 

Al ternatives  consi dered earl i e r  and rej ected were : purchased gaseou s fue l s ( natural ga s or LPG ) , 
purchased petrol eum-d i st i l l ate fue l s ,  coa l , and process-generated heavy l i qu i d s .  Purchased 
gaseous and d i st i l l ate fue l s  wou l d  con sume resources that are a l ready i n  s hort supp l y ;  t he i r  use 
d u r i ng norma l operati on was rejected for that reason . Use of proces s -generated heavy d i st i l l ate 
fue l s  or coal  wou l d  requ i re exten s i ve fac i l i t i e s  for control of su l fur d i ox i de and part i c u l ate 
emi ss i ons  to meet emi s s i on l imi tati ons and Preventi on of S i g n i fi cant Deteriorati on req u i rement s .  
Use o f  process-generated desu l fu r i zed  gases and hydrotreated naphtha wi l l  a l l ow comp l i ance wi th 
a pp l i cab l e envi ronmenta l standards wi t hout requ i r i ng add i t i onal  control equ i pment ; so it  was 
se l ected a s  the preferred a l ternati ve .  

An a l ternati ve sti l l  be i ng con s i dered and l i ke l y  to become the preferred a l ternati ve i s  the u se 
of desu l furi zed p l ant  gas  for the ent ire p l ant fuel requ i rement , except du r ing  startup , shutdown , 
and emergency per i ods . Because  the gas wi l l  be l ower i n  su l fu r  content than the naphtha that i s  
p l anned for u se a s  p l ant fuel , a 46% reduction  i n  S02 emi s s i ons from the p l ant wou l d  re su l t . * 
The naphtha that wou l d  be d i verted from pl ant fue l  to a p l ant  product wou l d  be upgraded to a 
h i g h-octane u n l eaded-gaso l i ne b l end i ng stoc k ,  wh i c h  cou l d  suppl ement  gasol i ne supp l i e s  deri ved 
from petrol eum . 

Due to the poss i b l e  s hort peri od of demonstrati on p l ant operati on and the h i g h  capi tal cost of 
coa l - fi red boi l er s ,  it i s  very u n l i ke l y  that any con s i dera t i on wi l l  be g i ven to the u se of coal 
as boi l er fue l  for the S RC- I I  demonstration  p l a n t .  However , certa i n  potent ia l  i nternati onal  
deve l opments cou l d  resu l t  in  i ts con s i derati on at some future date . I n  the event i t  i s  deci ded 
to do so  i n  the future ,  commerci a l l y  ava i l ab l e  stac k-gas scrubbi ng wi l l  be i n sta l l ed to control 
part i c u l ate and S02 emi s s i ons  w i t h i n  accepta b l e  emi ss i on l im i tati ons . I n  such  a case , i t  wou l d  
be necessary to meet envi ronmental  reg u l at ions  and to obta i n  the neces sary perm i ts t o  operate the 
boi l ers wi th that type of fue l . An add i t i ona l  a l ternative  on coa l i s  fl u i d i zed-bed combu stion , 
wh ich  combi nes desu l fu r i zat ion  wi th combust i on and avo i d s  the cap i ta l  and operati ons and mai n te
nance costs  of scru bbers . 

C . 3 . 3  N i trogen oxides  ( N Ox ) 

The common ly  accepted theory for the occurrence of NOx i n  f l u e  gases i s  that t hey ori g i nate from 
two sources : ( 1 )  thermal fixati on of n i trogen from a i r  and ( 2 )  conversi on of fuel - bound n i trogen . 
Therma l N Ox i ncreases wi th f l ame temperature and decreases wi t h  reduced avai l abi l i ty of free 
oxygen . Fue l - bound n i trogen convers i on i s  not be l i eved to be d i rectl y  temperature dependent , 
but i t  too decreases w i th reduced ava i l abi l i ty of free oxygen . 

Var ious  approaches that have been emp l oyed by burner- boi l er manufacturers to reduce NOx producti on 
i nc l ude : 

• l ow excess a i r ,  
• l ow a i r  preheat , 
• fl ue-gas rec i rcu l at i on , and  
• staged burn i ng :  burner type and overfi re a i r .  

These tec hni ques a re empl oyed i n  vari ous combi nat i ons  by the bo i l er vendors t o  meet NSPS . 
Pu b l i shed l i terature by these vendors i nd i cate they can meet these l im i ts for l i q u i d  and gaseou s 
fue l s .  Exampl es of the l i terature a re : 

* The reducti on i s  estimated as fol l ows : the 29% of naphtha prov i des  62% of the su l fur 
tota l . The 7 1 %  gas  prov i des  38% of the su l fu r  total ; at 1 00% ga s ,  su l fu r  wou l d  be 54% of the 
base case ,  a reducti on of 46% . The mixed-fuel base ca se i s  thus con s i dered a worst ca se for 
i mpact mode l i ng purposes . See Sec t .  C . 4 . 1 . 1 . 2 
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1 .  Combusti on Engi neeri n g :  Paper enti t l ed "NOx Control in  O i l  and Gas - F i red Boi l ers " by 
R .  D .  Wi nsh i p  and P .  W .  Brode u r ,  Fi g s .  6 through 9 ,  presented at the Power Eng i neeri n g  
Confe rence and Exhi b i ti o n , Hami l ton , Canada , Oct .  25 , 1 97 3 .  

2 .  Babcock & Wi l cox :  Paper enti tl ed " N i tri c Oxi de Control - A P rogram o f  S i gn i fi cant Accom
p l i shments"  by W. H .  Ba rr and D .  E .  James , F i g s .  12 and 1 3 ,  ASME Paper No . 72 WA/PWR 1 3 , 
Nov .  26 , 1 972 . 

3 .  Ri l ey Sto ker : Paper en ti tl ed "Appl i cation  of NOx Control Technol ogy to Power Boi l ers " by 
A .  H .  Rawdon and S .  A .  Johnson , P ro ceedi ngs  of the Ame ri can Power Conference , vo l . 3 3 , 
Ch i cago , May 1 0 ,  1 9 73 . 

The l a rge heaters i n  the pl ant ( the s l u rry-charge heaters and the auxi l i ary boi l er ) , wh i c h  combi ned 
wi l l  use about 75% of  the tota l pl ant fuel , wi l l  be s pec i fied  to have 1 0w-NOx burners and perhaps 
a utomati c a i r  contro l . Automati c a i r  contro l  is not cost-effecti ve for the n umerous smal l e r  
process heate rs ;  therefo re ,  operators o f  these un i ts wi l l  adj ust a i r  i ntake manual l y .  

The ful l experti se of  the heater des i gners and manufacturers wi l l  b e  used to p rov ide workab l e  
heaters for a l l appl i cati ons whi c h  confo rm  to reg u l ato ry standa rds . 

Noncatal yti c  ammon i a  i njection  i s  capab l e of ach i e v i n g  a h i gher  l evel of NOx control , but i t  has 
not been commerc i a l l y  tested . Sma l l - sca l e  tests have s hown that temperatures outs i de a n arrow 
temperature range res u l t  i n  emi ss i ons  of N H3 or NOx h i gher than i f  no ammon i a  i njecti on were 
used ; th i s  i mp l i es poss i bl e  control probl ems . Ammon i a  al so  poses tox i c i ty hazards w i th i n  the 
pl ant . 

Cata l yti c ammon i a  i nj ecti on has been demonstrated i n  Japan . Howeve r ,  these systems cannot be 
j usti fied for the l evel  of emi s s i ons cha racteri s t i c  of the proposed demon stration  pl ant . 

C . 3 . 4  Carbon monoxi de ( CO)  

No sati sfactory contro l  measures ex ist  that  wi l l  reduce CO emi ss i ons  beyond effi c i ent bo i l e r  and  
process-heater operati on and ,  a t  the  same time , mi n i mi ze fue l cons umpt i on . F u rthermore , most 
control techni ques for reduci ng CO emi ss i ons  res u l t i n  i n creased NOx emi s s i on s .  E PA ' s  po l i cy has 
been to stress  contro l  of NOx ' even when th i s  mi ght resul t in  i nc reased CO emi s s i ons . However , 
w i th proper mon i tori ng o f  excess  a i r  to the bo i l er and heaters , l i ttl e CO wi l l  be formed . 

C . 3 . 5  Non-methane hydrocarbons ( NMHC ) 

The four maj or  potenti a l  sources of NMHC emi s s i on s  to the a i r wi l l  b e :  l eaks from va l ves , fl anges , 
sea l s ,  dra i n s , etc . ; vapors re l eased from sto rage and l oadi ng  operati on s ;  s p i l l s ;  and ven ti ng 
opera t i ons  that a re requ i red to prevent overpressur ing of process eq u i pment .  

C . 3 . 5 . 1 Fug i t i ve emi ss i ons  ( l eaks ) 

The contract between DOE and the i ndustri a l  part i c i pant for the des i gn ,  construct i on , and opera 
t i on of  t h e  SRC- I I  demonstrati on p l ant  req u i res that the i ndustri a l  part i c i pant prepa re , duri ng 
the des i gn stage , a Pl ant  Faci l i ty Ma i n tenance P l an . A pa rt of th i s  P l an wi l l  be a " d i rected" 
ma i ntenance p rogram . Th i s  program wi l l  i nc l ude mon i toring to determine  when ma i ntenance i s  
req u i red , procedures for perform i n g  s uch mai ntenance , and mon i tori ng  duri ng  the mai ntenance work 
to determ i ne when suff i c i ent  correcti ve act i on has been performe d .  The p rogram wi l l  emphas i ze 
procedures , s uch  a s  more frequent moni tori n g ,  for those  eq u i pment i tems that have the potent i a l  
for the l argest l eak  rate of materi a l s con s i de red t o  have t h e  g reatest adverse heal th i mpacts . 

The EPA i s  current l y  conduct i ng stud i e s  i n  ref i ner ies  to defi ne ( 1 ) methods and procedures for 
d i rected mai ntenance programs and ( 2 )  cri teri a for determi n i ng when ma i n tenance i s  neede d .  
Pre l im i nary resu l ts from these stud i es , as  wel l as  the current Draft Gene r i c  Standards , 3 were 
used to formu l ate the i n i t i a l di rected mai n tenance program outl i ned i n  the fo l l owi ng  paragraphs . 

The p rogram for the S RC- I I  demonstration  pl ant wi l l  app ly  to a l l  pump and compressor sea l s ,  va l ves , 
and  dra i n s  i n  l - i n .  and  l a rger process l i nes and eq u i pment carry i n g  1 0% o r  more of materi a l s 
con s i dered to have the g reatest adverse hea l th impacts (+600 ° F  boi l i ng  po int ) . Al l process 
val ves , dra i n s , pumps , and  compressors to be i nc l uded in the program can be .  i dent i f i ed prior  to 
opera t i on of the demon stra t i on p l an t .  Those i tems that have not prev i ou s l y  been a s s i gned an 
e q u i pment n umber ,  most l y  val ves and dra i ns , wi l l  be permanentl y tagged for i denti fi ca t i on for the 
p rogram . Beg i nn i ng w ith  i n i t i a l  operati on of the demonstra t i on p l ant , compressor seal s ,  pressure 
re l i ef va l ves , and  p i pe l i ne val ves i n  gaseous serv i ce wi l l  be l eak  tested quarterl y ;  pump seal s ,  
dra i n  va l ves , and  p i pe l i ne val ves i n  l i q u i d  serv i ce wi l l  be l eak  tested semi -annua l l y .  Any emi s
s i on s ources in  the  program wi l l  be s ubject to  l eak  tes t i n g  if  rout i ne vi sual  i nspection i nd i cates 
a dri ppi ng  l i q u i d  or  v i s i b l e  vapor l ea k .  
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Lea k  testi ng wi l l  be  conducted w i t h  a portabl e ,  vo l ati l e  organ i c  chemi cal  detection  i nstrument . 
Spec i fi cations  for t he i nstruments wi l l  i nc l ude sel ectabl e scal es , as we l l  a s  spec i f i c  val ues  for 
d r i ft ,  response t ime , cal i brati on dr ift and erro r .  The spec i f i cations  wi l l  b e  establ i s hed to 
a l l ow compet i t i ve b i dd i n g  wi thout i n strument devel opment costs . The program wi l l  i nc l ude 
( 1 ) peri odi c cal i brati on of the test i nstruments accordi ng to the manufacturer ' s  i nstructions  and 
( 2 )  documentation  of the resu l ts .  

, 
The E PA i s  devel op ing  deta i l ed procedures for conducti ng a l ea k  test . The procedures , when 
ava i l abl e ,  wi l l  be i ncorporated in the program . Pump and compressor sea l s wi l l  be l ea k  tested at 
several poi nts around the s haft at t he j uncti on of the shaft and t he pump or compressor case . 
Al l va l ves  wi l l  be l ea k  tested around the bonnet and/or stem and dra i n ;  re l i ef  val ves wi l l  be 
l ea k  tested at t he outl et , where fea s i bl e .  

Resu l ts of t he l eak  test i ng wi l l  b e  documented regardl ess  of the l ea kage rate . Leaks  that res u l t 
i n  a concentrati on exceedi ng 1 0 , 000 ppmv wi l l  be reported to the pl ant ' s  mai ntenance department ,  
and the l ea k  genera l l y  wi l l  be repai red wi t h i n  1 5  days . When attempts to repa i r cou l d  c l early 
resul t in an i ncrease in emi ss i on s ,  repai r s  may be del ayed unti l a regu l arl y sc hed u l ed s hu tdown . 

Mai ntenance procedures for repa i r i ng the l eaks i n  thi s program wi l l  be devel oped before , and 
u sed duri ng , the operation  of the pl ant .  Lea k  testi ng wi l l  be conducted immed i ate l y  after repai r  
to determi ne i f  the repa i r  was successfu l . 

Records wi l l  be ma i ntai ned for each source ; as a m i n i mum , the records wi l l  show equ i pment i tems , 
l ea kage rates , mai ntenance performed , and dates of mon i to r i ng and repa i r .  The prog ram wi l l  
u ndergo per i od i c  revi ews , the objective  of whi ch wi l l  be to determine  an swe rs to the fol l owi ng 
types of q uesti ons : 

• Shou l d  add i t i onal  i tems of equ i pment be i ncl uded i n  the program? 

• Shou l d  certai n  i tems of equ i pment be del eted from the prog ram? 

• S hou l d  moni toring  frequen c i e s  be revi sed ? 

• Shou l d  l ea kage rates req u i ri ng i mmedi ate repa i r  be rev i sed? 

• Can mai ntenance procedures  be i mproved ? 

• What are t he esti mated benefi ts of the prog ram ? 

• What are the costs of the program? 

" Di rected" ma i ntenance prog rams have not been preval ent in the past in the o i l -refi  ni ng , gas
process i ng , and  c hem i ca l  i ndu stri e s .  A s  a re su l t ,  the mai n tenance program for the demonstrati on 
p l ant wi l l  be consi dered to be part of the major overal l demon strati on proj ect objecti ve of 
detenn i n i ng the commerc i a l  v i a bi l i ty of the S RC- I I  proces s .  I n  other wo rds , the " d i rected " 
mai ntenance program for the demonstration  pl ant wi l l  attempt to detennine  what practi ces are 
necessary for future commerc i a l  pl ants and , al so , what practi ces are l ess  cri t i c a l . 

C . 3 . 5 . 2  Vapors from storage and l oadi ng 

Hydrocarbon storage tanks wi l l  have vapor- recovery systems i n  conform i ty wi th 40CFR6 0 ,  S ubpart K( a ) . 4  
Vapors wi l l  be col l ected , compressed , and returned to the mai n  proces s .  Pres sure-rel i e f  devi ces 
on  LPG  and ammon i a  tanks  wi l l  be d i rected to the contro l l ed combu sto r .  Ammoni a  wi l l  b e  i njected 
i nto the mol ten su l fur product on i t s  way to sto rage to reac t  wi th any free H2S .  

Ne i t her E PA nor West Vi rg i n i a  have reg u l at ions  concern i ng vapor recovery at hyd rocarbon l oadi ng 
and transfer fac i l i t i e s .  A s  a resu l t ,  vapor-recovery systems wi l l  be desi gned accord i ng t o  good 
engi neeri ng pract i ce , g u i ded by Col orado regu l at i on s .  Typ i cal  requ i rements wi l l  be : 

• dry-break l oad i ng coupl i n g s  to prevent  sp i l l s  duri ng uncoupl i ng ,  

• vapor col l ection and recovery from vehi c l e s  bei ng l oaded , 

• prov i s i on s  for prevention  of over-fi l l i ng veh i cl es , 

• su i ta bl e  back- pressure dev i ces , set at a l ower pressu re than pressure-rel i ef va l ve 
setti ngs on transport vehi c l e s , and 

• c l osed-l i ne drai nage systems . 
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Propane and ammo n i a  l oadi ng sys tems wi l l  be des i gned in  accordance wi th AP I  Standar� 25 1 0 ,  . .  Manufactu r i n g  Chem i sts Associ ation  Oata S heets SO-8 , and Col orado Rul es  and Reg u l a t l ons perta l n l ng 
to s torage and h and l i ng of anhydrous  ammoni a .  Spec i a l  care wi l l  be g i ven i n  the p i p i n g  des i gn to 
the expans i on c ha racteri st ics  of these materi a l s so that trapp ing  of l i q u i d  i n  p i p i ng secti ons 
between val ves can be avo i ded . Hydrau l i c  p ress ure-rel i ef val ves wi l l  be l ocated where req u i red . 

C . 3 . 5 . 3 Storage and spi l l s  

A s p i l l  i s  a fugi ti ve emi s s i o n  and can res u l t  i n  h i gh concentrations  of  NMHC ' s  i n  the a i r ,  a s  
we l l  as  f i re a n d  expl os i on haza rds , unt i l  the s pi l l ed l i q u i d s  a re properly recovered . The 
greatest potent i a l  adverse envi ronmental i mpact , howeve r ,  may be the poss i b i l i ty of contami nation  
of s u rface and ground waters un l ess s torage and process  a reas  are desi gned to properly conta i n  
and recover such sp i l l s .  

Al l storage tanks for p roducts and by- products wi l l  be d i ked wi th wa l l s  and  fl oors of an i mper
v ious  mater ia l  wi th the s pec i f i c  materi a l  sel ected d u ri ng deta i l ed des i g n .  The i ndustr i a l  
partner i s  now studyi ng  a l ternati ve i mpervi ous materi a l s .  Secondary contai nment wi l l  be of 
s i mi l ar des i gn .  They wi l l  meet E PA ' s  reg u l ations  (40  CFR 1 1 2 ) govern i n g  s pi l l  preventi on , 
control , and countermeasures . Prima ry contai nment wi l l  provi de for segrega t i n g  and recoveri ng  
l arge  o i l  s p i l l s  to  prevent the i r  fl ow i nto the secondary-contai nment faci l i t i es .  

Secondary contai nment wi l l  col l ect contami nated rai nwater ( as wel l a s  o i l s  esca p i n g  pri mary 
contai nment ) and send i t  to the was tewater treatment pl ant . 

The des i gn of the conta i nment system ( d i scussed i n  Appendi x C ,  Sec t .  C . 3 . 5 . 3 ) i s  i n  di sti nct 
contrast to the tank farm at the Fort Lew i s  p i l ot pl ant , where an SRC l i q u i d  sp i l l  q u i c k l y  soaked 
i nto the so i l  and contami nated l ocal  groundwater . ( Reference 2 i n  Appendi x Z gi ves a deta i l ed 
d i scu s s i on of the Fort Lewi s sp i l l . ) 
The tank spa c i n g  and fi re- protect i on system wi l l  meet regu l atory requ i rements and/or standards . 

A p rel i mi nary study has shown that the bu l k-product storage tanks can be l ocated near the rai l 
road and ri ver  above the 500-year fl oodpl a i n ,  a l though some fi l l  i n  the 5 00 -year fl oodp l a i n  wi l l  
be requ i red ( see Append ix  0 ) . Contami nated rai nwater a t  th i s  l ocati on wi l l  be col l ected and 
pumped to the was tewater treatment p l ant . 

Process a reas that have a potent i a l  for s i gn i f i cant sp i l l s  wi l l  be paved and curbed so that 
s p i l l s  can be col l ected and recycl ed to the process and so that ra i nwater runoff can be col l ected 
and treated . Ra i nwater ru noff wi l l  be routed to was tewate r treatment  reservoi rs and eq u i pment . 
The desi gn of s u ch reservoi rs wi l l  a l so meet appl i cab l e  standards for protection of s u rface and 
groundwater as part of the West  Vi rg i n i a  permi tti ng process . Al so see Sec t .  C . 2 . l 6 .  

C . 3 . 5 . 4 Vent and fl a re system 

The mai n  proces s i ng un i ts norma l l y  wi l l  not emi t  hydrocarbo ns , and there wi l l  be no conti nuous 
emi ss i ons to the f l are system , wh i c h  wi l l  have a cont i n uous  natura l -gas-fi red p i l ot .  Howeve r ,  
vent i n g  t o  t h e  fl a re system wi l l  b e  req u i red wh i l e  commi s s i o n i n g  and decommi s s i on i n g  equi pment 
duri ng  normal pl ant startups and shutdowns . I n  addi t i on , process u psets and emergenci e s  wi l l  
occu r that wi l l  requ i re the i mmedi ate venti ng of gases and vapors to rel i eve i nterna l pressures 
to prevent safety hazards  to personnel and damage to equ i pment . 

I n  conventi onal  chemi cal  and petrochemi ca l - proces s i ng faci l i ti e s , pressure rel i ef i s  norma l l y  
accompl i shed by venti ng to a n  e l evated fl a re stack , where the mater i a l  i s  i gn i ted and burns i n  the 
atmos phere wi thout  add i ti ona l control s .  Many of  the SRC- I I process streams conta i n  compl ex organi c  
materi al s ,  some of wh i ch a re known to have tox i c  o r  carci nogen i c  characteri st ics  ( see Sect . 4 . 1 ) . 
Even though most  of these materi a l s  wou l d  be separa ted and reta i ned as l i q u i d s  i n  the fl are system , 
sma l l q uanti t ies  may be contai ned i n  the gases and vapors goi ng to the fl are . Conventi onal fl a res 
a re not con s i dered to provi de adequate assurance that combust ion  of  these materi a l s wi l l  be com
pl ete . Therefore , i n  addi t i on to an e l evated fl ame , the fl a re system for these porti ons  of the 
pl ant wi l l  i ncl ude a conti nuous l y  gas-p i l ot-control l ed combu stor . The uncontrol l ed combusto r ' s 
pri nci pal advantage over the e l evated fl a re i s  the reducti on of unburned hydrocarbons due to 
control l ed ,  more effi c i ent  combu stion . Th i s  system a l so wi l l  i nc l ude a vent purge combusto r ,  
wh i c h  uti l i zes  a conti nuo u s l y  gas-fi red burner ,  i nc l ud i ng a g a s  p i l ot .  The purpose o f  the vent 
pu rge combu sto r i s  to effecti vely combust very sma l l streams that are vented or l ea k  i nto the 
fl a re system . Emergency s i tuati ons may req u i re extreme l y  rapi d  venti ng  of process vessel s wh i ch 
wi l l  acti vate the e l evated fl a re .  The enti re f l a re system for the l i quefacti on-di sti l l at ion  i s  
shown i n  Fi g .  C . 6 .  

A second e l evated fl a re i s  p l anned to hand le  vent streams from the rema i nder of the p l a n t ,  i nc l ud
ing the gas i fication  system . Becau s e  these streams wi l l  not conta i n  heavy hydrocarbons ( potenti a l  
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carci nogens ) ,  they can be effecti ve l y  combusted i n  an e l evated f l a re .  Howeve r ,  cons i deration  i s  
be i ng g i ven to i n stal l i ng a control l ed combustor as part o f  th i s system to decrea se probl ems 
assoc i ated wi th excess  i l l umi nati on and no i se .  As des i gn p rogres ses , the desi rabi l i ty of add i -
ti onal fl are systems may b e  i nd i cated . 

The des i gn of a safe fl are system i s  a comp l e x  engi neeri ng tas k .  The one for the SRC - I I  process  
i s  even more compl ex because  the vented materi a l  coul d conta i n ,  under  some cond i t i ons , heavy 
l i q u i ds , whi ch sol i di fy even at re l ati vel y h i gh temperatures and conta i n  h i gh concentrations  of 
ash .  Therefore , spec i a l  des i gn features wi l l  be requ i red to p revent accumu l ation  of  these mate
r i a l s and the i r  freezi ng  ( sol i d i fi ca t i o n )  or  coki ng . Al so , vented streams wi l l  conta i n  ammo n i a  
and carbon d i ox i de w h i c h , under certa i n  condi t ions , comb i ne t o  form so l i d  compounds that cou l d 
restri ct fl ow to the fl are . S i mi l ar concerns were faced dur ing  the des i gn of the Fort Lewi s SRC 
P i l ot Pl ant .  Al though some probl ems have been encountered duri ng  i ts operati on , i t  has  operated 
safely s i nce pl ant startup s i x  years ago . The Fort Lew i s  experi ence wi l l  be consi dered when 
des i gn i ng the demonstration  p l ant f l a re sys tem . 

The overa l l des i g n  of the S RC- I I  demonstra t i on pl ant f l a re system i s  expected to be based , to a 
l arge extent , on i n formati on contai ned i n  the Hydrocarbon P rocess i ng Equ i pment Des i gn Handbook 
for Refi n i ng  and C hemi cal P l ants . s  F i gure C . 6  i s  a s impl i fi ed s ketch of  the control l ed-combustor/ 
el evated - fl are system for the S RC- I I  process as i t  i s  current l y  envi s i oned : u s i n g  a two-stage 
burner system in the combusto r .  As mater i a l  i s  rel eased i nto the vari ous l ateral s l ead ing  to the 
fl are system through the safety and press u re-control devi ces , an i nc reased pressure i n  the fl are 
header wi l l  resu l t .  When the pressure i n creases to that equ i va l ent to the hydra u l i c  seal l eg i n  
the l ow-rate seal drum , the seal wi l l  bl ow ,  and gases wi l l  fl ow to the l ow-rate burners i n  the 
control l ed combustor . A l i qu i d  knockout drum or drums ups tream of  the l ow-pressure seal drum 
w i l l  a l l ow for d i sengagement of  entra i ned l i qu i d  whi ch  wi l l  be returned to the p roces s .  I f  fl ow 
through  the f l a re header i ncreases fu rthe r ,  i nc reased backpressure wi l l  resu l t ,  whi ch  i n  turn 
b l ows the water seal i n  the h i g h- rate seal drum ; then , the h i gh - ra te burners i n  the control l ed 
comb ustor wi l l  be acti vated . The fl are reference d i scussed a bove i nd i cates each set of burners , 
l ow and h i g h ,  can be desi gned for a turndown rat i o  of 1 0 : 1 . Therefore , the two-stage combustor  
can provi de effi c i ent combustion  over  a range of  1%  to  1 00% of  i ts max i mum des i gn capa c i ty .  The 
seal - l eg hei ghts , the fl a re-header system ' s  pressure drop , and the combustor burners must a l l be 
desi gned as a system . When the capaci ty of  the control l ed combustor i s  e xceeded , the e l eva ted
f l a re water seal wi l l  b l ow and al l ow gases to fl ow to the e l evated fl are .  Fl a res a re more 
effi c i ent at these h i g h  vent-gas rates than at l ow rates , because more a i r  i s  educted i nto the 
fl ame , and the i ncreased turbul ence provi des better mi x i n g  of the a i r  and vent gas . For smoke
l ess  operation , steam i nj ecti on i nto the f l ame wi l l  al so be p rovi ded . I ts addi t ion  provi des 
add i tional  mi x i n g  and a i r  i nj ection  and thus more effi ci ent combus t i on . The addi t i on of steam 
al so reduces  soot formati on because of  the resul ti ng water-gas reacti on , C + H 20 + CO + H 2 · 

The system a l so i nc l udes a vent purge combusto r ,  l ocated after the l i qu i d  knockout drum , to 
destroy fug i t i ve l ea ks i nto the f l a re header system . No f l ow norma l l y  passes to the control l ed 
combustors and fl ares . The vent purge combustor  takes care of d i l ute gases ( pu rge n i trogen and 
fug i t i ve hydrocarbons ) , whi ch  a re i ncapabl e of  susta i n i ng combustion . The combustor  opera tes on 
pl ant fuel  gas at an 8 x 1 06 Btu/h f i ring  rate . The des i gn bas i s  i s  2600 ° F  pea k wi th 0 . 5- s  
resi dence at or above l 600° F .  [See P S D  perm i t  appl i cat ion  supp l ement n umber four ( O c t .  24 , 1 980 ) 
for further detai l s . ]  

A hydroca rbon or i nert purge gas wi l l  be i ntroduced at the bottom of  the f l a re dur ing  " no-fl ari n g "  
cond i t i on s  t o  decrease the d i ffu s i on of oxygen i nto t h e  stack t o  a safe l evel t o  prevent stack 
expl o s i ons . 

Based on the fl are des i gn reference menti oned i n  Sec t .  C . 4 . l  . 6 ,  ca l cu l ati ons have been made for 
what i s  expected to be the maximum rate of f l ari ng in the p l a n t ,  Case A of Tab l es C . 1 4  and C . 1 5 .  
At these cond i tions , a fl ame 600 ft l ong , wi th a maxi mum wi dth o f  1 00 ft , i s  est imated to occur 
for a short t i me - perhaps severa l  mi nutes . As a resul t ,  a f l are stack he i ght of about 235  ft 
wou l d  be requ i red so that personnel on the ground cou l d  safel y escape . Spec i a l  protective  cl oth
ing wou l d  be requ i red w i t h i n  about a 500-ft radi us of  the fl a re . 

C . 3 . 5 . 5  Waste-heat rejection 

Duri ng normal opera t i on s ,  the S RC- I I demonstra t i on p l ant wi l l  generate about 1 . 6 3  x 1 0 9 Btu/h of  
nonrecoverabl e process heat . The heat  rej ection rate is  comparabl e to  that  of a coa l -f i red steam 
pl ant of about 250 MW e l ectri cal output . 

A maj or envi ronmental concern affect i ng the sel ection of cool i ng systems for the SRC - I I  demon
stration  pl ant is the potent i a l  for contam i nation  of the coo l i n g  water by polynucl ear a romati c 
compounds ( PNA)  and other hydrocarbons . These contam i nants may enter the coo l i n g  system through  
l ea ks and fai l ed tubes i n  heat exchangers opera t i ng i n  h i gh-pressure p rocess condi t ions . The 
coal d i ssol ver ,  l i qu i d  refi n i ng and fracti onati on , hydrogen recovery , and naphtha hydrogenation  
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un i ts are areas where h i gh temperatu re and press ure hydrocarbon streams req u i re cool i n g ; there
fore , heat exchanger fai l ure and  contami nat i on of coo l i n g  water by hydroca rbons and  PNAs cou l d  
occur i n  these a reas .  The coo l i ng system u l t imate l y  used i n  the demon strati on p l ant wi l l  m i n i 
mi ze or e l im i nate the rel ease of toxi c  and carci nogen i c  compounds to the envi ronment . 

There are fi ve types of cool i n g  systems avai l ab l e  for waste heat rejection : aeri a l  coo l ers , 
conven t i ona l  or wet (evapora t i v e )  cool i ng towers , dry i nd i rect coo l i ng towe rs , wet i nd i rect 
coo l i n g  towers , and wet/dry cool i ng towers . The fo l l owi ng paragraphs p resent a d i scus s i on of 
these a l te rn at i ve s ;  Fi g s .  C . l  and C . 8  a re fl ow d i ag rams of these cool i n g  systems . Another 
al ternati ve be i ng s tudi ed duri ng  the deta i l ed des i gn phase is the use of cool i ng tower b i o c i des  
other  than the  proposed chromate -based i nh i bi tor . Phos phate i nh i b i tors a re a l so be i n g  stud i ed .  

Aer i a l  coo l ers 

Aeri a l  coo l ers a re su i tabl e for cool i n g  process  streams down to about 1 40 or  1 50° F .  Process 
fl u i ds fl ow i n s i de fi nned tu be s ,  and atmospheric a i r  i s  c i rc u l ated over them wi th motor-dri ven 
fan s .  By u s i ng wel ded connec t i o n s ,  the poss i b l e  l eak  points  at fl anges a re m i n im i zed . Lea ks can 
be detected wi th moni tori ng equ i pment and v i sual  i nspec t i o n .  Un l ess  process  materi a l s are a t  
h i g h  temperature , l arge heat transfer  areas  are req u i red , and cap i ta l  costs are h i g h .  S i gn i fi 
cant g round a rea i s  a l so requ i red . 

Wet evapora t i ve cool i ng towers 

Wet evaporative  cool i ng towers a re the most  wi de l y  u sed type . Cool i ng water i s  c i rcu l ated through 
exchangers to remove heat from the process  fl u i d s  and i s  cool ed by contac t i n g  a i r in a cool i ng 
tower open to the atmosphere . The poss i bi l i ty exi sts  that the c i rcu l at ing  water may become 
contami nated wi th process mater i a l s i ntroduced throug h  cool i ng system l eaks  from h i g her-pressure 
process envi ronments . These contami nants cou l d  escape to the atmo sphere through  cool i ng tower 
evapora t i on and dri ft. Dri ft l osses  may be m i n i m i zed by hi g h-effi c i ency dri ft e l imi nators . Th i s  
conventi ona l type of system i s  the l owest  i n  overa l l cost and i s  su i tabl e for cool i ng down to 
85 or 9 5 ° F ,  depend i ng on atmospheric wet-bu l b temperatures . 
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For th i s  type , process  f l u i d s  wou l d  be cool ed by a heat exchanger c i rc u l ati ng a heat tran sfer 
f l u i d  that i s  u l ti mate l y  coo l ed through an aer i a l  cool e r .  The heat transfer  fl u i d  may b e  l ow
pressure , moderate-temperature , corro s i on- i n hi bi ted wate r ,  so that l ea kage i nto t h i s  water wou l d  
not be a probl em . I f  a l eak  occurs , the process  materia l  wou l d  be separated from the heat transfer 
f l u i d  in a d i sengag i n g  drum. Vapo rs wou l d  be f l a red and l i q u i d s  recovered unti l the system cou l d  
be shut  down for repa i r s .  Any contaminated heat transfer fl u i d  ( water)  wou l d  be sent to the waste 
water treatment  system . 

Thu s ,  the dry- i nd i rect-type system prevents r i s k  of contam i nating  the atmosp here by l eaks  of 
certa i n  proces s  hydrocarbons i nto the c i rc u l at ing  cool i ng water .  Because  the c i rc u l ati ng water 
wou l d  be cool ed i ns i de tubes  by , for exampl e ,  a i r  i n  an aeri a l  coo l e r ,  th i s type al so e l imi nates 
evaporati on and dri ft l osses of water to the a i r ,  thu s reduc i ng the pl ant makeup water req u i re
ments and  the i r  i mpact on the  r i ver suppl y .  
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Three major d i sadvantages of the dry i nd i rect system are ( 1 )  i nc reased comp l ex i ty of the system ; 
( 2 )  the cost i nvol ved , consi dera bl y more than that of the conven ti onal wet ( eva pora t i v e )  water 
cool i ng tower system , and ( 3 )  that exten s i ve u se cou l d  decrease the p l ant ' s  evaporat i ve water 
rate to suc h an extent that zero wastewater d i sc harge cou l d  not be achi eved . 

Wet i nd i rect coo l i ng 

Wet i nd i rect cool i ng i s  s i m i l a r  to the dry i nd i rect met hod descri bed earl i e r ,  except that heat i s  
rej ected i nd i rect l y  to a second c i rc u l at i ng evaporat i ve cool i ng wa te r system rather than to the 
a i r .  I ts u se wou l d  resu l t  i n  the same net evaporat i ve rate a s  wou l d  convent i onal  wet evapora t i ve 
coo l i ng .  Thu s ,  the ri s k  o f  contam inat ion wou l d  be e l i m i nated , and the dri ft and the effect on 
p l ant water bal ance wou l d  be the same as for wet evaporati ve cool i n g  ( F i g .  C . 8 ) . 

Wet/dry coo l i ng 

Thi s type of coo l i ng tower has a dry upper sect i on (coo l i ng water i n  tube s ,  coo l ed by upward a i r  
f l ow ) , and a l ower wet evapora t i ve coo l i ng sec t i on , w ith  the water i n  open contact wi t h  a i r ,  to 
cool  by evapora t i o n .  The princ i pal advantages of th i s  type are that i t :  

• d i m i n i s he s  v i s i b l e  water-vapor pl ume and reduces fog , 
• obta i ns a col der f l u i d  temperature that approaches amb i en t  wet-bu l b  temperature , and 
• con serves makeup water a s  compared wi th the 1 00% wet evaporat i ve cool i n g  tower .  

Al ternat i ve des i gn arrangements are be i ng consi dered to decrease further the l ow poten t i a l  for 
carci nogen s to escape to the a tmosphere and to reduce the poss i bl e  water cool i ng tower fog 
probl em .  
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Proposed and a l ternative des i gn s  

Aeri a l  coo l ers wi l l  be u sed t o  decrease water c on s umpti on whenever techn i ca l l y  accepta b l e  and 
economi cal l y  j usti f i ed .  To prevent the i r  poten t i a l  l ea kage i nto the envi ronment ,  streams con 
ta i n i ng s i gn i f i cant quant it ies  ( more than 2 % )  of +600 ° F  materia l - be l i eved to be associ a ted wi th 
carc i nogen i c  hazards - wi l l  not be coo l ed i n  aer i a l  coo l ers . 

Mutagen i c i ty and carc i nogen i c  potent i a l  are currently  be i n g  meas ured on narrow-bo i l i ng cuts of 
SRC- I I  m i dd l e ( 3 50 to 550° F )  and heavy ( >550° F )  d i sti l l ates . F i n a l  des i gn of the heat-exchanger 
system as to sel ection  of aeri a l , i nd i rect evaporati ve ,  or  other types on speci f i c  streams wi l l  
account for the resu l ts of th i s  study wi th a safe - s i de a l l owance of about 50° F .  Laboratory data 
are not c urrentl y avai l ab l e .  Prel im i nary i nd i cati ons are that Ames test effects are mi n i ma l  wi th 
cuts boi l i ng  bel ow 600° F and beg i n  to be noti ceab l e  a bove 760° F .  

The maj or heat rej ection  wi l l  be t hroug h  evaporat i ve water-cool i ng towers . Prel imi nary mutage
n i c i ty tests i nd icate l i tt l e effect for those streams boi l i ng bel ow 600° F .  Therefore , an i nd i rect 
coo l i ng system i s  pl anned for cool i ng streams conta i n i ng more than 2% of >600° F materi a l  ( Fi g .  
C . 7 )  to p revent l ea kage i nto the coo l i ng tower system . Add i t i ona l  data are be i ng devel oped that 
cou l d  resu l t  in a c hange in thi s pre l imi nary composi t i on cri teria  for i nd i rect cool i ng .  The 
i nd i rect or barr i er-fl u i d  system wi l l  be mai nta i ned at a pressure l es s  than the process  streams 
from whi c h  i t  i s  extracti ng heat and the coo l i ng water to whi c h  it rej ects heat . I n  thi s way ,  
a ny exchanger l eakage wi l l  resu l t  i n  fl ow i nto the barr i er system where l eaks can b e  moni tored by 
i nventory c hange and anal yse s .  I t  may be des i rabl e to provi de a h i g h -pressure cool i ng -water 
system to cool the l ow-pressure streams of th i s type . I n  such  a system , the water pre s su re wou l d  
b e  mai nta i ned hi g her than that of the hydrocarbon stream. The resu l t  duri ng a l ea k  i s  that 
cool i ng water cannot be contam i nated wi t h  organ i c s .  However , addi t i onal  study i s  requ i red to 
establ i sh the desi rabi l i ty of such  a system , because l eaks  of water i nto h i g h-temperature hydro
carbon streams can cause safety probl ems .  

The a bi l i ty o f  the proposed wastewater treatment system t o  achi eve zero process l i q u i d  d i scharge  
w hen c a l l ed on to do so rel i e s  on the  evaporat i on of  water in  cool i ng towers to parti al l y  offset 
the accumu l at i on of contami nated ra i nwater runoff . The fi nal dec i s i on on the desi gn of the p l ant 
coo l i ng system wi l l  requ i re a t horoug h eva l u at i on of the rate at whi c h  the water retent i on bas i n s  
c a n  b e  empti ed by process evaporatfve cool i ng .  Duri ng the deta i l  des i gn stage , i t  wi l l  be neces
sary to t horoug h l y  eval uate ra i nfa l l  patterns and pl ant operat ing  modes  and the i r  effect on water 
evaporation  to ensure that , under a l l combinat ions  of weather and process  operat i ng cond i t i on s ,  
a l l  contami nated water can be adequate l y  processed wi thi n the pl ant and that none wi l l  be d i s
c ha rged to the r iver .  

C . 3 . 6  Raw water and  wastewater treatment systems 

C . 3. 6 . l  Raw-water treatment 

Raw water from the Mononga hel a Ri ver and some runoff waters from u ncontaminated p l ant areas wi l l  
be stored i n  open bas i n s .  Before i ts use , thi s water wi l l  be grav i ty-settl ed to remove su spended 
sol i d s .  Fac i l i ti e s  wi l l  be prov i ded for the add i t i on o f  coagul ant and fl occu l at i ng c hemi cal s to 
a ss i st i n  the grav i ty separati o n .  About 20  g pm i ntended for potabl e u se wi l l  b e  further treated 
by fi l tration  and c h l or inat i on .  The rema i n i ng raw water wi l l  be used for ut i l i ty was h  water and 
for coo l i ng - towe r  ma keup .  The r i v er-water i ntake wi l l  be  desi gned so that the  i ntake vel oc i ty 
wi l l  not exceed 4 cm/s for the demon strati on pl ant and 1 0  cm/ s for the expanded commerc i a l  p l ant . 
F i s h  screen s wi l l  be i nc l u ded . 

Other water- supp l y  requ i rements , i nc l ud i ng norma l  process  waters and bo i l er feed water , wi l l  be 
met by u s i ng var i o u s  treated wastewaters as shown i n  F i g .  C . 4 .  

C . 3 . 6 . 2  Wastewater sources and treatment al ternati ves 

C . 3 . 6 . 2 . l Wastewater sources 

The pr inc i pa l  wastewaters generated by the SRC- I I  demonstration  pl ant i nc l ude : 

• d i ssol ver-system purge water , 
• g a s i f i er-quench purge wate r ,  
• c o a l  p i l e  runoff , 
• s l ag p i l e  l eachate , 
• gas-treat i ng condensate s ,  
• cool i ng tower bl owdown , 
• process area runoff , 
• c oa l - ha nd l i ng area runoff , and  
• tank-storage-area runoff . 



C-33  

The expected characteri s t i c s  of these streams are  d i s cu ssed be l ow .  

D i sso l ver-system pu rge water 

Some water wi l l  be produced i n  the S RC- I I  d i s sol ver through  the react i on of hydrogen feed wi th  
oxygen conta i ned in  the  feed -coa l s l urry .  Th is  water wi l l  be vapo ri zed al ong w ith  other vo lat i l e  
components i n  the d i sso l ver pres sure l etdown system . Other vol ati l e  components wi l l  i nc l ude 
ammon i a , phenol s ,  and hydroch l ori c ,  hyd rosu l furi c ,  and hydrocyan i c  aci ds . Add i t i onal water wi l l  
be added , as  a pu rge , to t h i s  overhead stream to prevent the depos i t i on o f  ammon i um ch l oride  i n  
the p i p i ng .  T o  prevent exces s i ve b u i l dup o f  d i s so l ved ammoni um ch l oride  i n  the reci rc u l at i ng 
quench water , a purge stream of contami nated water wi l l  be wi thdrawn from the system . 

Anal yses o f  purge water generated i n  the P -99 p i l ot pl ant h ave y i e l ded the res u l ts s hown i n  Tab l e  
C . 4 .  L i m i ted data are avai l ab l e  o n  s ome wa stewater parameters of i nteres t ,  and n o  data have 
been ava i l ab l e  for other parameters . 

Table C.4. P-99 recycle water analyses Powhatan coal feed, mg/liler 

Av Std. Deviation Max M in 
N o. of 

samples 

Total carbon 1 1 ,475 3, 1 68 1 9,800 5,800 32 
TOC 8,304 1 ,542 1 0 ,600 4,700 30 
T IC 3,449 2, 1 76 1 1 ,200 1 ,000 30 
A lka l in ity 38, 1 95 24,249 1 1 2,939 1 1 ,200 28 
O i l  and g rease 1 ,068 1 , 1 21 2,803 56 5 
pH 9.05 0. 1 68 9.4 8.6 32 
Total N 23,960 1 1 , 1 36 55,800 6, 1 00 33 
NO" as N <0. 1  2 
NH , 24, 1 06 1 2,785 34,000 1 0,400 8 
C h loride 1 ,4 1 8  1 ,568 8,972 328 33 
HzS 41 ,949 1 4,824 70,300 1 8,383 32 
S u lfate 457 856 4,250 0 32  
Total phenols 6 ,598 6,502 1 1 , 1 96 2,000 2 

An e ffort i s  under way by Gu l f Sci ence & Technol ogy Company ( GS&TC ) at Harmarv i l l e  to produce 
s u ff i c i ent  data to perm i t  a mater i a l  ba l ance on components of greates t importance to the des i g n 
of the was tewater treatmen t systems . An e ffort has al so been i n i t i ated at Harma rvi l l e to demon
strate the b i odegradab i l i ty of mater i a l s in  the  P-99  purge water , but  re su l ts of these  prog rams 
are not yet avai l abl e .  I n  add i t i on ,  a was tewater treatabi l i ty test prog ram wi l l  b e  conducted 
to y i e l d  the necessary basel i ne data for the deta i l ed desi gn of the wa s tewater treatment pl ant . 

Ga s i f i er-guench pu rge wate r 

A l a rge amount of s team wi l l  be added to the gas i f i e r ,  some of wh i ch wi l l  be consumed i n  the 
gas i fi ca t i on react i on .  Add i t i onal water wi l l  be added to the s l ag l oc khopper where it wi l l  serve 
as  s l u i c i n g  water by bei ng u sed to tran sport s l ag to the dewater i n g  sys tem . The s l ag water 
system wi l l  be a reci rcu l at i ng l oop w i t h  a purge stream to the gas s crubbe r .  Product gas from 
the gas i f i e r  wi l l  be scru bbed i n  a venturi  scrubber to remove f i ne part i c u l ates . A purge from 
the rec i rc u l at i ng scrubber l oop wi l l  be d i rected to wastewater treatment . Th i s  purge wi l l  be 
neces sary to control the b u i l d up of c h l or ides and/or total d i s so l ved sol i d s  ( TDS ) from the sys tem 
to prevent exces s i ve corro s i on rates . 

Samp l e s  of purge water from t he Texaco P i l ot Gas i f i e r  at Montebe l l o  have been analyzed as a 
resu l t  of the Janu ary 1 979 and January 1 980 test runs on Fort Lewi s m i nera l -re s i due s l urry ( vacuum 
col umn bottoms ) .  Samp l e s  of purge water from the J anuary 1 979 run were subm i tted to Re source 
Conserva t i on Company where the anal yses we re pe rformed .  Sampl es o f  the pu rge water from the 
January 1 980 run were s ubm i tted to HydroQua l  where the analyses were performed . 
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As in the case of the d i sso l ver purge , on l y  l i mi ted data are ava i l ab l e on some of the wastewater 
parameters of i nterest ; therefore , the fol l owi n g  must be recogn i zed : 

1 .  The vacuum bottoms u sed as feed to the p i l ot ga s i f i e r  were not produced from the coa l s 
expected to serve a s  feed to the demonstration  p l an t .  Howeve r ,  they are expected t o  suffi ce 
as a reasonabl e representati on for des i gn pu rposes . 

2 .  Operat i on of and equ i pment i n  the p i l ot u n i t  does not ful l y  rep resent operati on and 
equ i pment of the demonstration  p l ant . 

3 .  The range of contami nant concentration that may be produced i n  the demonstration  p l ant can 
on l y  be pred i cted from the res u l ts of p i l ot tests on two feeds wi th i n  a certai n range of 
accuracy .  

4 .  The most exten s i ve body of wastewater parameters - that p roduced by Texaco - may not be 
compl ete l y  rel i ab l e  because probl ems wi th rec i rcu l ati ng water system equ i l i br i um and 
e l ectroneutra l i ty were experi enced . 

Add i t i ona l  test  work i n  th i s  area i s  ant i c i pated . 

Coal pi l e  runoff 

Ra i n  fal l i ng on the feed-coal storage p i l es wi l l  produce a h i g h l y  contami nated runoff stream 
important to the des i gn of the wastewater treatment system . Al though the resu l ts of ORNL l each
i ng tests  a re ava i l ab l e  ( see Append i x K ) , p l anned test  wor k  to produce des i gn data on thi s wa ste 
stream has not yet been conducted . A rev i ew of the techn i ca l  l i terature now u nder way i s  
expected t o  concl ude that a test program i s  requi red t o  obta i n  data adequate for the des i gn of 
wastewater treatment fac i l i ti es . 

I t  i s  ev i dent that th i s waste from pyr i t i c  coa l s wi l l  be h i g h  i n  i ron , aci d i ty ,  and s u l fate 
content and wi l l  have s i gn i ficant l evel s of many mi nor and trace component s .  To estab l i s h a coal  
p i l e  runoff compos i ti o n  to serve as a bas i s  for des i gn , prel imi nary va l ues wi l l  be u sed for the 
fi rs t effort at a materi al  bal ance for the wastewater treatment p l ant .  These pre l im i nary val ues 
are drawn from a l i terature su rvey based on data col l ected by coal -fi red generating  stations , 
coal mines , and other s uch  faci l i ti e s . 

S l ag pi l e  l eachate 

It i s  expected that s l ag wi l l  be dewatered and tran sported i n  a mo i st condi t i on to a d i sposal  
area equ i pped wi th an i mperv i ou s  cl ay l i ner .  Rai nwater fal l i ng o n  the s l ag p i l e  wi l l  produce a 
l each ate wate r .  Test work performed by HydroQua l  on s l ag produced duri ng the January 1 980 gas i f i er 
run on Fort Lewi s p i l ot-p l ant vacuum-col umn bottoms showed that the l eachate water wou l d  be on ly  
l i ghtl y contam i nated . ORNL l eac h i n g  tests reported i n  Append i x K support th i s  concl u s i on . Based 
on these resu l ts ,  it was dec i ded that th i s  water cou l d  be recyc l ed to serve as part of the water 
makeup req u i rement to the gas i f i e r  system . 

Gas -treat i ng  condensates 

In the system that processes the gas produced i n  the gas i fi e r ,  vari ous  aqueous condensates wi l l  
be gene ra ted . These wi l l  genera l ly  be contam i nated w i t h  vol ati l e  components i nc l ud ing  H zS , 
NH 3 ,  CO2 , and HCN .  I t  i s  p l anned that these condensates wi l l  be recycl ed for use as purge-water 
makeup to the d i sso l ver system . Thu s ,  they wi l l  not represent a feed to the wastewater treatment 
systems . 

Cool i ng tower b l owdown 

A b l owdown p u rge  stream wi l l  be provi ded to p revent the bu i l dup of sca l e  or corro s i on -produc i ng 
components i n  the rec i rcul ati ng cool i ng-water system . Much of the heat d i s s i pation  i n  the coo l i n g  
towe r wi l l  res u l t from the evaporati on of a fracti on of the c i rcu l ati n g  water , thu s produc i n g  a 
concentrati on of nonvol ati l e  components . S i nce c l ar if ied r i ver water wi l l  be u sed as makeup  to 
the cool i n g  towers , the mai n  contami nants i n  the b l owdown wi l l  be the same components found i n  
the ri ver , b u t  a t  h i gher concentrations . Add i t i onal l y ,  chrom i um and ch l orine , u sed  respecti ve ly  
for control  of corros i on and m i crobi al foul i ng , are  expected in  the  b l owdown stream . Based  on  
average data  on the  compos i t i on of Monongahe l a  Ri ver water and on four cyc l e s  of concentrati on , 
Tab l e  C . 5  presents an esti mate of the b l owdown compos i t i on expected . 
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Table C.S. Characteristics of COOling tower blowdown (untreated) 

E lement Mol . w t %  
C oncentration 

L b/ h  Mole/h 
Concentration 

[ ppm ( a )] range 

H ,O 1 8  544,000 

pH [ 7.5] 

TSS 20 1 0.88 
TDS 1 ,280 695 
Total solids 1 ,300 706 
A lkal in ity 1 00 1 00  54.4 0.544 

COD 200 1 08.8 
Oi l  and 
g rease 

C r  5 2  2.0 1 .09 0.02 
SiO, 60 20.0 1 0.9 0. 1 8  1 50 maximum 

C I- 35.46 31  1 6.86 0.476 

SO. '- 96 776 422 4.4 1 000 max imum 

PO,3- 95 1 0.9 5 .9 0.0624 

Fe3+  55.85 < 1  
Hg 200.61 
Zn' + 65.38 5 2.72 0.041 6 
Ca' + 40 1 98 1 07.7 2.69 

Mg' + 24.32 68 37.0 1 .52 600 maximum 
N a +  23 53. 2 28.9 1 .26 

aHandbook of Industrial Water Conditioning, 7th ed . ,  1 970. 
bSest est imate. 
cHandbook o f  Environmental Control. 

Source Remarks 

370 gpm processed cool ing 
tower; 718 ut i l ity cool ing 
tower 

a Assuming  phosphate/low 
Cr treatment 

b 
S u m  01 molecular  species 

b R iver concentration x lour 
cycles 

c 
b 

a 
d River concentration x lour 

cycles 01 concentration 
a,d River concentration x lour 

cycles 01 concentration 
d R iver concentration x lour 

cycles 
d Corrosion reduced with 

increased use 
e 

a 
d Raw water Ca x lour cycles 

01 concentration 

dR aw water analysis (July 15,  1980, Process Design Guidelines) x lour cyc l es 01 concentration . 
eW .  S. Thomas, "Keys to S uccesslul Cool ing Tower O peration , "  Hydrocarbon Process. ,  M ay 1 980. 

Process area runoff 

Process a rea runoff wi l l  con s i s t  of a l l wate rs dra i n i ng from areas potent i a l l y  contami nated wi th 
p rocess fl u i d s ;  i t  excl udes ru noff from tan k-storage areas and coa l -feed preparati on areas , wh i c h  
a r e  d i scus sed l ater .  Th i s  was tewater wi l l  cons i st o f  both storm water and ut i l i ty was h  water 
t ha t  has been used to c l ean process areas and equ i pmen t .  

Coa l -handl i ng a rea runoff 

Ra i nwater and wa shwater u sed in the coa l -preparat ion  a rea wi l l  be contami nated wi th sol i d  coal 
part i c l es and w i t h  sol u bl e  components l eached from the coal . 

Ta nk-storage area runoff 

Ra i nwater fal l i ng on the d i ked storage areas wi l l  be accumu l ated wi th i n the d i ke and wi l l  be 
processed w ith  t he process-area runoff. 

C . 3 . 6 . 2 . 2  Wastewater treatment a l terna ti ves 

The proposed wa stewa ter trea tment system i s  shown in F i g .  C . 9 . Was tewater treatmen t al ternat i ves 
a re shown in F i g .  C . 1 0 . The i n tegrated process sequence shown in F i g .  C . 9  ha s not been carri ed 
out  at any sca l e .  The pos s i b i l i ty that trace contam i nants  wi l l  survi ve the proposed trea tment 
sys tem is  recogn i zed . Th i s  uncerta i nty is  part of the reason for des i gn i ng in  fu l l  wa stewa ter 
recyc l e  ( zero wa stewater d i scharge ) capab i l i ty .  The mon i tori ng program ( Sec t .  4 . 5 )  i ncl udes 
mon i tori ng the d i scharge and the r i ver to determ i ne the effecti veness of  the treatment system a nd 
to determine when to convert to zero-di scha rge opera t i o n .  

O i l -water sepa ra t i on 

The var i ous process-wastewa ter  streams and a re ru noffs may conta i n  fl oat i ng o i l s ,  and t hese 
streams may vary widely in  fl ow ra te . 
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PROCESS BLOCK QIAGRAM FOR WASTEWATER TREATMENT 
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F i g .  C , g ,  Process b l oc k  d i agram of proposed wastewater treatment . 

The removal  of fl oating  o i l s  from these wastewater streams wi l l  be pro v i ded i n  l arge  fl oati ng -roof 
tank s .  The wastewater wi l l  be pumped from the tanks  at a control l ed rate to downstream treatment 
processes . The vari abl e i nfl uent to the tanks wi l l  cause the tank water l evel to vary .  The 
fl oating  roof wi l l  be equi pped wi th an o i l -sk immer dev i ce to permi t the peri od ic  removal of 
accumu l ated o i l , wh i ch wi l l  be recycl ed to the fracti onati on  a rea . 

Al ternati ve devi ces for the removal of fl oati ng o i l s  i ncl ude API  sepa rato rs , paral l e l -p l a te 
separators , and d i ssol ved-ai r-fl otation  dev i ces . 

The fl oati ng -roof tank was chosen for the fol l owi ng reasons : 

• API  separato rs are not eas i l y  equi pped for vapor-conta i ned operati o n .  

• Paral l el -pl ate separators d o  not perform wel l wi th a h i g h l y  variab l e feed fl ow .  Materi a l  
tends t o  accumu l ate on t h e  p l a tes duri ng l ow fl ow ,  t o  be fl u shed out  duri ng extremel y h i g h  
fl ow .  

• The performance o f  d i ssol ved-a i r  fl otation  devi ces  i s  more stabl e under vari ab l e fl ows , 
but i t  puts a s u bstantia l  l oad on the vapor-control systems . 

• Fl ow equal i zati on  i s  req u i red for these streams i n  any case , so that the fl oati ng -roof tank 
serves a dual purpose , wh i c h  none of the other devi ces prov i de .  

Tar-aci d  recovery 

The pri mary functi on of thi s u n i t  wi l l  be the removal of phenol , cresol s ,  xyl enol s ,  and other 
pheno l i c s  from the di ssol ver purge-water streams . Secondari l y ,  these materi a l s may be recovered 
for u se a s  fuel , or for puri fication  and sa l e  a s  chemi cal s .  The removal of phenol i cs wi l l  be 
essent i a l  to prepare the water for d i scharge , or for reuse as boi l er feed water and cool i ng -tower 
makeup , The methods that may be used for the removal of phenol i cs from wastewater i ncl ude : so l 
vent extracti on , bi ol o g i cal  oxi dati on , chemi cal oxi dat i on , res i n  adsorpti o n ,  and steam str i pp i ng . 
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Sampl es of purge water produced i n  the P-99 p i l ot-pl ant d i ssol ver were tested i n  a l a bo ratory
sca l e ,  conti nuou s-fl ow extrac t i on col umn by Chern-pro.  Very l ow effl uent p henol l evel s were 
achi eved . 6  It  has not yet been e stabl i shed whether addi ti onal test work  wi l l  be requi red by the 
compet i ng technol ogy suppl i er s .  

B i o l og i cal  oxi dati on o f  p henol i c compou nds  at l ow and moderate l evel s i s  wi del y practi ced i n  
the petrol eum , chemi cal , a n d  coking  i ndustri es . 7  Spec i f i c  test wor k  o n  t h e  bi odegradati on of 
organ ics  present in the P-99 d i ssol ver pu rge water is bei ng conducted by GS&TC at Harmarvi l l e .  
Fi nal l y ,  the S RC- I I  pi l ot p l ant a t  Fort Lewi s ,  Wa shi ngton , successfu l l y t reats the phenol i c  
l i qu ors produced i n  the process  i n  a b io l og i ca l -ox i dation  system . 8  

The methods for removal o f  tar ac ids  bei ng eva l u ated for u se i n  the demonstrati on pl ant are a 
combi nation of pri mary phys i ca l  removal by sol vent extract i on or res i n  adsorpt i on fol l owed by 
b i o l og i ca l  oxi dation for removal of res i dual  tar ac ids  to a very l ow l evel . 

The extracti on of phenol i cs from wastewater u s i ng crude o i l i s  practi ced i n  o i l  refi neri es . 9  
Thi s tec hn ique  i s  not consi dered app l i cabl e to the S RC- I I  pl ant because fuel -oi l streams avai l -
a bl e  for thi s serv ice  a re a l ready h i g h  i n  phenol i c s  and other water-sol ubl e components . Chemi cal 
( e . g . , by H z Oz ) and b io l og ica l  oxidation  are not used a s  primary-removal methods because the 
h i g h  p henol i c  content of the di ssol ver-purge water wou l d  cause und u l y  h i g h  energy con sumpt i on . 
Ox i dation  i s  appl i ca bl e  and econom i ca l  onl y for the removal of l ow concentrati on of phenol i c s .  

Sol vent extraction i s  a commerc i a l l y  proven technol ogy for the removal o f  phenol i c s  from waste-
water i n  the coke-producti on i nd u stry . I O  On the other hand , whi l e  re s i n  adsorption  has been u sed 
commerc i a l l y  i n  the chemica l  i ndustry, i t  has on l y  been p i l ot-tested on coal -proce s s i ng wastewaters . 1 1  

The fol l owi ng comme rc i al technol og i e s  are be i ng eva l ua ted for tar-ac i d  recovery i n  the S RC- I I 
demon strati on p l an t :  

Process 

Chern-Pro 
Phenosol van 
Re s i n  adsorpti on 

Devel oper 

Jones & La�g hl i n  Stee l /Chern-Pro 
Lurg j .  
Rohm & Haas 

These recovery processes wi l l  a l l produce an effl uent very l ow in phenol i c  compounds s u i ta bl e  for 
feed to ammonia  recovery ( Fi g .  C . 9 ) and a concentrated stream of tar aci ds . 

Extens ive  anal yses have been performed on the purge water i n  the P-99 d i sso lve r  system . I Z  These 
anal yses i nc l ude a deta i l ed breakdown of the spec i f i c  compounds whi c h  consti tute the "phenol i c "  
c l ass ; they provi de a bas i s  that s hou l d  b e  adequate for the des i gn o f  a treatment system o n  any 
of the sel ected techno l og i e s .  

Ammonia  recovery 

The fundamental obj ective  of thi s un i t wi l l  be the remova l of ammonia  and ac id  gases from the 
pr inc i pa l  wa stewater streams . Secondari l y ,  these materi al s may be recovered as by-product s .  The 
removal of both ammoni a and ac i d  gases from the process  stream i s  essenti a l , whether the water i s  
to be di sc harged o r  reu sed a s  boi l er feedwater and cool i ng-tower makeup .  

Stream-stri pp ing  and c hemi cal and bi ol og i cal  oxi dati on are the methods commonl y  used for remov i ng 
a c i d  gases from wastewater ; steam or a i r  stri ppi ng , i on  exchange , and b io l og i ca l  oxi dat i on a re 
methods for removing  ammoni a .  The proba b le  method to be u sed i n  the demon strati on  pl ant for 
removal of  both ammo n i a  and ac id  gases wi l l  be steam-stri pping  fol l owed by biol og i ca l  oxidation , 
wi th an hydrous ammon i a  and sul fur eventual l y  recovered as by-products . 

The rel ative ly  h i g h  concentration  of both ammon i a  and ac id  gases i n  the wa stewater make steam
str i p p i ng the econom i cal l y  preferred a l ternat ive . Ac i d  gases ,  when scru bbed to remove the 
stri pped ammon i a ,  wi l l  be combi ned wi th the feed to the s u l fu r  recovery un i t .  The quantity of 
ammon i a  removed from the wastewater ( a pproxi ma tel y 30 ton s/d ) i s  suffi c i ent  to j u sti fy i nstal l a 
t i on o f  an ammon i a- recovery system . The p resence of sol u b l e  organ i c  compounds  i n  the wastewater 
necess i tates subsequent b io log i cal oxi dati on , whi ch wi l l  remove resi dual su l fides (as BOD)  and 
ammon i a  ( a s  a nutri en t ) . 

Steam-str i pp i ng of ammon i a  and a c i d  gases from wastewater i s  wi del y practi ced i n  the petrol eum
refi n i ng and coke i ndu stri es . 1 3 Under al kal i n e  cond i t i on s ,  ammonia  is eas i l y  stri pped whi l e  a c i d  
g a s e s  a re he ld  i n  sol u t i on a s  ions . Under a c i d i c  cond i t i on s ,  t h e  converse i s  true . Under 
moderate l y  a l kal i n e  cond i ti ons ( p H  8 . 0  to 8 . 5 ) , equ ival ent quanti t ies  of ammo n i a  and ac i d  gas may 
be stri pped wi thou t the add i ti on of  a c i d  o r  a l kal i .  Usual l y ,  nonvol ati l e  a c i d  i on s ,  whi ch  are 
a l so present in the wastewate r ,  cause a porti on of the ammo n i a  to rema i n  in sol u t i on to sati sfy 
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el ectroneutral i ty .  Th i s  ammon i a ,  termed " f i xed ammon i a , "  is  removed from sol ut i on by add i t i on of 
an a l ka l i before s tri pp i ng in  a second "f i xed ammoni a "  st i l l . 

Purge water from the i ntermed i ate-press ure separator fo l l ow i n g  the di ssol ver and b l owdown from 
the gas i fi er-quench system wi l l  be the ammon i a  and aci d -gas-conta i n i ng streams req u i ri ng treat
ment . Data have been obtai ned 1 4 on the compos i t i o n  of the d i sso l ver-purge  stream from the P -99 
d i sso l ver system .  Test  work  o n  the compos i t i on o f  t h e  gas i f i er wastewater h a s  been performed by 
Resource Conserva t i on Company 1 5  and HydroQual , I nc . 1 6  Further test wo rk o n  the steam stri ppi ng 
of the d i sso l ver-effl uent s tream is under way at the P-99 p i l ot p l a n t .  

The fo l l owi ng commerc i a l techno l og i e s  have been devel oped for the separa t i on of ammon i a  from the 
stri pped ac i d  gases , wi th economi cal  recovery of both the ammon i a  and the a c i d  gases : 

Process 

Phosam W 
WWT 
C l l  
WAl 

Devel oper 

u .  S .  Steel 
Chevron 
Chemie  l i nz/lurg i  
Bethl ehem I nterna t i onal  

Eng i neer i ng Co . 

Al l of these processes a re expected to produce an ac id-gas stream of l ow ammon i a  content s u i tabl e 
fo r further proces s i ng i n  the s u l fur-recovery p l ant , an ammon i a  product s u i tab l e  for sal e ,  and a 
stri pped effl uent water wi th ammon i a  and s u l fate content l ow enough to avo i d  any adverse impact 
on the b i o l o g i ca l  oxi dat i on sys tem or on the d i scha rged effl uent . D i scuss i ons are under way 
wi th these technol ogy s u pp l i ers i n  preparati on for b i d  i nq u i ry .  

p H  contro l  

The purpose o f  p H  neutra l i za t i on wi l l  b e  t o  ( a )  neutral i ze aci d i c  waste streams , ( b )  prov ide 
hydrox i de a l kal i n i ty to promote the removal of sol ub l e metal s through  fo rma t i o n  of i nsol ub l e 
metal compounds , and ( c )  promote the remova l of ammo n i a  by stri pp i ng .  Prospec t i ve chemi cal s that 
can be u s ed for pH control i nc l ude : q u i ck l i me ,  hydrated l i me , sod i um hydro x i de , l imestone , and 
magnes i um ox i de .  l i mestone and magne s i um oxide cannot pract i ca l l y  ach i eve the h i g h  p H  l evel s 
requ i red for metal s and ammoni a remova l .  Because sodi um hydrox i de i ncreases the was tewater TDS 
l evel and the l i mes do not , sod i um hydro x i de was rej ec ted . The cho i ce between hydrated l i me or 
q u i ck l i me wi l l  be based on economi cs . l i me add i t i onal l y  produces a s l udge that i s  more eas i ly 
settl ed and dewatered ; th i s  wi l l  i mprove operabi l i ty .  

Pr ima ry sett l i ng 

Pri ma ry sett l i ng wi l l  compri se those operat i ons for g rav i ty separa t i on of settl ed sol i ds and 
fl oat i ng matter from the was tewa te r .  Genera l l y ,  t h i s  operat i on precedes b i o l og i ca l  ox idat ion 
( i  . e . , secondary treatment )  because s i gn i f icant reductions  i n  organ i c  l oad i ng to the b i o l og i ca l  
process c a n  be achi eved by remov i ng sett l eabl e organ i c  matter i n  settl i ng ba s i ns .  However , i n  
the  c a s e  o f  t h e  demonstra t i on p l ant , t h e  maj ori ty of so l i ds removed i n  pr imary sett l i ng i s  
expected to res u l t from the l i m i ng operati ons performed on the process  waste stream . The des i gn 
wi l l  a l so prov i de fo r the add i t i on of coag u l ant a i ds to promote i ncreased so l i ds removal s i n  the 
pri mary settl i ng ba s i ns . 

Al ternati ve pr ima ry sol i ds- removal  processes that were cons i dered are d i sso l ved -a i r  fl otat i on and 
paral l e l -p l ate ( o r  tube)  settl ers . These processes , however , can be prone to c l ogg i ng and oper
a b i l i ty probl ems . 

Secondary ( b i o l og i ca l ) t reatment 

Substanti a l  l evel s of d i sso l ved organi c matter a re expec ted to be present i n  the maj or con t i nuous 
purge  streams from the SRC- I I  demonstration  p l ant processes . Ana l yt ica l  tes t i ng of the P-99 
d i sso l ver purge water has been performed by GS&TC , both before and after sol vent extract i on . 1 7 
These tests have s hown that d i ssol ved organ ic  matter wi l l  st i l l  be present i n  the purge  water 
after tar-ac i d  recovery . Test work is be i ng performed by GS&TC to determ i ne the effect i veness 
of b i o l og i cal oxi dation  in treat i ng the d i s so l ver  purge-water s tream for organ i c  remova l .  Addi 
t i onal l y ,  the effl uent from the S RC- I I  p i l ot p l ant  a t  Fort lewi s ,  Was h i ngton , has been s uccess
ful l y  ox i d i zed b i o l og i cal l y  over  an extended peri od of t i me . 1 8 

Ana l ys i s  by both Texaco 
stream has demonstrated 
tests were conducted by 
Montebe l l o ,  Ca l i forn i a .  
The pretreated effl uent 

Devel opment CO . 1 2 a nd HydroQua l 1 6  on  the gas i f i e r-sys tem water-purge 
the presence of d i ssol ved organ i c  matter i n  that stream . Treata bi l i ty 
HydroQual  on the purge stream from the Texaco gas i fi e r  p i l ot p l ant at 

The was tewater was gra v i ty-sett l ed ,  l i med , and stri pped to remove ammon i a .  
was then tes ted for amenabi l i ty to treatment by b i o l og i ca l  ox i dat i o n , 
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chemi cal  oxidation  wi th hyd rogen perox i d e ,  and acti vated-carbon adsorp t i on . HydroQual  concl uded 
that b i o l og ica l  ox ida t i on was substanti a l l y  more effect i ve than the o ther two sys tems a t  removi ng 
the d i ssol ved organ i cs from t h i s  was te .  

Li terat u re data o n  s l ag l eacha te s 1 9  i nd i cate that these s treams can be expected to be very l ow i n  
d i ssol ved organ i c  matter and wi l l  not req u i re bi o l ogi ca l  t reatment ( see a l so Append i x  K ) . 

Te rti a ry treatment 

In the context of th i s d i scus s i o n ,  I Iterti a ry treatment " connotes those t reatment processes tha t  
fol l ow secondary ( b i o l og ica l ) treatment . I t  i s  expected that b i o l og i cal  treatment  a l one wou l d  
produce a n  effl uent s t ream suffi c i ent ly  l ow i n  d i s so l ved o rgan i c  matter t o  al l ow d i scharge to the 
Monongahe l a R i v e r .  However , because thi s i s  a demonstra t i on p l ant a n d  becau se many water users  
l i e downstream , i t  i s  expected that the effl uent wi l l  be  addi t i ona l l y  treated by sand f i l tra t i on 
and act i vated-carbon adsorption and poss i bl e  ozonat ion  before d i scharg e .  Carbon adsorpt ion  wou l d  
p ro v i de further removal  of d i ssol ved meta l s and o rgani c s , 2 0 , 2 1 and wou l d  p rotect the r i ver 
aga i n s t  an operati onal up set of the b i o l o g i ca l  system . The effi c i ency of adsorpt i on of meta l s i n  
wastewater on  carbon  i s  not p redi ctabl e from l i terature data . Al though i t  may be i nd i ca t i ve of 
p rospects for effl uent i mproveme n t ,  it shou l d  not be used to p red i c t  the effl uent concentrati ons 
that are l i ke l y  to be ach i eved in  the demonstration  p l ant  effl uent . Act ivated-carbon remova l  
effi c i enc ies  may d i ffer markedl y from p red i c ted val ues i n  a spec i f i c  was tewater because o f  the 
i nfl uence of comp l ex i ng agents , pH ,  total i o n i c  s t ren g t h ,  and o ther facto rs . Laboratory treata bi l i ty 
tests a re p l a nned to be conducted dur i ng  1 98 1  to more adequa te l y  determi ne the expected removal s 
for demon s trati on p l ant waste . 

Sand-fi l ter  bac kwa s h  wou l d  be retu rned e i ther to the p rimary c l a r i f i e rs o r  to the s l udge storage 
tan k .  F l ow-equal i za t i o n  faci l i t i e s  wou l d  be p rovi ded to p revent s hock l oad i n g  of the secondary
treatment system . 

E st imates have been made of organ i c  compounds and trace e l ements i n  the effl uent wate rs from the 
p rocess water-treatment p l a nt after terti a ry treatment .  These est imates a re s hown i n  Sec t .  C . 4 . 2 .  

Sl udge i nc i nera t i on 

An i nc i nera t i on system wi l l  be p rov i ded to hand l e  b io l o g i ca l  and sani tary s l udg e ,  spec i f i ca l l y  
1 75 l bs/ h o f  o rgani c materi a l  dry bas i s  and 1 7 . 5  l bs/ h o f  a s h  together w i t h  1 07 5  l bs/h  o f  wate r .  
Th i s  mate r i a l  and a l ternat i ve feed materi al s wi l l  be fed on ly  o n  a n  occas i onal bas i s  t h roughout 
the yea r .  The f i rs t  a l ternat i ve feed i s  an emu l s i on cons i st i ng of  2862 l bs / h  of  o i l ,  286 l bs / h  
of  a s h ,  a n d  1 889  l bs/h  of wate r .  T h e  other a l ternative  feed i s  20 l bs/h  of sol ub l e o rgan i c s , 
3 l bs/h  of o i l  and g rease , 3 l bs/ h of ammon i a ,  1 860  l bs / h  of d i sso l ved and suspended sol i d s , and 
5 2 1 4  l bs/h  of wate r .  

De sa l i nation  

The  need for wastewater-recl amation fac i l i ti e s  to el im i nate o r  reduce the treated was tewater 
d i scharge to the Monongahe l a R iver  was descri bed a bove . Thi s system wi l l  separate a sa l t-free 
water stream for use  wi th i n the uti l i t i es secti on , and wi l l , when req u i red , concentrate the 
effl uent bri ne for storage o r  a l ternate d i sposa l . 

The l eve l s of contam i nat i o n  found i n  the d i sti l l a te stream a re not expected to adversel y affec t  
t h e  performance of t h e  cool i ng tower and , wi th m i nor i on -exchange pol i s h i ng , wi l l  p roduce accept
abl e boi l er-feed water .  Th i s  d i s t i l l a te s tream wi l l  b e  mon i tored t o  en s u re that a mal functi on of 
the evaporator does not resu l t i n  the u se of u nacceptabl e water in the u t i l i t i e s  sec t i on . 

The p roce sses con s i dered for th i s serv i ce were the common desa l i nation  processes of evaporati on , 
reverse osmo s i s ,  el ectrod i a l ys i s ,  and i on exchange ;  cu rren t l y ,  evaporati on i s  p refe r red . 

I on  exc hange wa s e l i m i na ted from further con s i deration because the requi red regenerated sol u t i ons  
wou l d i nc rease the  sal t-di sposal  p rob l em .  El ectrod i a l ys i s  was e l i m i nated because o f  l im i ted com
merc i a l  experi ence , questi ons of rel i a bi l i ty i n  p roduci ng a permeate of  very l ow sal t content , 
and potenti a l  membrane-fou l i ng  p rob l ems . 

Reverse osmos i s  i s  st i l l  u nder con s i de ration  for thi s app l i cati on . I t  has been demon strated 
commerc i a l l y  and i s  be i ng used to p roduce h i g h-qua l i ty water from sal ty cool i ng-tower b l owdown i n  
the e l ectr ica l -power i ndustry . 22  

The  rec l a i med water from the  desal i nation  equ i pment wi l l  p roduce water of a q ual i ty su i tabl e for  
boi l er-feedwater makeup ,  wi th perhaps  on l y  m i no r  pol i s h i ng necessary ,  u s i ng i on-exchange equ i pment .  
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An a l ternat i ve method for mak i n g  bo i l er feedwater wou l d  i nvol ve proces s i ng cl a r i f i ed raw wa ter 
t hrough  dem i neral i zers . Not on ly  wou l d  t h i s  i ncrea se the ri ver-water i ntake req u i rement , but the 
d i scharge of spent regenerant sol u t i on to the ri ver wou l d i ncrease the d i ssol ved sol i ds concentra
t i on i n  the Monongahel a Ri ver .  

Data  on the sal t content of the major  conti nuous wa stewaters from the SRC- I I  demon stra t i on pl ant 
have been est imated from ana l yt i ca l  testwork on waters produced in the Texaco gas i fi e r  at Monte
bel l o ,  Cal i forni a , 1 4  and the P-99 P i l ot-P l ant  d i ssol ver at Harmarv i l l e ,  Pennsyl van i a . 1 2 These 
streams have been anal yzed by Texaco , Resource Conservati on Co . ,  HydroQua l ,  and GS&TC . 1 6 , 1 2 These 
data , combi ned w i t h  data on the c hemi ca l compos i t i on of  potent i a l  feed coa l s to the demonstra t i on 
p l ant , have provi ded a bas i s  for the des i g n  of desa l i na t i on eq u i pmen t .  

One evaporator confi gura t i on wa s successfu l l y  tested by Resource Conservat ion  Co . i n  p i l ot-sca l e  
eq u i pment . 1 S I n  t h i s  tes t ,  purge water from the Texaco Gas i fi e r  a t  Montebe l l o  wa s l i med and 
steamed-stri pped to remove ammoni a ;  then , i t  wa s reconcentrated to a sa l t s l urry in a p i l ot-pl ant 
vapor compress ion  evaporato r .  

Mu l t i p l e -effect evaporat ion  i s  be i ng cons i dered as a n  al terna t i ve t o  vapor-compress ion  evapora 
t i on . The technol ogy fi na l l y  sel ected wi l l  depend on the ava i l ab i l i ty of l ow-pressure steam . I f  
t h e  overal l steam ba l ance for t h e  demonstrat ion  p l ant i nd i cates that a n  oversupp ly  o f  l ow-press ure 
steam exi s ts , the use of mul t i p l e-effect evaporators wou l d be strong ly  favored . 

I t  may a l so be practica l  to i nc l ude a reverse-osmosi s un i t  i n  the desal i nat ion  system . Al though 
t h i s process wou l d  not make wa ter of bo i l er feed qua l i ty ,  i t  cou l d  produce cool i ng-tower ma keup 
a t  a l ower energy cos t .  Bo th sa l t  prec i p i ta t i on and bacteri al  res i due wou l d  present potent i a l  
membrane-fo u l i ng prob l ems , s o  that a p i l ot demonstrat ion  of thi s technol ogy wou l d  b e  requ i red to 
establ i s h i ts fea s i b i l i ty for the demonstra t i on p l an t .  

Chromate treatmen t 

Cool i ng tower b l owdown can be treated i n  the desa l i na t i on eq u i pment to e l i mi nate i ts d i scharge to 
the ri ver . For cases where d i scharge i s  des i ra b l e ,  removal of chromates from the cool i ng-tower 
b l owdown i s  neces sary to produce a treated bl owdown stream s u i tabl e for d i sc harge to the ri ver .  

Chemi cal  reduction  o f  the chromi um from the hexaval ent t o  the tri val ent state fol l owed by l i me 
addi t i on to a pH of 8 . 5  to 9 . 0  wi l l  perm i t  the chromi um to be removed from the b l owdown stream as 
i n sol ubl e chromi um hydroxi de .  Tota l chromi um concentra t i on wi l l  then be about 0 . 2  mg/ l i ter as 
shown i n  Tabl e C . 2 1 in  Sect . C . 4 . 2 .  

Al ternat i ve methods for chromi um reduction  are c hemi cal  and el ectrochemi ca l . An a l terna t i ve to 
the use of b ioc i des i s  a phosphate-based b i oc i de .  

C . 3 . 7  D i sposal  of  sol i d  wa stes 

Fo ur  type s of sol i d  was tes wi l l  be genera ted by the opera t i on of  the SRC- I I  demonstra t i on p l an t .  
The i r  approx imate q uan t i t i e s  and methods of  d i sposal  are s hown i n  Tabl e C . 6 .  

Table C.6. Q uantities and disposal methods for solid wastes 

I n -plant treatment 
M aterial 

Dewatering I ncineration 

Gasif ier slag 

Water-solub le salts 

Process sludges 
L im ing s ludge 
B iological sludge 
Cool ing-tower 

blowdown treatment 
s ludge 

San itary s ludge 
Rainwater-runoff 

treatment sludge 

Catalysts and 
adsorbents 

a Based on 6000 tpsd . 
b R efer to Sect. C .3 .7 .2 .  

X 

X 
X X 
X 

X X 
X 

M ethod of d isposal 

S eparate secured landfi l l  

b 

Com mon secu red landf i l l  
Common secu red landf i l l  
Common secu red landfi l l  

Common secu red landfi l l  
Common secu red landfi l l  

Offsite reclamation or 
secured landf i l l  

Approximately 
dai ly quantity 

(dry basis, 
tons)a 

720 

22 c , d 

32 
2 
8 

0. 1 
0.7 

0.8 

c Based on average c h lo ri de content of  coal  ( .09 wt % ) .  
dTo convert t o  ga l  o f  br ine p e r  day, assume 0.43 Ibs of sol ids p e r  ga l  of br ine ( 1 02,000 g a l  o f  br ine 

per day at design rate in  zero wastewater d ischarge mode). 
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S l ag-l eachi ng te sts 
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Leach ing  tests of the gas i f ied mi nera l -ash  res i due ( s l ag ) , as outl i ned by the EPA regu l ati ons 
and test method s i mp l ementi ng the Resource Con servation  and Recovery Act ( RCRA) and other ASTM 
methods ,  have been carr i ed out .  The se prel im i nary fi nd i ng s  i n d i cate that the mater i a l  wi l l  be 
c l ass i fied as nonhazardou s .  Current p l ans , however ,  are to desi gn the s l ag-di sposal  area t o  meet 
RCRA requ i rements for d i sposal  of hazardou s mater i a l s unti l demonstrati on p l ant operation  confi rms 
the resu l ts of the l eachi ng tests . These te sts performed on gas i f i er s l ag , to date , are d i scussed 
i n  the fol l owi ng parag raphs . 

A. Oak Ri dge Nati onal Laboratories  ( ORNL) 

Ten drums of s l ag produced by Texaco ' s  Montebe l l o  P i l ot Pl ant gasi fi er 
produced from Kentucky 9 coal at the Ft . Lewi s SRC- I I  Pi l ot P l ant were 
September 2 5 ,  1 978 .  Most drums conta i ned a mi xtu re of coarse and fi ne 
t i on to that o bserved during  the gasi fication  run . One drum conta i ned 
had not been separated i nto coarse and f i ne fracti ons  ( MRL Run 57808 ) . 
sel ected for l each i ng tests .  I ts ana l ys i s  i s  s hown i n  Tabl e C . 7 .  

Table C.7. Analysis of selected elements 
present in feed coal and ash/slag 

(determined by neutron activation analysis) 

E lement Feed coal a Ash/slag 

A luminum,  % 1 . 22 9.83 
Antimony, ppm b b 
A rsenic, ppm 7 46 
Bar ium, ppm 57 3 1 0  
C alciu m,  % 0.82 2.26 
Cesium,  ppm 1 7 
C h romium,  ppm 21 708 
Cobalt, ppm 1 .4 36.8 
Copper, ppm ,,;;60 ,,;;300 
I ron ,  % 1 . 1 7  1 5.8 
M ag nesiu m ,  ppm 0 . 16  1 .3 
M anganese, ppm 1 1 .0 274 
Molybdenum,  ppm 10 63 
Potass ium,  % 0.258 1 .9 
R u bid ium,  ppm b b 
Selen ium,  ppm 3.0 1 7  
S i lver, ppm b ";;1 0  
Sod ium,  ppm 349 2350 
Stront ium, ppm 38 1 70 
Thorium, ppm 1 .4 1 4  
T itan ium,  ppm 693 4590 
V anadium, ppm 90 457 
U ran ium,  ppm 1 .54 1 8  
Z inc, ppm b ,,;;600 

'ORNL sample of Western Kentucky No. 9, not 
necessari ly representative of actual feed coal produc
ing the ash/slag. 

bNot analyzed. 

from vacuum bottoms 
recei ved at ORNL on 
s l ag added in propor
" a s -made" s l ag that 
Thi s materi a l  was 

Batch l eachi ng resu l ts .  F i ve types of batch l eachi ng have been compl eted ( EPA- EP ,  ASTM 
d i sti l l ed water , ASTM at pH 4 . 5  u s i ng a sodi um acetate - aceti c  ac i d  buffer sol u t i on , 
0 . 1 N NH40H , and 0 . 1 N HN03 ) .  Al l tests were performed u s i n g  sl ag/extractant we i ght 
rat i os , t ime i nterva l s ,  and equi pment suggested in the proposed standard l eachi ng tests . 
The l ast two l each i ng tests are not " standa rd , "  but the same techn i ques  and so l i d-to
l i q u i d  rati os  were u sed . Al l e l emental analyses were performed u s i ng atom i c -absorpt i on 
techn i qu e s .  Al l of the spec i es and el ements i n  the EPA-I nterim Primary Dri n k i ng Water 
Standards ( except cya n i de and n i trate)  were determi ned , pl u s  beryl l i u m ,  su l fa te , copper , 
n i ckel , and i ro n .  N i tr i c  ac i d  i s  requ i red to preserve sampl es for l ater trace-el ement 
analysi s ,  and a s  a resu l t ,  n i trate ana l ys i s  has no s i g n i f i cance . The addi ti onal  anal yses 



C-43 

were performed because they are of envi ronmental concern , and in  the future , they may 
be added to the currentl y proposed RCRA l i st  of trace-el ement l im i tations  i n  l eachate s .  
Re su l ts o f  the f i ve types o f  batch l eachi ng are g i ven i n  Appen d i x  K and Tab l e  C . 8 ,  a l ong 
wi th the RCRA Standards where appl icab l e .  

Table C.S. E lemental analysis of leachates derived from 
various batch-leaching protocols 

Element
S EPA ASTM ASTM 0 . 1  N 0.1  N RCRA L i m it 

EP H2O pH 5 H N03 NH,OH criteriab 

A rsenic, ppb 0.53 <5 <5 6 . 1  2.4 5000 
Barium,  ppm < 0.5 <0.5 < 0.5 <0.5 <0.5 1 00 
Cadmium,  ppb 3.4 4.0 4.9 25 1 .3 1 000 
C h romium,  ppb 0. 1 3  3.7 3.9 42 1 .9 5000 
Lead, ppb 1 .6 5.2 2.1 8.3 4.4 5000 
Mercury, ppb 0 . 1 9 1  0.025 0.0 1 0  0.04 0.33 200 
N itrate (as N ) .  ppm c <0.05d <0.05d C c 1 000 
Selen i u m ,  ppb < 1  0.04 0.04 < 1  7 1 000 
S i lver, ppb 0.07 0.09 0.23 3.2 0.20 5000 
Su lfate, ppm 4.89 23.63 22.90 26.79 36.57 N one 
I ron,  ppm 20.5 147 720 2482 0.06 None 
Copper, ppb 0.94 c c c c N one 
Beryl l ium,  ppb 0.09 c c c c N one 
Antimony, ppb <2 c c c c None 
N ickel ,  ppb 758 c c c c None 

:l:e
o

�i���0
1

��e
1
���ts are in I nterim Pr imary D rinking Water Standards. 

eNot determi ned. 
dSamples not acidified before analysis. 

Col umn l each i ng stu d i e s .  Col umn- l eachi ng exper iments i n  l aboratory col umn s ( 3 . 75- i n .  d i am ) 
have been c omp l eted , but  a na l yti cal  resu l ts are on ly  parti a l l y  comp l ete . The se co l umns  
have a 3 0-cm ( 1 2- i n . ) depth of s l ag and are dosed da i l y wi th 1 l i ter of demi nera l i zed water 
( about one col umn vol ume ) . Resu l ts for l eaches 1 ,  3 ,  1 0 , 20  a re g i ven i n  Tab l e  C . 9 .  
Genera l l y ,  col umn l eac hate concentrations  are l ess  than batch l eachate s ,  wh i c h  may be due 
to s horter contact time between the water and the s l ag or other factors . 

Table C.9. Elemental analysis of slag leachates derived from laboratory columns 
[Texaco/Montebello ash/slag (SRC-II vacuum bottoms) (all units in ppb)] 

Leach nu mber 
Column n u m ber E lement 3 1 0  20 

1 Arsenic 1 . 1 6  0 .79 2 .0 3. 1 
2 1 .36 1 .33 1 .53 3.4 
1 Barium < 0.5 <0.5 <0.5 <0.5 
2 <0.5 <0.5 <0.5 <0.5 
1 Cadmium 1 1  0. 1 3  0.01 4 0. 1 0  
2 1 6  0. 1 1  0.020 0.091 
1 Chrom ium 7.0 3.5 0.25 0.49 
2 6.2 3.2 0 .24 0.41 
1 Lead 1 .4 <0.3 <0.3 < 0.43 
2 0.93 <0.3 <0.3 <0. 3  
1 Mercury 0.007 0.024 0 .01 3 0.0 1 9  
2 0.0 1 1  0.01 2 0.003 <0.001 
1 Selenium 1 20 44 1 6  < 5 
2 1 95 34 < 5  <5 
1 S i lver 0.34 0 . 1 7  0 . 1 3  0. 1 0  
2 0.36 0. 1 7  0. 1 2  0. 1 0  
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Ba sed on RCRA reg u l at ions  ( May 1 9 , 1 980 ) , thi s s l ag s hou l d  be c l a ss i fi ed a s  " nonhazardou s . "  
Su bsequent mod i fications  of these reg u l ati on s ,  or the add i t ion  of b i oassay te sts or other 
trace e l ements not on the c urrent l i st ,  cou l d  i nval idate th i s conc l u s i on .  However , the 
0 . 1  N HN03 l eac h ,  whi c h  i s  more severe than wou l d  be expected in a l andfi l l  envi ronment , 
does not appear to exceed RCRA c r i ter i a .  

B .  HydroQual , Inc . 

Te sts have been performed on s l ag produced wi th  Texaco ' s  Montebel l o  p i l ot-p l ant gasi f ier , 
u s i ng m i neral - re s i due s l u rry produced from the Fort Lewi s p i l ot pl ant u s i ng S RC- I I  demon
stra t i on pl ant desi gn  coal  ( Powhatan ) .  These  data  sti l l  are con s i dered propri etary by 
Texaco but are i n  the process  of be i n g  dec l ass i f i ed . The concl u s i ons  of the te sts are 
the same as for the te sts performed by ORN L .  

C .  Gu l f  Research and Devel opment Company 

I n  order to determi ne whether organ i c  consti tuents rema in  i n  the s l ag , further l each i ng 
tests were performed . Vacuum bottoms from the Fort Lewi s pi l ot pl ant were gas i f i ed i n  a 
Texaco g a s i f i e r .  A t  t h e  GR&DC fac i l i ty at Harmarv i l l e ,  Penn syl v an i a ,  the gas i f ier  s l ag was 
s u bjected to a benzene extracti o n .  Th i s procedure was used t o  extract organ i c s  from s l ag 
and i s  far more severe than any condi t i on that wou l d  occur  i n  a l andfi l l . Fol l owi ng the 
extracti on , the benzene l eac hate was anal yzed for the presence of benzene-so l ub l es  and 
pol ynucl ear a romati c ( PNA ) compound s .  The re su l ts o f  the extrac t i on under these extreme 
cond i t i ons  are s hown i n  Tabl e C . 1 0  and i nd i cate that benzene-so l ub l e consti tuents are 
present i n  the s l ag i n  very l ow concentrati ons . Becau se of the very h i g h  gas i fi cation  
temperature , no apprec i abl e c hange in  benzene- sol ub l e consti tuents wou l d  be  expected i n  
the s l a g  produced by g as i fying  mi neral -re s i due sl urry o f  other coal s .  Under actual  l and
fi l l  cond i t ions , l each i ng of organ i c  consti tuents i s  not expected to be of envi ronmental 
concern . 

S l ag d i sposal 

Table C.10.  Concentrations of  benzene 
solubles and selected polynuclear aromatics 

in SRC slags 

Coarse slag F ine slag 

Total benzene solubles (wt % )  
Benz[ a j anthracene (ppb ) 
Benz [ a j pyrene (ppb)  
Benzo [ e j pyrene (ppb)  
Benzo [ g , h , i j perylene (ppb)  

0.03 1 5  
1 2  
1 7  
4 
8 

0.0 1 65 
1 0  
1 3  
1 7  
5 

The proposed l ocat i on of the s l ag d i sposal area i s  s hown i n  Fi g .  C . l , Sect . C . 2 .  The des i gn of 
the s l ag d i sposal area i s  s hown in Fi g s .  C . l l  and C . 1 2 .  The s l ag d i sposal  a rea wi l l  be bu i l t  i n  
a natural depress i on by construct i ng two retenti on dams , remov i ng u sa bl e materi a l s ,  sea l i n g  the 
coal  seam , bac kfi l l i ng ,  and excavat ing  a h i g hwal l .  A 3 ft-th i c k  c l ay l i ner ,  compacted to a 
permea bi l i ty of 1 0- 8 cm/ s ,  i s  proposed for u se as the base of the d i sposal  area . Fenc i ng and 
other RCRA requ i rements wi l l  a l so be prov i ded . 

Di vers i on d i tc hes wi l l  prevent prec i p i tati on runoff from entering  the s l a g  l andfi l l ,  and prec i pi 
tat i on fal l i ng on the s l ag wi l l  be pumped from the base of t he d i sposal area back to the waste
water treatment area . When the s l a g  l andfi l l  reaches ful l he i gh t ,  the surface wi l l  be graded and 
contoured to the desi red drai nage pattern , covered wi th earth , and revegetated . Mon i toring  we l l s  
a s  descri bed i n  Sect .  4 . 5  of th i s E I S  wi l l  be devel oped to mon i tor groundwater u p-grad i ent and 
down-grad ient  from t he d i sposal area . 

The s l ag d i sposal area wi l l  be of suffi c i ent  s i ze and capaci ty to di s pose of the s l ag generated 
throughout the demonstration  per i od pl u s  25  years of operati on of an expanded commerc i a l  pl ant 
wi th a capac i ty of 3 0 , 000 tons/d of coal . Dur i ng the demon strati on peri od , the natura l  depress i on 
of the s l ag d i sposal area i s  of suffi c i ent  capac i ty so that the l evel of the d i sposed s l ag wi l l  
not exceed t hat of the su rround i ng area . Howeve r ,  after 25 years of operati on of the expanded 
commerc i a l  pl ant , the u pper l evel  of the s l ag pi l e  wi l l  be about 80 ft a bove the surround i ng 
terrai n .  
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F i gure C : 1 3  shows . a cross sect � on ?f the s l ag d i s posal  a rea conceptual  des i gn ,  dep i c t i n g  the 
a rea as l t  now eXl sts and how l t  wl l l  appear at the end of the demonstrat i on peri od and at the 
end of the commerc i a l  peri od . 

C . 3 . 7 . 2  Water s o l u b l e  sa l ts 

As di scus sed i n  Sec t .  C . 4 . 2 ,  i t  i s  be l i eved that the s o l u b l e  sa l ts that res u l t  from p l ant  opera t i on 
wi l l  be d i scharged to the Mon ongahe l a  R i ve r  a maj o ri ty of the t i me .  Duri ng t i mes when r i ver 
cond i t i ons d i ctate a cessati on or reduc t i on i n  the quanti ty of  total d i ssol ved sol i d s  (TDS ) or 
other was tewater s pe c i es d i scharged , the desa l i na t i on equi pment wi l l  be operate d ,  and the sol ub l e 
sa l ts wi l l  be recovered as a concentrated bri ne .  D ue  to the re l at i vely l ow i n i t i a l  product i on 
rate of br ine  that i s  an t i c i pated ( see Tabl e C . l l ) ,  an acceptab l e  p l an for br ine  d i s posal  w i l l  
not be a pre s s i n g  need for at l east the fi rs t two years . ( See Tab l e  C . 3  for p l ant  capaci ty vs 
t i me duri ng the demonstra t i on peri od . ) Conseq uent l y ,  i t  i s  p l anned to reta i n  the bri ne dur ing  
th i s  peri od i n  a smal l reserv o i r  ( see Tab l e C . l l )  con structed i n  accordance w i th RC RA req u i re
ments when i ssued .  Th i s  two-year peri od wi l l  prov i de t i me to more thorough ly  assess  the  
chem i ca l  cha racteri s t i c s  of the  br i ne and  to deve l op a s u i tabl e d i s posal p l a n .  I f  i t  becomes 
neces sary to permanently d i spose of the brine  dur ing  th i s two-year peri od , i t  wi l l  be hau l ed by 
truck to a certi f i ed d i s posal  s i te un l ess another envi ronmenta l l y acceptab l e d i s posal  al ternati ve 
i s  veri fi ed .  

Bri ne-di sposal  opti ons cu rren t ly  bei ng con s i dered i nc l ude chemi cal  l andfi l l ,  chemi cal  fi xati on , 
deep-wel l i nject i on , and s h i p p i n g  by barge to the ocean . 

Operating  capac i ty 

Because  the coal wi l l  be the maj or source of most  sol ub l e wa stewater contami nants , the p l an t ' s  
throughput  o f  coal wi l l  grea tly affect the quanti ty o f  sal ts be i ng hand l ed i n  the wastewater 
treatmen t system . Pl ant capac i ty as a func t i on of t i me du r i ng the demon strati on phase i s  d i s
c ussed i n  Sect .  C . 2 .  

Onstream t i me 

S i mi l arly , sa l ts wi l l  be generated prima ri ly when coal i s  be i n g  proces sed . Est i mates of these 
factors a re presented in Tab l e  C . 2 .  The coal p i l e  wi l l  conti nue  to generate l eachates con tai n i ng 
so l ub l e meta l sa l ts a l s o .  

Coal compos i t i on 

Obv i ou s l y ,  the composi t i on of the feed coal wi l l  g reatly i nfl uence the sal t producti on rate . 
Ch l ori des , the most i mportant factor i n  th i s  rega rd , have been measured a t  an average val ue of 
0 . 09 wt % i n  P i tts burgh No . 8 coal wi th a standard dev i a t i on of 0 . 1 2  wt % .  

Ri ver ass imi l at i ve capac i ty 

The capaci ty of the Monongahe l a  Ri ver to accept var ious  was tewater con tami nants i s  a functi on of 
ri ver fl ow rate and compos i t i on .  The ass imi l at i ve capac i ty of  the r i ver for total d i s so l ved 
sol i ds ( TDS ) i s  i l l ustrated as a s tati st ica l  proba b i l i ty in a l ater secti on ( F i g .  C . 1 6 ) .  Pre
s umab l y ,  i n  the  early years of the  demonstrati on p l an t  l i fe , l i tt l e  other i ndustri a l  devel opmen t 
of thi s watershed wi l l  have taken p l ace , so a good deal of the ex i st i ng ass imi l at i ve capac i ty 
wou l d  be ava i l ab l e  to the demon strati on p l ant  i f  acceptabl e to permi t t i ng agenc ies , as i s  
be l i eved . As other deve l opment  occurs i n  the area , the ass i m i l ati ve capaci ty ava i l ab l e  to the 
SRC- I I  p l ant  wou l d  be reduced ,  thereby i nc reas i ng the need for peri odi c ,  or  even con t i n uou s , use 
of the evapora tors and d i s posal  of bri ne . 

Br ine d i sposal requi rements 

I t  i s  not pos s i b l e  to q uan t i fy al ternat i ve brine  d i sposal  req u i remen ts a t  th i s  t i me .  As di scussed 
above , a number of wide ly  vary i n g  and re l at i ve ly  unpredi ctab l e  factors wi l l  i n fl uence the need to 
d i spose of sol ub l e sal ts . The greate s t  potenti a l  i nfl uence on d i sposal  req u i rements wou l d  pres um
ab ly  be the occurrence of a l eng thy droug h t .  Suff i c i en t  data on the ass imi l at i ve capac i ty of the 
Monongahe l a  Ri ver duri ng  such a peri od is not avai l abl e .  

Crude est imates of the tonnage range i n  wh i ch sa l ts wou l d  be produced duri n g  non-di sc harge peri ods 
i s  presented in Tab l e  C . l 1 . 
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Table C.1 1 .  Estimates o f  soluble salt brine production rate a n d  d isposal requirements 
during the first three years of demonstration plant operation 

Year 1 Y ear  2 Y ear  3 

Average Worst casea Average Worst case Average Worst case 

C h lo ride content of feed coal (wt %) 0.09 0.2 0 09 0 . 2  0 .09 0 . 2  
Total d issolved so l ids  pe r ton of 7.2 1 6  7.2 1 6  7 . 2  1 6  

coal ( Ib )  
Plant operating capacityb ( %  o f  1 8  50 36 80 50 93 

design capacity of 6000 t pd coal )  
D a i l y  br ine p roduction rateC (gpd ) 1 8 .400d 1 1 4,000e 36 ,700d 1 82,000e 5 1 ,000d 2 1 1 ,000e 
Zero wastewater d ischargec'( (% of the 0 , 1  5 0 . 5  1 0  1 . 0 1 4  

year when operating i n  th is  mode) 
A n n u a l  b rine production ratec 6.7g 2,080 

(thousands of gal  per year) 
67 6,640 1 86 1 0,800 

Annual  brine storage areac,h req u i red 0 . 02 6 0 . 2  2 0  0 . 6  3 3  
(acre-feet) 

Dai ly total d issolved so l ids  prod uction 3.88 24.0 7 . 8  3 8 . 4  1 0 . 8  44.8 
rate'" ( d ry basis)  ( tpd)  

Annual  total d issolved sol ids req u ir ing 438 k  1 4  1 382 39 2258 
d isposalc" ( d ry bas is)  (tons per year) 

aWorst case assumes that the h igh  value for ch loride in  coal occurs s i m u ltaneously with operation of 
maxim u m  onstream capacity b u t  does not consider t h e  effect of s imu ltaneous occu rrence of low river f low.  D ata 
on ass im i lative capacity of the river d u ring d rought  cond it ions are not available. 

b Refer to Table C.2 .  
cB rine is  produced only when the plant is operating in the zero wastewater d ischarge mode. 
dBased on 1 02,000 gal  brine per day at 6000 tons of coal per day with 0.09 wt % c h lorides. 
e B ased on 227,000 gal  brine per day at 6000 tons of coal per day with 0.2 wt % ch lorides. 
' R efer to F igs,  C . 1 5  and C . 1 6. 
g Calcu lated as follows: ( 1 8,400 gpd)  ( 0 . 1 %  of the year operating in zero wastewater d ischarge mode) 

(365 d/year) = 6 , 700 gal b rine per year. 
h 3.259 x 1 0S gal per acre-foot. 
I D aily prod uction of total d issolved solids assumes that these wi l l  be largely composed of ch loride. A factor 

of 4.0 is used to convert c h lorides to TDS . 
f N ote that brine. not dry salts, is produced d u ring zero wastewater discharge operat ion.  
kCalcu lated as follows: ( 2 4 . 0  tons of d ry solids per day) (5% of the year operating in  zero wastewater 

d ischarge mode) (365 d/year) = 438 tons d ry sol ids per year. 

Bri ne d i sposal  opt i ons  

Opt i on s  that  have  been i dent i fied for the  a l ternat i ve d i sposal  of waste sol u b l e  sa lts  are : 

• on s i te chemi cal  l andfi l l , 

• on s i te chemi ca l  fi xation  and l andfi l l , 

• deep we l l i njecti on , 

• ba rg i n g  to sea , 

• offs i te chemi cal  l andfi l l , and 

• storage wi th subsequent ri ver ( h i g h  fl ow per i od )  d i sposal . 

Ons i te d i sposa l of these so l ub l e sa l ts ,  e i ther i n  a l i ned hazardous  wa ste fac i l i ty or by chem ica l  
f ixat ion  wo u l d  reduce but not  e l i m i nate the  l ong -term r i sk  of  contam i nati ng subsurface fres hwater 
supp l i es wi th sol ub l e c h l or ides  or other potent i a l l y  hazardous substances . These a l terna t i ves  are 
be i ng con s i dered as d i s posal  options  for the i ntermi ttent requ i rements of the demonstration  p l ant  
and  for the l ong -term req u i rements of  the  expanded commerc i a l  p l ant . 

Deep  we l l i njection  i s  con s i dered a v i ab l e option for the l ong-term d i sposal  of sol u b l e  sa l t .  The 
fu l l y treated wa stewater can be i njected i nto a bri ne aq u i fer  of s i mi l ar sal i n i ty ,  as i s  now done 
in the area near Morgan town , wi th l ow potent ia l  for env i ronmenta l effec t .  

S im i l arl y ,  barg i ng o f  the sol u b l e sa l t  t o  the Gu l f  o f  Mex i co wou l d  not b e  expec ted t o  resu l t  i n  
a s i g n i fi cant envi ronmental hazard . Operati ng costs and the i mpact on barge traffi c m i g ht precl ude 
use of thi s d i sposal  option for the l ong term . It cou l d ,  however , be an env i ronmenta l l y  des i rabl e 
method for meet i ng any i ntermi ttent requ i rements of the demon stra t i on pl ant .  

F i n a l l y ,  the  concentrated brine  cou l d  be  stored ons i te duri ng peri ods when the  ass im i l at i ve capac ity 
of the ri ver cannot accommodate a wastewater d i scharge from the p l an t ;  i t  cou l d  then be re l eased 
in a control l ed fas h i on when r i ver condi t ions  perm i t .  
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If  the options  descri bed above are not suff i c i entl y devel oped to produce an acceptabl e so l ut ion  
wi th i n  the  t i me frame demanded by  the  startup of the  demonstration  p l a n t ,  sol ubl e sa l ts produced 
early in the opera t i on of the demonstration  p l ant can be transported by truck to an offsi te 
chemi cal l andfi l l . 

For the l onger term , potentia l  for use  of the waste as a chemi cal  feedstock cou l d  be expl ored . 
Th i s  effort , as wel l as efforts to expl ore the conventional  d i sposal a l ternati ves descri bed above , 
i s  hampered by l ac k  of deta i l ed knowl edge of the compo s i t ion  of the product sal t .  Thorough 
exp l oration  of these al ternati ves wi l l , in  some cases , have to fol l ow actual  production  of a 
product sal t .  

C . 3 . 7 . 3 Process s l udges 

As shown in Tab l e  C . 6 ,  rel ati vely sma l l quanti t i es of process s l udges a re expected to be generated 
from coo l i ng-tower b l owdown treatment , coal p i l e  runoff treatment ,  and raw-water treatment . 
These s l udges wi l l  cons i st primar i l y  of metal hydrox ides , cal c i um s u l fate generated through 
add i t ion  of l i me , and po l ymers . 8ecause env i ronmental i so l at ion  is necessary to prevent sol u bi l i z 
i ng the meta l s caused by contac t wi th rai nwater , groundwate r ,  etc . ,  the most  practi cal  d i sposal 
opt ions  ava i l ab l e  are secured- l andfi l l  d i sposal and chem i cal  fi xation . Secured l andfi l l  d i sposal  
is  cons i dered the preferred d i sposal method , due to the reduced mater i a l -handl i n g  req u i rements 
and i ncreased process rel i a b i l i ty .  The l andfi l l  wal l and cl ay l i ner des i g n  wou l d  be s i m i l ar to 
F i g .  C . 1 2 ,  cross sections  A-A and 8-8 , shown for s l ag d i sposal . The process s l udge l andfi l l  
wou l d  occupy a smal l e r  area i n  acco rdance w i th the s i te p l a n  ( F i g .  C . l ) .  

C . 3 . 7 . 4  Catalysts and adsorbents 

Due  to the smal l quant i ty of th i s  mater i a l , d i sposal shou l d  not be a s i gn i fi cant probl em .  P l ans  
are to  retu rn much of the catal yst to  the suppl ier  for rec l amation . Except for spent acti vated 
carbon , the rema i nder of the cata l ysts and adsorbents wi l l  be d i sposed of i n  a secured l andfi l l . 
I t  i s  expected that the spent acti vated carbon wi l l  be e i ther regenerated or i nc i nerated ons i te , 
w i th d i sposal of the res i du e  i n  the common secured l a ndfi l l  prov i ded for process s l udges . The 
l andfi l l  wal l a nd c l ay l i ner des i gn wou l d  be s im i l ar to F i g .  C . 1 2 ,  cross-sections  A-A and 8-8 , 
shown for s l ag di sposal . The cata l yst/ sorbent l andfi l l  wou l d  occupy a sma l l er a rea i n  accordance 
w i th the s i te p l a n  ( F i g .  C . l ) .  

C . 3 . 8  Toxi c gases 

Some combusti b l e and toxi c gases such a s  Hz , HzS , and CO wi l l  fl a s h  when the quench water assoc i 
ated w i th gas i fi er opera t i on i s  reduced to atmospheri c pressure . Thi s wi l l  be a n  encl osed opera
t i on purged w i th i nert gas ; a l l gases wi l l  be d i rected to the control l ed combustor and fl are 
system ( Sect .  C . 3 . 5 . 4 ) . 

Fug i t i ve l eaks  of tox i c  gases i n  the pl ant , such  as HzS and CO (and  others that are determi ned to 
be of concern ) ,  w i l l  be mon i tored and corrective acti on q u i c k l y  taken to mi n i m i ze the i r  escape . 
Conti nuous-mo n i tori ng systems wi th a l a rms wi l l  be i nsta l l ed .  Speci a l  operationa l  procedures , such  
as the restri ction  of the number of personnel in  certa i n  el evated areas , wi l l  be  used . Resp i ratory 
protection  equi pment wi l l  be i nsta l l ed at strateg i c  l ocati ons throughout the p l a n t .  Sampl e poi nts 
for l i qu i d  streams wi th s i gn i fi cant H zS content wi l l  be spec i a l l y  des i gned to m i n im i ze the escape 
of fl a shed HzS i nto the a i r .  

C . 3 . 9  Mechan i cal  con s i derations  

The  contract between DOE and the  i ndu stri a l  parti c i pant states : "The objective of the Phase I 
effort i s  to des i gn a demon stration  p l a nt w i th a nomi nal feed capa c i ty of 6000 tons of coal per 
stream day u s i ng the fol l ow i ng des i gn pri ori t ies  i n  descendi ng order of i mportance : 

• safety , 

• env i ronment ,  

• operab i l i ty ,  
• fl exi b i l i ty ,  and 
• y i el ds and eff i c iency . "  

These prov i s ions  i n  the contract emphas i ze the importance p l aced o n  safety and env i ronmental 
factors by al l part i c i pants i n  the proj ect .  
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It  i s  rea l i zed that maj or mec han ica l  and materi a l s-of-con struct ion probl ems must be sati sfactori l y  
sol ved for the demon stration  p l ant to b e  tec hn i ca l l y  and env i ronmenta l l y  successfu l . I t  i s  al so 
rea l i zed that u pset cond i ti ons  and opera bi l i ty probl ems cau s i ng shutdown , venti ng , and restart 
i n herently  resu l t  in envi ronmenta l prob l em s ,  beca u se nonnal operati ng condi t i o n s  wi l l  gene ral l y  
y i e l d  h i ghest l evel s o f  emi ss ion  control performance and offnormal operations  may i nvol ve by
pas s i n g  control equi pment and goi ng to the fl a re system . Therefore , i n  add i ti on to emp has i z i ng 
conventional  env i ronmenta l control s and equ i pment duri ng the des i gn , a great deal of effort i s  
be i ng expended and wi l l  cont i nue to be expended on the se l ec t i on o f  the proper mec han i ca l  equ i p
ment and materi a l s of construction  to prov ide a pl ant that can be operated wi th a mi n i mum of 
process u p sets . 

Because onl y l imi ted i nformation  wa s ava i l abl e on the corro s i ve and ero s i ve nature of the vari o u s  
p l ant streams when the Fort Lewi s P i l ot P l ant was des i g ned , a su bstant i a l  amount of corro s i on and 
ero s i o n  prob l ems have been encountered . Thi s was to be ex pected . One of the major  reasons for 
conduc t i ng that parti c u l a r  p i l ot- p l ant program was to iden t i fy and sol ve such  probl ems before 
constructi on of l arger p l ants . Muc h has been l earned in these areas over the past s i x  years of 
opera t i on of the Fort Lewi s P i l ot Pl an t ,  and ongo i ng programs at the Fort Lewi s ,  Exxon , H - Coal , 
and Wi l sonvi l l e  coal  l i q ue faction p i l ot p l ants cont inue  to prov ide  add i t i onal  data . Data from 
the P-99  process devel opment u n i t  have prov i ded and wi l l  conti nue to provi de i nformation  in thi s 
a rea spec i fi ca l l y  rel ated to the S RC- I I  process .  I n  add i t i o n ,  muc h  wi l l  be l earned i n  the future 
about general mec han i c a l  and materi a l s-of-construct i on des i gn req u i rements from the operation  of 
the other l a rger coal - l i quefaction  p i l ot p l ants that are part of DOE ' s  overal l syntheti c-fue l s 
devel opment program. 

Among the prog rams under way or  p l anned for the Fort Lewi s P i l ot P l ant to prov i de suppl emental 
d e s i gn i nformati on are : 

• s l urry-preheater stu d i es to prov ide  add i t i onal  mechan i cal  des i gn data , such  a s  heat-tran sfer 
rates , pressure d ro p ,  and degree of corrosi on and ero s i on ; 

• spec i a l i zed pump i ng tests on several p l ant streams wi th part i c u l a r  emphas i s  on dup l i cati ng 
as c l ose l y  as poss i bl e  stream cond i t i ons  and equ i pment ex pected i n  the demonstrati on p l an t ;  

• conti nued deve l o pment o f  fl ow-mea su rement dev i ces  for severe serv i ces ; 

• conti nued devel opment of control and b l oc k  va l ves . Much has been l ea rned i n  thi s area i n  the 
past ,  but conti nued improvement i s  needed and i s  be i n g  pursued . The u se of some spec i a l 
va l ves , such  a s  bel l ows and d i ap hragm types ,  have l im i ted use  i n  the S RC process due to h i g h  
temperatures and pressures , sol i ds conten t ,  and the e l evated freez i ng po i n t of many of the 
streams ; 

• conti nued corro s i on and ero s i on mon i toring  and test i ng .  I n  add i t i on to deve l op i ng more 
knowl edge of the rea sons for and correc tive  actions  to be taken to mi ti gate probl ems assoc i 
ated wi th corro s i on and erosi on , another major  obj ect i ve i s  to deve l op non-destructi ve types 
of onstream mon i tori ng dev ices , such  as u l trason i c  techni ques  appl i cab l e to h i gh temperatures , 
so that such  dev i ces can be u sed i n  the extens i ve onstream-moni toring  program p l anned for 
the S RC- I I  demon strati on p l ant ; and 

• conti nued devel opment of vari ou s types of pump mec han i c a l  sea l s and fl u s h i ng systems a i med 
at devel opment of those wi th max imum i n tegr ity .  

In  sp i te of the experimenta l nature of i ts operat i o n ,  n o  maj or fi re o r  expl osi on has occurred 
duri ng the s i x  years of operation  of the Fort Lewi s P i l ot Pl ant . 

Much of the SRC- I I  demonstration  p l ant wi l l  use conventi ona l ,  we l l -proven processes and equ i pment . 
Howeve r ,  because i t  i s  a f i rst-of-a- k i nd design  and has several areas  of severe serv i ce , spec i a l  
practi ces wi l l  b e  fol l owed duri ng i ts de s i gn and operati ons phases beyond what i s  normal l y  fol l owed 
i n  the des i gn and operation  of a conventi onal  petrol eum pl ant .  These i nc l ude forma l i zed Safety 
Hazards  Ana l yses ( see Append i x  AA ) , a Re l i a bi l i ty ,  Ava i l ab i l i ty ,  and Ma i nta i na bi l i ty ( RAM) Program , 
and the i ncreased u se of mon i tori ng i n  the preventi ve-ma i ntenance program to m i ti gate equ i pment 
fai l u res and l ea kage of process  streams i nto the env i ronment .  

The u se of doubl e p i p i ng and  encl osure of the l i quefac t i on and  d i sti l l ation  areas  were consi dered 
to mi ti gate l ea kage of potenti a l l y  carc i nogen i c  materi a l s  outs i de of the pl ant area . The use  of 
these des ign  featu res  was rejec ted for the des i gn , safety , and opera t i onal  reasons l i sted bel ow. 
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Dou bl e pipi ng 

• Thi s met hod wou l d  prevent mon i tori ng of wal l thi c kness during  operati on or even duri ng 
shutdown peri ods . Reduct i on of wa l l  t h i c kness  and strength of pressure parts i s  of concern 
re l ated to corro s i on and erosi on .  

• Many o f  the p i pe runs hand l i ng vacuum bottoms a t  400° F o r  more mu st be heated el ectrica l l y  
because steam o r  Dowtherm tra c i ng a re not con s i dered des i rabl e to supp ly  heat a t  th i s  tem
perature . I n  thi s appl i cati on , dou bl e p i p i ng i s  impracti cal . 

• Leakage i nto outer p i p i ng ,  a t  l east on many of the streams , wou l d  sol i d i fy and/or coke . 
Thi s mater i a l  wou l d  be essent i a l l y  i mpossi bl e to remove .  

• Di fferent i a l  expan s i on wou l d  present d i ffi cu l t des ign  probl ems and wou l d  i ncrease potenti a l  
for p i p i ng ru ptu re s .  

• The greater compl ex i ty wou l d  i ncrease desi g n ,  operationa l , and mai ntenance probl ems . 

• Dou b l e p i p i ng does not c hange the pos s i b i l i ty of fl ange l eaks , wh i c h  a re expected to be 
greater than l i ne l ea k s .  

• Cost wou l d  i ncrease si g n i fi cantl y .  

Enc l o s i ng process a rea 

• Thi s method i s  unaccepta bl e and impractical  from a safety v i ewpo i n t .  Even sma l l l eaks  o f  
toxi c  hydrogen s u i fide  and carbon monoxi de woul d  create a ser i o u s  hea l th a n d  safety hazard 
for personnel . Even sma l l l ea ks of hydrogen and carbon monox i de wou l d  cause seri ous expl o
s i on hazard s  because of i nadequate d i spers i o n .  Fi refi ghting  wou l d  b e  hampered a n d  wou l d  
s u bj ec t  fi refi ghters t o  far g reater hazard s .  Even c l oset-si zed encl osures present seri ou s 
probl ems ,  such a s :  the i na b i l i ty to detect smal l l eaks  earl y enough for correcti ve mai n te
nance to be taken ; i ncreased potenti a l  of expo sure , espec i a l l y  of ma i ntenance personnel , to 
hot and tox i c  materi a l s ,  i nc l udi ng hydrogen su l f ide ; and i ncreased c hance of exp l o s i on due 
to confi nement of sma l l l eaks . 

• Some smal l l ocal i zed encl osu res , such  a s  shroud i ng ,  wi l l  be con s i dered for some spec i fi c  
areas of hi g h  l ea k  potenti a l . 



C . 4  EMI S S I ONS FROM THE P LANT 

C . 4 . 1  Ai r 

C . 4 . 1 . 1 Bases  for emi s s i on est imates 
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Envi ronmental  control equ i pmen t and a l ternat i ves  were d i scu ssed in Sect . C . 3 .  The i nformat ion  
provi ded i n  th i s  sect ion  i s  based on  u s i ng cu rren t l y  proposed control methods . When more than 
one al ternate i s  st i l l  be i ng con s i dered , such as t he s u l fur-removal and recovery system , the 
system that wou l d  resu l t  in the greatest emi ss i on rate ( wo rst case ) was u sed fo r determ i na t i on of 
emi ss i ons l i sted and d i scu ssed in  t h i s  sec t i on . 

The data i n  t h i s  sec t i on a re based on the use  of the des i gn coal for the p l an t ,  wi th the analys i s  
l i sted i n  Tab l e  C . 3 ,  and o n  the use o f  a mi xed p l ant  fue l , wi t h  29% o f  the heat i ng va l ue p rovi ded 
by p l ant-produced hydrotreated nap htha w i t h  a s u l fu r  content of 0 . 1 wei g ht percent and a heat i n g  
va l ue of 1 9 , 500 Btu/ l b ,  a n d  7 1 % of t h e  hea t i ng val ue p rovi ded by mi xed p l ant g a s  wi t h  a su l fur  
content o f  1 00 ppmv and a hea t i n g  val ue of 634 Btu per  standard ft 3 •  The combus t i on of t h i s  
mi xed p l ant  fuel p roduces 0 . 047 pounds o f  S02 p e r  mi l l i on B t u  o f  energy rel eased . Con s i derat ion  
i s  now bei ng g i ven to  des i gn i ng the  p l ant so that  a l l  fue l  wi l l  be p rovi ded by  p l ant  gas , w ith  
t he naphtha upgraded to  a l i q u i d  p roduc t .  I f  th i s a l ternat i ve i s  fo l l owed , s u l fur  emi s s i ons 
wou l d  be s ubstant i a l ly  reduced ( see Sec t .  C . 3 . 2 . 2 ) . 

The oxi des o f  n i trogen ( N O  ) ,  tota l s uspended parti c u l ates ( TSP ) , carbon monox i de ( CO ) , and 
nonmethanehydrocarbon ( NMHC ) estimates a re based on ave rage factors ta ken from four  sources : 
AP-42 , E PA 600/ 7-78- 1 00 ,  EPA 600/7 - 78- 1 9 1 , and U . S .  Depa rtment o f  Commerce PB-276-681 . 2 3 -2 6 

Fug i t i ve gas emi s s i ons  f rom l ea ks i n  eq u i pment ,  mai n l y  val ves , pump and compressor seal s ,  open
ended va l ves and dra i ns ,  a re based on p rel imi nary i nfo rma t i on from Rad i an Corporat ion , Report 
EPA-600-2-79-044 , February 1 97 9 .  

The est imates for fug i t i ve T S P  a re based o n  ava i l ab l e fac tors f rom AP-42 a n d  P EDCO reports 2 3 , 2 7 
and on assumed emi s s ion  factors  when l i tera t u re val ues are not avai l ab l e .  

C . 4 . 1 . 2 Em i s s i o n s  dur i ng norma l opera t i on 

Tab l e  C . 1 2  s ummari zes the est imated atmospheric-emi s s i o n  rates under normal p l ant  opera t i on of 
s u l fur  d i ox i de ( S02 ) , n i t rogen ox ides ( NO ) ,  carbon monox i de ( C O ) , part i c u l ate matter ( TS P )  and 
nonmethane hydrocarbons ( NMHC ) .  Ta b l e c . f3 s hows a su l fur  ba l ance for the demonstrat i on p l ant  
u s i ng these  val ues . 

C . 4 . 1 . 3  Emi ss i ons duri ng norma l startup 

One of the majo r  objecti ves d u r i ng the des i gn p hase i s  to des i g n  a p l ant that can be operated i n  
a contro l l ed manner a t  gradua l l y i ncrea s i ng rates dur i ng startup . As s hown graph i ca l l y  by F i g .  C . 1 4 ,  
emi s s i ons  o f  S02 d u ri ng such  a norma l p l ant startup wi l l  be l ess  than dur i ng  normal opera t i on . 
L i kewi s e ,  gaseous emi ss i ons of NO , CO , NMH C ,  and TS P wou l d a l so be l ess  dur i ng a s tartup than 
dur i ng  normal opera t i on . x 

C . 4 . 1 . 4 Emi s s i ons of S02 d u r i ng normal shutdown 

The emi ss i on rates dur i ng a norma l s h utdown wi l l  be s i mi l ar to those dur i ng a normal s ta rtup , 
except that the d u rati on wi l l  be l es s .  

C . 4 . 1 . 5 Em i ss i on o f  S02 d u ri ng contro l l ed reduced rate opera t i on 

As a res u l t of several pos s i b l e operati onal  p rob l ems , i t  may be necessary to cont i nue opera t i on 
of the p l ant  for extended peri ods at reduced rates and wi th some of the envi ronmental control 
eq u i pment not opera t i n g .  E st imates have been made of the fl ari ng rate and S02 emi ss i ons dur i ng 
var i o u s  non - rout i ne cond i t i ons , contro l l ed s tartup , upsets , etc . ,  and are compi l ed i n  Tab l es C . 1 4  
and C . 1 5 .  Al so , the combust i on eq u i pment that wou l d  be u sed for each case i s  s hown . The fl ari ng 
eq u i pment used i n  t he var i o us cases assumed a max i mum contro l l ed-combustor capac i ty of 1 600 mi l l i on  
Btu/ h .  D i scuss i ons wi th supp l i e rs i nd i cated such  a rate may represent the maxi mum s i ze obta i nabl e .  
Such  a contro l l ed combusto r  wou l d have a n  estima ted d i ameter o f  3 5  f t  and a stack h e i g h t  o f  75  to 
1 00 ft . F l a r i ng rates above th i s  l evel wou l d  be d i verted to the fl are whi l e  the contro l l ed com
bustor  wou l d con t i nue to operate at i ts capa c i ty .  
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Table C.1 2. Eltlmate of maximum atmOlpheric emlsllonl at the SRC-II demonltration plant -

Stack Stack Gas Exit Exit Pol lutant em ission rates 
heig h t b  d iameter flow rate velocity tem perature (g/s) 

( m) (m)  (m3/s) (m/s) ( O K )  
SO, NO" CO TSP NMHC 

Equipment name 

Dissolver charge 45.72 2.05 69.2 21 .0 405 3.07 8.64g 0. 1 7  4.28 0.77 
heaters and other 
proprietary heaters 
flue gas 

Fractionator reboilerc  30.48 0.84 1 1 .7 21 .2 450 0.47 3.64 0.03 0.64 0.33 
flue gas 

Power boiler flue gas d  45.72 3.05 1 31 .6 1 8.0 405 5.87 26.66g 3.39 3.09 0.81 
Superheater flue gas 45.72 0.61 4.8 1 6.7 405 0.23 1 .42 0.04 0.29 0. 1 6  
Wastewater 30.48 0.69 7.5 20.4 450 0.30 1 .86 0.05 0.21 0.03 

incinerator gas C 
Oxygen plant fuel 30.48 0.91 1 3.3 20.2 450 0.24 2.43 0.06 0.35 0.29 

gas heater 
Heavy o i l  product 30.48 0.30 1 . 1 4  1 5.6 450 0.04 0.29 0.01 0.05 0.04 

flue gas 
M ineral residue slu rry 30.48 0.30 1 .52 20.9 450 0.06 0.40 0.01 0.09 0.04 

heater C 

Thawing shed emissions 6. 1 e 3.4 1 . 1 325 0. 1 9  1 .2 1  0.04 0.25 0. 1 4  
Coal dryer 24.4 1 .83 56.6 21 .3 381 1 .40 1 0.84 0.08 2.50h 0.30 
SCOT burner and 45.72 1 .98 57.0 1 8.5 478 22.74' 1 .49 0.04 0 . 18  0.04 

incinerator gas 
Coal u n loading, conveying, 4.35 

slag handling, haul 
roads, etc. 

Fugitive 101les 1 .7 

Coal storage pi le 2.88 
Valves, flanges, seals 

Total -- --- -- -- --

34.6 58.9 3.92 1 8.0 5.8 

B Model ing of emissions is based on this table; permit plans incl ude design firing rates for alternative 
modes of operation using 29% naphtha and 71% gas mixed fuel. The permit forms are not additive because 
alternative items are i ncluded , some of which are not normal ly operating. 

b Stack heights are in conform ance with 40 CFR 51 as proposed on Jan uary 1 2, 1 979 (Fed. Regist. 

44:261 3). 
CStack shown is for largest of a group. For specifics of smaller  stacks in the group, see PSD perm it forms. 

Pollutants shown are the total for the group. 
d P lant fuel as 100% n aphtha and 0. 1% sulfur may be used in  some sou rces, but  the total naphtha bu rned i n  the 

plant will be equal  to or less than that used in  preparing this table. 
"No stack-gases go through roof vents (32 ft') about 20 ft above grade. 

f Assumes 250 ppm (volume) SO" from the incinerator, based on dry and oxygen-free stack gas. 
g N O "  emissions are in com pl iance with Subpart D of the New Source Performance Standard (NSPS) for fossil 

fuel f i red boi lers ( Le., 0.3 Ib/ 1 0· Btu for l iquid fuel and 0.2 Ib/ 1 CJ6  Btu for gaseous fuel) .  
h TSP emissions are i n  compl iance with NSPS for coal  dryers ( Le., 0.031 g rains per dry standard cubic foot). 
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Table C.1 3. Sulfur balance during normal operation 

P lant stream 

Feed coal 

Su l fu r  p roduct 
Fuel-o i l  product 
G asifier slag 

Input 

Output 

Vent gases from coal d ryer, 
coal th awing shed, and 
waste-water sludge incinerator 

H eater and boiler stack gas 
H,S incinerator stack g as 

Total output 

S u lfur 
( Ib/h )  

1 7,950 

1 6,81 0  
390 
600 

1 0  

1 0  
40 
90 

1 7,950 

SO, em issions 
(g/s) 

1 .9 
1 0.0 
22.7 
34.6 

"' MAX I M U M  S02 PO LLUTION RATE DU R I NG NO RMAL OPE RAT ION 
---2 
z 0 
en en 
� LJ.J 
f--Z <! f--=:I ...J ...J 0 a.. 

N 0 en 
0 

3 4 5 

STARTUP SEQU E NCE 

NOT E :  BAS E D  O N  M IXED NAPHTHA/PLA NT GAS F U E L. 

6 

1 .  OPE R ATE UTI L IT I ES SUCH AS BO I LE R, COO L I N G  TOW E R, etc. 

2. OPE RATE OXYG E N  PLANT. 

7 8 

ES-5 1 24R 

3. STA RT A GAS I F I E R ,  GAS PU R I F ICAT ION  AND S U L F U R  R ECOV E R Y  PLANTS. F E E D  
AT 50% NORMAL RATE. SU LF U R  R ECOV E R Y  P LANT E F F I C I ENCY I M P ROVES WITH 
TI M E  TOWA R D  99_5%_ 

4. STA RT COA L  F E ED TO D I SSO LV E R  AT 50% NORMAL RATE. START T H E  
R EMA I N D E R  O F  TH E PLANTS. S U L F U R  R ECOV E R Y  PLANT E F F IC I E NCY I MPROVES 
WITH T IME TOWA R D  99 .5% 

5. G RADUALLY R A I SE COA L F E E D  TO T H E  D ISSO LV E R  TO 1 00% OF NO RMAL RATE. 
A DJUST THE SU LFUR  R E CO V E R Y  PLANT TO M A I NTA I N  E F F IC I E NCY. 

6.  STA RT SECO N D  GAS I F I E R  AT 50% NO RMAL R ATE.  S U L F U R  PLANT G RADUALLY 
R E GA I NS E F F I C I E NCY. 

7. STA RT COA L F E E D  TO SECO N D  D ISSO LV E R  AT 50% NORMAL F E E D  RATE. AGA I N  
T H E  S U L F U R  PLANT G RADUA LLY R EGA INS  E FF I C I E NCY. 

8. G RADUA LLY R A I SE COA L F E E D  TO TH E SECO N D  D ISSO LV E R  TO 1 00% OF NORMAL 
RATE. TH E SU L F U R  PLANT MA I N TA I N S  E F F I C I E N CY W ITH T H E  G RADUAL I NC R EASE 
IN F E E D  RATE. 

F i g .  C . 1 4 .  502 emi s s i ons  dur ing  a norma l p l ant startu p ( not i n i ti a l  startu p ) . 
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Table C.14. Flaring rate and SO. emissions during reduced-rate controlled operation 

Flare system combustion 
SO, emissions 

device used 
Case Description 

Flaring rate Duratio n 
Rate Total ( 1 0"  BTU/h) Control led Elevated (h )  
(g/s) pounds 

combustor f lare 

A O ne gasifier at half-rate, 400 X 1 2  3 285 
equivalent to 25% of gas-
p lant capacity. Venting 
downstream of pur if ica-
tion 

B One d issolver at half-rate. 600 X 24 0.3 57 
Equ ivalent to 25% p lant 
capacity. Recycle H, sys-
tem in operation but by-
passing cryogenic u n it .  
Venting downstream of 
D EA to purge CH,.  Gasifi-
cation p rov id ing makeup 
H, to maintain H, partial 
pressu re in  d issolver 

C One d issolver at fu l l  rate. 1 200 X 240 0.6 1 1 42 
Equ ivalent to 50'10 p lant 
capacity. Recycle H, system in 
operation but bypassing cryo-
genic u n it. Venti ng down-
stream of DEA u nit to purge 
CH • .  Gasification p rov id ing 
makeup H, to maintain H,  par-
tial pressu re in d isso lver 

D One gasifier at half rate. 400 X 48 1 .3 495 
Equivalent to 25% of g as-
plant capacity. G as vented 
through sulfur p urifica-
tion and recovery; only 
50'10 efficiency assumed be-
cause of low rates 

I t  shou l d be noted that the fl ar ing  rates shown i n  Tabl es  C . 1 4  and C . 1 5 actua l l y  wou l d  be l e ss  
than  that  s hown s i nce substant i a l  quant i t i e s  of the  gas wou l d  be  u sed a s  fuel , rather than  fl a red . 

The cases shown are bel i eved to be representati ve of pl anned startup steps , but other cases a re 
a l so poss i b l e  wi th emi ss i ons  proporti onal to the coal feed rate ( see descri pt ion head i ng i n  Tab l es 
C . 1 4  and C . 1 5 ) .  Under control l ed startu p ,  emi s s i ons wi l l  be l ess  than for norma l operation  at 
ful l capac i ty .  

C . 4 . 1 . 6  Emi s s i on of 502 duri ng upset and emergency condi ti ons 

Duri ng u psets and emergenci es , the fl are system wi l l  be u sed to re l ease gases in a safe manner to 
prevent equ i pment  damage and personnel hazards . The rate of re l ease of contami nants such as 502 
may be l arge , but the t i me wi l l  be l imi ted because the p l ant wi l l  be shut  down , or correction wi l l  
be made i n  a short t ime . 

The 502 emi s s i ons duri ng four u pset or emergency cond i t ions  that cou l d  occur i n  the demonstration  
pl ant a re s hown in  Tab l e C . 1 5 .  

C . 4 . 1 . 7  Emi ss i ons  of NOx, CO , and NMHC duri ng abnormal cond i t i ons  

Because the formation  and emi s s i on of NOx ' CO , and  NMHC a re rel ated to the quant i ty of materi a l  
burned , abnormal operat i on that req u i res rel ease of g a s  t o  t h e  fl are system wou l d  tend t o  i ncrease 
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Table C.1S.  Flaring rate and SO,  emissions during emergency and upset conditions 

Flare system combustion 
SO, em issions 

device used 
F laring rate D u ration Rate Total Case Description ( 1 OS  BTU/h)  Controlled Elevated ( h )  

(g/s) pounds 
combustor flare 

A One d issolver b lown down from 6,000 max X X 3/4 333 1 ,980 
normal operat ing pressure to moderate 
near atmospheric pressu re i n  decl ine 
45 min .  B locked upstream 
of preheater and downstream 
of the second h ig h-pressure 
flash drum 

B Two gassifiers at fu l l  load, 2,000 X X 2 1 620 25,700 
eq u ivalent to fu l l  gas-p lant 
capacity. Venting upstream 
of pu rification 

C O ne d issolver at fu l l  rate 1 ,600 X X 4 350 1 1 , 1 00 
without cryogenic u n it or puri 
fication. Recycle H, parti-
a l ly vented to purge CH, .  
Gasification p rovid ing 
makeup H, to maintain hy-
d rogen partial p ress ure 

D Two gasifiers at fu I I rate 3,000 max X X 1/1 2 84 56 
and pressure. Equ ivalent rapid 
to fu I I  gas-plant rate. decl ine 
B locked i n  and b lown down 
in 5 m i n ,  bypassing 
pu rification 

the i r  emi s s i ons . Cou nterac t i ng th i s ,  however ,  i s  the fact that most fl ar ing  i nc i dents occur at 
reduced p l ant rates when l ess fuel is bei ng burned and fi red heater emi s s i ons are therefore bel ow 
normal l eve l s .  Dur i ng most abnormal operat ions , the vent i n g  rate wi l l  be such  that combustion  of 
a l l vent gas occu rs i n  the contro l l ed combu stor ,  wh i c h  wi l l  be an effi c i ent bu rner and thus wi l l  
p rov ide  more compl ete combust ion of the vented NMH C .  

C . 4 . 1 . 8 Fugi t i ve hydroca rbon emi s s i ons 

Under contract to EPA,  Rad i an Corporation recent ly  publ i shed a repo rt ( E PA-6DO-2-79-044 ) descri b
i ng methods for estimat i ng NMHC emi ss i ons from petrol eum ref i neri es that use mai ntenance p ro
cedu res s i m i l ar to those that have been in use for many yea rs ( unmi t i gated ) and from the same 
fac i l  i t i es u s i ng a " d i rected" mai ntenance p rogram ( m i t i gated ) . I n  a " d i rected " ma i ntenance 
prog ram , po rtabl e total -hydrocarbon mon i toring  equ i pment is used extens i ve l y  to determi ne when 
ma i ntenance shou l d  be performed on speci fi c i tems , and , by mon i to r i n g  wh i l e  mai ntenance i s  
b e i n g  performe d ,  to determ i ne when i t  i s  suffi c i ent . Sect i on 3 . 5 . 1 d i scusses the d i rected ma i n 
tenance p rog ram proposed for the demonstrati on p l an t .  Because the SRC- I I  demonstrat i on p l ant i s  
s i mi l ar i n  some ways to a petro l eum refi nery , the methods descri bed i n  the Rad i an report were u sed 
to estimate NMHC emi s s i ons  from the demonstrat i on pl ant . Based on p rel im i nary fl owsheets of the 
demonstra t i on p l ant , estimates have been made of  the fug i t i ve emi s s i on sou rces in the vari ous  
u n i ts of  the p l ant . These  estimates are shown i n  Tab l e C . 1 6 .  The  emi s s i on factors associated 
wi th each cl ass of  component are shown in Tabl e C . 1 7 .  Because the average compos i t i o n  of the 
materi al  in the var ious  u n i ts can be esti mated , these data were used to est imate the quant i t i es 
of fug i t i ve emi s s ions  wh i ch wou l d  occ u r  i n  the SRC- I I  demonstrat i on p l ant with  and wi thout 
" d i rected " ma i ntenanc e .  Tabl e C . 1 8  shows estimated unm i t i gated and m i t i gated emi s s i ons , In some 
cases , the emi s s i on facto rs depend on the natu re of the hydroca rbon stream . Because the heavy 
fract ion ( +600° F )  o f  the SRC- I I  l i q u i d s  i s  bel i eved to have more adverse tox i co l og i cal  p roperti es 
than the l i ghter l i qu i ds ( s ee Sect .  4 . 1 ) ,  an esti mate of  m i t i gated emi s s i ons of l i q u i ds boi l i ng 
above 600 ° F  a l so has been made and i s  i nc l uded i n  the same tabl e .  The data for unm i t i g ated 
emi s s i ons a re somewhat i rrel evant s i nce the SRC- I I  demonstration  p l ant wi l l  have a "d i rected " 
mai ntenance p rogram . Compa r i son of the tab l es show, howev e r ,  the i mp rovement wh i c h  i s  theo reti 
cal l y  poss i b l e  by p roper mai ntenance p racti ces . The est imated m i t i gated total  of NMHC i s  about 
95 tons per year .  Ac h i evement o f  substant i a l l y  l ower l evel s does not appear to b e  p racti cabl e .  
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Table C.1S. N umber of possible fugitive emission sources 

Plant I n l ine F langes Pump Compressor Vents and O pen-ended D rains u n it valves seals seals relief valves valves 

1 1  1 706 1 562 47 1 2  266 62 
1 2  1 82 1 28 1 0  5 6 1 0  2 
21  380 637 27 7 96 1 6  
22, 23 1.55 1 70 1 6  1 4 1 
24, 25 56 60 1 0  1 4 1 
31  1 60 2 1 5  6 1 1 6 2 
32 220 31 5 8 4 3 28 4 
33 50 70 1 2  2 1 0  4 
34 2 1 8  300 32 1 59 23 
35 60 95 6 2 8 2 
4 1 , 42, 43 1 80 2 1 5  48 2 1 6  6 
54 230 390 1 8  2 1 4  

Table C.H. N MHC emission factors for components ( lb/h) 

L ine  valves 
F langes 
Pump seals 
Compression seals 
Vents and relief valves 
O pen-ended valves 
D rains 

G as vapo r with G as vapor with L ight  l iqu id Heavy l iqu id 
> 50"10 H, by volume < 50"10 H, by volume two-phase streams streams 

0.059 0.0 1 8  0.024 0.0005 
0.00056 0.00056 0.00056 0.00056 

0.25 0.046 
1 .4 0 . 1 1 
0. 1 9  0. 1 9  0. 1 9  
0.064 0.023 0.029 0.0055 

0.07 0.07 

Table C .1 B. Estimate of fugitive NMHC emissions (Ib/h) 

Source 
Em ission U n m itigated M itigated M it igated 

factor total NMHC total NMHC +600° F NMHC 

I n l ine valves a 82 5 0.09 
F langes 0.00056 2 2 0. 1 5  
Pump seals a 43 9 0.28 
Compressor seals a 1 6  3 
Vents and relief valves 0.1 9 7 
O pen-ended valves a 1 3  1 0.04 
D rains 0.07 9 4 0.42 

Total 1 72 24 0.98 

a Detailed in  Table C . 1 7 .  
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C . 4 . l . 9  Ve h i c u l a r  emi s s i ons  duri ng pl ant operati ons 

Mob i l e  pl ant equ i pment 

The ma i n  contri butor to a i r  emi ss i ons from mob i l e  p l ant equ i pment wou l d be the off- h i g hway trucks 
used to transport gas i f i e r  sl ag from the p roces s area to the waste d i sposal  a rea . I t  shou l d  be 
noted that transport of s l ag to d i s posal  by bel t conveyor ,  i n stead of truck , i s  the p l ant des i gn 
bas i s .  Under that method , the emi s s i ons  rel ated to s l ag truck ing do not ex i s t .  As a worst-case 
assumpti on , s l ag trans port by truck is used to estimate emi s s i ons . About 1 00 round tri p s ,  of 
about 3 mi l es each , wou l d  be req u i red per day . Assum i ng 2 m i l es/gal  of d i esel  fuel , about 
55 , 000 gal  of fuel wou l d  be u sed per yea r ,  res u l t i ng in the estimated emi ss ions  shown i n  
Tab l e  C . 1 9 .  

H i ghway veh i c l es 

Table C.19. Emissions from mobile plant equipment 
during operation phase' 

Pol l utant 
E missions 

Ib/ ( 1  ()3 gal)  Ib/d tons/year 

CO 92.2 1 3.9 2.5 
HC 30.0 4.5 0.9 
NO x 52.4 7.9 1 .5 
SO x 31 .2 4.7 0.8 
TSP 1 7. 7  2.7 0.5 

' worst-case em iss ions, reflecting truck slag opt ion.  

Duri ng opera t i on of the p l ant , the tota l average work force is estimated to be 550 , i nc l ud i ng 
contract ma i n tenance personne l . Assumi ng an average of 2 . 0  person s per veh i c l e ,  an ave rage round
tri p commu t i ng d i stance of 30 mi l es ,  p l us  an 8% add i ti onal a l l owance for del i very veh i c l es , wou l d  
resu l t  i n  3 . 2  mi l l i on veh i c l e m i l es per yea r ,  with  estimated emi ss i on rates s hown i n  Tab l e C . 20 .  
Em i s s i on factors for a l l h i ghway veh i c l es a re g i ven i n  AP42 , Tab l e 0 . 7 . 1 ,  p .  0 . 7 . 1 . The m i x  
i nc l udes about 8 %  heavy-duty vehi c l es ,  wh i ch commuters wou l d n o t  u s e .  However , because many of 
the del i ve r i e s  to the p l ant wi l l  be heavy-duty veh i c l es , the referenced bas i s  was used for these 
emi s s i on determi nati ons . 

On ly  a sma l l  port i on , perhaps 1 0% ,  of the above emi s s i ons  wou l d  occur  at the demonstration  
p l ant- s i te .  

Table C.20. Emissions from highway vehicles 
during operation phase 

Total e m issions 
Pol lutant 

g/mile Ib/d tons/year 

CO 23.0 445 81  
H C  4.2 81 1 4  
N O x  3 . 1  60 1 1  
SOx 0.20 3.9 0.7 
TSP 0.44 8.5 1 . 5  
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C . 4 . 2  Water 

C . 4 . 2 . 1  Characteri zation  of the treated wastewater di scharge 

The estimated average d i scharge rate of treated was tewater to the Monongahe l a  Ri ver i s  1 238 gpm . 
Tabl e C . 2 1  s hows the esti mated average concentration  and est imated average dai l y d i scharge rate of 
contami nants in the effl uent from the SRC- I I  demonstrati on p l ant to the Monongahe l a  R i ver . These 
data are based on ( 1 )  l each ing  tests performed on gas i f i e r  s l ag that are d i scussed in Sec t .  
C . 3 . 7 . 1 , ( 2 )  anal yses of  untreated a n d  treated wastewater a t  t h e  Ft . Lewi s S R C  P i l ot P l an t ,  
( 3 )  analys i s  o f  d i s so l ver-area process wastewater from the P-99 P i l ot P l ant a t  Harmarv i l l e ,  
( 4 )  gas i fi er q uench water anal yses from the gas i f i er at Texaco ' s  Montebel l o  P i l ot P l ant , and from 
( 5 )  coal -p i l e  runoff data from vari ous  sources i ncl ud ing  Appendi x K .  

Table C.21. Estimated concentration range of contamlnanta 
in treated composite wastewater discharged 

to the Monongahela Rivers 

Parameter 

BOD,  
Total suspended solids 
COD 
Oi l  and g rease 
P henol 
A mmonia 
Su lfide 
Cyanide (free) 
I ron 
Total chromium 
Total  dissolved sol ids 
S ulfate 
pH 

Average 
concentration 

( mg/l iter) 

1 0  
1 0  

1 00  
5 
0. 1 
5 
0.0 
0. 1 5  
1 .0 
0 .2 

3,000 
1 ,000 

6.0-9.0 

B Based on d ischarge flow rate of 1 238 gpm.  

Average da i ly 
discharge rate, 

( Ib )  

1 50 
1 50 

1 ,490 
75 

1 .5 
75 

o 
2.25 

1 5  
3.0 

44,000 
1 5,000 

Tabl e C . 22 s hows compounds that a re known to be i n  waters generated from coal convers i on 
processe s .  E s timates o f  proce ss  water contami nant l evel s were obtai ned from the fol l owi ng 
source s :  

( a l P-99 un i t - vari o�s  process water anal yses . 

( b ) " Eng i neeri ng Study on Texaco Gas i f i e r  Wastewater Recl amati on System" ,  Propri etary Report by 
Hydro Qual  I n c . 

( c )  " EDS  Coal L i q uefacti on Process Devel opment"  Phase I V ,  Quarterly Techni cal  Progre s s  Report for 
the peri od Oct .  l -Dec . 3 1 , 1 978 .  

Process waters wi l l  be  generated i n  the  S RC- I I  process i n  various  process  areas .  These waters 
wi l l  then be combi ned for treatment , and some of the water wi l l  be recycl ed in the process ; 
the remai nder of the treated wastewater may be d i scharged to the Monongahel a R iver .  

Est imate s of  the compounds i n  the  process waters were we i ghted to  account  for th i s  d i stri buti on i n  
the vari ous  process streams . The res u l ti ng contami nant l evel s are s hown i n  Tab l e C . 22 under 
" Process  Wastewater" . 

Under the as sumpti on that Best Avai l ab l e  Control Technol ogy ( BACT ) i s  be i ng u sed , as descri bed by 
Fi g .  C . 1 0 , the reduction  of contami nant l evel s by pri mary and secondary treatment resu l ted i n  the 
estimated l evel s s hown i n  Tabl e C . 22 under " P rocess Wastewater Treatment Effl uent . "  Depend i ng on 
mol ecu l ar weight  of the PNAs , a reducti on of about 75% was assumed by chemi cal  oxidation  and 
b i o l og i ca l  treatment .  Th i s  reduct i on appears reasonabl e based on some Fort Lewi s water analyses , 
open l i terature data , process des i g n  i n formati on and data con ta i ned i n  the SRC- I DE I S .  

The remai nder o f  the redu ction  i n  contami nant l evel wi l l  b e  achi eved by tert i a ry treatment , as  
s hown in  F i g .  C . 9 ,  wi th the poss i b l e addi t i on of chemi cal  oxi dati on , if  req u i red . 



C-61  

Table C.22. Estimate 01  organIc compounds in  SRC-I I 
process wast_ater and tertiary treatment effluent 

P rocess 
Tertiary 

P rocess wastewater 
wastewater treatment 

treatment 
effluent 

(mg/l iter) effluent 
(mg/liter) 

(mg/l iter) 

F l uorene 0.3 0.08 0.02 
Pyrene 0.25 0.06 0.Q 1 5  
Phenanthrene 0.36 0.09 0.001 
F luoranthene 0. 1 1  0.03 0.001 
Tetral in 0 . 1  0.02 0.005 
B iphenyl 0.2 0.05 0.005 
Acenaphthene < 0. 1  0.02 0.002 
D iphenylmethane 0.3 0.05 0.0 1 8  
Benz[a]anthracene 0.01 a 
Triphenylene 0.002 a 
M ethylbenz[ a] anth racene 0.003 a 
D ibenzofu ran 0.5 0. 1 2  0.Q1 
A nthracene < 0.05 0.01 0.003 
Benzo[a] pyrene < 0.003 a 
Benzo[e] pyrene < 0.002 a 
Xanthene 0 . 1  0.025 0.002 
Benzo[g,h,i] perylene 0.004 a 
Phenol b 0.1  

aNo data. 
bSee Table C.21 . 

The est imates o f  reducti on from col umn 2 to col umn 3 i n  Tab l e C . 2 2  are based upon an engi neeri ng 
eval uat ion of tec hnol ogy sources and open l i terature , i nc l u d i ng : 

( a )  "Acti vated Ca rbon Adsorpt i on of Petrochem ica l s "  by D .  M .  G i usti , R .  A .  Conway and 
C. T.  Lawson , Journal WPCF ,  Vol . 46 , No . 5 ,  May 1 97 4 .  

( b )  "Appl i ca t i on of the Pol anyi Adsorpt i on Theory to Adsorption  from Sol ut ion  i n  Acti vated 
Carbon " by M. Manes and L .  J .  E .  Hofe r ,  The Journal  of Phys i cal  Chemi stry ,  7 3 ,  1 96 9 .  

( c )  "Ox i dation  of Pheno l s by Ozone , "  by J .  P .  Gou l d  and W .  J .  Webber,  J r . , Journal WPC F ,  Vol . 48 , 
No . 1 ,  J anuary ,  1 976 . 

Tab l e C . 23 attempts to defi ne such  trace e l ements that a re known to be contai ned i n  coa l 
convers i on process waters . Data were gathered from various  sources , and fl ow stream wei ghting  was 
executed as prev i ou s l y  desc ri bed for the organ i c  compounds . 

Est imates of trace e l ements i n  the process  wastewaters are based on the fol l ow i ng sources : 

( a )  Harmarv i l l e  P-99 u n i t ,  various  process  water anal yses . 

( b )  Fort Lewi s p i l ot p l an t ,  vari ous  process  water anal yses : "So l vent Refi ned Coal ( SRC ) P rocess : 
Trace E l ements " , I nterim Report : Trace E l ements i n  the S RC-Process for the peri od Aug ust 1 ,  
1 977  - February 28 , 1 979  by R .  H .  F i l by et a l . ,  Was h i ngton State Un i vers i ty ,  Nuc l ear Rad i a 
t i on Cente r ,  P u l l man , Washi ngton , J u l y  1 980 . 

( c )  S RC- I DE I S .  

( d )  " EDS Coal L i quefact i on Process Deve l o pment" Phase I V ,  Quarter l y  Tec hni cal  Progress  Devel op
ment" Phase I V ,  Quarterly Techn i ca l  Progress Report for the period Oct. l - Dec . 3 1 , 1 97 8 .  

T h e  reduction i n  trace e l ement l evel s d u e  t o  secondary a n d  tert i a ry treatment were estimated to be 
suffi c i ent to essent i a l l y  meet water effl uent standards as del i neated i n  " Coal Convers ion  Control 
Technol ogy - Vol ume 1 - Env i ronmental Reg u l ations  - L i q u i d  E ffl uents " U . S .  Depa rtment of Commerce . 
N T I S  - PB80 - 1 26469 , October 1 97 9 .  
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Table C.23. Estimate of  trace elements In  SRC-II process water 
and tertIary treabnent effluentS 

R iver 
P rocess Most stringent EPA Tertiary treatment standards 

wastewater standards from DE IS effluent (mg/l iter) 
(mg/l iter) (mg/l iter) (mg/ liter) 

Pa. W. Va. 

Titanium <3 0.5 
Vanadium <0.25 0.08 
A luminum <2 0.2 
A rsenic 0.03 0.01 <0.01 0.05 0.01 
Selen ium 2.5 0.01 0.03b 0.01 
Mercury 0.05 0.0005 0.001 
N ickel 0. 1 2  0.01 c 
C hromium 0.05 0.2 0.05 0.05 
Cadmium <0.006 0.00 1 2  d 0.01 
Barium <0.2 <0. 1 5  0.50 
Lead 0.2 0.05 0.05 0.05 0.05 
S i lver 0.05 0.05 0.02 0.05 
Zinc 0.5 0 . 1  c 
Boron 1 2  d 
I ron 0.3 1 .0 
F luoride 70 1 . 0  1 .0 2.0 1 .0 
Copper 0. 1 1  1 .0 0.07 c 
Bery l l ium 0. 01 3 1 . 1  d 

BThis estimate is based on Fort Lewis l iquefaction effluent accounting for one-third of the 
input flow and the gasifier accounting for the remain ing two-thi rds after bio-ox idation. There 
is no coalpi le ru noff. 

b Exceeds 0.01  standard 
CStandard based on 96-h LC50 (b ioassay). 
d No data. 

Aga i n , as sumi ng that the proposed system wi l l  be BACT for removal of the trace e l ements from the 
proces s  wastewater , the determ i n at i on of  the est imated reductions  were made by an eng i neeri ng 
eval uat i on of technol ogy sources and open l i teratu re , i nc l u d i n g : 

( a ) " Adsorption  of I norgan i c  Compounds by Acti vated Carbon" by E .  A .  S i gworth and S .  B .  Smi th , 
Journal  AWWA - Wate r Technol ogy/Q ua l i ty ,  J une 1 972 . 

( b )  U . S .  Department o f  Commerce . N T I S  PB80- 1 26469 , October , 1 979 , Tab l e 8-6 : Removal  of Heavy 
Meta l s  by L i me Coagu l ati on , Sett l i ng and Recarbona t i on . 

Wastewater character izat ion stu d i e s  a re cont i nu i ng  wi th spec i a l empha s i s  on pr ima ry po l l utants 
in  the effl uent in  accord ance wi th EPA gu i de l i nes - Water Q ua l i ty Cri teri a .  These stud i e s  are 
current ly  i n  prog ress  u s i ng process  water generated i n  the P-99 test l oop . 

I nadequatel y  treated wastewa ter cou l d  present a s i gn i f i cant poten t i a l  adverse envi ronmental 
impact ; thus , thorough p i l ot tes t i ng of the proposed wastewater treatment system is es sen t i a l  
i n  con f i rm i n g  i ts adequacy . 

Prev i ou s  p i l ot testi ng has been conducted on wastewater purge streams from both the P -99 d i s 
so l ver p i l ot pl ant and the Texaco g a s i f i e r  purge . However , n o  tests have been conducted o n  the 
comb i ned wa ste streams . The was te streams j udged to have the greatest po l l u t i on potent i a l  are 
the purge streams from the d i ssol ver and the gas i fi er u n i ts and the coa l p i l e  runoff .  Other 
l ess  contami nated streams that contri bute s i g n i f i cantly to the fl ow rate are the process area 
runoff and the s l ag p i l e  l eachate . 

I n  add i t ion , data i s  needed for equ i pment des i g n  and system i nteract i on .  

To s upp ly  the data req u i rements needed for the des i gn o f  wastewater treatment equ i pment and to 
obta i n  an i nc reased l eve l  of confi dence that the proposed treatment p h i l osophy i s  adequate , a 
coherent p i l ot treatabi l i ty program i s  be i ng p l anned . Th i s  program wi l l  be conducted u s i ng the 
se l ected feed coa l  and subj ected to the operati ng cond i t i ons  that a re anti c i pated in the 
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Demonstrat i on P l ant . Data  col l ec t i o n  and anal ys i s  wi l l  be d i rec ted toward obtai n i ng data 
necessary fo r equ i pment s i z i ng and des i gn , as we l l  as  po l l utant abatement . 

Because  tox i c  pol l utants and carci nogens such as PNAs and heavy metal s a re conta i ned w i th i n  
some o f  the wa stewater streams , i t  i s  essent i a l  that the proposed treatmen t sys tem demon strates 
i ts a b i l i ty to remove these components to envi ronmental l y  acceptabl e l ow l evel s .  

The qua l i ty of the data wi l l  be j udged on the i r  approa c h i n g  e l ectroneutra l i ty and ach iev i ng  a 
reasonab l e  mate r i a l  ba l ance . Comparisons  wi l l  a l s o  be made w i th regard to predi cted component 
sol u b i l i t i e s  based on sol u b i l i ty products and the compos i t ion  of  s imi l ar waste streams reported 
in the l i terature . 

Al though i t  i s  ant i c i pated that the des i gn e ffort wi l l  be wel l underway by the t ime res u l ts of  
the  treatab i l i ty test  are  avai l abl e , there wi l l  be s u ff i c i ent t ime to  ei ther confi rm the  des i g n  
ba s i s  pri o r  t o  constru c t i on and/or make changes i n  the des i gn as requ i red . 

An object i ve o f  the test i n g  program wi l l  a l so be to determ i ne the operab i l i ty l i mi ts of the waste 
treatment sys tem . The l im its  of b i otoxi c i ty and sys tem response to organ i c  and hydrau l i c  
shock l oad ing  wi l l  be assessed . 

Al te rnati ve wastewater treatment concepts wi l l  a l so be s imul ated to arri ve at the optimum wa ste
water treatment conf i g urati on . The most press i ng questi ons , s uch as ( 1 )  the sequence of tar 
ac i d  recovery and acid gas str i pp i ng on the d i ssol ver pu rge s t ream , ( 2 )  the effecti veness of  
ca rbonat i on i n  prima ry treatment , ( 3 )  the  effecti veness of powdered acti vated carbon i n  
act i vated s l udge treatment , and ( 4 )  the feas i b i l i ty o f  i nc l u d i n g  reverse osmos i s  i n  the desa l i na 
t i on u n i t  operat i on , wi l l  be answered b y  t h e  treatab i l i ty tes t i n g  prog ram . I n  th i s  regard , 
the effecti veness of each u n i t  operat i on i n  the proposed treatment process i n  removi ng tox i c  
o r  hazardous components wi l l  b e  assessed . 

C . 4 . 2 . 2  D i s charge to the Monongahe l a  Ri ver vs zero d i sc harge 

The s i te of the p roposed p l ant is in West V i rg i n i a , border i n g  on Pennsyl van i a , so , in add i t i on to 
the N PDES d i scharge standards , the impact on the Monongahe l a  Ri ver w i th regard to i n stream water
qual i ty standards for both states has been exami ned . On the bas i s  of these exami nati ons , it i s  
concl uded that the most restr i ct ive  standard wi l l  u s ua l l y  be Pen nsyl van i a ' s  standard for total 
d i sso l ved sol i d s  - 500 mg /l i ter . I t  shou l d  be noted that EPA w i l l  deve l o p  effl uent l i m itati ons 
for the p l ant  that wi l l  be i denti fi ed in the Nat i onal Pol l utant D i scharge E l imi nati on System 
( NP DES ) permit  and factored i nto the des i gn bas i s  for the wastewater treatment p l ant . 

A pre l imi nary study has been made to determine the impact of the treated -wastewater effl uent on 
the Monongahel a R i ve r .  Data on ri ver fl ow rate and d i ssol ved sol i ds  content ( F i g .  C . 1 5 )  taken 
d u r i n g  1 9 76 , 1 977 , and 1 9 78 at the Star C i ty B r i d ge gag i ng stat i on ( a bout 3 mi l es upstream of the 
proposed p l ant  s i te ) , were used to c a l c u l ate the capac i ty of the Monongahe l a  Ri ver to accept 
d i ssol ved so l i ds w i thout exceed i ng the 500 mg/ l  d i sso l ved -so l ids  l i m i t .  These val ues were p l o tted 
on a probab i l i ty gr id  ( Fi g .  C . 1 6 ) . Th i s  gr id  i s  one of a fam i l y  of probab i l i ty pl ots for metal s 
and other effl uent consti tuents . U s i n g  the estimated quant i ty of d i ssol ved so l i ds  d i scharged by 
the demon strat i on p l ant of 44 ,000 l b/d , as shown i n  Tab l e  C . 2 1 , and assum ing  that the demon stra 
t i on pl ant wi l l  b e  al l owed 1 0% o f  the r i ver capac i ty to accommodate d i sso l ved sol ids  befo re 
exceed ing  the 500 mg/l TDS l imi t ,  i t  i s  estimated by u s i n g  F i g .  C . 1 6  that treated process waste
water c ou l d  f l ow to the ri ver approximate l y  95% of the time . Converse l y , it wou l d  be necessary to 
operate water-recl amat i on ( desal i nat i on )  equ i pment o n l y  5% of the time .  

O f  the vari ous water  contami nants for wh i ch data perta i n i ng t o  the Monongahe l a  R i ver  are avai l ab l e , 
total d i s sol ved sol ids  i s  expected to pro v i de the most severe d i scharge constra i nt when operat ing  
the  demon stra t i on p l an t .  D u r i n g  the  fi rst years of operat i on , i t  i s  expected that l i ttl e add i 
t i onal  i ndustr ia l  devel opment wou l d  have taken p l ace i n  the reg i on , so that much o f  the ex i s t i n g  
ass im i l at ive  capa c i ty o f  the r i ver  mi ght be ava i l ab l e  t o  the SRC- I I p l ant . However , to prov ide  a 
conservat i ve estimate of the i nfl uence o f  ri ver capac i ty on wastewater treatment operati ons , i t  i s  
a s sumed that regu l atory agenc i es wou l d  a l l ot 1 0% o f  ava i l ab l e  capac i ty to the demonstrat i on 
pl ant . 

Base l i ne p l ant des i g n  pro v i des  for r i ver  d i scharge of tert i a ry -treated and pol i shed effl uent mo st 
of the time , as  descri bed i n  Append i x  C ,  Sec t .  C . 4 . 2 . 2 .  Th i s  i s  a rev i s i on from the DE I S ,  wh i ch 
s pec i fi ed a zero-di scharge system . The reasons for pre ferri ng the d i scharge mode i n  normal p l ant 
opera t i on i nc l ude :  

• l ack o f  opera t i ng h i s to ry on zero-d i scharge u n i ts a t  coal convers i on fac i l i ti es , i mp l y i ng 
that un i ntended eme rgency d i s charges may occur  frequently ( e . g . ,  as a resu l t of extended 
p l ant s hutd own or  abnorma l l y  heavy ra i n fa l l ) ;  
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i;TOTAL DISSOLVED SOLIDS (TDS) 
IN RIVER 

,/'1 1: " l  .\ 
. V �' \) 0J \". 

TOTAL ASSIMILATIVE CAF¥.CITY 
AT 500 mgll TDS 

�AVAIIL.AIILE 
ASSIMILATIVE 
CAPACITY 

E S -5 5 7 7  

TONS/DAY OF 
DISSOLVED SOLIDS 
IN RIVER 

Fi g .  C . 1 5 .  F l ow rate , total d i ssol ved sol i d s ,  and  a s s i mi l ati ve capac i ty of the 
Monongahe l a  R iver  i mmed i a te l y  upstre am of  the proposed s i te fo r 1 976-78 . 

• i ncreased energy consumpti o n  by evaporators i n  zero-di scharge operati ons ; 

• probl ems of bri ne o r  so l u b l e s a l ts d i sposal  may exceed the prob l ems of addi ng  trace 
concentrati ons  of s al ts ,  meta l s ,  or  organi cs to the r i vers ; and  

• zero-di scharge must be app l i ed s i te- spec i f i ca l l y ,  and  i ts pr i nc i pal  app l i cati ons occur i n  
ari d regi ons , not  i n  the reg i on whe re the SRC- I I  p l ant i s  proposed to b e  l ocated . 

The capabi l i ty for zero-di scharge operation  i s  reta i ned i n  the base l i ne des i gn b u t  w i l l  on l y  be 
u sed when requ i red by terms of  the p l an t  operati ng permi t ( i . e . , l ow r iver  f l ow and/or i nabi l i ty 
of the ri ver to accommodate TDS or other chemi c a l  spec i es due to water qua l i ty s tandards be i ng 
approached ) . 
I n  actual i ty ,  the peri ods duri ng whi ch the water-recl amat ion  equ i pment wou l d  be opera ted wou l d  
depend o n  many factors that a re d i ffi cu l t to accuratel y  predi ct a t  th i s  t i me : r iver  f l ow ,  amb i en t  
TDS l evel s ,  ambi ent a n d  effl uent l evel s o f  parti cu l ar species  o r  e l ements , a n d  so l u b l e-sa l ts 
generati on rate i n  the p l an t ,  Duri ng peri ods of l ow r i ver f l ow and h i g h  TDS l eve l s  i n  the r iver , 
wh i ch requi re operati on of the water-recl amat i on equi pment ,  the sa l ts  i n  the treated proce s s  
wastewater wi l l  be concentrated i n  a bri ne  sol ut i on , the bri ne wi l l  be  d i sposed of i n  an approved 
di sposal  method , ( see Sect . C . 4 . 7 . 2  for d i scus s i on of a l ternati ves ) , and the rec l a i med was tewater 
wi l l  be  recycl ed to the proce s s  to reduce riverwater i ntake . 
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F i g .  C . 1 6 .  Capac i ty o f  the Monon gahe l a  Ri ver to ass imi l ate d i sso l ved sol i d s  d i scharged 
from the SRC- I I  demonstrat i on pl an t .  

C . 5  CONSTRUCTION ACTI V I T I ES A N D  EMISS I ONS  

C . 5 . l  Construction  burn i ng 

Normal state a i r  pol l ut i on control reg u l ati ons genera l ly  proh i b i t  open burn i ng , w i th an exempt i on 
from the regu l at i on a l l owed for open b u rn i ng of construction  and demo l i t i on waste , pro v i ded that : 

• no pract i cal  al terna ti ve exi sts , 

• heal th , safety , comfort , and property a re p rotected from the effects o f  the burn i n g , 

• s u ch b u rn i ng i s  not to be conducted for  sal vage purposes , 

• i n  nonrural  a reas , perm i ss ion  i s  obta i ned from the State D i rector of A i r  Pol l uti on Contro l , 
and 

• b urn i n g  is  not to be conducted dur i ng a per i od o f  a i r  stagnati on . 
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I f  burn i ng of constructi on debri s becomes necessary ,  it  wi l l  be conducted w i th i n  the a bove 
restri cti ons . 

C . 5 . 2  Earthmovi ng 

Duri ng constructi on , an estimated 1 0  x 1 06 yd 3 of earth wi l l  be moved . Reducti on of fugi t i ve dust 
emi ss i ons  is  necessary .  Normal  constructi on p racti ce to be fol l owed in  th i s  project i nc l udes 
keep ing  the s i ze of exposed areas to the practi cal mi n i mum and keep i n g  exposed areas , i nc l ud ing  
non- hard-s urfaced roads , spri n k l ed w ith  water or  o i l .  Pyri t i c  materi a l  exposed duri ng construc
ti on wi l l  be i dent i f i ed and segregated in temporary d i sposal  s i tes so as to prevent acid con
tami nati on of soi l s .  Permanent di sposal  of these mater i a l s ,  i f  deemed neces sary ,  wi l l  be by 
compacti on and buri a l  wi th a cl ay l i ne r  protecti on .  

C . 5 . 3  Water runoff 

Earth d i s turbed by s u rface excavati on i s  eas i l y  eroded by ra i n  runoff. The mi ti gati ve measures  
descri bed here  wi l l  be detai l ed i n  the  Proj ect Envi ronmental P l an ,  wh i ch i s  schedul ed for  de l i very 
to DOE i n  l a te J anuary 1 981 . These mi ti gati ve measures wi l l  be among the f irst  act i v i t i e s  to ta ke 
p l ace on the s i te .  To prevent pol l uti on of streams by sediment , a system of d i vers i on di tches 
wi l l  be i nstal l ed to prevent runoff from h i gher ground from enter i ng the d i sturbed area ; sett l i ng 
ponds wi l l  a l so  be i ns ta l l ed to catch runoff from the d i sturbed areas . Ponds wi l l  be s i zed so 
that water wi l l  be retai ned in the ponds l ong enough for the d i scharge to natural drai nages to 
meet state and EPA requ i rements for suspended so l i ds content . A NPDES d i s charge permi t wi l l  be 
requested and obtai ne d .  Th i s  permi t ,  i ss ued by EPA ,  wi l l  speci fy t h e  condi ti ons of t h e  d i scharge 
qua l i ty .  The d i scharge conta i n i ng res i dua l  TSS and TDS wi l l  meet these s peci fi cati ons . 

C . 5 . 4  Pai nts and sol vents 

If water-based pai nts are used , es senti a l l y  no pol l utant emi s s i ons  wi l l  be re l eased to the 
a tmosphere . I f  o i l - based pa i nts are used , between 35 and 50% of the pa int  wi l l  be evaporated . 
Typi cal l y ,  about 45% of the pa int  i s  vol ati l e  hydrocarbons . Because 1 ga l  of o i l - based pa int  
we i ghs  about 1 2  l b ,  about  5 l b  of hydrocarbons wi l l  be  re l eased to  the  atmosphere per  gal  of o i l -
based pa i nt appl i e d .  

A n  estimated 1 00 , 000 g a l  of p a i n t  wi l l  b e  used , wh i ch wi l l  res u l t  i n  hydrocarbon emi s s i ons  o f  
about 250  tons i f  o i l b a s e  pa int  i s  u sed (wors t case ) . I n  al l probab i l i ty ,  most of the pa i nti ng 
wi l l  be done during  the l ast year of constructi on ; substant i a l  use  wi l l  be made of water-base 
pai n t .  

C . 5 . 5  Ai r emi s s i ons  from constructi on equi pment  

From past experi ence on con s tructi on proj ects of thi s magn i tude , an estimated 1 400 to 2000 ga l /d 
of d i esel  fuel w i l l  be consumed . Wi th an average cons umpti on of 1 700 ga l /d ,  the emi s s i ons  s hown 
i n  Tabl e C . 24 wou l d  be expected . 

Pol lutant 

CO 
HC 
N O x  
S O ,  
TSP 

Table C.24. Air emissions from 
construction equipment 

Em issions 

Ib/1 0"  gal  Ibid 

92.2 157 
30.0 51 
52.4 88 
31 .2  53 
1 7.7 30 

C . 5 . 6  Ai r emi s s i ons  from h i ghway vehi c l es 

tons/year 

20 
7 

1 1  
7 
4 

During  con struct i on , an estimated average of 1 700 persons wi l l  be empl oyed at the s i te .  Cons truc
ti on i s  p l anned for a 5-d work wee k .  The average round-tri p  commuti n g  d i s tance is estimated to be 
60 mi l es .  The average carl oad i s  assumed to be two persons . Th i s  wi l l  resu l t  in about 1 3  mi l l i on 
mi l es of veh i cu l ar traffi c per year .  
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Emi s s i on factors ( 1 982 bas i s )  for a l l h i ghway veh i c l es are g i ven by AP4 2 , Tabl e 0 . 7- 1 , p .  0 . 7- 1 . 
These factors i nc l ude a m i x  of veh i c l e types based on nati onwi de data.  The mix i nc l udes 8% heavy
duty vehi c l es , wh i ch  the commuters wou l d  not u s e .  However , because del i very veh i c l es t o  t h e  s i te 
wou l d be most ly  heavy duty ,  commuter-veh i c l e  mi l es are i nc reased by 8% to i nc l ude truck del i veries  
to  the  s i te .  Consequentl y ,  h i g hway veh i c u l ar trave l associ ated w i th construct ion i s  estimated to 
be 1 4  m i l l i on mi l es/year . Est imates of tota l emi s s i ons  are shown i n  Tabl e C . 25 ( a ssum i n g  no 
traffi c j ams , wh i ch may be a s i g n i fi cant and frequent occurrence near the s i te wi thout mi t i gati on ) .  

Table C.2S. Air emissions from highway 
vehicles during construction 

Total emissions 
Pol lutant 

g/mi le Ib/d tons/year 

CO 23.0 1 945 350 
HC 4.2 355 65 
NOx 3 . 1 262 47 
SO , 0.2 1 7  3 
TSP 0.44 37 7 

I t  sho u l d  be noted that on l y  a sma l l porti on of the above emi s s i ons , perhaps 1 0% ,  wou l d  occur at 
the demonstration  p l ant  s i te un l ess the traffi c probl em cannot be mi ti gated , in  wh i ch case con
s i derab ly  more than 1 0% wou l d  occur  in  the V i c i n i ty o f  the s i te .  ( See Sec t .  4 . 2 . 4 for the 
analys i s  of traffi c i mpacts . )  

C . 6  RESOURCE REQU I R EM ENTS 

C . 6 . 1  Con struction  phase 

The fo l l owing  quanti ti es of resources have been estimated to be req u i red duri n g  the  con s truction  
phase of the fac i l i ty :  

C . 6 . 2  Operations  phase 

Concrete 
Rei nforc i n g  steel 
Structura l steel 
Pav i ng  
Ra i l road trac kage 
P i pe 
G l ass  
Wood 
Water 

1 50 , 000 yd 3 
5000 tons 
1 5 , 000 tons 
870 , 000 ft2 
1 5 , 000 ft 
1 , 000 , 000 ft 
5 1 00 ft2 
2 ,000 , 000 bd ft 
200 x 1 06 gal 

Duri ng normal fu l l -sca l e  operati on , the p l ant  is des i gned to process 6000 tps d  of coa l . The 
fol l owi ng estimated q uanti t i es of resources wi l l  be cons umed annua l l y :  

Coal  
Water 
E l  ectri c i ty 
D i esel  fuel 
L i me 
Phosphori c aci d 
Su l fu r i c  ac i d  
D i ethanol ami ne 
C h l or i ne 
Cata lysts 
Cation  res i n  
Ani on res i n  
Acti vated cha rcoa l 
Mo l ec u l ar s i eve 

2 X 1 06 tons 
1 900 x 1 06 gal 
3 1 5 x 1 06 kWh 
5 5 , 000 gal 
7200 ton s 
20 tons 
1 250 tons 
50 tons 
1 70 ton s 
1 1 0 tons 
200 ft 3 
1 60 ft 3 
60 tons 
40 tons 

It i s  c u rrent ly  p l anned that a l l or  part of the p l ant ' s  e l ectrical  req u i rements wi l l  be obtai ned 
by i n- house generati on to improve the pl ant ' s  rel i ab i l i ty and to pro v i de add i ti onal opportu n i t i e s  
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for operati ona l l y  decoup l i ng  the various process  un i ts to i mprove pl ant operab i l i ty and f l e x i 
b i l i ty .  T h e  worst-case a i r  emi s s i ons  estimates s hown i n  Sect . C . 4 . 1 . 1  ass ume that a l l  el ectri c 
power wi l l  be genera ted on s i te .  Backup and s tartup power wi l l  be s uppl i ed by a nearby uti l i ty .  
Because the methanat ion sect i on operates best on a constant fl ow and feed compos i ti on ,  and swi ngs 
in  pl ant gas compos i t i on wi l l  occur , the power bo i l er feed rate wi l l  be s ubj ect to var i ati on .  

C . 7  EM ISS I ONS  DUR I N G  END-USE  COMBUST ION  

The  pr inc i pal end use  of l i q u i d  fue l s from the  SRC- I I  demonstrati on p l ant is  as fue l  to  repl ace 
dwi ndl i ng supp l i es o f  exi sti ng l i qu i d fos s i l  fue l s in an envi ronmental l y  sound fas h i on .  A test  
has been carri ed out in  a uti l i ty power pl ant us ing  produ ct from the  Fort Lewi s ,  Was h i ngton , 
SRC- I I  p i l ot p l an t ,  and smal l - sca l e  tests have been carr i ed out for other types of bo i l ers and 
combustion  eq u i pmen t .  These tests are summari zed in the fol l ow ing  paragraph s .  

C . 7 . 1  Uti l i ty test 

A combusti on demonstrati on u s i ng d i sti l l ate fuel o i l  from the SRC- I I  process was conducted on a 
ut i l i ty bo i l er at the 74th Street Generat ing  Stati on of the Conso l i dated Edi son Company of New 
York ( Con E d ) . The overal l prog ram was sponsored by the E l ectr i c  Power Research Insti tute ( EP R I ) , 28 
Con Ed , and the New York State E RDA i n  cooperati on wi th the U . S .  Department of Energy ( DOE ) , wh i ch 
supp l i ed the S RC- I I fuel o i l .  The oil  analys i s  is  g i ven in  Tabl e C . 26 .  

Table C.26. Chemical analysis of hydrotreated 
SRC-II fuel oil and No. 6 fuel al l  (dry wt % )  

Carbon 
Hydrogen 
N it rogen 
Sulfur  
Oxygen 
Ash 

Petroleum-derived 
No. 6 fuel  o i l  

87.02 
1 2 .49 
0 .23 
0.24 

0.02 

SRC-I I fuel o i l  

85.50 
8.86 
1 .02 
0.22 
4.38 
0.02 

The SRC- I I  fuel o i l  for th i s  test was produced at the Fort Lew i s  SRC P i l ot P l an t ,  sh i pped by rai l  
tan k  car to Bayonne , New Jersey , and  transferred to a barge that del i vered the o i l  to Con Ed at 
the 74th Street doc k .  The o i l was pumped d i rectly from the barge to the bo i l ers duri ng  the 
b u rn i ng tests . Handl i ng ,  safety and hea l th procedures  for the sh i pment  and test ing  were provi ded 
by the personnel of  The P i ttsburg & Mi dway Coal Mi n i ng Co . ,  wh i ch operates the Fort Lew i s  P i l ot 
Pl ant under contract to DOE .  

The test bo i l er was a corner-fi red , Combusti on Engi neeri ng , Inc . un i t  wi th a rated steam fl ow of 
450 , 000 l b/ h .  Emi ss i ons  and bo i l er  performance were i nvesti gated at fu l l ,  hal f ,  and three-quarter 
l oads for basel i ne and 1 0w-NOx ( staged combusti on ) cond i ti on s .  About 4500 bbl of SRC- I I  fue l  oi l 
were used during  the program. F l ue gas concentra t i ons  o f  n i trogen oxi des , oxygen , carbon mon
oxi de , polycycl i c  organ i c  matter ,  tota l unburned hydrocarbon s ,  s u l fur tri oxi de , part i c u l ate mass 
l oadi ng , and parti c l e- s i ze d i stri bution  were measured ( Tabl e C . 27 ) .  The performance of SRC- I I  
fuel o i l was a l so exami ned wi th respect to combusti on cha racteri sti cs and adaptati on to exi s t i ng 
boi l er hardwa re . The number 6 fuel oi l now used was a l so burned i n  the tes t  boi l er to compare 
wi th the SRC- I I  fuel o i l ( Tabl e C . 28 ) . 

A number of concl us i ons  regard i ng the combusti on and emi s s i ons  characteri sti cs  of SRC- I I  fuel oi l 
i n  a uti l i ty boi l er have res u l ted from th i s  test program . Al though these con c l u s i on s  are based on 
res u l ts obtai ned u s i ng s peci fi c SRC- I I  and number 6 fuel oi l s  i n  a spec i fi c  boi l er and shou l d  be 
i nterpreted on th i s  bas i s ,  the data trends and comparati ve characteri sti cs  a re con s i dered to be 
general l y  val i d .  

N i trogen-ox i de emi ss i ons  from fi r i ng SRC - I I  were nomina l l y  70% greater than those obta i ned for the 
number 6 fuel o i l  under both base l i n e  and 1 0w-NOx condi t i ons . Assum i n g  equi val ent thermal -NOx 
formati on ,  th i s  impl i es a 1 0% convers i on of the di fferen t i a l  fuel n i trogen to NOx fo r basel i n e  
cond i ti on s .  Reductions  i n  NOx l evel s through staged combusti on were o n  the order o f  35% for both 
SRC- I I  and number 6 fuel oi l s . A bo i l er now capabl e of sati s fying  the EPA New Sou rce Performance 
Standards ( NSPS ) for NOx emi ss ions  of 0 . 3 l b/ 1 06 Btu wou l d  be expected to be capabl e of sati s fy i ng 
the proposed 0 . 5  l b/ 1 06 Btu NSPS for coa l -deri ved l i q u i ds u s i n g  an SRC- I I  fuel o i l  equ i val ent to 
that burned i n  th i s  test prog ram . 



Test 
Date 

Test 
number conditions 

1 1 · 1 9/1 1 /78 Full load/basel ine 
1 1 ·2 9/1 1 /78 F u l l  load/low NOx /6 burner 
1 1 ·3 9/1 1 /78 Ful l  load/low NOx/6 burner 
1 1 -4 9/1 2/78 Fu l l  load/base l ine 
1 1 -5 9/12/78 Ful l  load/low NOx/8 burner 
1 1 ·6 9/1 2/78 F u l l  load/low NOx /8 burner 
1 1 -7 9/1 3/78 Half l oad/basel ine 
1 1 -8 9/1 3/78 Half  load/3 burners 
1 1 ·9 9/13/78 Half load/4 burners 
1 1 - 1 0  9/1 3/78 Half load/basel ine 
1 1 - 1 1  9/1 4/78 F u i l ioad/base l ined 

1 1 - 1 2  9/1 4/78 Fu l l  load/low NOx /6 burner 
1 1 · 1 3  9/14/78 3/4 load/low NOx /6 burner 
1 1 - 1 4  9/1 4/78 3/4 load/low NOx /J - 1 4  
1 1 - 1 5  9/1 5/78 Half  load/low NOx /N30 
1 1 - 1 6  9/1 5/78 Half  load/upper/lower pattern 
1 1 - 1 7  9/1 5/78 Ful l  load/low NOx /6 burner 

Table C.27. SRC·II fuel oil emissions test summary 
-- ------- - -- �----. ---. .  -.-. - - �--.-. 

Boi ler performance 
Gaseous emissions 

Superheat B oiler 
NOxb Steam flow S03 N02a NOa O2 CO temperature efficiency 

(k lb/h) t F)  (%) 
(ppm) (ppm) (ppm) ( ib/l06 Btu) (%)  ( ppm) 

.----- -----.-------��--. .  -------

435 955 0.3 0.9 2 258 
430 925 85.7 2 1 2  
425 955 236 
430 962 298 
440 938 228 
436 930 86.3 232 
251 935 2 261 
246 939 87.8 287 
240 948 279 
230 905 2 301  
477 955 86.0 0 239 
4 72 943 0 1 94 
340 900 2 1 59 
305 890 1 86 
243 870 87.1 0 1 88 
245 865 0 1 88 
492 935 86.2 0 1 75 

0.341 
0.280 
0.3 1 1 
0.391 
0.299 
0.305 
0.345 
0.378 
0.368 
0.397 
0.31 3  
0.255 
0.2 1 1 
0.244 
0.247 
0.247 
0.230 

--- ---_. _.- . -

3.6 
3.7 
3.4 
3.9 
2.5 
2.7 
4 .7  
4 . 1  
5 .0  
4.8 
2.7 
3.5 
3.9 
3.1  
4 . 1  
4.0 
2.7 

6 
9 
9 
9 
1 7  
24 
5 
1 5  
1 9  
6 
25 
6 5  
1 2  
1 6  
6 
5 
22 

- .---�--... ' -��-'���- - - -- �-- ----------- - --------- • •  ______ 0_" 

a D ry @ 3% 02'  
bAs N 02 .  
CBoiler setup not typical of usual baseline operation. 
d( Value) from ASM E in-stack thimble. 

Particulate 

THC emissions 

( ppm) ( lb/l06 Btu) 

2 

1 
2 
2 
2 0.01 7 0.01 6 0.016 (0.021 f 
1 n 
0 I 0"1 
1 <D 
0 0.007 0.006 
1 0.01 8 0.01 9 
0 
0 

0.009 0.010 
2 
2 0.024 0.026 



Table C.2B. No. 6 fuel oil emissions test summary 

Boi ler performance 
Gaseous emissions Particulate 

Test 
Date 

Test Steam Superheat Repeats B oiler 
NO.b 

number conditions N02" NO" O2 CO THC emissions 
flow temperature phase 2 test efficiency 

( ppm) (ppm) ( lb/l 06 Btu) (%) (ppm) (ppm) ( l b/ l 06 Btu) 
( klb/h) ( F)  number (%) 

1 1 1- 1  9/25/78 Fu l l  load/baseline 43 7 976 1 1- 1  84.9 1 54  0.201 2.6 6 0.01 3, 0.0 1 2  
1 1 1 -2 9/26/78 Ful l  load/low NO. /8 burner 459 920 1 1 -6 85.2 1 33 0. 1 73 2.7 10 2 0.038, 0.037 
1 1 1-3 9/27/78 F u l l  load/low NO. /6 burner 444 930 1 1 - 1 7  85.3 1 00 0 . 1 3 1  3 . 2  1 9  0.046, 0.038 
1 1 1-4 9/28/78 Half  load/baseline 227 938 1 1 - 1 0  86.4 0 1 66 0.2 1 5  4 .8 4 2 0.0 1 5, 0.01 5 
1 1 1 -5  9/28/78 Half load/low NO. 240 865 1 4 1  0 . 1 84 4.2 21 2 

1 1 1-6 9/29/78 Half load/low NO. 248 902 1 4 7  0. 1 92 4 .4 6 2 

1 1 1 -7 9/29/78 Half load/low NO. 244 862 1 1 -1 5 86.6 1 1 7 0. 1 53 4.4 1 1  2 0.031 , 0.022c 

1 1 1-8 1 0/4/78 Fu l l  load/baseline 458 959 1 36 0 . 1 77  3 .2 1 5  
1 1 1-9 1 0/4/78 Fu l l  load/basel ine 448 952 1 1 -1 1 1 62 0.2 1 1 2 .7  53 2 
1 1 1 - 1 0  1 0/4/78 F u l l  load/low NO. /8 burner 448 938 1 1 -6 85.2 1 36 0. 1 77 2.9 1 5  
1 1 1 - 1 1 1 0/4/78 F ul l  load/low NO. /8 burner 446 920 0 1 29 0. 167 2.6 56 2 

1 1 1 - 1 2  1 0/4/78 Fu l l  load/damper changes 443 935 0 1 1 3 0 . 146 3.4 1 9  
1 1 1 - 1 3  1 0/5/78 Half load/4 burner 225 893 1 1 - 1 5  1 54  0.201 7.3 2 n 
1 1 1 - 1 4  1 0/5/78 Half load/low O2 2 1 8  835 0 1 2 1  0. 1 56 5.2 4 I ..... 
1 1 1 - 1 5  1 0/5/78 Half load/low O2 fraise ti lts 220 838 85.7 1 34 0. 1 75 6.0 7 2 0 
1 1 1 - 16  1 0/5/78 Half load/upper/lower pattern 204 895 1 1 36 0.1 7 7  7.8 10 
1 1 1 - 1 7  1 0/5/78 Half load/upper 204 894 0 1 1 2  0. 1 4 5  2.6 20 
1 1 1 - 1 8  1 0/6/78 3/4 load/6 burner 335 938 1 1 - 1 3 1 02 0. 1 33 4.6 4 2 

1 1 1 - 1 9  1 0/6/78 3/4 load/low NO./low O2 340 920 93 0. 1 22 3.4 1 6  
1 1 1-20 1 0/6/78 Repeats test 1 1 1-3 430 965 1 0 1  0. 1 32 3.8 25 
1 1 1 -21  1 0/6/78 Repeats test 1 1 1 -2 444 955 85.0 130 0. 1 70 2.6 1 3  2 
1 1 1-22 1 0/6/78 F u l l  load/lower O2 4 50 938 1 2 5  0. 1 63 1 .9 37 
1 1 1-23 1 0/6/78 R epeats test 1 1 1 - 1  460 951 145 0 . 1 89 1 .9 21 2 
1 1 1-24 1 0/6/78 Fu l l  load/low NO./8 burner 460 951 1 1 1  0. 1 4 5  2.4 42 
1 1 1-25 1 0/6/78 Repeats test 1 1 1 -7 250 920 1 4 5  0. 1 89 4 .7  3 
1 1 1-26 1 0/6/78 Half load/low NO. /upper 225 852 1 1 1  0. 145 3.8 1 7  

burners 
1 1 1 -27 1 0/6/78 Half load/change dampers 225 852 0 1 00 0 . 1 29 3.9 8 

1 1 1-28 1 0/6/78 Half load/upper/lower pattern 220 842 1 1 - 1 6  96 0 . 1 24 4.4 14 

" D ry 3% 0 2 .  
b As N02.  
c ( Value) from ASM E  in·stack thimble. 
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Part i c u l ate mass  emi s s i ons  were nomi nal ly  l ower for  SRC- I I  fuel  oi l than for  the  number 6 fuel 
o i l and were bel ow the EPA-proposed NSPS of  0 . 03 l b/ 1 06 Btu under al l test cond i t ion s .  The 
emi s s i ons  at ful l l oad  exh i b i ted a b imoda l s i ze d i stri buti on compri sed of  a l arge number of  carbon 
part i c l es wi th d i ameters on the order of  0 . 05 �m or  l es s  and a sma l l er number of  aggl omerated 
parti c l es wi th s i zes  g reater than 0 . 1  �m . The n umber 6 fue l -o i l emi s s i ons  d i d  not exh i b i t  th i s  
agg l omerated behav i o r ,  al though the actual parti c l e  concentrati ons were h i gher than for the 
SRC- I I  fuel o i l .  No mechan i sm was determ i ned for the observed aggl omerati on , wh i ch was sub
s tanti al ly  reduced at l ower bo i l er l oads . The n umber 6 fue l  o i l  emi ss i ons  conta i ned numerou s 
l arge parti c l es ( g reater than 1 �m ) ,  i nd i cat i n g  an atomi zati on-rel ated formation  mechan i sm .  Such  
parti c l e s  were not observed wi th the  SRC- I I  fuel  o i l ,  i n d i ca t i n g  potenti al l y  better atomi zation 
characteri sti c s ,  even though the actual  atomi zer  components were not tota l l y  opti mum for th i s  
fuel . 

Total hydrocarbon emi s s i on s  were l ess  than 3 ppmv under al l operati ng condi ti on s  wi th both fue l s .  

Carbon monoxi de l evel s were ma i nta i ned be l ow 50 ppmv for a l l test  cond i t i ons  a t  genera l l y  
eq u i val ent tota l exces s-a i r  l evel s  for both fuel s .  Thus , the SRC- I I  fuel  o i l  used i n  th i s  program 
d i d  not i nd i cate any g reater tendency toward i ncompl ete combust i on than the ex i st i n g  number 6 
fuel  o i l . 

Pol ycycl i c  organ i c  matter ( POM ) emi ss i on l eve l s  wi th both fuel  o i l s  were l ow - l ess  than 
6 x 1 0- 6 l b/ 1 06 Btu . Trends i nd i cated by the POM data , al though qua l i f ied  by the overa l l test  
uncerta inty ,  i nd i cated that  emi ss i on s  at hal f l oad  were hi gher than  those for  ful l l oad w i th both 
fuel s and that the emi s s i ons  wi th SRC- I I  fuel o i l were nomina l l y  h i gher than the number 6 fuel 
o i l  l evel s .  Al l the POM emi s s i ons  l eve l s  wi th both fue l s  were s u bstanti al ly  l ower than those 
obtai ned on other prog rams wi th coa l - f i red boi l ers . Because  of the l i mi ted number of POM samp l e s  
a n d  uncerta i n t i e s  i n  the combi ned samp l i ng/extracti on/ana lys i s  tech n i ques , the absol u te va l ues of  
POM  emi ssi ons obtai ned i n  th i s  program must be  i nterpreted wi th cauti on . The test methods and 
procedures used to obta i n  these data are d i s cus sed in  the fol l ow i ng paragraph s .  

Te st cond i t i ons  were c l ass i fi ed by steam l oad  and NOx- control mode . Three l oad  l evel s were 
i nvesti gated : ( 1 ) fu l l  l oad  at about 450 kl b/h steam fl ow rate , ( 2 )  hal f l oad  at about 225  k l b/h , 
and  ( 3 )  th ree-quarter l oad  a t  340 kl b/h .  

Most  testi ng was a t  fu l l  l oa d ,  whereas hal f l oad  was exami ned to a l es ser degree , and three
q uarter l oad  was exami ned the l ea s t .  The c l ass i fi cat ions w i th NOx emi s s i ons  i nc l ude basel i ne 
cond i t i ons , 1 0w-NOx condi t i ons  by a i r  redi stri buti on , and 1 0w-NOx cond i t i ons by fuel red i stri bu
t i on .  Base l i ne  con d i t i ons  are associ ated wi th nomi nal opera ti on of the u n i t  i n  wh i ch the operator 
adj u sts the contro l s  to ach i eve a l oad l evel ; 1 0w-NOx cond i t i ons  i nc l ude spe c i a l  adj ustments i n  
the combust i on control s to ach i eve a 1 0w-NOx cond i t i on .  One 1 0w-NOx mode of  operati on ( a i r  
redi stri but i on )  i nc l udes red i str i buti ng  the a i r  admi tted wi thout affect i ng the fuel admi ttan ce , 
whereas the other 1 0w-NOx mode ( fue l  red i stri b u t i on ) enta i l s  operati ng w i th l ess  than the normal 
amount of burners . These con d i t i ons  a re exp l a i ned i n  mo re deta i l  i n  the test  report by KVB , I n c . 2 9 

C . 7 . 2  Smal l -s ca l e tests 

Numerous combusti on tests of SRC- I I  fuel o i l have been conducted wi th f i nanci al  support from Gul f ,  
EPR I , and other organ i zati on s .  Reports from the tests prov i de i n formati on about the techn i cal  
feas i b i l i ty of SRC- I I fuel -o i l use i n  vari ous markets . 

Tabl e C . 29 i nd i cates the vari ous boi l er and burner des i gns  and  fl ame confi g urati ons for em i s s i ons  
suppress i on i n  each tes t .  The  success of  these des i gn s  i n  suppress i ng emi s s i ons  from SRC- I I  
fuel  o i l  combusti on i s  i nd i cated by the res u l t i ng NOx concentrat i on s , fue l -NOx y i e l d s , smo ke 
numbers , and part i cu l ates concentrat i ons , shown on Tabl e C . 30 .  Comments about each test are 
s ummari zed i n  the fo l l ow i n g  paragraph s .  

C . 7 . 2 . 1  Staged boi l er zones in uti l i ty boi l ers 

KVB ,  I nc . , 3 0 demon strated the effecti veness  of staged combust i on by s imul at ing  the f i rst and 
second-stage zones in staged combusti on in a uti l i ty bo i l er .  

C . 7 . 2 . 2  Stagi ng burner design s  for i n dustr i al boi l ers 

The sma l l s i ze and geometry o f  i ndustri a l  bo i l ers prevent the use o f  the same s tag i n g  fl ame con
fi gurati ons  used in ut i l i ty bo i l ers . I nstea d ,  stag i ng in i ndustr i a l  bo i l ers shou l d be ach i evab l e 
by new aerodynami c des i gns  for burners . Three new burner des i gn s  have been tes ted wi th SRC- I I  by 
Babcock & Wi l cox , Gu l f  Oi l Canada , and Southern Cal i forn i a  Ed i son . 3 1 - 3 3  The burners e i ther were 
currently  i mpracti cabl e or produced excess i ve emi s s i on s ;  however , further devel opment i s  i nd i cated . 
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Table C.29. SRC-II fuel 011  combustion research projects-equipment and conditions 

Fue l  o i l  
Equ ipment 

F lame config u ration for 
F iring rate 

Author boiler or [ 1 CJ6  Btu/h 
(MD/H D ) 8 

fu rnace 
em issions suppression 

(MW)] 

KVB SRC-II 3 package Fue l-rich burner, downstream 3 each 
(2/ 1 )  boilers 2" air i njector 

Con Ed SRC-II  44-MW Stag ing by fuel redistribution (44) 
(5.75/ 1 )  field to lower burners and air 

boiler red istribution 

M IT 

Babcock SRC-II  Package "Dual-register" burner, 45 
& Wilcox (5.75/1 ) boiler separate control of 

inner and outer air f lowsb 

O ntario Research Vortometric Vortometric burner and 8-ft 5 
Foundation burner 4-ft tunnel sect ion,  fue l  rich; 

I D c tunnel 2" air; 20-ft second-stage 
tunnel 

Southern SRC-I I  Test TRW/SCE burner, nonstag ing 1 0  
Californ ia (4/1 )  tunnel radial fuel  jets 
Ed ison 3-ft I Dc 

Energy & 
Environ mental 
R esearch 

G u lf Various Package Conventional air-atomiz ing 
Science & blends boiler burner, no stag ing;  effect 
Technology of blends on unred uced 

emissions 

Westinghouse R ange of S ingle Conventional combustors 0.6 
coal combustor for stationary gas turb ines, 
l iquids in  duct subscale and fu l l  scale 

P ratt & D oped Sing le Gas turbine combustor, 
Whitney No. 2 o i l  combustor low-NO x design 

0.5 N 

DOE/NASA 
P rogram 

8 R atio of SRC-I I m iddle d istil late (M D )  to heavy d isti l late (HD) .  
b Due to  scaledown error, th is u n it functioned l i ke  a conventional B abcock & Wilcox bu rner. 
c l nside d iameter. 

A " d i s tri but i on ml x l ng burner" des i gn has been devel oped by EER , Inc . EER has used fundamental 
model i ng of  fl ame chemi s try and aerodynami cs to opt im i ze th i s  des i gn ,  wh i c h  has ach i eved l ow NOx 
emi ss i ons  wi th other n i trogenous fuel s and wi l l  be tested wi th SRC- I I  fuel o i l i n  1 980 .  Gul f 
Sci ence and Technol ogy Company 3 4  has conducted tests of the combus t i on effects of vari ous bl ends 
of SRC- I I  and petrol eum o i l ;  these tests and d i sti l l ati on cuts reveal effects of compo s i ti on on 
emi s s i on s .  

C . 7 . 2 . 3  Stati onary gas turb i nes 

The h i g h  potent i al of SRC- I I  for the stati onary gas turb i ne market was recogni zed rel atively 
recentl y .  For basel i ne purposes , Wes t i n ghouse E l ectri c Company3 5 conducted tests i n  conventi onal  
combustors wi th excess i ve NOx and smoke resul t i n g  from some coal l i q u i ds . Pratt & Wh i tney Ai r
craft Group deve l oped a ri ch- l ean combustor des i gn for n i trogenous fuel s that performed success
ful l y  wi th petrol eum o i l s  and wi l l  be tes ted with  SRC- I I  fuel o i l . Other i mportan t  projects 
pl anned i nc l ude a l arge DOE combustor deve l opment program , wh i ch i ncl udes major turb i ne manu
facturers and wi l l  i ncorporate ri ch-l ean concepts . 

C . 7 . 3  Concl us i ons  and recommendati ons 

These reports l ead  to three conc l us i ons : 

1 .  A l arge fracti on of exi s t i n g  uti l i ty boi l ers cou l d  now burn SRC-I I fuel o i l  wi th i n  emi s s i on s  
standards a n d  wi thout operat ing  probl ems . 
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Table C.30. SRC-II fuel o i l  combustion research projects-emissions results 

Excess Total a i r  NO x ,  ppm 
Fuel-NO Smoke number, 

Author  
a i r  entering corrected to 

yield a particu lates overall fi rst stage 1 5% excess a i r  
(%) ( lb/ 1 Q6  Btu )b 

(% ) (%) ( lb/ 1 Q6  Btu)  

KVB 6 80 225 (0 .3)  (0 .2 )  
6 320 (0 . 1  )c 

40 780 

Con Ed 50 1 75 8- 1 3  « 0.03) 

M IT 

Babcock 1-2  a 400--480 (0.02) 
& Wi lcox 

O n tario Research 1 1 50 1 50 ( 1 50 ppm CO)  
Fou ndation 

Southern 6.5 a 
Cal i fornia 

330 22 Acceptable 

Edison 

Energy & 
Environ mental 
Research 

G u l f  1 0-- 60 a 
Science & 

200-- 600 20-- 60 0 .5-9 

Techno logy 

Westing house 300--400 1 00 1 60-- 320 40--95 Various 

P ratt & 300--400 75 75 d Acceptable 
Wh itney 

DOE/NASA 
P rogram 

a There was no second-stage a i r  i njection downstream from bu rner.  
b M easured accord ing to American Society for Testing and M aterials proced u res. 
CW ith combustion-im prover add itive. 
d Corrected to 1 5% O2 in  exhaust; at fu l l  load. 

2 .  The three b u rner des i gns  for the i ndustri al  market tested were i n i ti a l l y  unsucces s fu l , 
a l though the Babcock & Wi l cox and the Gul f Canada vortometr i c  des i gn each have certa i n  
potent i a l s wh i ch shou l d  sti l l  be expl ored . The EER  proj ect appears to be the most effect i ve 
b u rner research and devel opment  program and shou l d  i nc l ude SRC - I I  fue l  o i l i n  l aboratory and 
f i e l d  tests . 

3 .  Advanced gas turb i n e  combustor deve l o pment i s  requ i red , and the r i c h - l ean pr inc i p l e ,  a s  
demonstrated by Pratt & Whi tney , sho u l d  be deve l oped . Th i s  i s  i nc l uded i n  the new DOE/NASA 
program , where SRC- I I  fuel oi l wi l l  be used . 

C . 8  EXPANDED  COMMERC IAL PLANT ( EC P ) 

A prel imi nary assessment has been made of the envi ronmental cha racteri sti cs  of an expanded
capac i ty commerc i a l  p l ant  at the Fort Marti n s i te .  The assessment was made on the assumpti on that 
an add i t i onal  capac i ty o f  24 , 000 tons/d  of coa l wou l d  be prov i ded , res u l t i n g  in a total fac i l i ty 
capac i ty of 30 , 000 tons/d . For several reason s , i nc l ud i ng  a va i l ab l e s u i tabl e s i te a rea and coa l 
s u p p l y  l og i st i c s , expan s i on to 30, 000 tons/d  appears to be the max imum capac i ty that wi l l  be 
consi dered for th i s  s i te .  Techn i cal  and economi c factors cou l d  resu l t  in a sma l l er expan s i on , 
but  at th i s  t ime , the best a va i l ab l e  knowl edge and j ud gments i nd i cate that a 24 ,000 ton s/d i ncre
ment wou l d be added . 

C . 8 . 1  P l ant  l ayout 

As is u sua l l y  the case w i th majo r  expans i on of p roducti on fac i l i t i es , the avai l ab i l i ty o f  su i tabl e 
l and a rea i s  an i mportant con s i derat ion . However ,  a prel i mi nary p l ot p l an has been devel o ped 
wh i ch i nd i cates that a 2 4 , 000 tons/d expan s i on i s  feas i b l e ( F i g .  C . 1 7 ) . 
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F i g .  C . 1 7 .  Prel imi nary s i te l ayou t  map for the expanded commerc i a l  p l ant 
at the Fort Marti n s i te .  
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Of maj or importance was the determ i nation  of the adequacy of the s i te for expans i on of the 
fo l l ow i ng a reas : process , coal storage , product storage , and s l ag d i sposal . Each i s  d i scussed 
in th i s  sect i on . 

C . B . l . l Process area 

Al though space is somewhat l im i ted , it appears that the area i mmed i atel y north of the currently 
p l anned demonstration  p l ant process area wou l d  be suffi c i ent for construct i on of the ma i n  p ro 
cess i ng u n i ts of t h e  24 , 000 tons/d expan s i o n .  F i gure C . 1 B s hows the proj ected l ayout of the 
process area . The add i t i onal ut i l i ti e s  and water treatment fac i l i t ies  that wou l d  be req u i red 
wou l d be con structed i n  open a reas that have been l eft i n  the demonstration  p l ant l ayout fo r th i s  
purpose , pl us  the triangu l a r  a rea northeast of the demonstration p l ant process area , wh i c h  i s  
expected to be purchased . 

The space avai l ab i l i ty fo r the i ncreased capaci ty of the ma i n  process  equ i pment was based on the 
expected techn i ca l  feas i b i l i ty of doub l i ng the s i ze and capac i ty of major  equ i pment and process i ng 
u n i t s .  

C . B . l . 2  Coal  storage 

As i s  p l anned for the demonstration  p l an t ,  space wou l d  be provi ded for a max imum coal i nventory of 
3 0  d at des i gn coal feed rate . The coal storage area wou l d  con s i st of the add i t i on of four  more 
wi ndrow-type coal -storage p i l es i denti cal  to the two prov i ded for the demonstrat i on p l an t .  I n  
p l ann i ng for coal storage for the demonstrat i on p l ant , th i s  future expan s i on requ i rement was 
consi dered , and adequate space was reserved . 

For both the demonstration  pl ant and the ECP , coal i s  rec l a i med from on ly  one p i l e  at any speci fi c 
t ime . Thus , for the demonstration  p l ant , the two p i l es wi l l  prov i de storage equ i va l ent to one 
fu l l  p i l e ;  for the ECP , the s i x  p i l es wi l l  prov i de storage equ i va l ent to f ive fu l l  p i l es .  

C . B . l . 3 Product storage 

As current l y  env i s i oned , add i t i onal product storage wou l d  be provi ded west of H i g hway 53 , west of 
the p l anned storage and l oad i ng fac i l i t i es for demonstration  p l ant truck s h i pments . Because the 
maj or  port i on of the l i qu i d-product d i stri bution  i s  ant i c i pated to be by p i pel i ne from the ECP , 
the product-storage req u i rements wou l d  be much l ess , proporti onate l y ,  than for the demonstration  
p l a n t .  Some barge sh i pments of l i q u i d  products a n d  s u l fur wou l d  be expected from the ECP . 

C . B . 2  Atmospheri c emi ss i ons 

E s t imates have been made of the total s uspended part i c u l ates ( TSP ) , S02 ' NOx ' CO , and non-methane 
hydrocarbons ( NMHC )  for the 3 0 , 000 tons/d ECP . I nsuff i c i ent deta i l ed equ i pment i n forma t i on makes 
an estimate of fug i t i ve hydrocarbon emi s s i ons  i mpract i ca l  at th i s  time . Because  the l ayout of the 
ECP  i s  st i l l  conceptua l , the l ocation  of em i s s i on sou rces ( e . g . , heaters , boi l ers , su l fu r-recovery 
p l ant , etc . ) cannot be i dent i fi ed to the extent req u i red for d i spers i on model i ng .  

C . B . 2 . 1  Tota l su spended part i cu l ates ( TS P )  

Est imates of t h e  vari ous  contri but ions  to T S P  for the ECP , compared w i t h  those for t h e  demons tra
t ion  p l ant , as we l l  as  the rati onal e used i n  the i r  determi nati on , are shown i n  Tab l e C . 3 1 . 
Referri ng to Tab l e  C . 3 1 , i t  can be seen that the est imated tota l part i cu l ate emi ss i ons  i ncrease 
from l B . O  g/s  for the demonstra t i on p l ant to 37 . 6  g/s  for the ECP , or  a factor o f  2 . 09 .  

C . B . 2 . 2  Su l fu r  d i ox i de ( S02 ) 

A compari son of S 02 emi s s i ons  from the demonstrat ion  p l ant and the ECP i s  shown i n  Tab l e  C . 32 .  
For the ECP , i t  was assumed that the fuel fo r al l heaters and boi l ers wou l d  be p l ant gas , wi th a 
s u l fur content of 1 00 ppmv ; for the demonstrat i on p l an t ,  a m i xed fuel of p l ant- produced hydro
treated naphtha , wi th a s u l fu r  content of 0 . 1  wt % , and p l ant gas , wi th a s u l fu r  content of 
1 00 ppmv , was u sed . Therefore , only about one-ha l f as much S02 wou l d  be emi tted per Btu of fuel 
burned i n  the ECP  as in the demon stration  p l ant . Al s o ,  it was assumed that the ECP  wou l d  have a 
substanti a l l y  h i gher thermal effi c i ency because of add i ti onal  process  and des i gn i n format i on and 
becau se of such des i g n  features as i ncreased waste-heat recovery , h i g her  gas i fi cat ion pressure , 
and the use of combi ned cyc l e-gas turbi ne dri ves for l arge compressors , wi th the hot turbi ne
exhaust  gases ut i l i zed for steam genera t i on .  Fuel  req u i rements for the ECP  are estimated to be 
4 . 5  b i l l i on Btu per hou r ,  compared to 1 . 4 7  b i l l i on Btu per hour for the demonstration  p l ant . 
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Table C.31 .  Estimated TSP emissions for the ECP (gls) 

Sou rces 
Demonstration Expanded commercial 

p lant plant 

Coal u n load ing,  conveying,  and 0.9 4.5 
recla imingB  

Active coal storage b 1 .7 5. 1 

Coal dryer/pu lverizer c 2.5 2.5 

P neumatic transfer c 1 . 0 1 . 0  

S lag hand l ing  B 1 .4 7.0 

Hau l  road d 0.4 0 

M iscellaneous e 0.7 2 . 1  

H eater and boiler stacks ' 9.4 1 5.4 

Total 1 8.0 g 37.6 

B E m issions are d i rectly proportional to coal feed rates. 
bS ix coal p iles wi l l  be used for the ECP,  com pared with two for the 

demonstration p lant, as s hown in F ig .  C . 1 7. All p i les w i l l  be of the same size. For 
the demonstration p lant, one of the p iles w i l l  usual ly be empty. However, it is 
assumed that the residua l  coal on the g round would contribute as much dust as 
would a ful l  p i le. As d iscussed in Sect. C .3 . 1 . 1 ,  it is anticipated that it wi l l  be 
feasible to use a polymer-crusting agent on  the pi les added for the ECP to 
decrease d usting. H owever, no credit for this was a llowed in this table. 

cSased on g rind ing the coal with s lu rry or solvent i n  ball or  rod m i l ls  for the 
24,000 tons/d expansion and cont in u i ng to use the pu lverizer for the 6,000 
tons/d portion of the plant provided for the demonstration plant. 

d A s lu rry p ipe l ine  is p lan ned for transfer of s lag to the slag d isposal area 
for the ECP. The value of 0.4 for the demonstration plant was based on a worst 
case of transporting the s lag by truck. 

eAn increase over the demonstration plant by a factor of three was 
assumed for the ECP. 

'The use of al l-gaseous fuel for the ECP l im its the increase in  part iculate 
emissions. 

g As sh own in P revention of S ig n ificant D eterioration Permit Appl ication 
Su pplement No. 2, Table 1 ,  Revised 7/1 5/80. 

I n  Tabl e C . 32 ,  i t  further was assumed that the techn i cal  performance and rel i ab i l i ty of some of 
the s u l fu r  recovery technol og i e s  d i scus sed i n  Sect . C . 3 . 2 . 1  wou l d be improved and al ternati ves 
chosen so that the su l fur concentrat i on in the H2 S- i nc i nerator stack effl uent wou l d  essenti al l y  
b e  c u t  i n  hal f .  For exampl e ,  Sel exol desul fur i zation  ( a  commerc i a l l y  proven technol ogy ) cou l d  be 
u sed in p l ace of Benfi e l d  and wou l d  reduce s u l fu r  emi s s i ons  by more than 50% . ( For the demon
stra t i on case , Benfi e l d  was assumed in the estimate of emi s s i ons  and a i r qua l i ty impact anal yses 
to prov i de a worst case . )  

Referri ng to Tabl e C . 3 2 ,  the rat i o  of S02 emi s s i on from the ECP , compared wi th that from the 
demonstrat i on p l ant , i s  2 . 2 1 . 

C . 8 . 2 . 3  N i trogen ox i des  ( NOx ) ,  carbon monoxi de ( CO ) , and nonmethane hydrocarbons ( NMHC ) 

The maj or factors affect i ng i nc reased emi s s i ons  of NOx ' C O ,  and NMHC from the ECP , as compared 
wi th the demonstra t i on p l an t ,  a re : 

• The ECP  wi l l  have a fuel consumpti on rate about th ree times that of the demonstrat i on p l ant . 

• Fuel  used i n  the ECP  wou l d  cons i st enti rely of p l ant gases ( l ow n i trogen content ) rather than 
a mixture of naphtha and p l ant gas . 

The p l ot p l an of the ECP shows two commerc i a l process i ng tra i ns added on to the 6000 tons/d 
demonstrat i on proces s i ng tra i n .  A 200% i ncrease in p i p i ng and NMHC fug i t i ve potential  is probabl e .  
As a worst-case assumpti on , ECP emi s s i ons  of 5 t imes the demonstration  p l ant are used i n  the a i r 
qua l i ty analys i s .  
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Table C.32. Estimated S02 emissions from the ECP (gls) 

Sources 

Al l  process heaters and boilers 8 

Thawing shed b 

Coal pu lverizer/dryersC 

S u lfur-recovery p lant incineratord 

Total 

Demonstration 
plant 

1 0.3 
0.2 
1 .4 

22.7 

34.6 

8 N onproportional increase for ECP due to the use of 

Expanded 
commercial 

plant 

1 5.0 
1 .0 
1 .4 

59.0 

76.4 

plant gas total ly as plant fuel rather than the 29171% m ix of naphtha and 
plant gas used for the demonstration plant. S02 emissions for all gas is 
about one-half as much per 10" Btu as for the m ixed fuel. Also, the fuel 
usage for the ECP is 3.6 x 1 (1' Btu per ton of coal, compared with 5.9 x 

1 (1'  Btu per ton of coal for the demonstration plant. 
b Em issions are primarily d ue to coal decomposition. Therefore, 

these emissions are proportional to coal throughput. 
c Based on the continued use of pulveriz ing/d rying for the 

6,000 tons/d demonstration plant equipment but d rying by the direct 
injection of coal into the coal-slu rry m ixer for the 24,000 tonsld 
expansion. 

dBased on 230 ppmv H2S to H2 S incinerator for the demonstration 
plant (Benfield case) and assum ption that alternative controls (e.g. ,  
Selexol) would a l low red uction to 1 20 ppmv for the entire ECP. 

Tabl e C . 33 compares the estimated emi ss i on rates of N Ox ' CO , and NMHC from the two pl ants . 

C . 8 . 3  Water i mpacts 

The est imated consumpti ve water use  for the ECP is 1 2 , 500 g pm ,  compared w i th 3588 gpm for the 
demonstrat i on pl ant . The reduction  i n  water consumpti on ,  per u n i t  of capaci ty ,  for the ECP i s  due 
primari l y  to those des i gn features d i scus sed in Sect . C . 8 . 2 . 2  that resu l ted in i nc reased thermal 
e ffi c i ency for the ECP . The ECP  consumpti on of 28 cfs ( 1 2 , 500 gpm) i s  somewhat greater than the 
23  cfs ( 1 0 , 267  gpm) used by the Water Resources Counc i l  (WRC ) i n  the i r  eval uation  of wate r u s e  
i mpact o n  t h e  Monongahe l a  R i v e r  ( Federal  Reg i ster ,  Thu rsday , August 2 1 , 1 980 , Part VI , Water 
Resources Counc i l , Coal L i quefact i on Demonstration  Pl ant near Morgantown , W. Va . ,  Water Assessment 
Report)  . 

The wastewater hand l i ng and mon i toring  system envi s i oned for the ECP  i s  s imi l ar to the one be i ng 
p l anned for the demonstration  p l an t .  Th i s  i nc l udes provi s i on for d i scharg i ng treated wastewater 
to the Monongahel a R i ver when r i ver cond i t i ons  a l l ow and performi ng wastewater treatment recycl e 
w i th i n  the process  when r i ver  condi ti ons  do not a l l ow d i scharge .  Concentra t i ons  of d i s sol ved 
s pec i e s  wi l l  be s imi l ar to those shown in Tab l es C . 2 1  through C . 23 i n  Sec t .  C . 4 . 2 . 1 , wi th reduc
t i ons  in spec i fi c  s peci e s , depend i n g  on improvements i n  the state of the a rt .  Due to the 
i n creased quanti ty of treated effl uent wate r ,  the i mpact of the ECP on the Monongahe l a Ri ver  
w i th regard to total d i ssol ved sol i d s  wi l l  be g reater than  for  the  demonstrati on pl ant .  There
fore , i t  i s  anti c i pated that the p l ant wi l l  operate in the zero d i scharge mode more frequentl y ,  
and p roport i onate l y  l es s  water and d i ssol ved sol i ds wi l l  b e  d i scharged to the r i ve r  from the ECP 
a s  compared to the demonstrati on p l an t .  As a resul t ,  more sol ubl e sa l ts w i l l be recovered on 
s i te per ton of coal  feed for the ECP  than for the demon stra t i on pl ant . 

The ECP  d i scharge potenti al may be estimated i n  the fol l owing  manner , based on demonstrati on pl ant 
output and r i ver ass i mi l at i ve capabi l i ty outl i ned in Sec t .  C . 4 . 2 . 2 .  

Sal ts production  i s  bas i cal ly  p roportional  to coal i n put to the p l an t ,  so the ECP woul d  produce 
1 20 tons/d of sa l ts compared wi th 24 tons/d  for the demonstration  p l an t .  Th i s  i l l ustrates that 
ECP sol u b l e  waste or  br ine  d i sposal needs wi l l  i nc rease more than p roport i onal l y  to the coal 
feed rate . I f  the demonstration  pl ant produces 24 tons/d  of T DS and i s  a l l owed 1 0% of the 
Monongahe l a R i ver ' s  a s s i mi l ati ve capac i ty ,  the ri ver ' s  capa c i ty to a s s i mi l ate TDS woul d  have to 
be 240 tons/ d .  The p robabi l i ty graph i n  Sect . C . 4 . 2 . 2  i nd i cates that the ri ver wou l d  have th i s  
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Table C .33. Estimated emission rates 
of N O x ,  CO, and NMHC from the ECP 

and the demonstration plant (g/s) 

Demonstration 
ECP 

plant 

NOx 58.9 1 45.0 
CO 3.9 1 0. 2  
NMHC a 5.8a 2 1 . 1 b 

a Point  source, 2 .8;  fugi tive, 3.0. See 
Table C . 1 8 in Sect. C . 4. 1 .8 .  

b Point  source, 6. 1 ;  fug itive, 1 5.0. See 
Table C . 1 8  in Sect. C .4. 1 .8 .  

a s s i mi l ati ve capac i ty 95% of the time . I f  the sal t producti on for the ECP i s  1 20 tons/d  and 
1 0% of the r i ver ' s  ·capac i ty to a s s i m i l ate TDS i s  al l owed for the p l an t ,  the ri ver ' s  capac i ty 
to ass im i l a te TDS wou l d  have to be 1 200 ton s/d .  The proba b i l i ty graph i nd i cates that the ri ver 
wou l d  have th i s  ass i mi l ati ve capa c i ty 60% of the t ime . It i s  therefore esti mated that the ECP 
wou l d  be a l l owed to di scharge treated wastewater 60% of the t ime and wou l d  operate i n  the zero 
d i scharge mode 40% of the t i me .  Th i s  estimate assumes that TDS a re the govern i ng d i s charge 
l i mi tation . I t  shou l d  be noted that EPA wi l l  deve l o p  effl uent l im i tations  for the p l ant that 
wi l l  be i denti fi ed in the Nati onal  Pol l u tant D i s cha rge E l i m i na t i on System (NPDES ) perm i t  and 
factored i nto the des i gn bas i s  for the was tewater treatment p l ant . 

C . 8 . 4  S l ag d i sposal  

The s l ag-d i s posa l faci l i ty for the demon strati on p l ant i s  be i ng des i gned for poss i b l e future 
expans i on for the ECP . Adeq uate space i s  avai l ab l e  for storage of s l ag wh i ch wou l d  be produ ced 
dur ing 25 years of  operati on of the ECP at the 30 , 000 ton s/d  feed rate . See Sect .  C . 3 . 7  for a 
d i scus s i on of s l ag and l eachate characteri st i cs , des i gn of the l andfi l l , and a cross-secti onal 
d i agram of the l andfi l l  after 2 5  years of  commerc i a l  operati on . 

C . 8 . 5  Ri ver and  rai l i mpacts 

At the 30 , 000 tons/d  des i gn rate , the ECP woul d req u i re 1 1  mi l l i on tons per year of  coa l . The 
Corps of  Engi neers has i nd i cated that the navi gati onal system for the Monon gahe l a  Ri ver has 
re s i dual  capac i ty for about 4 mi l l i on to ns per yea r .  Thus , the anti c i pated maxi mum use  of  
barge transport for  supp l y i ng coa l to  the  commerc i a l  expan s i on i s  4 mi l l i on tons  per  year .  Two 
a l ternati ves a re be i n g  cons i dered for the rema i n i ng 7 mi l l i on ton s :  ( 1 ) uni t-tra i n  s h i pments 
u s i n g  about four 50-car tra i n s  per d ,  7 d per week , and ( 2 )  a s l urry p i pe l i ne ,  wh i c h  may be a 
v i abl e and envi ronmenta l l y  sound way to transport the non-ba rged coal or perhaps the enti re 
req u i rement .  Contami nated s l urry water cou l d  be cons umpti ve l y  u sed i n  the p l ant  ( e . g . , for 
gas i fi  cati on ) .  

C . 8 . 6  Impacts on fl oodpl a i n s  and wetl ands 

Ra i l  servi ce i s  provi ded at the base o f  the h i l l s i de , out of  the 500-year fl oodp l a i n . The 
s torage and l oad ing  fac i l i ti e s  on the upper terrace of the Bel l d i na property wi l l  not be enl arged . 
There wi l l  be no new enc roachments and thus no adverse i mpacts on e i ther wetl and or fl oodp l a i n  
a s  a resu l t of  the E C P .  
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FLOODPLAI N/WETLANDS R EV I EW 

0 . 1  I NTRODUCT I ON 

Devel opment of  the proposed SRC- I I  demonstrat ion  p l ant at Fort Marti n ,  West V i rg i n i a ,  wi l l  
necess i tate the u s e  of  the west bank fl oodp l a i n  of  the Monongahel a R i ver between r i ver m i l es 
93 . 2  and 94 . 5 .  Faci l i t i es to be l o cated i n  the f l oodpl a i n  bel ow the 1 00-year f l ood e l evation  
are a barge u n l oadi ng s l i p ,  process water i ntake faci l i ty ,  sect ions  of  a haul  road and access 
road , and coal - barge u n l oading  and fl eeti ng fac i l i t i es .  A l i mi ted amount of  f i l l  wi l l  be needed 
to support the product storage area and i ts associ ated spi l l -contai nment fac i l i t i es . 

Deve l opment i n  the fl oodpl a i n  and i n  up l and areas wi l l  necess i tate the e l imi nation  of several 
smal l areas of  wetl and hab i ta t .  The el imi nation  of  these wetl and habi tat val ues  i s  not con
s i dered a maj or  proj ect i mpact . M i t i gati on  mea sures , i nc l u d i ng fac i l i ty des i gn mod i f i cati ons , 
have been i ncorporated i nto the overa l l s i te devel opment p l a n ,  and the resul tant  fl oodp l a i n/ 
wetl ands i mpacts for the proposed SRC - I I  demonstration  pl ant are consi dered to be m i n i mal . 

To comply wi th Exec u t i ve Order 1 1 988 , " Fl oodpl a i n  Management , "  and E xecuti ve Order 1 1 990 , 
" Protec t i on of Wetl ands , "  th i s  appendi x  to the SRC- I I  F E I S  i denti f i es , eval uates , and  asses ses  
the practi cabl e a l ternati ves to  the fl oodp l a i n  and wetl a nds i mpacts assoc i a ted w i th the  proposed 
a ct i on . Th i s  assessment fol l ows the regu l ations  establ i shed by the Department of E nergy ( D O E )  
publ i shed i n  t h e  Code of Federal- Regul-ations, t i tl ed " Compl i ance wi th Fl oodpl a i n/Wetl ands E nv i 
ronmental Rev i ew Regu l at ions"  ( 1 0  C FR Part 1 0 . 22 ) , and the gu i del i nes establ i shed by the Wate r 
Resources Counc i l  ( WRC ) publ i shed i n  the Federal- Register, t i tl ed " F l oodpl a i n  Management Gu i de
l i nes for  Impl ementi ng EO-1 1 988 , "  ( 43 F R  6030 , Feb . 1 0 , 1 978 ) . Thi s ana lys i s  refl ects pub l i c  
comments made dur i ng the Draft Env i ronmental I mpact Statement revi ew per i od . 

0 . 2  P REL I M I NARY FLOODPLA I N/W ETLANDS DETERM I NAT I ON 

The fol l ow i ng i s  a pre l im i nary f l oodp l a i n/wetl ands determ i nation  of the pract i ca b i l i ty of l ocat i ng 
a Federal action  i n  a f l oodpl a i n/wetl ands . Pursuant to Exec u t i ve Orders 1 1 988 and 1 1 99 0 ,  a 
fl oodpl a i n/wetl ands determ i nati on  for the proj ect wi l l  be made by the Secretary of DOE and wi l l  be 
i nc l uded i n  the Record o f  Deci s i on . 

The proposed devel opment of the Fort Mart i n  s i te for the SRC- I I  demonstration  pl ant wi l l  encroach 
on  an acti ve f l oodpl a i n  and wi l l  impact wetl ands at the s i te .  I t  i s  therefore necessary under 
Exec u t i ve Orders 1 1 988 and 1 1 990  to determi ne if a ny other s i tes offer practi cabl e al ternati ves to 
l ocat i n g  the proposed proj ect in a fl oodpl a i n/wetl ands . 

0 . 2 . 1  S i t i ng cri ter i a  

I n  sel ecting  the pri mary a n d  a l ternat i ve s i tes for the proposed SRC- I demonstration  pl ant , 
several s i t i ng constra i nts were establ i shed to defi ne mi n i mum requ i rements for such  resources 
a s  l and , water , feed coal , etc . ( see Appendi x  B . 3 ) . A total of  27  a l ternative  s i tes were eva l 
u ated . O f  pri mary s i t i ng i mportance were access to s u i tab l e feed coal ; s i te area l arge enough 
to accommodate constructi o n  of  the demonstration  pl ant and potenti a l  commerci a l  expan s i on ; a 
water supp ly  suff i c i ent to sati sfy des i g n  c r i ter ia  of 4000 to 5000 gpm for the demonstration  
pl ant and as much a s  1 0 , 200 gpm for  the future commerci a l  p lant ;  and access to  barge and  ra i l  
fac i l i t i es for the del i very o f  construct ion  materi a l s and  feed coal and for the s h i pment of 
pl ant products . 

A raw water i nta ke fac i l i ty ,  a wastewater d i ffuser , and a barge s l i p  must be constructed for the 
demonstration  p l ant . A b arge dock i ng fac i l i ty i s  requ i red for del i very of  feed coal and for 
recei pt of  equ i pment and materi a l s req u i red for constructi on .  I t  i s  est imated that as much as 
300 , 000 tons of construct ion  equi pment wi l l  be  del i vered to the s i te by barge . Because  of l i mi ted 
capac i t i es of  ra i l roads and h i g hways fo r s i ze and wei ght , much of the l arger equ i pmen t ,  such  
a s  d i ssol vers , i s  not  s u i tab l e for  s h i pment by ra i l  or h i ghway . 

0-4 
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I n  the i n i ti a l  p l ann i ng stage for the S RC- I I  p l a n t ,  feed coal  was proposed to  be del i vered to 
the s i te by un i t  tra i n s . A ra i l car coa l -un l oa d i ng system cons i st i n g  of a s i d i ng l ong enough 
for 1 00-ca r ,  1 0 , 000-ton u n i t  tra i n s  and a rotary car dump capab l e of  un l oad i ng a u n i t  tra i n  i n  
about 4 h wa s proposed . However ,  duri ng a reana l ys i s  of th i s  sys tem , i t  became apparent that 
the mi nes that produce suffi c i ent quant i t ies  of  prev ious ly  tested feed coal transport o n l y  by 
barge . Because of thi s ,  an ana lys i s  of coal  transport options was performed . 

The coal transport ana lys i s  eval uated the cap i ta l  and operati ng cost for rece i p t  of feed coal by 
barg e ,  by ra i l , and by a combination  of barge and ra i l  (Tab l e 0 . 1 ) .  Thi s ana lys i s  demonstrated 
the econom i c  p racti cab i l i ty of on ly  barge transportat i on of feed coal . 

Table 0.1 .  A lternative coal unloading cost 

Faci l ity 
Capital cost 
( Dec. 1 978 $ )  

F ive-year operating costa 

(Dec. 1 978 $ )  

Barge u n loading 
Rai l  u n load ing 
Com bined 

8,522,000 
1 9, 099,000 
27,621 ,000 

3,755,000 
4,095,000 

aO perating cost i nc ludes maintenance, operations per
sonnel ,  and ut i l ities. 

In add i t ion  to the ra i l  costs i l l ustrated in Tab l e 0 . 1 ,  i t  i s  estimated that the purchase of un i t  
tra i n  rol l i ng stock wi l l  req u i re a n  add i t i onal cap i ta l  i nvestment of  about $ 4  m i l l ion  and about 
3 . 5¢/car-mi l e  for ma i ntenance . Based on these factors , a 1 00-ca r u n i t  tra i n  wou l d requ i re an 
operati ng mai ntenance i nvestment of about $ 1 05 , 000/year for a 200-mi l e  round t r i p  1 50 d/yea r 
( $525 , 000 for 5 -year operat i on ) . Because barge transport of coal i s  chea per than ra i l ,  about 
$ 1  . 50/ton cheape r ,  barge transportation  wi l l  save about $ 1 1 , 000 , 000 in fre i ght costs over the 
5 -year operation  of  the demonstration  p l ant ( based on 75% capa c i ty and 330 d/year ) .  

Comb i n i ng the ra i l  vs  barge fre i ght cost d i fferent i a l s w i th the capi tal and operating  costs i l l u 
strated i n  Tab l e  0 . 1 ,  barge transport p roves to be a more favorab l e means of coa l del i very (Tab l e 
0 . 2 ) . I t  i s  estimated that a bout  $26 , 000 , 000 wi l l  be saved duri ng the l i fe of the pl ant by u s i ng 
o n l y  barge transportation  for coal del i very to the demon stration  p l ant .  Even if  the  dual  ra i l /  
barge a l ternat i ve i s  impl emented and nonu n i t  tra i ns a re uti l i zed , an add i t i onal  cost of $ 1 2  to 
$ 1 5 mi l l ion  wou l d  be requ i red . 

Table 0.2. Total projected transportation costs 
for the SR C-I I demonstration plant 

M ode Capital cost 
F ive-year F ive-year 

freight costa operating cost 

Rai l  $23,099,000 $28,363,500 $4,620,000 
Barge 8,522,000 1 7 ,671 ,500 3,755,000 

Difference $ 1 4,577,000 $ 1 0,692,000 $ 865,000 

aTotal l ife cycle cost saving by using barges is $26 , 1 34,000 
excl usive of any salvage val ue a l lowance. 

In conc l u s i on , it i s  not econom i ca l l y  or  phys i ca l l y  practi cab l e  to ut i l i ze ra i l  transpo rtat ion  for 
the del i very of  S RC- I I process feed coal and major  equ i pment .  Th i s  need for barge doc k i n g  
faci l i t i e s , i n  conj unct i o n  wi th t h e  need for a process water i ntake structure , wi l l  necess i tate 
some degree of f l oodpl a i n  encroachment at the proposed or  a l ternat i ve s i tes . 

0 . 2 . 2  P ra ct i cab i l i ty of a l ternat i ve s i tes  

As i nd i cated in  Appendi x  B . 3 ,  7 s i tes survi ved the  i n i ti a l  screen i ng of 27  potent i a l  s i tes . 
Because of the des i gn and s i te c r i teria  necessary for construction  and operation  of the propo sed 
pl ant , each of  the 7 s i tes wou l d requ i re ba rge fac i l i t i es and i nta ke and d i scharge structures . 
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Each of these faci l i ti es ,  l ocated c l ose or conti g uous to a navi gabl e r i ver , wou l d  be at l east 
parti a l l y  l ocated in  fl oodpl a i ns .  Therefore , al l 7 s i tes wou l d  be expected to exper ien ce some 
deg ree of fl oodpl a i n  encroachmen t .  

I t  i s  concl uded that there are no practi cabl e a l ternati ves t o  l ocati ng i n  the base fl oodpl a i n .  
Th i s  concl u s i on i s  not surpri s i ng i n  v i ew of the requi rements that a re bas i c  to the type of 
demonstrati on pl ant be i ng proposed . I n  parti c u l a r ,  the need for barge access for de l i very of  
equi pment duri ng constru cti on and  of feed coa l duri ng operati on nece s s i tate some fl oodp l ai n  
encroachment .  

Both the Equal i ty and Ravenswood s i tes conta i n  wetl ands that cou l d b e  a ffected b y  constructi on . 
However , the degree of wetl ands i n vol vement cannot be determi ned because p l ant  l ayouts at these 
s i tes are not avai l abl e .  At the Equal i ty s i te ,  hardwood swamp forest occurs al ong three s treams 
enteri ng the Green Ri ver . Th i s  habi tat i s  excel l en t  for wood d u cks , raccoon , mi n k ,  and other 
spec i es of wooded swamps .  Depend i ng o n  p l ant  l ayout , reducti on or e l i mi nati on o f  these wetl and 
areas mi ght occur if the proposed faci l i ty were constructed at th i s  s i te .  Th i s  cou l d  affect 
potent i a l  habi tat for seven ani mal speci es that are rare i n  Kentucky ( Sects . 3 . 3 . 1 . 3  and 4 . 3 . 1 . 3 ) .  
At the Ravenswood s i te ,  a backwater pond occurs near the mouth of Spri ng Cree k .  Th i s  pond occurs 
i n  an area of re l ati vely  und i s turbed fl oodp l a i n  forest , and provi des very good habi tat for 
waterfowl , amph i b i an s ,  and other semi - aquati c wi l dl i fe .  Depending  on p l ant l ayout , constructi on 
of  the proposed fac i l i ty at the Ravenswood s i te cou l d  reduce or e l i m i nate th i s wetl and ( Sects . 
3 . 4 . 1 . 3  and 4 . 4 . 1 . 3 ) .  

0 . 3  F LOODPLAI NS/WETLANDS ASS ESSMENT 

0 . 3 . 1  Project descripti on 

Fl ood e l evati ons  at the proposed Fort Mart i n  s i te were s upp l i ed by the U . S .  Army Corps of Eng i 
neers . The 1 00-year "base"  fl ood was defi ned a t  B08 ft MSL and the 500-year " cri ti cal " fl ood was 
defi ned at Bl l ft MSL . About 2 . 5  ha of the s i te i s  bel ow the 500-year fl ood e l evat i on . Of th i s  
area , i t  i s  proj ected tha t 1 . 2 ha wi l l  be fi l l ed fo r the storage tank fac i l i t i e s , and the remai nder 
wi l l  be changed duri ng constructi on of the barge doc k i n g  fac i l i t i e s  ( F i g s .  0 . 1  and 0 . 2 ) . 

The s i t i ng of the S RC- I I  faci l i ti es at the Fort Marti n s i te are constra i ned by proje ct requ i re
ments and the s i te ' s  topog raphy . The proj ect req u i rements for coal and constru cti on materi a l  
s h i pment t o  b e  made by barge nece s s i tates the constructi on o f  doc k  fac i l i ti es ,  and the l ocation  o f  
the exi sti ng ra i l  access necess i tates product handl i n g  adj acent to the Monongahe l a fl oodpl ai n .  
These factors and the l ac k  o f  suffi c i ent terraced a rea above the 500-year fl ood e l evati on nec
ess i tate a sma l l amo unt of fl oodp l a i n  encroachment and the removal of a sma l l amount of wetl and 
for the con structi on of permanent transportati on faci l i ti es .  

The devel opment o f  the mai n  process a rea , s l ag d i sposal  s i te ,  and coal stockp i l e  area wi l l  al so  
e l i mi n ate severa l sma l l up l and ponds and  a porti on of g razed sedge rush  meadow adj acent to the 
Fort Marti n Commun i ty Center . 

The l ayout of the terrace and fl oodp l a i n  fac i l i t i es i s  i l l ustrated i n  F i g s .  0 . 1 , 0 . 2 ,  and 0 . 3 .  
These fac i l i t i es have been carefu l l y s i ted and des i gned to reduce the amount o f  fl oodpl a i n  
encroachment and dredg i ng and to provi de su i tab l e fl ood securi ty .  The permanent fac i l i ti es ,  a s  
i l l ustrated i n  F i g . 0 . 2 ,  are l ocated i n  or adj acent t o  the 500-year fl oodp l a i n  and cons i st o f  

1 .  one naphtha t a n k  ( 50 , 000 b b l  capac i ty ) , 

2 .  one mi ddl e di st i l l ate tank ( 50 , 000 bb l  capaci ty ) , 

3 .  one heavy fuel  oi l tan k  ( 50 , 000 bbl  capaci ty ) , 

4 .  two b l ended fuel o i l  tan k s  ( 50 , 000 bbl  each ) ,  

5 .  two s u l fur tanks ( 2B , 000 bbl  each ) , 

6 .  s i x  tan k-spi l l  contai nment reservoi rs ,  

7 .  tank s upport fac i l i ti es , 

B .  ra i l  s i di ng s  and ra i l  car l oadi ng systems , 

9 .  roadways and access ramps , 

1 0 .  barge s l i p ,  

1 1 . coal - ba rge un l oading  dockage and conveyor faci l i ty ,  

1 2 .  water i ntake fac i l i ty ,  and 

1 3 .  wastewater d i scharge structure . 
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F i g .  0 . 1 . S i te fl oodpl a i n  and wetl and a reas . 

Exc l u s i ve of the roadways and access ramps , the tota l a rea occupied  by these fac i l i t i es i s  about 
1 6 ha ( 40 acres ) ,  of  whi ch a bout 3 . 5  ha ( 8 . 6 acres ) is  bel ow the 500-yea r  fl ood e l evati on . The 
a reas wi th i n  the 500- and 1 00-year fl oodp l a i ns a re about equal  due to the c l oseness of the two 
fl oodp l a i n  l imi ts at the s i te ,  as i l l us trated i n  F i g .  0 . 1 . About 1 . 6 ha ( 4  acre s )  of 500-year 
fl oodp l a i n  wi l l  be p recl uded due to the requ i red e l evati on of the tan k  bases above the 5 00-year 
fl ood e l evati on and the smal l encroachment of the contai nment reservo i r d i kes . The rema i n i ng 
fac i l i t i es wi l l  not be e l evated  above the 500-yea r  fl ood e l eva t i on but wi l l  be fl oodproofed for 
the 1 00- and 500-year  fl ood events . 

Barge s l i p  

T h e  d redged barge s l i p ,  as  i l l ustrated i n  Fi gs . 0 . 2  a n d  0 . 4 ,  wi l l  be u s e d  for un l oad i ng equi pment , 
s tructured steel , p re s s u re ves sel s ,  and other eq u i pment transported to the s i te by barge . The 
barges wi l l  be u n l oaded by mObi l e  cranes . Ramp fac i l i ti es wi l l  be a va i l ab l e  for dri ve-off veh i c l es 
and l oads . An estimated 300 , 000 tons of constructi on mate r i a l  wi l l  be brought to the s i te by 
barge . As i l l ustrated i n  Fi g .  0 . 1 ,  the neces s i ty of p rovi d i n g  access to the s l i p  wi l l  req u i re the 
l evel i ng of  the sma l l b l uff in front of  the doc k ,  wh i ch wi l l  reduce p roj ect encroachment impacts 
by smoothi ng the fl ood fl ow l i nes past the s i te .  

Coal  barge un l oader 

Coal w i l l  be barged to the s i te ,  and comme rc i a l l y  a va i l abl e barge u n l oadi n g  equ i pment wi l l  be 
u ti l i ze d .  The fac i l i ty i s  des i gned to hand l e  44 , 000 tons of  coal per wee k .  The doc k  a rea , shown 
i n  F i g s .  0 . 5  and 0 . 6 ,  req u i re dredg i ng for the u n l oadi ng area as wel l as for the barge hol d i ng 
a rea . D redged mate ri a l  wi l l  be used e i ther for l andfi l l  o r  sto red for l ater use  i n  accordance 
wi th the Corps of  Engi neers , Secti on 404 permi tti ng p rocess . The u n l oad ing  fac i l i ty i tse l f wi l l  
be f l oodproofed to keep a l l essenti al  mach i nery a bo ve the 1 00-yea r  fl ood e l e vat ion . 
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F i g .  0 . 5 .  Location  o f  the proposed coal  barge un l oa d i ng and hol d i ng areas . 
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APPL ICATION BY DEPARTMENT OF ENERGY 
DATE 5/22 /1980 

Fi g .  0 . 6 .  Deta i l ed cross secti on o f  the coa l barge un l oadi n g  and hol d i ng areas . 
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Product l oad-out and storage area 

The product storage a rea occup i es about 1 2  ha ( 30 acres ) of h i g h  terraced area between the 
500-year fl ood e l evati on and the rai l road . The tanks , i l l ustrated i n  F i g .  0 . 3 ,  wi l l  be wi th i n  
i nd i v i dua l  s p i l l  control reservoirs  l i ned wi th a n  i mperv i ous materi al  and wi l l  have a dra i nage 
control system des i gned to rec l a i m  al l ra i nfa l l and sp i l l age . The con struction  of th i s  faci l i ty ,  
a s  i l l u strated i n  F i g s .  0 . 1  and 0 . 2 ,  neces s i tates a sma l l amount of 500- and 1 00-year fl oodp l a i n  
encroachment .  The base o f  the tanks wi l l  b e  a t  a n  e l evati on o f  825 ft , o r  about 1 3  f t  above the 
5 00-year fl ood el evat i on .  

Raw water i ntake fac i l i ty 

The raw water i ntake fac i l i ty ,  i l l u s trated i n  F i g s .  0 . 2 ,  0 . 7 ,  and 0 . 8 ,  i s  desi gned for the com
merc i a l  p l ant to pro v i de process water and emergency fi re-fi ght i ng water demands . The maxi mum 
water wi thdrawal duri ng commerc i a l  operati on wi l l  be 1 7 , 000 gpm.  The i nta ke structure , i l l us 
trated i n  F i g .  0 . 8 ,  wi l l  b e  a perforated p i pe l ocated i n  a n  excavated channel  o u t  of  the navi ga
t i on channe l . The base of the pump bu i l d i ng wi l l  be at an e l evati on of 81 4 ft ( 2 . 5  ft above 
the 500-year f l ood e l evati on ) .  The fac i l i ty wi l l  be fl oodproof and des i gned to avo i d  eros i on and 
bank fai l u re .  Dredged mate r i a l  wi l l  be e i ther used for l andfi l l  or stored for l ater use i n  
accordance wi th the Corps o f  Engi neers , Sect i on 404 permi tti ng process . 

Other faci l i t i es 

Other faci l i ti es such as roadways , access ramps , and temporary open storage areas wi l l  not be 
e l evated and wi l l  be a l l owed to become i n undated . Other bui l d i ngs , whi ch house pumps , personne l , 
and product transfer equ i pment ,  wi l l  be l ocated on the upper terrace above the 500-year fl ood 
e l evati on . 

The truck l oadi ng faci l i ty wi l l  e l im i n ate 3 . 5  ha of sedge-ru s h  meadow and several smal l ponds 
near the Fort Mart i n  Schoo l / Communi ty Cente r .  Th i s  represents about 1 4% of  the 25 ha of th i s  
type o f  wetl and on the s i te .  

Wi t h i n  the f l oodpl a i n  areas , no known fau l ts or geo l og i ca l  hazards o r  other constrai nts , except 
for the i n herent fl ood haza rds , exi s t .  Some l andsl i de potent i a l  exi sts fo r the steep val l ey 
wa l l s .  The a b i l i ty o f  th i s  fl oodpl a i n  to res i st severe scour and l atera l ero s i on i s  con s i dered 
adequate for p rocess req u i rements . 

0 . 3 . 2  F l oodpl a i n  effects 

The fl oodp l a i n  s tructures d i scussed in Sect . 0 . 3 . 1  have been carefu l l y  l ocated to avo i d  backwater 
e ffects on fl ood e l evat ions , reduce i mpacts on waterborne commerce i n  front of  the s i te ,  and 
reduce the amount of fl oodp l a i n  constructi on requ i red . The l a rgest amount o f  fl oodp l a i n  encroach
ment i s  due to constructi on of s p i l l  contai nment di kes in the product l oad-out area .  As i l l us 
trated i n  F i g .  0 . 2 ,  the base of the di kes wi l l  fal l bel ow the 500-year fl ood e l evati on , and 
4 acres  of fl oodp l a i n  fi l l i n g  wi l l  be req u i red for the con stru cti on of s u l fu r ,  heavy fuel o i l , 
and bl ended fuel o i l  sto rage tanks  and s p i l l  contai nment reservoi rs . Th i s  con struct ion wi l l  on ly  
resu l t  in  a mi nor fl oodp l a i n  encroachment ,  as  i l l ustrate d .  The  constructi on of the  sp i l l  reser
voi r d i kes and the l evel i n g  o f  the g round at the i n l and access  ramp of the barge s l i p  ( F i g s . 0 . 2  
and  0 . 4 ) s hou l d  smooth the fl ood fl ow l i nes past the s i te and not c reate a meas u rabl e fl ood 
profi l e  change . Consequen t l y ,  offs i te impacts res u l t i n g  from changes in fl ood e l evations  are not 
expected to occur ( see Appendi x J ) .  

F l ood protecti on and fl oodproofi ng des i gn have been ta ken i nto con s i derati on i n  the structures 
l ocated wi th i n  the 500-yea r fl oodp l a i n .  These des i gns  a re made to ensure the securi ty o f  the 
s tru ctures as we l l as to avo i d  generat ing  ons i te and offs i te short- and 1 0ng-term i mpacts due 
to fa i l ure . The current waterfront l ayout i s  desi gned to avo i d  i n terference wi th waterborne 
commerce and , conversel y ,  to avo i d  ri s ks on the proj ect and i ts operati on . Su rface dra i nage 
from the product l oadout a rea wi l l  be col l ected and rec l a imed , thus avo i d i ng potent i a l  fl ood
p l a i n  contam i n a t i on from p roduct sp i l l s .  

The constru cti on of the faci l i t i es wi l l  permanent ly  al ter the topography of a porti on of the 
500-year fl oodp l a i n .  These encroachment i mpacts do not s i g n i f i cantly  al ter the ons i te and off
s i te fl ood potenti a l s  (Appen d i x  J ) .  The current des i g n  does not enta i l the e l im i nati on of the 
na rrow ri verbank  tree l i ne except where the water i ntake barge s l i p  and coal un l oad i n g  fac i l i ty 
must  be constructed . The con struct i on of the l a rger product l oad-out area and access roads have 
s u ff i c i ent e l evati on and d i stance from the navi gati on pool to prec l ude d i rect con structi on i mpacts 
on the wooded ri verban ks . The mai n tenance of the majori ty of wooded ri verbank  wi l l  provi de an 
aesthet i c  screen for the maj or  faci l i ti e s  l ocated on the h i gher terraced areas . 
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Ra i l  serv i ce i s  currentl y provi ded  a t  the ba se o f  the h i l l s i de ,  out  o f  the 500-year fl oodpl a i n .  
Therefore the storage and l oad ing  faci l i ti e s  on the upper terrace o f  the Be l l d i na property wi l l  
not be en l arged duri ng commerc i a l  expan s i on . There wi l l  be no new encroachments ; thus , no adverse 
i mpacts on e i ther wetl ands or fl oodp l a i n  wi l l  res u l t from the expanded commerci a l  p l ant  
( Append ix  D ) .  

0 . 3 . 3  Wet l and effects 

A vari ety of procedures were u t i l i zed to dete rmine  the extent and number of wetl and resources at 
the proposed s i te .  Pri mary wetl and data were col l ected by i n- f i e l d s i te s u rveys and analys i s  of  
aeri a l  photographs . An attempt wa s made to  use  data from the  West  V i rg i n i a  Department of  Natu ra l 
Resource s ,  but wetl and i n format i on fo r the Monongahel a Ri ver a rea had not been col l ected. From 
the reconna i ssance data , i t  i s  est imated that about 3% of the p roposed s i te i s  wet l and 
( Fi g s .  0 . 1  and 0 . 2 ) . Wet l ands a l on g  the Monongahe l a  R i ve r  a re not abundan t ,  a l though about 
1 0  ha of wetl ands has been l ocated in  the 1 7-mi l e  stretch o f  the ri ver in  the v i c i n i ty o f  the 
s i te ( Sect . 4 . 2 . 1 . 3 ) .  

By s uperimpo s i n g  the S RC- I I  p l ot pl an on the s i te map that del i neates wetl ands , i t  becomes 
obvi ous that several o f  the s i te ' s  wet l and  resou rces wi l l  be affected by the constructi on of 
the SRC- I I  demonstrati on p l ant  ( F i g .  0 . 1 ) .  There a re two sma l l forested wetl ands , compri s i ng 
about 1 ha , i n  the Monongahe l a Ri ver fl oodpl a i n .  A mi n i mum of 1 0% and as much as 1 00% of these 
wetl ands wi l l  be l ost  due to fi l l i n g  for the product storage area and poss i b l y  for the barge 
dock i ng fac i l i t i es .  Because the product storage area has been redes i gned to avo i d  as much of the 
fl oodp l a i n  and wetl and  area as poss i bl e ,  i t  i s  fe l t  that th i s  encroachment  is unavoi dabl e .  The 
sedge rush meadow , l ocated out of the floodp l a i n  i n  the s i te ' s  upl and a rea , i s  proj ected to be 
a ffected by the truck l oadi n g  faci l i ty ( Fi g .  0 . 1 ) .  I t  i s  anti c i pated that about 3 . 5  ha  of the 
25  ha o f  sedge rush meadow wetl and  and several sma l l ponds on the s i te wi l l  be l ost  due to con 
struct i on .  I n  add i t i on , the con stru cti on of barge doc k i n g  and u n l oadi ng faci l i ti e s  and the 
access road wi l l  necess i tate removal of 2800 ft of fo rested ri verban k .  The maj or ity of the 
fl oodp l a i n  that wi l l  be requ i red for the tank storage and access roads i s  currently devoted to 
agri cu l tural crop l and . Because of the i r  sma l l s i ze and l ack  of eco l o g i ca l  u n i q ueness , the 
ut i l i zati on and e l i m i nati on of these sma l l amo unts of fl oodpl a i n  and up l and wetl ands i s  not 
con s i dered a majo r  i mpact . 

0 . 4  ALTERNATI VE ACT I ONS AT THE P ROPOSED S I TE 

Al ternat ive acti ons at the proposed s i te i nc l ude al te rnati ve l ayouts and des i gn s  for p l ant 
faci l i t i e s .  These a l ternati ves consti tute envi ronmental i mpact mi t i gati on measures when they 
resu l t i n  reduced impacts . Th i s  secti on descri bes faci l i ty l ayout and des i gn a l te rnati ves , al ong 
w i th other potenti a l  envi ronmental i mpact mi ti ga t i on measures , wh i ch have been eval uated dur ing  
the  vari ous  phases o f  deve l opment of the  proposed SRC- I I  demon stra t i on p l a n t .  

0 . 4 . 1  Al ternati ve s i te l ayout and des i gn 

Throughout the deve l opment of the SRC- I I  faci l i ty ,  l ayout and des i gn a l ternati ves that cou l d  
reduce fl oodp l a i n /wetl ands impacts o f  the proposed faci l i ty were con s i de re d .  Maj or  des i gn 
a l ternati ves affecti ng fl oodp l a i n /wetl ands i ncl u de 

1 .  a l ternative  des i g n  of the barge s l i p ,  

2 .  a l ternati ve l ayout o f  the product storage a rea , and 

3 .  e l im i nati on o f  the coal - ba rge dock ing  faci l i ty ( the exc l us i ve use  o f  
ra i l roads for coal  s h i pments ) .  

0 . 4 . 1 . 1 A l ternati ve des i gn of the barge s l i p  

A n  a l ternati ve proposal rev i ewed i n  l i eu o f  the proposed barge s l i p was the u s e  of a breasting  
dock .  An analys i s  o f  the  project requ i rements i nd i cated that  a breast i ng dock  may be cheaper to  
construct and  wou l d  use  l ess  s horel i ne .  However ,  th i s  type of dock  faci l i ty wou l d  not l end  i tsel f 
to the d i rect off- l oadi ng of l a rge process equ i pment .  I n  l i ght o f  project requ i rements , th i s  
a l ternat ive wa s not cons i dered feas i bl e .  
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0 . 4 . 1 . 2  Al ternat i ve l ayout of the product storage area 

From the beg i n n i n g  of s i te l ayout des i gn ,  the s p i l l  securi ty of the product storage area has been 
a prime des i gn con s i derati on . The proposed des i gn i s  a mod i f i cation  of an earl i er des i g n .  Th i s  
mod i f i cation decreased the amount o f  fl oodpl a i n  encroachmen t .  The tan k l ayout a s  earl i er proposed 
i n  the DE I S ,  shown in Fi g .  0 . 9 ,  was l ocated cl oser to the ri ver than the currently  proposed tan k 
l ayout and wou l d  have enta i l ed l arger fl oodpl a i n  encroachment . An HEC-2 computer fl ood profi l e  
ana lys i s  of the amount of fl oodwater hydrau l i c  changes caused by the earl i er des i gn i nd i cated that 
the backwater curve wou l d  ra i s e  the 1 00-year fl ood l evel by 0 . 02 ft at a l ocat i on 0 . 5  m i l e  upstream 
of the tan ks and i ncrease the fl ood ve l oc i t i es from 7 . 2  to 7 . 3  fps . These fl ood changes were 
con s i dered m i n i ma l . The reducti on of encroachment i n  the current des i gn wi l l  further reduce th i s  
smal l fl ood impact . 

An a l ternat i ve l ocati on for the product storage area at an up l and l ocati on , w h i c h  req u i red p i pe
l i n i ng of the  product down to the  tra i n  l oadi ng a rea , was al so cons i dered . An engi neering  ana l ys i s  
i n d i cated that a h i l l top storage faci l i ty wou l d  cost  an add i tional  $ 1 , 2 00 , 000 , wou l d  create opera
t i ona l probl ems due to i ts remoteness from process and l oadi ng areas , and wou l d  potent i a l l y  l ead 
to a greater s p i l l age r i s k .  From th i s  analys i s  it was concl uded that a storage s i te adj acen t to 
the ra i l road l oadi ng a rea was preferabl e .  

0 . 4 . 1 . 3 El imi nati on o f  the coal -barge dock i ng fac i l i ty 

Duri ng the i n i t i a l  des i gn of the fac i l i ty ,  the concept of ra i l  s h i pment of the coal  to the s i te 
was proposed . A reana lys i s of the feas i b i l i ty and economi cal  mer i ts of th i s  con cept was per
formed .  Th i s  anal ys i s  i nd i cated that coa l  ra i l  s h i pment was i mpracti cal  and wou l d  cost an add i 
ti onal $26 mi l l i on over the f i ve-year proj ect l i fe .  I n  v i ew of these factors , coal s h i pment by 
barge became the preferred transportati on mode . I n  addi ti on , a barge dock i ng fac i l i ty i s  requ i red 
for del i very of eq u i pment and mater i a l s needed duri ng constructi on .  

The ab i l i ty to reduce the mi nor wetl and impacts a t  the s i te by a l ternati ve s i te l ayouts i s  not 
cons i dered feas i bl e .  Rad i ca l  changes in the s i te ' s  l ayout of d i s posal  and process  areas have 
a l ready been made because of exi sti ng s i te condi t i ons . 

0 . 4 . 2  Mi t i gation  meas ures 

The des i gn and con struction  o f  the fl oodpl a i n  faci l i t i es has been carefu l l y des i gned based on a 
bal ance between proj ect requ i remen ts and envi ronmental protecti on .  The mi ti gat i on measures that 
have been des i gned i nto the faci l i t i es and pl anned for the con struct ion and operati on of the 
faci l i ti es i n c l ude  s urface water runoff and spi l l  contai nment and treatment , mi n imi zati on of 
fl oodpl a i n  fi l l i ng and grad i ng ,  and poss i bl e  devel opment of wetl ands and wi l d l i fe habi tats at 
d i fferent l ocati ons wi th i n  the s i te .  The proj ect wi l l  be constructed under the con d i t i ons of  the 
Corps of Engi neers and the State of West V i rg i n i a  constructi on permi ts . 

0 . 4 . 3  Determi n i ng not to proceed wi th construct i on at any s i te - no action 

Encroachment  on  fl oodpl a i n /wetl ands areas at the Fort Mart i n  s i te cannot be avoi ded i f  the pro
posed SRC- I I  demon stra t i on p l ant  i s  constructed and operated at th i s  s i te .  The proj ect ' s  requ i re
ment for barge transportati on of coal and constructi on equi pment and water withdrawal s for p l ant  
use  necess i tate some degree of f l oodpl a i n  encroachment .  Impacts at the  Fort Marti n s i te can  be 
e l i mi nated on ly  i f  the p l ant  i s  not con structed and operated at th i s  s i te .  The use o f  an al ter
nati ve s i te wou l d  avo i d  impacts at the Fort Marti n s i te but wou l d  resu l t i n  fl oodpl a i n /wetl ands  
encroachment  at the al ternati ve s i te ,  as  has  been descri bed prev i ou s l y  i n  Sec t .  0 . 2 . 2 .  The  on l y  
way t o  avo i d  fl oodpl ai n/wetl ands encroachment i s  t o  termi nate the contract for th i s  demonstration 
program - the no-acti on a l ternati ve .  

I f  the  dec i s i on i s  made to  choose the  al ternative  of terminat ing  the  contract to  go  forth wi th 
the demonstra t i on proj ect , the opportun i ty to obta i n  the i n tended envi ronmen tal , techn i ca l , and 
economi c data on the SRC- I I  proces s at near commerc i a l  s ca l e wou l d  be greatly  reduced . The pro
posed SRC- I demonstra t i on program cou l d  provi de i n fo rmati on of  a gene r i c  natu re , such as hydrogen 
prod u ct i on v i a  gas i f i cat i on ; ash and sl ag d i sposa l ; pressure l etdown ; l arge-sca l e  oxygen produc
t i on ;  wastewater treatment ; so l i d- l i q u i d  separa t i on ; and hi gh-temperature , h i gh -pressure hand l i ng 
of hydrocarbon , hydrogen , and oxygen mi xtures . However , the conceptual des i gns  for each of the 
two SRC demonstrat i on pl ants have un i q ue features . Demonstration  of both techno l og i es wou l d  
prov i de a val uab l e  d i vers i ty o f  i nformation  and operat ing  experi ence about a l ternat i ve des i gn s .  

Demonstration  pl ants a re a key factor i n  reduc ing  scal e-up ri s ks ( techn i cal , f i nanci a l , and 
envi ronmental ) from pi l ot pl ant to commerci a l  fac i l i t i e s  to a reasonabl e l evel . Because the 
SRC process i s  nearer commerci a l readi ness  than i s  any other d i rect coal l i q uefacti on process , 



Fi g .  0 . 9 .  

·1 . . . , ,
.
- '.. 

.� 
,

. . . 
. . 

. -
.

. . 
I •  • . . . 

. 
. I • : • : -.. .. t.- .. .. 

\ 

, 

.. . � 
: 

.... 
$... 

-
.. .... 

. ...... �.. -.
.. -, -- -

��. �N�""��S '(;.\,.� 

<?'?' \,.\ 
�e�y.; /j �'(;.���(;'(;. �� ",0 /' <!J<o o� 

,.0 
R.R. LOADING AREA .... �> 

.
. . 

, 
.
- .

.
.

. . 
- . . � . . . . .

• 

MONONGAH ELA RIVER 

Rel oca ted product s torage a reas i n  compari son wi th the earl i er des i gn . 

o 
I 

� CP 



0-1 9 

dec i s i ons  that restri ct or i n h i b i t  i ts path to commerci a l  devel opment may del ay DOE ' s  response 
to nati onal energy goa l s  through the use of di rect coa l l i q uefacti on techno l ogy . Al s o ,  i n  
the absence o f  a synfuel i ndu stry produc ing  cl ean -burn i ng fuel s ,  conven t i onal  coal uti l i za t i on 
and i ts associ ated envi ronmental impacts wou l d  l i ke l y  conti nue . 

On the other han d ,  commerc i a l  synfuel devel opment may take p l ace i n  the pri vate sector when 
econom i c  condi t i on s  ma ke i t  attract i ve .  I f  comme rc i al i zati on takes pl ace wi thout the benefi ts 
of a demonstration  program , i t  i s  l i ke ly  that deve l opment wou l d proceed in a l es s  control l ed 
manner , wi th l a rge-sca l e techn i cal  and envi ronmental probl ems be i ng sol ved duri ng the operation 
o f  the pl ant rather than during  the des i gn of the pl ant .  
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@ 
Department of Energy Oak Ridge Operations P.O. Box E Oak Ridge, Tennessee 37830 

Mr. lIovard N. Larson 
Regional Direc tor U. S. Fish & Wildlife Service 

Northeast Region 
Ona Gateway Center 
Newton, MA 02158 

Dear Kr. Larson: 

April 9, 1980 

Sl!C-II - ENVmONHENTAL IMP ACT STATEMENT 

the U • .  S .  Dept. of Energy (DOE) is preparing an Environmental Impact 
Statement on the proposed conatruction and operation of a Solvent 
Refined Coal (SRC-II) Demonstration Plant near Horgantown, WV. During 
the preparation of the Environmental Report , the industrial partner 
of DOE, Pittsburg & Midway Coal Mining Company , has contacted the U .. S .. Fish and Wildlife Service and other agencies and has made an 
..... sment of the potential impact the proposed facility would have 
on endangered or threatened spe.cie. and on critical habitat for such 
species . 

In compliance with Section 7 (c) of the Endangered Species Act, 
Amendments of 1978 (P.L. 95-362 , November 10, 1978) , the Department 
of Ene.rgy requests that you provide any information available to the 
Pish and Wildlife Service regarding : 1) the presence of any listed 
or proposed to be listed endangered or threatened species in the 
area of the proposed proj ect, 2) the presence of any critical habitat 
for a listed or proposed species , or 3) any potential impact of the 
propoaed project on such species . To a.sist in your review, a copy 
of the Preliminary Draft Environmental Impact Statement (PDEIS) and 
appropriate sections of the Env1ronmmtal Assessment Report (EAR) are 
enclosed.. A general site location map is provided on page 3-2 of the 
POEIS, and site specific maps are provided throughout Chapter 3 and 
the extract of the EAR. 

Mr. l!oward N. Larson -2- April 9, 1980 

Aa the PDEIS is incomplete and is intended primarily for review by 
the Department of Energy and its contractors, we are reques ting 
that it not be circulated outside your agency and that it not be 
distributed or cited. 

Preparation of the Environmental Impact Statement 1s critical to the 
project schedule and receipt of your response by May 1, 1980, would 
be greatly appreciated. If you cannot respond by this date, please 
advise me 8a soon 8S possible of the expected date of your response. 

If you or your staff have ques tions regarding this ID8.tter, please 
contact me or James Reafsnyder at (615) 576-1055. 

lIS :  33l:RCI! 

Enclosures: 
As atated 

cc: L. H. Joseph, DOE/FE-40 , w/o encl . 

rr1 
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UNITED STATES 
DEPARTMENT OF T H E  I NTERIOR 

FISH AND WILDLIFE SERVICE One Gal.wly Center. SUIte TOO 
NEWTON CORNEA. MASSACHUSETTS 02158 

APR 2 5 1980 

Mr. John F. Pearson, Jr. 
Department of Energy 
oak Ridge Operations 
P .O. Box E 
Oak Ridge , Tenne.see 37830 
Dear Mr. Pearson: 

th1.s responds to your April 9, 1980, request for information on 
the presence of Federally listed or proposed endangered or threatened 
species within the impact area of your proposed Solvent Refined Coal 
Project (SRC-II) in Monongalia County, near Morgantown, West Virginia . 

Except for occasional transient indlvlci. .... als, no Federally listed or 
proposed species under our jurisdiction are known to exist in the 
project. impact area. Therefore, no Biological Assessment or further 
Sect.ion 7 Consultation is required with the Fish and Wildlife Service 
(FWS ) . Should project plans change, or if additional information on 
list.ed or proposed species becomes available, this determination may 
be reconsidered .  

'Ods response relates only to endangered species under our jurisdiction. 
I t  does not address ..other FWS concerns under the Fish and Wildlife 
Coordination Act or other legislation. 

The authority for responding to requests for lists of Federally listed or 
propose.d threatened or endangered species within the impact area of a 
project has been delegated to area o f f ices of the EYlS . In the future 
please address such requests, plus general int ormation needs to : 

Mr. Norman R. Chupp , Area Manager 
U. S .  Fish and Wildlife Service 
Harrisburg Area O f f ice \ 
100 Chestnut Street, Room 310 
Harrisburg ,  Pennsylvania 17 101. 

The authority to issue Biological Opinions , however, remains with 
Regional Directors of the FWS . Therefore, if a proj e c t  may affect 
endangered or threa't.ened species or their critical habitat and fo rmal 
Section 7 Consultation 1s anticipated , contact should be made with: 

Mr. Howard N. Larsen, Regional Director 
U . S .  Fish and Wildlife Service 
One Gateway Center, Suite 700 
Newton Corner , MA 02 158. 

A list of Federally listed endangered and threa tened species in 
West Virginia is at �ached for your informa t ion. Please contact uS 1f 
w can be. of further assistanc e .  

;:z;�' 
t-c, ... ''''''Regional Director 

Attachment 
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FEDERALLY LISTED ENDANGERED AND TIlREATENED SPECIES 
IN WEST VIRGINIA 

Common Name 

FISHES : � 
BIRDS: �l e ,  bald 

Falcon, American 
peregrine 

Falcon, Arc tic 
peregrine 

Warbler, Kirt land ' s  

tiAllMALS :  �Indiana 

Bat ,  Virginia 
big-eared 

Cougar, eas tern 

MOLLUSKS : � flat-spired 
three- toothed land 

Muss e l ,  tuberculed
b lossom pearly 

Mussel. pink mucket 
pearly 

PLANTS : � 

Scientific Name 

Haliaeetus leucocephalus !.!.!s2. peregrinus � 

!.!.!s2. peregrinus tundrius 

Dendroica kirtlandii 

Myotis � 
Plecotus t01'J'O.sendii �ianus 

� � cougar 

Triodopsis platysay0 1des 

EpioblasD1a (-Dysnomia) 

� �  
Lampsilis orbiculata 

orbiculata 

1 .  

S t a tus 

E 

E 

E 

T 

D i s t r ibution 

Entire state 
Entire s t a t e  -

re-establishment to 
former breeding range 
in progress 

Entire s t a te migratory -
no nesting 

Entire state - occasional 
migrant 

Entire s t a t e  - c r i t ical 
hab i tat . Hellhole Cave 
Pendleton County 

Primarily northwestern 
County - c r i t ical habita 
Hellhole Cave , Cave 
Mountain Cave . Hoffman 
School Cave , and Sinnit 
Cave in Pendleton County 
Cave Hollow Cave 1n 
Tucker County 

Entire s t a t e  - may be 
extinc t 

Monongalia Coun ty 
Summ.i t of Copper I 5 

Rock 
Kanawha River 

Kanawha and Faye t te 
Counties 

Kanawha River 
Kanawha and Fay e t t e  
Counties 

Region 5 - 2119/80 - l p.  

rn 
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(�.;:���)) 
Department of -Eneigy 
Oak R idge Operat ions 
P. O. Box E 
Oak Ridge , Ten nessee 37830 

Mr. Chri s topher C l ower 
Ass i s tant Fi e l d  Supervi sor 
U.  S.  F i s h  and Wi l d l i fe Servi ce 
P . O .  Box 1 278 
El k i ns ,  West V i rgi n i a  26421 

Dear Mr.  C l ower:  

E-6 

December 8,  1 980 

COORDI NATI O N  W ITH FISH  AND W I LDL I FE SERV ICE  FOR DOE ' S  PROPOSED SRC - I I  
COAL L IQUEFACTI O N  PLANT AT MORGANTOWN , W VA 

As a fol l ow-up to the meeti ng hel d i n  Morgantown , Wes t V i rg i n i a  on 
October 28 re l a ti ve to i mpl ementati on  of Secti on 622 ( a )  of the F i s h  
and Wi l dl i fe Coordi nati on Act for the proposed SRC- I I  coal l i q uefacti on  
pl ant to  be  erected near  Morgantow n ,  West  V i rg i ni a ,  I am enc l os i ng 
i nforma ti on wh i ch shou l d  answer some of the outstandi ng questi ons 
rai sed duri ng the meeti ng . 

The report enti t l ed , " Response to U .  S .  F i s h  and Wi l dl i fe Servi ce ( FWS ) 
Concerns , "  speci fi ca l l y  addresses the concerns of the FWS from the 
Morgantown meeti ng . In severa l  areas , parti cul a rly I tem 4 ,  "Habi tat 
Mi ti gat ion  P l an" , a conceptual p l a n  to mi ti gate proj ect i mpacts has been 
outl i ne d .  These p l ans , howeve r ,  are conceptual i n  nature ; and the deta i l s  
of a ny agreements and i mpl ementati on , i ncl udi ng t imi ng , wi l l  have to be 
worked out as the project progresses . 

Also encl osed for your revi ew are rel ated porti ons of the SRC- I I  Envi ron
mental Report , whi ch conta i ns perti nent data on wi l dl i fe and aquati c 
eco l ogy for the proposed Morgantown , West V i rg i n i a  s i te .  A report enti tl ed ,  
"Pre l i mi nary I nvesti gati ons of Adu l t ,  J uveni l e ,  and Larval F i sh o f  the 
Monongahel a R i ver and Tri butary , Morgantown . West V i rg i n i a " , i s  a l so 
encl osed for your i nforma t i on . 

We ask  that  you p l ease revi ew the encl osed i nformati on and proposa l s .  
We bel i eve the i nformation  substanti a tes that the proposed SRC- I I  p l an t  



U .  S .  F i s h  and W i l dl i fe 
Servi ce , ATTN : C .  Cl ower 
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does not pose a s i g n i f i cant threat to wi l dl i fe resources . I f  you have 
any questi ons  o r  comments on the encl osed , o r  req u i re addi ti onal  i nfor
mati o n ,  pl ease cal l me at FTS 626 - 1 055  or contact Gabri el  Ma rc i ante at 
FTS 626-0850. Commerci a l  numbers are 6 1 5 -576-1 055 o r  6 1 5- 576-0850 . 

Si ncere l y ,  

t9.�Q James A .  Reafs der 
R&D Manager , Techn i ca l  D i v i s i on 
Sol vent Refi ned Coal P rojects MS- 331 : GJM 

Enc l osures 
As s tated 

cc: Davi d Cal l aghan , w/encl 
W VA Dept .  of Natural Resources 

Robert M i l es ,  w/o encl 
W VA Dept of Natura l Resources 

USF&WS , Annapo l i s ,  MD 
Dr.  G l en Ki nser 

USF&WS , Annapol i s ,  MD 
Andy Moser 

USF&WS , Newton , MA 
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SRC - I I  DEMONSTRATION PLANT 

RESPONSE TO U .  S .  F I SH AND W I LDL I FE SERV ICE ( �AS ) CONCERNS 

As a resul t of speci fi c concerns expressed by members of the U . S .  
F ish  and Wi l dl i fe duri ng a s i te vi s i t  at the Morgantown s i te ,  the fol l ow
i ng areas have been addressed by SRC I nternational : 

( 1 )  S i ze of Barge Unl oad i ng Area . Present pl ans cal l for usage 
of approximate l y  2800 ' of shorel i ne on the Monongahel a Ri ver 
for coa l  unl oad i ng . Th i s  amount is con s i dered neces sary ,  and 
the proposed use i s  broken down as fol l ows : 

( 2 )  

(a )  Approximate l y  800 ' o f  shorel i ne i s  requi red for the 
operation of the barge unl oader,  based on vendor 
i nformati on and v i s i ts to other faci l i ti es .  

( b )  Two "fl eeting areas"  for storage of ful l  barges at  one 
end and empt i es at  the other are requ i red . Barges wi l l  
be s tored two abrea s t ,  wi th room for a total of e i ght 
jumbo barges , each 195 ' l ong , in  each " fl eeti ng area"  
The fl eeti ng areas are expected to occupy a total of 
1600 feet. 

(c )  The fl eeti ng areas have to be separated from the barge 
unl oader area by cl earance ,areas for safety and operabi l i ty 
reasons .  A cl earance of 200 feet i s  pl a nned , u s i ng an 
addi tional 400 feet.  

The exi sting barge fac i l i ti es of the Fort Marti n Power Stati on 
a re approximately 1� mi l es downstream . 

Use of a Barge Sl i p .  A barge s l i p ,  rather than a breasti ng 
dock, ;s pl anned for the riverfront faci l i ties  due to the 
nature of equ i pment and materi a l s  brought to the s i te duri ng 
constructi on.  

The d i s sol vers are  an examp l e  of equi pment that  can  only be 
unl oaded at  thi s  sort of faci l i ty .  The dissol vers are ex
pected to arri ve at  the s i te by barge , . s i tt i ng atop crawl ers 
that need to be driven off . The expected s i ze and wei ght 
severe l y  l imi ts opti ons for transporting these vessel s to 
the s i te .  Transport by road i s  consi dered unfeas i b l e .  

Based o n  FWS comments , SRC I nternational  has recogni zed that 
s tagnant water cou l d  become a probl em in the s l i p  if no 
correcti ve measures are taken . Poss i bl e  opti ons to mi nimi ze 
thi s  probl em are as fol l ows : 

-1-
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Response to U . S .  �NS Concerns Page 2 

- Rerouti ng of natura1 dra i nage through the s 1 i p .  
- P i p i ng water from the i n ta ke pumps through the s 1 i p .  
- Aerati on . 
- Us i ng the area for docki ng work boats , crea ti ng tu r-

bu1 ence and water f1 0ws . 
- Any other engi neeri ng s01 uti ons deve10 ped duri ng des i gn .  

The best option wi 1 1  be defi ned duri ng deta i 1  des i gn .  

( 3 )  Undermi ni no o f  Di sDosa1 Area . Ear1 y geotechni ca1 work at  
the s i te i ndi cates the areas with i n  the  proposed s 1 ag di s posa1  
area are undermi ned . These studi es i ndi cate that for the 
Demonstration  P1 ant D i s posa1  Area , these areas wi 1 1  be avo i ded .  

For the Commerci a1  P1 ant area , further geotechnica1  stud i es 
wi 1 l  be made to determi ne the extent of undermi ning .  Where 
imposs i b 1 e  to avo i d  these undermi ned areas , duri ng Commerci a 1 
Pl ant Des i gn ,  the area wi 1 1  be excavated to the P i ttsburg 
seam e1 evati on . These areas wi 1 1  be appropri ate 1 y  fi 1 1 ed ,  
and seal ed with a 1 ayer of materi a1  imperv i ous  to potent i a 1  
l eachates . 

(4 ) Habi tat Miti oation Pl ans . A conceptual p1 an has been deve1 0ped 
to he1 p mi ti gate the effects of the project on wet1 ands and 
wi l dl i fe habi tats . Three separate areas are addressed by 
thi s  pl a n .  

(a )  Approximate1y 2800 feet o f  shorel i ne al ong the Mo non
gahel a River wi 1 1  be uti 1 i zed i n  the construction of 
barge unl oadi ng faci l i ti es . As compensati on for thi s  
l os s , pub1 i c  access to ri ver shore1 i ne cou 1 d  be provi ded 
in the Be1 1 di na ' s  bottom portion  of the f1 00dp 1 a i n ,  to 
the south and east of the product s torage area ( see 
area A on attached p1 an ) .  Such access wou 1 d  be afforded 
v i a  a road connecti ng with State Hi ghway 53 near Wes t 
Van Voorh i s . 

(b )  Due to pro posed fl ood p 1 a i n  deve 1 0pment , 3 to 5 acres 
of wet1 and wi 1 1  be 1 0s t .  A1 so , a sedge meadow west of 
the Fort Marti n Schoo 1 wi 1 1  be impacted by cons tructi on 
of the proposed product storage and truck 1 0adout area . 
I n  order to mi ti gate the 1 0ss  of these wet1 and habi tats , 
a pond coul d be created to the wes t  of the exi s ti ng 
sedge meadow ( see area B on attached p 1 a n ) . Appropri a te 
management measures , i nc 1 ud i ng the i ntroducti on of 
important food and cover p 1 ant spec i es , wou 1 d  i nsure that  
the created wet1 and wou1 d  be attracti ve and  benefi c i a 1  to 
waterfow1 and other wi 1 d1 i fe .  
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( c )  As compensation for the l oss  o f  upl and wi l dl i fe habi tat 
due to the constructi on of process area faci l i t i es ,  a 
wi l dl i fe habi tat enhancement program i s  proposed . Such 
a program woul d be estab l i shed in an area , not to be 
d i s turbed by p l ant constructi on or operat i on , l ocated 
i n  the western portion  of the s i te ( map  area C ) . Man
agement techni ques des i gned to benefi t up l and game b i rds 
( primari l y  ruffed grous e ) , deer , and other wi l d l i fe ,  
wou l d  be empl oyed . Any catt l e  graz i ng , hay mowi ng , or 
other agri cul tural use of these areas wou l d  cease . 
Appropri ate recl amation techni ques woul d  be impl emented 
on stri p-mi ned l and to accel erate p l ant succes s i on to 
shrubby and young hardwood forest commu n i ti es .  Important 
food and cover pl ant species  wou l d  be p l anted . 

Whi l e  certain game spec i es woul d benefi t by th i s  management 
and coul d  be expected to i ncrease in popu l ation  dens i ty ,  i t  
woul d not b e  advi sabl e to permi t the use of Area A for 
hunti ng , due to i ts cl ose proximi ty to the SRC- I I  p l ant 
faci l i ties . 

( 5 )  Water Intake S tructure . The water intake s tructure proposed 
for the Demonstrati on P l ant wi l l  be s i zed for pos s i b l e  
eventual Commerci al P l ant Operation .  The water i ntake 
structure for Commerci a l  P l ant Ope ration wi l l  be des i gned 
for a maximum app roach ve l oc i ty 'of 10 cm/sec . The Demon
stration Pl ant wi l l  demand l ess water and resul t  i n  l ower 
approach vel oci ty .  

Investi gations of  adu l t ,  juveni l e ,  and l arval  fish  o f  the 
Monongahel a River ,  performed by S tearns-Roger Envi ronmental 
Services , have been forwarded to the F ish  and \� i 1 d l i fe 
Serv i ce to hel p eval uation of the Project impacts on aquati c 
wi l dl i fe .  

11/10/80 
EM/j 1 
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Table F . 1 .  Summary o f  sampling efforts conducted 
during baseline monitoring of aquatic biota in the Monongahela R iver 

G roup of 
aquatic organisms 

Phytoplankton 
No. of quarters sampled 
Density, un its/ml 
Composition 

Periphytic a lgae" 
No.  of quarters sampled 
Composition 

Macrophytes" 
No.  of quarters sam pled 
Composition 

Zooplankton 
No. of quarters sampled 
Density, organisms/m3 

Composition 

Benthic macroinvertebrates 
N o .  of quarters sampled 
Density, orga nisms/m3 

Composition 

Ichthyoplankton 
No. of quarters sampled 
Tota l No. of times sampled 
Density, larval fish/m 3 

Composition 
Adult fish" 

No.  of quarters saC" pled 
Composition 

Sampling station 

M - l  M -2 M-3 

4 4 4 
1 349-5627 68-967 1 0-22,099 
G reen and blue-green algae, G reen algae, diatoms, S imi lar  to M-2 

diatoms euglenophytes, cryptophytes, 
and other flagel lates 

3 
Pr imari ly diatoms at a l l  

stations 

Primari ly pondweed at a l l  
locations 

4 
16-3875 
R otifers, ciadocerans, and 

cope pods at a l l  stations 

4 
0-3784 
Primari ly chironomids and 

tubiflcids at all stations 

3 

4 
24-9409 

4 
42-6 1 57 

2 
1 3  
0-0. 146 
Sunfish, ca rp, and minnow 

P umpkinseed and b luntnose 

3 

4 
4-27,584 

4 
0-2394 

1 
3" 

Sucker and m innow 

BQ ua l itative su rvey performed. 
Sou rce: Adapted from ER , Vol. 1, Sect. 8.3. 
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Table F.2. Summary o f  the sampling efforts conducted during baseline monitoring o f  aquatic 
biota at the Monongahela tributary drainages and on site ponds 

Sampling station 
Group of 

aquatic organisms 

Periphytic algae" 
No. of quarters sampled 
Com positionb 

Macrophytes" 
No.  of quarters sampled 
CompositionC 

Benthic macroinvertebrates 
No.  of quarters sampled 
Density (organisms/m3

) 
Composition 

Ichthyoplankton" 
No. of quarters observations made 
Compositiond 

Adult fish" 
No. of quarters sampled 
Composition" 

R · 1  K·1 

"Qualitative survey performed. 
b pr imarily d iatoms at all locations. 
CHabitat unsuitable except at pond 1 .  

Tributary drainages 

C·1  C·2 

3 4 

3 4 
0-5067 33-620 
Chironomids Amphipods, 

and tubificids chironomids, 
and other 
insects 

dSpawning activity for white sucker and johnny darter observed at both locations. 
"Primarily river chub at both locations. 
Source: Adapted from ER,  Vol .  1 ,  Sect. 8.3. 

Ponds 

2 

Pondweed 

2 1 
1 304-4490 1 069 
Chironomids, Ch iro nom id s 

other dipterans, 
and freshwater 
clams 

3 
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Table F.3. Adult fish collected I n  lock pools, M onongahela R iver, 
S eptember 1978 

Location 

Scientific name Common name Morgantown H ildebrand 
locks locks 

Centrarchidae S u nfish 
Lepomis cyanel lus G reen su nfish 2 
Lepomis gibbosus Pu mpkinseed 7 
Lepomis macrochirus B lueg i l l  6 
Lepomis sp. U n identified hybrid 68 
Micropterus salmoides Largemouth bass 8 
Pomoxis nigromacula tus B lack crappie 8 36 

C l u peidae H errings 
Dorosoma cepedianum G izzard shad 

Cyprin idae M innows and carps 
Carassius auratus Goldfish 2 
Cyprinus ca rpio Carp 1 2 
Nocomis micropogon R iver chub 1 
Notemigonus crysoleucas Golden shiner 1 6 
Notropis a therinoides Em erald shiner 288 1 398 
Notropis a therinoides x 8 Em erald sh iner xb  1 

N. stramineus S and shiner 
Notropis buchanani Ghost shiner 9 41  
Notropis sp .  U n identified sh iner 2 9 1  
Notropis spilopterus Spotf in shiner 2 2 
Notropis stramineus Sand sh iner 97 49 
Notropis volucellus M i m ic sh iner 4 6 
Pimephales nota tus B lu ntnose m i n now 1 82 3336 
Semotilus a tromaculatus Creek chub 

Esocidae P ikes 
Esox mosquinongy M uskel lu nge 

Ictaluridae Catfish 
Ictalurus catus Wh ite catfish 2 
Ictalurus nata lis Yel low bu l lhead 76 7 
Ictalurus nebulosus B rown bu l lhead 4 1 2  
Ictalurus punctatus Chan nel catfish 39 8 

Percidae Perches 
Etheostomil nigrum Johnny darter 37 58 
Perc ina caprodes Logperch 40 
Stizostedion vitreum Wal leye 4 6 

Total 802 51 52 

8H ybrid f ish species. 
b D ata col lected by West V irg i n ia D epartment of N atural Resources. 

Sou rce: Adapted from ER , T ab le 8-1 . 
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Table F.4. Adult fish found in baseline survey, May 1979 

M -2 C-1 C-2 
Sc ientific name Common name ---

M ay 1 6  M ay 23 May 15 M ay 1 5  

Catostomidae S uckers 
Catostomus commersoni W h ite sucker 

Centrarch idae Sunfish 
Lepomis cyane/lus G reen su nfish 5 
Lepomis gibbosus Pumpkinseed 1 5  1 9  
Lepomis macrochirus B lu eg il l  3 
Micropterus salmoides Largemouth bass 

Cyp r in idae M in nows and C arps 
Cyprinus carpio C arp 3 
Nocomis micropogon R iver Chub  
Notemigonus crysoleucas G olden shiner 3 
Notropis a therinoides Emerald shiner 1 1 
Pimephales nota tus B l u ntnose m in now 1 0  35 

I ctalu ridae Catfish 
Ictalurus nata lis Yel low bu l lhead 6 

Percidae Perch 
Etheostoma n igrum J ohnny darter 

Total 26 76 

Sou rce: Adapted from ER.  T ab le 8-2. 

Table F.S. Larval llsh collected at station M -2, M onongahela R iver, 
April-August 1979 

S cientific name Common name 
Stage of 

development 

C astostomidae 
U n identified Sucker Mesolarvae 

Centrarch idae 
Lepomis sp. Su nfish Mesolarvae 

Metalarvae 
J uven ile 

Pomoxis sp. C rappie Metalarvae 

Cyprin idae 
Cyprinus carpio Carp P roto larvae 

Mesolarvae 
Metalarvae 

Notropis a therinoides Emerald sh iner J uven i le 
Pimephales notatus B l u ntnose m i n now J uven i le 
U n ident ified M i n now P rotolarvae 

Mesolarvae 
Metalarvae 

Ictaluridae 
Ictalurus nata lis Yel low bul lhead Metalarvae 
Ictalurus nebulosus B rown bu l lhead Mesolarvae 

Percidae 
Etheostoma nigrum J oh n ny darter P rotolarvae 

Mesolarvae 
J uven ile 

Etheostomitini Darter Mesolarvae 
Metalarvae 
U nidentif ied 

U n identified larvae and remains 

Total 

Source: Adapted from ER . T able 8-3. 

2 

2 5 

1 0  1 5  

3 

1 2  27 

N u m ber 
col lected 

2 

34 
3 

32 
9 
3 
2 
1 
4 

35 

2 

8 

1 8  

1 61 
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Table F . B .  larval lish per square meter 01  water 
filtered, Station M -2, Monongahela R iver 

D ay collection N ight  collectio n 
D ate 

S a B b S B 

Apr i l  1 1  0 0 0 0 
24 0 0 0 0 

M ay 1 4  0.0 1 2  0 
1 5  0 0 
23 0.006 0 
29 0 .019 0.006 
30 0.030 0 

J u ne 5 0 0 
6 0 0 

1 3  0.009 0 
1 4  0. 1 46 0.025 
25 0 0. 1 40 
26 0 0.008 

J u ly 1 0  0 0 0 0 
1 8  0. 1 46 0.0 1 8  
1 9  0.0 1 7  0.027 
25 0.006 0.0 1 8  
26 0.003 0.003 

Aug ust 1 0 0.006 0 0 
1 4  0 0 0 0.005 

Total 0.005 0.004 0.026 0.0 1 6  

a s = su rface sample. 
b B = bottom samp le. 
Sou rce: Adapted from ER, T able 8-5. 
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G . l  I NTRODUCT I ON 

Negati ve effects of a i r  pol l utants on p l ants i nc l ude reduced g rowth and reproduct i on resu l t i ng 
from various  phys i o l og i ca l  changes caused d i rect l y  by the pol l utants , i nc reased suscept i b i l i ty of 
p l ants to paras i tes and d i seases , and morta l i ty of i n d i v i dual  p l ants . Each p l ant spec i es i s  
general l y  categori zed by i t s  l evel of sens i t i v i ty to a i r  pol l utants - sens i t i v e ,  i ntermed i ate , or 
tol erant . At l ow dosage l evel s ,  vegetati on and so i l s  may function as i mportant s i nks for a i rborne 
contami nants wi thout adverse effects .  Under i ntermedi ate dosage , s u btl e adverse effects ( e . g . , 
reduced growth )  may occ u r ,  part i cu l arly  i n  sens i ti ve p l ant spec i es . Exposure to h i gh dosage may 
i nduce acute morb i d i ty or mortal i ty i n  sens i ti ve and i ntermed i ate p l ants . 

Effects of a i r  pol l utants on natural  ecosystems i n  d i fferent areas have ranged from v i rtual 
e l i m i nat i on of vegetati on to subtl e changes , i nc l u d i ng reduced product i v i ty of certa i n  spec i es and 
s l i ght reductions  of spec i es d i vers i ty because  of the l oss  of one or  a few sen s i t i ve spec i es .  I n  
forest ecosystems , certai n  p l ant spec i e s , wh i ch cou l d b e  i mportant to wi l d l i fe ,  cou l d  become l ess  
abundant because of the  e ffect of a i r  pol l utants on the  spec i es ' compet i t i ve i nteracti ons . 1 
Present ambi ent l evel s of a i r  pol l utants i n  many areas of the eastern Un i ted States adversely 
affect p l ant producti v i ty . 2 Annual  nat i onal econom i c  l osses to p l ants cau sed by effects on crops 
and ornamental s ,  for exampl e ,  have been estimated at $ 1 35 mi l l i on 3  to $500 mi l l i on . 4  I f  al l pl ant  
spec i es and other factors were cons i dered , annual  l oss  estimates wou l d  exceed a b i l l i on dol l ars . 4  
I ncreased a i r  pol l u t i on from i ndustria l  devel opment wi l l  i ncrease t h i s  impact . 

Su l fu r  d i ox i de ( S 02 ) '  n i trogen d iox ide ( N02 ) ,  carbon monoxi de ( CO ) , other gases , and part i c u l ates 
wi l l  be emi tted dur ing the SRC- I I  p l ant opera t i on s .  Al though appl i cabl e EPA a i r  qual i ty standards 
wi l l  not be v i o l ated under normal operati ng cond i t i ons , th i s  does not g uarantee the absence of 
s u btl e effects . Unpl anned , nonrout i ne emi s s i ons cou l d  rel ease greater quanti t i es of S02 ' d u s t ,  
a n d  hyd rocarbons i nto t h e  atmos phere for a s hort t ime than wou l d  b e  rel eased by normal operat i ons . 
Al though p l ant spec i es vary i n  thei r sens i t i v i ty to S02 ' N02 , CO , and part i c u l ate matter , vegeta
t i on near the s i te wi l l  l i ke l y  experi ence l i ttl e d i rectly observa b l e  effects from any of these 
po l l utants ( except poss i b l y  S02 ) if standards are not v i o l ated . 

G . 2  S UL FUR  D I OX I DE 

At the spec i fi c  l ocal i ty at wh ich  pol l utant concentrat i ons wi l l  be maximal , as determi ned by w i nd 
d i rect i on ( about 2 . 5  km NE of the fac i l i ty ) , the normal operation  of the p l ant i s  expected to 
i ncrease amb i ent ground-l evel concentrat i ons of S02 by 53 �g/m3 for the 3-h  max i mum ,  1 3  �g/m3 for 
the 24-h maximum,  and 4 �g/m3 for the annual  average . These concentrat i ons compare with  present 
amb i ent l evel s in the SRC- I I  a rea of 705 , 239 , and 44 �g/m3 respect i ve l y .  These amb i ent l evel s 
cou l d  a l ready adversely affect sens i t i ve pl ant spec i e s .  

Vari ous sou rces i n d i cate that the i nc reased concentrati ons o f  S02 near the fac i l i ty wou l d  adverse ly  
a ffect on l y  the  most sen s i t i ve p l ant spec i e s , and such  effects cou l d  probab l y  not  be d i st ingu i shed 
from the effects o f  present amb ient l evel s of S02 . An EPA study 5  showed that 4 -h S02 concentra
t i ons that cau sed l eaf i nj ury to 22  d i fferent ag r i c u l tural crops ranged from 629 to 1 834 �g/m3 . 
I n  the presence o f  ozone or N02 , 4 -h S 02 concentrat ions  that ranged upward from 262 �g/m3 res u l ted 
i n  fo l i ar i nj u ry i n  1 0  agri cu l tural crops . 6  An EPA study7 projected that , for sens i t i ve p l ants , 
S 02 concentra t i ons req u i red to produce thresho l d i nj u ry range from 262  to 2620 �g/m 3 .  For 
i ntermed i ate p l ants , the S02 concentrat i ons requ i red a re 1 3 1 0  to 1 3 , 1 00 � g /m3 . For sens i t i ve 
woody p l ants i n  the southeastern U n i ted States , an EPA study8  estimated that 3 -h S02 concentra 
ti ons req u i red to produce threshol d i nj u ry range from 786 to 1 572  �g/m3 . These vari ous stud i e s  
i nd i cate that , at l east over s hort t ime per i ods , S02 emi s s i ons from t h e  proposed fac i l i ty 
shou l d  not s i gn i fi cant ly  i mpac t most p l ant s pec i e s .  However , the as soc i ation  of S02 with  the 
i ncreas i ng amb i ent concentrat i ons of certa i n  pol l utants , such  as ozone and peroxyacetyl n i trate 
( PAN ) , 2 may resu l t  in pl ant i nj u ry from S02 concentrat i ons  l ower than the l eve l s  c i ted above . 
Th i s  s pecu l at i on i s  s upported by the f i nd i ngs of severa l stud ies that S02 concentrat i ons  be l ow 
the threshol d i nj ury concentrat i ons  can cause i nj u ry when othe r po l l utants a re present . 5  
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Effects of chron i c , l ow-l evel exposures  are more d i ff i cu l t  to assess than effects of short-term 
exposures  because few l ong-term stud i e s  have been done . Most fi e l d stud i e s  conducted near 
pol l ut i ng i ndustries  have not been abl e to separate the effects of acute and chron i c  exposu res . 
I n  one l ong-term study , w h i te p i ne ( a  sen s i t i ve s pec i e s )  conti nued to i ncrease i n  vol ume over a 
1 0-yea r  peri od when concentrat i ons  of S02 averaged 2 1  �g/m3 during  each 6 -month growi ng season . 9  

Pasture i s  the predom i nant l and use i n  the area ( 480 h a  on s i te )  ( E R ,  Vol ume 1 ) .  Other l and uses  
i nc l ude hay meadow (48  h a l  and crop l and ( 1 2  h a l . Most pasture grasses are con s i dered sens i t i ve 
speci es , s  and those i n  areas of max imum concentrati on near the s i te cou l d  experi ence s l i gh t l y  
reduced product iv i ty as a res u l t of p l ant operati on . 

Dur ing  abnormal operati ng condi t i ons , short term S02 concentrati ons  off s i te cou l d  be much h i gher 
than du ri ng norma l operation ( Sect . 4 . 2 . 3 . 1 ) and cou l d  seri o u s l y  affect the growth of very sen s i 
t i ve pl ant s peci es . 

G . 3  N I TROGEN OXI DES 

The N02 thresho ld  of i nj u ry to  vegetation appears to be several fo l d  h i gher than the S02 thresho l d . 4 
When N02 concentrati ons a re h i g h , other pol l utants are u s ua l l y  present ; pl ant i nj ury therefore 
resu l ts most common l y  from pol l u tant com b i nati ons rather than from exposure to N02 a l one . 2 

Al though N02 can occas i onal l y  i nj ure trees and s hrubs l ocated adj acent to l arge po i nt sources , 
i t  usua l l y  causes very l i ttl e i nj ury . 8 

Norma l pl ant operation  of a l l the fac i l i t i es except the thawing  s hed* i s  expected to i ncrease the 
amb i ent annual  average NOx concentrati on of 2 9  �g/m3 by a maxi mum of 5 �g/m3 ( Sect . 4 . 2 . 3 . 1 ) .  
Becau se th i s  i ncrease represents o n l y  5% of the nati onal  amb ient  a i r  qua l i ty standard and 1 7% of 
amb i ent l evel s ,  NOx emi ss i ons shou l d  not s i g n i fi cant l y  i mpact vegetati on ( except pos s i b l y  near 
the s i te ,  due to the thawi ng s hed operat i on ) . 

G . 4  CARBON MONOXI DE 

C arbon monoxi de has a rel at i v e l y  short l i fe or res i dence t i me i n  the atmosp here and i s  not 
recog n i zed as a pol l u tant that has seri ous effects on vegetation . Because pred i cted i n creases i n  
maximum concentrati on s  re su l t i ng from fac i l i ty operation  represent l ess  than 0 . 1 %  o f  the a i r  
qua l i ty s tandard ( Sect . 4 . 2 . 3 . 1 ) ,  no  s i g n i f i cant i mpacts are ant i c i pated . 

G . 5  HYDROCARBONS 

Dur i ng normal operati ons , the p l ant fl are or control l ed combustor i s  expected to consume most 
hydrocarbon s .  The max imum 3-h  concentrati on of nonmethane hydrocarbons i s  pred i c ted to be 6 
�g/m3 , wh i ch i s  much l ower than the background l evel of 2453 �g/m3 , and about 4% of the a i r  
qua l i ty standard . 

G . 6  PEROXYACETYL N ITRATE 

Peroxyacetyl n i trate ( PAN ) i s  formed a l most  exc l u s i ve l y  from the photochemi ca l  reac t i on of 
uns aturated hydrocarbon s wi th NOx and i s  a reg i onal , rather than a s i te-speci fi c ,  probl em .  
PAN i s  a su spected phytotox i cant on vegetabl es  and has been a n  i mportant prob l em i n  the Los 
Ange l e s  bas i n . 8  Woody pl ants , however , are apparently very tol erant of PAN . Because of the l ow 
pred i cted c oncentrati ons  of N02 and l ow emi s s i ons of hydrocarbons from p l ant operat i on , the reg i on 
wou l d  experi ence a very sma l l i ncrement to i mpacts cau sed by PAN . 

G . 7  PARTI CULATES AND TRACE METALS 

H i g h l y  concentrated a i rborne part i cu l ates can affect vegetati on by c l oggi ng stomata and reduc i ng 
l i ght i ntens i ty ,  thus i nterferi ng wi th pl ant res p i ra t i on and photosynthes i s .  Nonvo l ati l e  trace 
meta l s  contai ned i n  parti c u l ates , vo lat i l e  trace metal s condensed on the s urfaces of part i c u l ates , 

* Add i t i onal  i nformati on obta i ned after the DES was pub l i s hed i nc l udes emi ss i ons  of NOx from 
a thawi ng s hed , whi ch wi l l  emi t on ly  2% ( 1 . 2 1  g /s )  of the tota l NOx emi s s i ons ( 58 . 9  g/s )  from 
the S RC- I I  fac i l i ty .  However , the emi ss i ons  from the shed wi l l  be rel eased near ground l evel , 
wh i ch wi l l  resu l t  i n  a h i gh g round l evel concentration ( 2 3 . 4  �g/m3 max i mum annual  average , 
l ocated 500 m east of the center of the S RC- I I  process are a )  of NOx from a l l  S RC - I I sources . 
Because the shed represents an anoma l y ,  i ts emi s s i ons  were not added to thi s ana lys i s ,  wh i c h  was 
ori g i na l l y  presented i n  the DES . 
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and trace meta l s in vapors can be deposi ted on the s urfaces of  vegetation  and on the so i l , 
resu l t i ng i n  toxi c  e ffects on vegetati on and an i ma l s .  However , two reports have i nd i cated that i n  
the next several years , trace metal emi s s i ons wi l l  not ser i o u s l y  affect b i ota . 1 0 , 1 1  Both reports 
emphas i zed that knowl edge of source terms and effects on b i ota is l ack i ng  and that further 
research i s  needed . Based on data from conventi onal  coal combust i on stud ies  for power p l ants , 
Turner and Stroja n 1 2 conc l uded that atmos pheri c re l eases of trace e l ements do not present acute 
eco l og i ca l  prob l ems . However , the effects of c hron i c  exposure of  ecosystems to l ong-term , l ow
l evel re l eases and accumu l at i on i n  s o i l s  a re not that wel l known . Thu s ,  s hort-term effects to 
vegetat ion  and wi l d l i fe a re not expected to occur , but data are i ns u ffi c i ent to pre d i ct the l ong
term effects , if  any , that wi l l  resu l t  from faci l i ty operat i o n .  

Dur i ng fac i l i ty o perati on , coal  h andl i ng a n d  storage fac i l i t i e s  a n d  coa l -conversi on-rel ated 
processes ( i nc l ud i ng coal combustion  for ste am product i o n )  w i l l  re l ease part i c u l ates conta i n ing  
trace e l ements . Because coa l  hand l i ng and  storage parti cu l ates wi l l  sett l e primar i l y  w i th i n  a few 
hundred meters of the fac i l i ty ( Sect .  4 . 2 . 3 . 1 ) ,  they s hou l d  not s i gn i f i cantly a ffect vegetati on 
near the s i te . Norma l p l ant operat i on (exc l u d i ng coal  hand l i ng and storage ) i s  expected to 
i ncrease the amb i ent  annual  average part i c u l ate concentrat i on of 42 �g/m3 by a maximum of  
7 �g /m3  ( Sect . 4 . 2 . 3 . 1 ) .  This  i ncrease in  concentra t i on represents 1 2% of the secondary a i r  
qua l i ty standard ( 6 0  �g /m 3 ) . N o  s i gn i fi cant impacts o n  vegetati on o r  an ima l s  shou l d occur a s  a 
res u l t of parti cu l ates . 

G . 8  COOL I NG TOWER I MPACTS 

Duri ng opera t i on of the pl ant , sma l l rel eases of cool i ng tower water , cal l ed dri ft , w i l l  occu r .  
Numerou s studies  have s hown t h e  amount o f  sal ts depos i ted on vegetation  i n  dr ift i ng water dropl ets 
from fres hwater cool i ng towers to be i nconsequent i a l . 1 3 Al so , the heavy rai nfal l in the SRC- I I  
area wou l d  read i l y  was h  the sa l ts from vegetat i on . Consequent l y , sa l t  depos i t i on effects are 
expected to be i nconsequent i a l . 

The potenti al  i mpacts of u s i ng proces s wastewater a s  makeup water for the coo l i ng tower cannot be 
acc uratel y  assessed at t h i s  t ime , g i ven the u ncertai n  chem i ca l  characte r i s t i c s  of the pri ori ty 
organ i cs of th i s  wate r .  A compl ex set of trace e l ements , organ i cs , d i sso l ved so l i ds , and othe r 
consti tuents wou l d  be present i n  th i s  wate r .  These consti tuents , whi c h  wou l d  be heated duri ng 
certa i n  pl ant processes and c ou l d  form chem i ca l  species  such as ch l oroform and chl oropheno l s ,  
wou l d  be emi tted du ri ng coo l i ng tower operati ons . The b i o l og i ca l  effects of  these consti tuents 
after rel ease from the tower i s  not known . However , t he i r  concentrati ons wou l d  be so  l ow that 
vegetati on and wi l d l i fe wou l d  probab ly  not be s i g n i f i cantly affected . Carefu l mon i tori ng of 
the cool i ng tower makeup  water and u s i ng some med i um other than process water as a coo l i ng 
tower makeup source wou l d  be m i t i ga t i ng measures . 
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Tab l e  H . l . Part i a l  strat i grap h i c  col umn--
P &t1/SRC- I I  s i te 

Era Peri od Group  Formation Important beds 

Ceno zo i c  Qua ternary (Al l uvi um )  

Mesozoi c  Absent 

Pa 1 eozoi c Permian Dunkard Waynesburg Waynesburg coal 
Pennsyl vani  an Mononga hela  Un iontown 

P i ttsburgh Sewi ckl ey coal 
Reds tone coal 
P i ttsburgh coal 
(aqui fers dra i ned ) 

Conemaugha Casse lman Freshwater sands 
Al l egheny Upper Freeport coal 

Freshwater sands 
Pottsv i l l e  Kanawha Sal t sands 

New R i ver 
Pocahontas 

Mi ss i s s i pp i a n  Mauch Chunk Maxton sand 
Greenbri er B i g  L ime 
Pocono B i g  I nj un sand 

( gas sand ) 

a None of  the rock strata bel ow the midd l e  part of  the Conemaugh Group are exposed i n  the 
SRC - I I  s i te .  
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Tab l e  1 . l .  Gro undwater q ual i ty data--
P &tVSRC- I I  s i t e ,  wel l l a 

Parameters (mg/ l i ter) b Sam�l i ng dates 
Aug. 78 Nov . 78 Feb . 79 A�r . 79 

Genera 1 
O C  1 4  1 3  1 0  1 0 . 3 Water temperature , C c Spec i fi c  conductanc e ,  �mhos/cm 360 295 338 232 

pH,  uni tsc 6 . 8 6 . 5  7 . 1  6 . 5  
D i ssol ved oxygenC 8 . 6  3 . 9  5 . 7  7 . 3  
Aci d i ty ,  free ( CaC0 3 )  0 0 0 
Ac i d i ty ,  tota l  ( CaC0 3 ) 2 1  5 1 7  
Al ka l i n i ty ,  p h t .  ( CaC0 3 ) 0 0 0 
Al kal i n i ty ,  total ( CaC03 ) 1 52 1 70 1 49 1 31 
B i carbonate ( CaC0 3 ) 1 70 1 31 
Cal c i um 1 0 . 5  55  56  49 
Carbo n ,  i norga n i c  4 6  
Carbon , orga n i c  4 < 1  < 1  5 
Carbon , total 46 43 
Carbonate ( C0 3 )  0 0 0 
Col o r ,  p l at i n um-cobal t uni ts <5 5-1 0 
Fl uori de 0 . 1  0 . 20 0 . 1 0  0 . 08 
Magnes i um 50 1 3  1 2  1 1  
Potass i um 1 . 4 1 . 4 1 . 1 1 . 8 
S i l i ca (as S i 02 ) 1 0  6 . 4  4 . 3  4 . 5  
Sodi um 3 . 7  3 . 4  2 . 7  3 . 4  
Sol ids  d i ssol ved , total 230 260 1 95 1 93 
Sol i ds suspended , total 5 3 
Sul fate (as S04 ) 35 30 29 1 3  

Nutri ents 

Ammon ia  n i trogen as N <0 . 05 <0 . 1  <0 . 1  <0 . 1  
Kjel dahl n i trogen as N 0 . 1 5  <0 . 1  
N i trate n i trogen a s  N 1 . 8 0 . 6  0 . 6  0 . 8 
N i tri te n i trogen a s  N <0 . 01 <0 . 0 1  0 . 0 1  <0 . 01 
Phosphate , total as P 0 . 05 0 . 03 0 . 02 0 . 03 

I nd i cators of i ndustrial  and  mun i c i �al  contami nants 

COD < 1 0  <5 <5 <5 
Chl or ide 2 4 2 2 
Cyan ide < 0 . 0 1  <0 . 00 1  <0 . 00 1  <0 . 001 
Oi l and grease < 5 8 < 1 3 



Tab l e  1 . 1  

Parameters (mg/ l i ter) b 

Phenol s ,  ppb  
Sul f ide ( a s  S )  
Thi ocyanate 

1 -5 

( cont i n ued)  

Aug . 78 

. 002  
<0 . 1  
< 1  

SamQl i ng dates 
Nov . 78 Feb . 79 

2 . 5  6 . 8  
<0 . 02 <0 . 02 

<0 . 4  

Trace e l ements ( total concentrati on )  

Al umi num 
Antimony 
Arsen i c  
Bari um 
Beryl l i um 
Boron 
Cadmium 
Chromi um ,  hexaval ent 
Chromi um ,  tota l 
Copper 
I ro n  
Lead 
Manganese 
Mercury 
Molybdenum 
N i c kel 
Sel en i um 
S i l ver 
Uran i um 
Vanadi um 
Z i nc 

Trace organ i cs 

Benz ( a ) anth racen e ,  ppt 
Benzo ( a ) pyren e ,  ppt 
Benzo ( e ) pyren e ,  ppt 
Benzo ( g , h , i ) peryl ene , ppt 
Benzene-so l ubl e fract i on ,  mg/ kg 
Pyrene 

0 . 4  
<0 . 5  
<0 . 0 1  

<0 . 01 
<0 . 1 0  

0 . 03 

<0 . 05 
<0 . 05 

0 . 35 
0 . 01 0  

<0 . 0 5  
0 . 009 

<0 . 1  
<0 . 05 
<0 . 002 

<0 . 2  
0 . 55 

0 . 0  
< 1 0  

0 . 0  
0 . 0  
0 . 086 
0 . 2  

Level I analys i s  for hydrocarbons 

C-l  
C-2 
C-3 
C-4 
C-5 
C-6 

<0 . 1  

<0 . 0 1  
<0 . 1  

0 . 0 1  
<0 . 002 
<0 . 03 

0 . 02 
0 . 06 

<0 . 05 
0 . 03 

<0 . 0002 
<0 . 05 
<0 . 02 
<0 . 01 
<0 . 02 

0 . 02 

0 . 0  
0 . 0  
0 . 0  
0 . 0 
0 . 65 

<0 . 1  
<0 . 1  
<0 . 0 1  
<0 . 1  
<0 . 02 
<0 . 5  
<0 . 0 1  
<0 . 002 
<0 . 03 

0 . 03 
0 . 05 

<0 . 05 
<0 . 02 
<0 . 0002 
<0 . 05 
<0 . 02 
<0 . 01 
<0 . 02 
<0 . 1  
<0 . 1  

0 . 02 

<40 
< 1 0  
<40 
< 1 0  

0 . 31 

Apr . 79 

2 . 0  
<0 . 02 

0 . 5  
<0 . 1  
<0 . 0 1  
<0 . 1  
<0 . 0 2  
<0 . 5  
<0 . 0 1  
0 . 004 

<0 . 03 
<0 . 02 

0 . 1 8  
<0 . 0 5  

0 . 02 
<0 . 0002 
<0 . 05 
<0 . 02 
<0 . 0 1  
<0 . 0 2  

<0 . 02 

<40 
80 
44 
1 5  

0 . 83 
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Tab l e  1 . 1  ( cont i � ued)  

Parameters (mg/ l i ter) b 

C-7 
C-8 
C-9 
C-1 0 
C- l l  
C-1 2 
Methyl ene ch l oride extract ,  mg/1 0  l i ters 
I nfrared a na l ys i s  for functi onal groups 

aBeach wel l .  
bExcept as i nd i cated . 
c F ie ld  measurements . 

Sampl i ng dates 
Aug . 78 Nov . 78 Feb . 79 Apr .  79 

<0 . 1  
0 . 5  

<0 . 1  
<0 . 1  
<0 . 1  
<0 . 1  

1 . 8 
Trace HC 
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Tab l e  1 . 2 .  Gro undwater q ua l i ty data--

P&M/SRC- I I  

Pa rameters (mg/l i ter )
c 

o d 
Wa ter tempera ture , C 

. " 1 1  2 a . 4b s l te ,  we , s pr l ng 

Genera 1 

Wel l 2 
Aug . 78 

Spec i fi c  conductance , �mhos /cm 
pH , uni tsd 

d 

d 1 4  
660  

7 . 2  
Di s s o l ved oxygen 1 0 . 3  
Aci d i ty ,  free ( CaC0 3 ) 
Aci d i ty ,  tota l (CaC0 3 )  
Al ka l i ni ty ,  pht . ( CaC0 3 )  
Al ka l i n i ty ,  tota l ( CaC03 ) 234 
Bi carbonate ( CaC0 3 )  
Cal ci um  1 50 
Carbon , i norgan i c  
Ca rbon , orga nic 6 
Carbon , total 
Carbonate ( C0 3 ) 
Co l or ,  p l at i n um-cob a l t  un i ts .:5 
Fl uori de 0 . 3  
Magnes i um 9 . 0  
Potas s i um 5 . 1  
Si l i ca (as S i 02 ) 1 0  
Sodi um 8 . 9  
Sol ids  di ssol ved , tota l  430 
Sol ids  suspended , total 5 
Sul fate (as SO� ) 1 25 

Nutrients 

Ammon i a  n i trogen a s  N <0 . 05 
Kjel dahl  n i trogen as N 0 . 1 5  
Ni trate ni trogen as N 2 . 4  
N i tr i te ni trogen a s  N <0 . 0 1 
Phosphate , tota l as P 0 . 1 0  

Samf21 i ng da tes 

Nov .  78 
Sf2ri ng 4 

Feb . 79 

1 3 . 9  8 
31 1 220 

6 . 9  6 . 5  
7 . 8  8 . 2  
0 0 

1 7  1 8  
0 0 

1 54 1 27 
1 54 

55 49 
41 

< 1 2 
43 

0 0 
5 - 1 0  

0 . 1 8 0 . 1 7  
0 . 02 9 . 2  
1 . 1 0 . 8 
5 . 2  4 . 3  
3 . 3  2 . 8  

202 1 67 
3 

30 32 

<0 . 1  <0 . 1  
<0 . 1  

0 . 2  <0 . 2  
<0 . 0 1  <0 . 0 1  
<0 . 02 0 . 0 1 

Indi cators of i ndustrial and mun i c i ea l  contami n a  nts 

COD <1 0 <5 <5  
Ch l o ri de 1 3  <0 . 2  0 . 98 
Cyanide <0 . 0 1 <0 . 00 1  <0 . 00 1  
Oi l and  grease  <5  7 3 

Aor . 79  

1 1 .  5 
21 2 

7 . 1  
5 . 9  
0 

1 3  
0 

1 1 4  
1 1 4  

65  

< 1 
62 

0 

0 . 1 6  
74 

0 . 9  
3 . 6  
3 . 2  

1 78 

1 3  

<0 . 1  

<0 . 2  
<0 . 0 1 
<0 . 0 1 

<5  
2 

<0 . 00 1  
2 
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Tab l e I . 2 ( conti n ued)  

Parameters ( mg/ l i ter ) c 
Wel l 2 
Aug . 78 

Pheno 1 s ,  ppb . 2 . 0  
Sul fide ( a s  S ) <0 . 1  
Th i ocyanate <1 

Sampl i ng dates 

Nov . 78 

2 . 8  
<0 . 02 

Spri ng 4 
Feb . 79 

1 . 8 
<0 . 02 
<0 . 4  

Trace el ements ( to:a 1 concentra tion ) 

Al umi num 0 . 8  
Antimony <0 . 5  
Arsenic  <0 . 01 
Barium 
Beryl l i um <0 . 01 
Boron <0 . 1 0  
Cadmi um 0 . 01 
Chromi um ,  hexava l ent 
Chromi um ,  tota l <0 . 05 
Copper 0 . 05 
Iron  1 . 65 
Lead 0 . 0 1 6  
Manganese 0 . 1 5  
Mercury 0 . 0045 
Mol ybdenum <0 . 1  
Ni cke 1 <0 . 5  
Sel eni um <0 . 002 
S i l  ver 
Ura n i um 
Vanadi um <0 . 2  
Zi nc 1 . 30 

Trace organi cs 

Benz ( a ) anth racene ,  ppt 
Benzo ( a ) pyren e ,  ppt 
Benzo ( e ) �yrene ,  ppt 
Benzo ( g , h , i ) pyren e ,  ppt 
Benzene-so l ubl e fract i o n ,  mg/k9 
Pyrene 

0 . 0  
1 5  
0 . 0 
0 . 0 
0 . 808 
0 . 0 

<0 . 1  

<0 . 0 1  
<0 . 1  

<0 . 0 1  
<0 . 002 

<0 . 03 
0 . 02 
0 . 06 

<0 . 05 
0 . 02 

<0 . 0002 
<0 . 05 
<0 . 02 
<0 . 0 1  

0 . 02 

0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 26 

Level ana l ys i s  for hydrocarbons 

C-l 
C-2 
C-3 
C-4 
C-5 
C-6 

<0 . 1  
<0 . 1  
<0 . 01 
<0 . 1  
<0 . 02 
<0 . 5  
<0 . 0 1  
0 . 00 3  

<0 . 03 
<0 . 02 
0 . 08 

<0 . 05 
<0 . 02 
<0 . 0002 
<0 . 05 
<0 . 02 
<0 . 0 1  
<0 . 02 
<0 . 1  
<0 . 1  
<0 . 03 

<40 
< 1 0  
<40 
<1 0 

0 . 07  

Apr . 79 

1 . 8 
<0 . 0 2  
<0 . 02 

<0 . 1  
<0 . 1  
<0 . 01 
<0 . 1  
<0 . 0  2 
<0 . 5 
<0 . 01 
0 . 004 

<0 . 03 
<0 . 0 2  

0 . 03 
<0 . 05 
<0 . 02 
<0 . 0002 
<0 . 05 
<0 . 02 
<0 . 0 1  
<0 . 02 

<0 . 02 

<40 
1 4  

<40 
1 1 6  

0 . 34 
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Tab l e  I . 2  ( cont i n ued )  

Parameters (mg/ l i ter) c 

C-7 
C-8 
C-9 
C-1 0 
C-l l 
C-1 2 

Sampl i ng dates 
Wel l 2 Spri ng 4 
Aug . 78 Nov . 78 Feb . 79 Apr . 79 

Methyl ene ch l oride extract.  mg/ 1 0  l i ters -
I nfrared analys i s  for functi ona l groups 

aHunt wel l  . 
bHunt s pr i ng  ( pr imary water suppl y ) . 
cExcept as i nd i cated . 
dF i e l d  measurements . 



TABLE 

Parameters ( mg/l i ter ) a 

Water temperature °Cb 
Spec i f i c  5o nductance , ]Jr.1ho s/cm 
pH , u n i ts b D i s so l ved oxygen 
Ac i d i ty ,  free ( CaC0 3 )  
Ac i d i ty ,  total ( CaC0 3 )  
Al kal  i n i ty ,  pht .  ( CaC0 3 )  
Al kal i n i ty ,  total ( CaC0 3 ) 
Bi carbo na te ( CaC0 3 ) 
Ca l c i um 
Carbo n , i norga n i c  
Carbo n , organi c 
Ca rbo n ,  total 
Carbonate ( C0 3 )  
Co l or ,  pl at i num-cob a l t  un i ts 
Fl uori de 
Magnes i um 
Po tas s i um 
Si l i ca ( a s  S i 02 ) 
Sod i um 
Sol i ds d i ssol ved , total 
So l i ds s uspended , total 
Sul fate (as S04 ) 

Ammoni a n i trogen as N 
Kjel dahl n i trogen as N 
N i trate n i trogen as N 
N i tr i te n i trogen as N 
Phosphate , total as P 

b 

I ndi ca tors 

COD 
Chl oride  
Cyan i de 
Oi l and  q rease 
Pheno 1 s .- ppb 
Sul fi de (as S )  
Th i ocyanate 

1 -1 0  

1 . 3 Groundwater qual i ty data--
P&M/SRC- 1 1  s i te ,  spri ng 1 

Aug . 78 

Genera l 

1 4 . 7  
1 80 

6 . 5  
1 0 . 2  

60 

23 

6 

<5 
0 . 2  
4 . 5  
1 . 2 

1 2  
3 . 8  

1 20 
5 

25  

Nutri ents 

<0 . 05 
<0 . 1 5  

1 . 8 
<0 . 01 
<0 . 0 5  

of i ndustr i a l  a n d  mun i c i pal  

< 1 0 
3 

< 0 . 01 
<5  

2 . 0  
<0 . 1  

1 

Sampl i ng dates 
Nov . 78 Feb . 79 

1 1  . 9  6 . 3  
1 59 1 1 9  

6 . 7  6 . 9  
1 0 . 6 1 2 . 1  

0 0 
4 5 
0 0 

49 42 
49 
25 22 

1 0  
< 1  
1 0  

0 0 
0 - 5  

O . OB  0 . 07 
4 . 9  3 . 7  
1 . 1 1 . 0 
8 . 5  6 . 3  
2 . 5  2 . 4  

1 1 0  92 
<1  

27 30 

<0 . 1  <0 . 1  
<0 . 1  

1 . 8 1 . 9 
<0 . 0 1  <0 . 01 

0 . 09 0 . 02 

contami nants 

<5 <5  
4 2 

Apr . 79 

1 0  
1 25 

6 . 6  
6 . 9 
0 
4 
0 

36 
36 
21 

4 
36 
0 

0 . 05 
1 8  

1 . 1  
5 . 1  
2 . 7  

1 01 

1 0  

<0 . 1  

1 . 5 
<0 . 01 

0 . 02  

<5  
2 

< 0 . 001 < 0 . 00 1  <0 . 001 
7 2 3 
3 . 0  4 . 5  1 . 8 

<0 . 02 < 0 . 02 <0 . 02 
<0 . 4  

Trace el ements ( total concentrati o n )  

Al umi n um 0 . 2  0 . 2  <0 . 1  0 . 1  
Anti mony <0 . 5  <0 . 1  <0 . 1  
Arseni c < 0 . 0 1  <0 . 01 <0 . 01 <0 . 01 
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Tab l e I . 3  ( cont i nued ) 

Sampl i ng dates 
Parameters ( mg/ l i te r ) a 

Aug .  78 Nov . 78 Feb .  79 Apr . 79 

Bari um 
Beryl 1 i um 
Boron 
Cadm i um 
Chrom i u m ,  hexava l en t  
Chrom i u m ,  total 
Copper 
I ron 
Lead 
Manganese 
Mercury 
Mol ybdenum 
N i ckel  
Sel e n i um 
S i l ver  
Uran i um 
Vanadi um 
Z i nc 

<0 . 0 1  
<0 . 1 0  
0 . 02 

<0 . 05 
<0 . 05 
0 . 1 5  

<0 . 01 
<0 . 0 5  
0 . 01 1  

<0 . 1  
<0 . 05 
<0 . 002 

<0 . 2  
0 . 90 

Trace organ ics  

Benz ( a ) anthracene , ppt  
Benzo ( a ) pyrene , ppt  
Benzo ( e ) pyrene , ppt  
Benzo ( g , h , i ) peryl ene , ppt  
Benzene-sol ub l e fracti on , mg/kg  
Pyrene 

0 . 0  
<1 0 

0 . 0  
0 . 0  
0 . 1 73 
0 . 0  

Level analys i s  for hydrocarbons 
C-l 
C-2 
C-3  
C-4 
C-5 
C-6 
C-7 
C-8 
C-9 
C-1 0 
C- l l  
C-1 2 
Methyl ene ch l or ide  extra c t ,  mg/ 1 0  l i ters 
Infrared analys i s  for functional gro ups 

aExcept as i nd i cated . 
bFi e l d  measu rement . 

<0 . 1  

<0 . 0 1  
<0 . 002  
<0 . 0 3  
<0 . 02 
0 . 24 

<0 . 0 5  
0 . 05  

<0 . 0002 
<0 . 05 
<0 . 02 
<0 . 0 1  
<0 . 0 2  

<0 . 02 

0 . 0  
0 . 0  
0 . 0  
0 . 0  
7 . 1 8  

<0 . 1  
<0 . 02 
<0 . 5  
<0 . 01 
0 . 002 

<0 . 03 
<0 . 02 
0 . 07 

<0 . 05 
<0 . 02 
<0 . 0002 
<0 . 05 
<0 . 02 
<0 . 01 
<0 . 02 
<0 . 1  
<0 . 1  
0 . 02 

<40 
<1 0 
<40 
<1 0 

0 . 1 0  

<0 . 1  
<0 . 02 
<0 . 5  
<0 . 0 1  
0 . 003 

<0 . 03 
<0 . 0 2  
<0 . 02 
<0 . 05 
<0 . 0 2  
<0 . 0002 
<0 . 05 
<0 . 02 
<0 . 0 1  
<0 . 0 2  

<0 . 02 

<40 
67 
40 

<1 2 
0 . 29 



Parameters ( mg/ l i ter ) c 

1 -1 2  

Tab l e  1 . 4 Groundwater qual �ty data5-
P&M/SRC- I I  s i te s p r i ng 2 ,  wel l 3 

Sampl i ng dates 
Wel l 3 Spr i ng 2 

Aug . 78 Nov . 78 Feb . 79 Apr .  79 

Water temperature °Cd 
].lmhos/cmd Speci fi c 8onductanc e ,  

pH , un i ts d Di sso l ved oxygen 
Ac i d i ty ,  free ( CaC0 3 ) 
Ac i d i ty ,  tota l ( CaC03 ) 
Al kal i n i ty ,  p h t .  ( CaC03 ) 
Al kal  i n i ty ,  total ( CaC0 3 )  
Bi carbonate ( CaC0 3 )  
Ca l c i um 
Carbo n ,  i norgani c 
Carbo n ,  organ i c  
C a  rbo n ,  total 
Carbonate ( C0 3 )  
Co l or ,  o l at i num-coba l t  uni ts  
Fl uoride 
Magnes i um 
Potass i um 
S i l  i ca ( a s  S i 02 ) 
Sod i um 
Sol ids  d i s so l ved , total 
Sol i ds suspended , total 
Sul fate (as S04 ) 

Ammoni a  n i trogen as N 
Kjel dahl  n i trogen as N 
N i trate n i trogen as N 
N i tri te n i trogen as N 
Phosphate , total as P 

Indi cators 

COD 
Ch l oride 
Cya n i de 
Oi l and g rease 
Phenol s ,  ppb  
Su l f ide  ( a s  S )  
Th i ocyanate 

General 

1 1 . 8 1 5 . 5  
950 430 

6 . 9  7 . 2  
9 . 2  

0 
1 5  

0 
31 5 275 

298 
1 30 72  

4 <1 

0 
<5 

0 . 3  0 . 1 2  
34 3 6  

1 . 6 2 . 4  
1 1  3 . 9  
66  27 

700 390 
1 0  

270 75 

Nutri ents 

<0 . 05 <0 . 1  
<0 . 0 5  

0 . 25  <0 . 2  
<0 . 01 <0 . 01 
<0 . 0 5  <0 . 01 

of i ndustri a l  and  mun i c i pal  contami nants 

< 1 0  < 5  
4 5 

<0 . 01 <0 . 00 1  
<5 4 

2 . 0  0 . 3  
<0 . 1  < 0 . 02 
< 1  

Trace el ements ( total concentrati on}  

Al umi num 0 . 2  0 . 2  
Antimony <0 . 5  
Arsen ic  <0 . 01 <0 . 01 

1 0 . 8 1 1 . 1 
330 383 

7 . 2  7 . 0 

0 0 
1 3  7 

0 0 
275 255 

255 
59 45 
56 
<1 6 
56 7 

0 0 
0 - 5  

0 . 1 4  0 . 1 1  
36 7 . 8 

2 . 1  2 . 2  
3 . 3  2 . 7  

1 8  1 8  
354 347 

<1 
58 22 

<0 . 1  <0 . 1  
0 . 1 7  
0 . 2  <0 . 2  

<0 . 01 <0 . 01 
<0 . 0 1  <0 . 01 

<5 <5  
2 1 

<0 . 00 1  0 . 002 
1 3 
2 . 0  1 . 8 

<0 . 02 <0 . 02 
<0 . 4  

<0 . 1  <0 . 1  
<0 . 1  <0 . 1  
<0 . 01 <0 . 01 



Parameters ( mg/ l i te r ) c 

Bari um 
Bery1 1 i um 
Boron 
Cadmi um 
Chromi um , hexaval ent 
Chromi um , tota l 
Copper 
I ron 
Lead 
Manganese 
Mercury 
Mol ybdenum 
N i  cke 1 
Sel en i um 
S i l ver 
Urani um 
Vanadi um 
Z i nc 

Benz ( a ) anth racene ,  ppt 
Benzo ( a ) pyrene , ppt 
Benzo ( e ) pyrene ,  ppt 
Benzo ( g , h , i ) peryl ene , ppt 
Benzene-so l u b l e  fracti o n ,  mg/ kg 
Pyrene 

C-l  
C-2 
C-3 
C-4 
C-5 
C-6 
C-7 
C-8 
C-9 
C- 1 0  
C-1 1 
C- 1 2  

Level 

1 - 1 3  

Tab l e  1 . 4 ( conti nued ) 

Trace orClan i cs 

Spr i ng 2 
Aug . 78 

<0 . 0 1  
<0 . 1 0  
0 . 02 

<0 . 05 
<0 . 0 5  
0 . 35 
0 . 0 1  

<0 . 0 5  
0 . 008 

<0 . 1  
<0 . 05 
<0 . 002 

<0 . 2  
0 . 75 

0 . 0  
1 3  
0 . 0  
0 . 0  
0 . 093 

32 

anal,i:s i s  for hzdrocarbons 

<1 
<1 
<1 
<1 
<1 
<1 
< ') . 1  
'1 . 2  

<0 . 1  
<0 . 1  
<0 . 1  
<0 . 1  

Methyl ene c h l oride  extract ,  mg/ 1 0  l i ters 
Infrared analys i s  for functional  groups 

2 . 7  
Trace HC 

aRauber s pri ng . 
bMa thew wel l . 
cExcept as i n d i cated . 
dF i e l d  measuremen t .  

Sampl i ng dates 

We l l  3 
Nov . 78 Feb .  79 Apr . 79 

<0 . 1  <0 . 1  <0 . 1  
<0 . 02 <0 . 02 
<0 . 5  <0 . 5  

<0 . 0 1  <0 . 0 1  <0 . 0 1  
<0 . 002 <0 . 002 0 . 003 
<0 . 03 <0 . 03 <0 . 03 
<0 . 02 <0 . 02 <0 . 0 2  
0 . 07 0 : 1 0  <0 . 02 

<0 . 0 5  <0 . 05 <0 . 05 
0 . 04 <0 . 02 <0 . 0 2  

<0 . 0002 <0 . 0002 <0 . 0002 
<0 . 0 5  <0 . 0 5  <0 . 05 
<0 . 02 <0 . 02 <0 . 02 
<0 . 01 <0 . 0 1  <0 . 0 1  
<0 . 02 <0 . 0 2  <0 . 02 

<0 . 1  
<0 . 1  

0 . 03  0 . 1 0  <0 . 02 

0 . 0  <40 <40 
0 . 0  <1 0 47 
0 . 0  <40 40 
0 . 0  <1 0 < 1 0 
0 . 3 1 0 . 3 1 0 . 5 1 



Parameters (mg/ l i ter)a 

1 - 1 4  

Tabl e 1 . 5 Groundwater qual i ty data , 
repl i ca te samp l e  ana l ys i s-

P&M/ SRC - I I s i te ,  s pri ng 1 and wel l 3 

Samp 1 i ng da tes 

Genera 1 

Spri ng 1 Wel l 3 
Nov . 78 Nov . 78 

1 1  . 9  1 5 . 5  Water temperature , oCe 
Spec i fi c  �onductanc e ,  Ilmhos/cme 1 59 430 

6 . 7  7 . 2  pH , un i ts e Di s sol ved oxygen 
Ac i d i ty ,  free ( CaC0 3 ) 
Aci d i ty ,  total ( CaC03 ) 
Al kal i n i ty ,  p h t .  ( CaC0 3 )  
Al kal i n i ty ,  total ( CaC0 3 )  
B i carbonate ( CaC0 3 ) 
Cal ci um 
Carbo n ,  i norgan ic  
Ca  rbo n ,  organi c 
Carbon , total 
Carbonate ( C03 ) 
Co l o r ,  pl at i n um-cobal t un i ts 
F l uoride , so l ubl e 
Magnes i um 
Potass  i urn 
S i l ica  ( a s  S i 0 2 )  
Sod i um 
Sol i ds d i ssol ved , total 
Sol i ds suspended , tota l 
Sul fate ( a s  SO,, ) 

Ammonia  n i trogen as N 
Kj el dahl n i trogen as N 
N i trate n i trogen as N 
N i tri te n i trogen as N 
Phosphate , total as P 

Nutri ents 

1 0 . 6  
0 0 
4 1 1  
0 0 

49 297 
49 297 
25 7 1  

< 1  < 1  

0 0 

0 . 1 1 0 . 23 
4 . 8  36 
1 . 2 2 . 2  

1 2  4 . 2  
2 . 4 27 

1 00 400 

9 25  

<0 . 1  <0 . 1  

1 . 6 <0 . 2  
<0 .0 1  < 0 . 01 

0 . 03 0 . 05 

Ind i cators of i ndus tri al and muni ci pal contami nants 

COD 
Chl ori de 
Cyani de 
O i l and qrease 
Phenol s , ppb 
Su l fi d e  (as S )  
Th i ocyanate 

Al umi num 
Ant i mony 
Arseni c  

<5 
4 

<0 . 001 
7 

<0 . 0 2  

Trace el ements ( total  concentration)  

0 . 2  

<0 .0 1  

<5 
5 

< 0 . 001 
5 

<0 . 02 

<0 . 1  

<0 .0 1  

Feb .  79  

1 0 . 8  
330 

7 . 0 

o 
1 3  

o 
251 
251  

65 
53 
<1 
53 

o 
0 - 5  

0 . 1 3  
35 

2 . 1  
3 . 4  

1 8  
348 

1 
68 

<0 . 1  
0 . 1 1  
0 . 2  

<0 . 01 
<0 . 01 

<5 
2 

<0 . 001 
2 

<0 .02  
< 0 . 4  

<0 . 1  
<0 . 1  
<0 . 0 1  



Parameters (mg/l i te r ) a 

Bar i um 
Beryl l i um 
Boron 
Cadm i um 
Chrom i um ,  hexaval ent 
Chrom i um ,  tota l 
Co pper 
I ron 
Lead 
Manganese 
Mercury 
Mo l ybdenum 
N i c kel  
Sel e n i um 
S i l ver  
Ura n i um 
Vanad i um 
Zi nc 

a Except as i nd i cated . 
bRefer to November 1 978 
cRefer to November 1 978 
d Refer to February 1 9 79 
eF i e l d  meas u remen ts . 

col umn i n  
col umn i n  
col umn i n  

I -1 5 

Tabl e 1 . 5  ( conti nued ) 

Tabl e 1 .  3 .  

Tab l e  1 . 4 .  

Tabl e 1 .  5 .  

Sampl i ng dates 
Spr i ng 1 Wel l 3 

Nov . 78 Nov .  78 Feb . 79 

<0 . 1  <0 . 1  <0 . 1  
<0 . 02 
<0 . 5  

<0 . 0 1  <0 . 0 1  <0 . 0 1 
<0 . 002 <0 . 002 <0 . 002 
<0 . 03 <0 . 03 <0 . 03 
<0 . 02 <0 . 02 <0 . 02 
0 . 1 3  0 . 05 0 . 1 1  

<0 . 0 5  <0 . 05 <0 . 05 
0 . 04 0 . 02 <0 . 02 

<0 . 0002 <0 . 0002 < 0 . 0002 
<0 . 05 <0 . 05 < 0 . 02 
<0 . 0 2  <0 . 02 0 . 2  
<0 . 01 <0 . 0 1  <0 . 0 1  
<0 . 02 <0 . 02 <0 . 02 

<0 . 1  
<0 . 1  

<0 . 02 0 . 03 0 . 1  
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Tabl e 1 . 6 .  Groundwater qual i ty data , 
repl i ca te samp l e  ana lys i s -

P&M/SRC- I I  s i te ,  wel l 1 

Sampl i ng dates 
Parameters (mg/l i ter ) a 

Water temperature °Cc 
Spec i f i c  Eonducta nce , �mhos/cmc 
pH , u n i ts 
D i s sol ved oxygenC 
Ac i d i ty ,  free ( CaC0 3 )  
Ac i d i ty , total ( CaC0 3 )  
Al kal i n i ty ,  p h t .  ( CaC0 3 )  
Al kal i n i ty ,  total ( CaC0 3 )  
Bi carbonate ( CaC0 3 )  
Ca l c i um 
Carbon , i norgan i c  
Carbon , organ i c  
Carbon , total 
Carbonate (C03 ) 
Co l or ,  p l at i num-coba l t  un i ts 
Fl uori de , sol ubl e 
Mag nes i um 
Pota s s  i um 
S i l i ca ( a s  S i 0 2 )  
Sodi um 
Sol i ds d i s sol ved , total 
Sol i ds s uspende d ,  total 
Sul fate (as S04 ) 

Ammo n i a  n i trogen a s  N 
Kjel dahl  n i trogen a s  N 
N i trate n i trogen as N 
N i tri te n i trogen a s  N 
Phosphate , tota l as P 

General 

Nutri ents 

Rep . 2b 

1 0 . 3  
232 

6 . 5  
7 . 3  

1 39 
1 73 

46 

4 

0 

0 . 1  
1 0 . 5  

1 . 2 
9 . 2  
2 . 6  

220 

35 

Apr .  1 979 

<0 . 05 
0 . 1 5 
0 . 9 

< 0 . 0 1  
0 . 05 

I nd icators of i ndustri a l  and mun i c i pa l  contam i nants 

COD 
Chl ori de 
Cyan i de 
Oi l and  grease 
Pheno l s ,  ppb 
Sul f i de (as S )  
Th i ocyanate 

Al umi num 
Antimony 
Arse n i c  

< 1 0 
3 . 8  

<0 . 02 
<5 

<0 . 1  

Trace el ements ( total concentrat ion )  

0 . 4  
0 . 6  

<0 . 01 

Rep . 3 

1 0 . 3  
232 

6 . 5  
7 . 3  

n i l  

1 37 
1 37 

46 . 5  

3 
1 1  

o 

0 . 9 
1 1 . 1  

1 . 0 
9 . 8  
3 . 1  

1 55 

39 

<1 . 0 

0 . 01 
<0 . 0 1  

7 . 0  

3 
7 

<0 . 1  
1 
2 . 1  

<0 . 1  

0 . 1 5  
<0 . 0 1  
<0 . 001  



1 -1 7  

Tab l e  1 . 6 ( conti nued ) 

Parameter (mg/ l i ter)a 

Bari um 
Bery" i um 
Boron 
Cadmi um 
Chromi um ,  hexaval ent 
Chromi um ,  tota l  
Copper 
I ro n  
Lead 
Manganese 
Mercury 
Mol ybdenum 
N i ckel 
Sel eni um 
S i l ver 
Uran ium 
Vanadi um 
Z i nc 

aExcept as i nd i cated . 
bRefer to Apri l 78 col umn i n  Tabl e 1 . 6 .  
cF i el d measurements . 

Sampl i ng dates 
Apr . 1 979 

Rep .  2b Rep . 3 

0 . 1  <0 . 1  
<0 . 1  <0 . 005 
< 0 . 1  1 . 6 

0 . 0 1  < 0 . 005 
< 0 . 05 n i l  
< 0 . 0 5  < 0 . 05 
< 0 . 05 0 . 05  

0 . 60 0 . 1 7  
0 . 0 1 4 < 0 . 01 

1 0 . 5  1 1 . 1 
0 . 0085 0 . 00 1 5 

< 0 . 1  < 0 . 025 
< 0 . 05 < 0 . 05 
< 0 . 0 1 < 0 . 01 
< 0 . 05 < 0 . 005  

0 . 05 0 .0 1 6  
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Append i x  J 

E FFECT O F  FLOODPLAI N  ENC ROACHMENT ON FLOOD ELEVAT I ONS 

Hydrol og i c  and hydra u l i c  data on  the Monongahe l a R i ver between Lock and Dam 8 at Po i nt Mari on , 
Pennsyl van i a ,  and Roseda l e ,  West V i rg i n i a , were prov i ded by Department of the Army , P i ttsburgh 
D i stri c t ,  Corps of Eng i neers , P i ttsburg h ,  Pennsyl van i a  as i nput  data for a HEC-2  " Wa ter Surface 
Profi l e " computer run .  The i nput was mod i f i ed to refl ect the encroachment of the proposed s i te 
on the fl oodpl a i n ,  and the prog ram was reru n .  The fol l ow i ng pri ntouts contai n  i nput , outpu t ,  and 
summary data for cond i t ions  before and after construct i on . A brief  descri pt ion  of the HEC-2  
prog ram a l so fol l ows . 

J . l  HEC-2 

Th i s  p rog ram computes the water s urface profi l e  for ri vers and streams at sel ected cross sections  
for  spec i f i ed fl ow cond i t i ons . The  effects of var ious  hydrau l i c structures such  as  bri dges , 
c u l verts , wei rs , emban kments ,  and dams may be consi dered i n  the computations . The pr inc i pal  use  
of the prog ram is  for determi n i ng profi l es for various  frequency fl oods for both  natural  and 
modi f ied cond i t ions . 

The model was u sed for th i s  purpose on the Monongahe l a  Ri ver a l ong the proposed SRC- I I  demonstra
t i on p l ant s i te .  The model for the natural cond i t i on s  was pro v i ded by the P i ttsbu rg h  D i str i c t ,  
Corps o f  Eng i neers . D i scharges on the Monongahel a were determi ned by ana l ys i s  o f  h i stori c fl ow 
data . Th i s  model was run by Roy F .  Weston Company to determine  the exi sti ng cond i t i ons . Cross
sec t i on data adj acent to the  proposed s i te were modi fied  to refl ect construction  of  the  product 
storage area i n  the fl oodpl a i n .  [ S i te preparati on wi l l  i nc l ude fi l l i ng to ra i se the storage area 
above the 500-year fl ood e l evat i on . Th i s  computer run i s  based on the confi gurat ion for product 
storage in the fl oodp l a i n  proposed in the Draft E I S .  Thi s proposa l  has  s i nce been changed 
( Append ix  D) to reduce the amount of fl oodpl a i n  encroachment . Th i s  ana l ys i s  therefore represents 
a worst-case ana l ys i s . ]  The model was run aga i n  wi th the mod i f i ed data to compute any changes i n  
the water surface e l evati ons . 

The resul ts of th i s  model are on ly  as rel i ab l e as the data i nput to the program . To predict  the 
magni tude of the fl ood i ng even t ,  two i mportant sets of parameters must be i dent i f i ed :  maximum 
f l ows to be conveyed dur i ng the fl ood and the hydrau l i c  characteri sti cs of the stream system to 
convey the f l ood . 

Maximum fl ows were determ i ned by anal ys i s  of h i sto r i c  fl ow data for the Monongahel a R i ve r .  
Probab i l i t i e s  were a s s i gned through a process of rank i ng 26 years of h i stor i c  data at Loc k 8 near 
Pt . Mar i on , Pennsyl van i a .  The l onger the period o f  record , the more rel i ab l e  the fl ow ca l cu l a
ti ons . Resu l ts based on 26 years of record s ho u l d g i ve very rel i ab l e data assumi ng no major  
changes have  occurred in  the  basi n .  

The phys i ca l  characteri sti cs of the Monongahe l a  R i ver were determi ned by the Corps of Eng i n eers 
and coded i nto a computer mode l in 1 97 3 .  For the segment of ri ver affec t i ng the proposed SRC- I I  
demonstrati on p l ant , no maj or  changes i n  the character i st ics  of the ri ver have occu rred s i nce the 
model used a forerunner of the HEC-2  program . The data from the ori g i na l  model was coded i nto 
the H EC-2  model to anal yze the impact of the demonstrati on p l ant ' s  constructi on i n  the fl ood
p l a i n .  The water s urface e l evations  presented i n  Tab l e  J . l  sho u l d be consi dered rel i ab l e  and 
accurate for des i gn purpose s .  
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Before Construct i on 

E l evat i o n ,  m 
D i  sc harge , ft3 

Ve l oc i ty ,  c fs 

After Construct i o n  

E l evati o n ,  m 
D i scharge , ft3 

Ve l oc i ty ,  c fs 

Before Construct ion  

E l evat i o n , m 
D i scharge , ft3 

Ve l oc i ty ,  c fs 

After Cons tructi o n  

E l evati o n ,  m 
D i  sc harge , ft3 

Ve l oc i ty ,  c fs 

Before Constructi on 

E l evat i o n ,  m 
D i sc harge , ft3 

Ve l oc i ty ,  cfs 

After Constructi on 

E l evat i o n , m 
D i scharge , ft3 

Ve l oc i ty ,  cfs 
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Tab l e  J . 1 . Hydrau l i c Data- - Mo nongahe l a  R i ver  

2-Year 10-Year 50-Year 100-Year 

RM 93 . 74 

793 . 54 800 . 72 805 . 78 807. 79 

36 , 800 63 , 700 89 , 000 100 , 000 

4 . 4 5 . 4  6 . 2 6 . 4  

793 . 54 800 . 72 805 . 78 807. 79 

36 , 800 63 , 700 89 , 000 100 , 000 

4 . 4  5 . 4  6 . 2  6 . 4  

RM 94. ll 

793 . 62 800 . 79 805 . 85 807 . 85 

36 , 800 63 , 700 89 , 000 100 , 000 

5 . 0  6 . 1 6 . 9  7 . 2 

793 . 62 800 . 78 805 . 83 807 . 82 

36 , 800 63 , 700 89 , 000 100 , 000 

5 . 0  6 . 1 7 . 0 7 . 3 

RM 94. 63 

793 . 88 801 .  06 806 . 10 808 . 08 

36 , 800 63 , 700 89 , 000  100 , 000 

5 . 3 6 . 5  7 . 4  7 . 7 

793 . 88 801 .  05  806 . ll 808 . 10 

36 , 800  63 , 700 89 , 000 100 , 000 

5 . 3  6 . 5 7 . 4 7 . 7 

500-Year 

8ll . 27 

128 , 000 

7 . 3 

811 . 26 

128 , 000 

7 . 3 

8ll. 34 

128 , 000  

8 . 1  

8ll . 28 

128 , 000 

8 . 3 

8ll . 56 

128 , 000 

8 . 8  

8ll . 58 

128 , 000 

8 . 8  
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Appendi x  K 

S LAG AND COAL LEACHI NG TESTS* 

K . l ASH-S LAG WASTE SH IPMENT FROM TEXACO (MONTEB E LLO ) 

On S ept .  25 , 1 978 , Oak R i dge Nati onal  Laboratory (ORNL)  rece i ved ten f i ber  drums o f  vacuum 
bottoms from the Fort Lewi s S RC- I I  p i l ot p l ant.  The coal  used i n  the SRC- I I  u n i t  was de
scri bed as Kentucky 9/ 1 4  coal . Most of the drums contai ned a m i xture of coarse and f i ne ash  
added i n  proport i o n  to that observed duri ng the  run , but  that had not  been  m i xed .  One drum 
contai ned ash- s l ag that had not been fracti onated (MRL run 57808) ; th i s  materi a l  was se l ected 
for use i n  the stud i e s  co nducted to date (Tab l e  K . l ) .  Stud i e s  on the f i ne and coarse frac
t i ons may be conducted l ater i f  these two fracti ons are to be di sposed of i n  d i fferent 
l andfi l l s .  

K . 2 BATCH LEACHING RESULTS 

F i ve types of batch l each i ng have been comp l eted [ E PA- EP ,  Amer i can Soc i ety for Test i ng and 
Mate r i a l s ( ASTM) di sti l l ed water ,  ASTM at pH 4 . 5 us i ng a sod i um acetate - ace t i c  ac i d  buffer 
s o l ut i o n , 0 . 1 N NH40H and 0 . 1 N HN03 J .  A l l tests were performed u s i ng s l ag-extractant we i ght 
rati o s ,  t ime interval s ,  and equi pment suggested i n  the p roposed standard l each i ng tests . 
A l though the l ast two l eachi ng tests are not " s tandard , "  the same tech n i ques and 
so l i d-to- l i qu i d  rat i o s  were used. Al l e l emental analyses  were performed u s i ng atomi c  
ab sorpt i o n  tech n i ques .  Bery l l i um , s u l fate , copper , n i c ke l , and i ro n  and al l the e l ements i n  
the EPA I nte r im  Pri mary D r i n k i ng Water Standards ( except cyan i de and n i trate)  were 
dete rmi ned. Because n i t r i c  ac i d  is requi red to preserve samp l es  for l ater trace e l ement 
ana lys i s ,  n i trate analys i s  has no  s i gni f i cance . Cyan i de wa s not dete rmi ned because no reason 
was found for it to be  in  gas i f i e r  ash- s l ags . The addi t i ona l  analyses were performed because 
they are o f  concern to env i ronmental i sts and may , in  the future , be  added to the  currently 
proposed Resource Conservat i o n  and Recovery Act ( RC RA)  l i st o f  trace e l ement l i mi tati ons  i n  
l eachates .  Res u l ts of  the f i ve types  of  batch l each i ng and the RCRA standards , where 
app l i cab l e ,  are g i ven i n  Tab l e  K . 2 .  

K . 3 COLUMN LEACH I NG STU D I ES 

Co l umn l eac h i ng i n  l aboratory co l umns ( 3 . 75- i n . - d i am . ) has been comp l eted , but ana l yt i cal  
resu l ts are only part l y  comp l ete .  These co l umns have a 30-cm ( 1 2- i n . ) depth of  s l ag and are 
dosed dai l y  with  1 l i ter o f  demi nera l i zed wate r (about one co l umn v o l ume ) .  Resu l ts for 
l eaches 1 ,  2 ,  1 0 ,  and 20 are g i ven in  Tab l e  K . 3 .  General l y , co l umn l eachate concentrat i o ns 
are l es s  than batch l eachate s ,  wh i c h  may res u l t  from s horter co ntact t i me between the  water 
and the s l ag o r  other facto rs . 

K . 4 DI SCUSSION O F  TENTATIVE RESULTS 

At th i s  t i me ,  our analys i s  of  th i s  s l ag i nd i cates that the mate r i a l  i s  re l at i ve l y  i ne rt ,  and 
i f  l andfi l l  i s  p ropo sed as the most acceptab l e  method of s l ag d i s posal , trace e l ement 
l each i ng does not appear to be a probl em.  Us i ng the p roposed RCRA draft regu l at i o n s  ( Dec .  
1 8 ,  1 978) , th i s  s l ag s h ou l d  not  be c l as s i f i ed as " hazardou s . "  S ubsequent mod i f i cati ons of  
these  regu l at i ons o r  addi t i o n  of  b i oassay tests  or  other  trace e l ements not o n  the present  
1 i st cou l d  make these  conc l u s i ons  e rroneous . Howeve r ,  the  0 . 1 N HN03 l each , wh i c h  i s  more 
severe than wou l d  be expected i n  a l andfi l l  env i ronment , does not appear to exceed RCRA 
c r i te r i a .  

*Data as of  Mar .  28 , 1 979 . 
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Ta b 1 e K .  1 .  Analysis of selected elements 

present in feed coal and ash/slag determined 

by neutron activation analysis 

Element 

Aluminum, % 
Antimony, ppm 

Arsen ic, ppm 

Barium, ppm 

Calcium, % 
Cesiu m ,  ppm 

Chromium, ppm 

Cobalt, ppm 

Copper, ppm 

I ron, % 
Magnesium, ppm 

Manganese, ppm 

Molybdenum, ppm 

Potass ium, % 
Rubidium, ppm 

Selenium, ppm 

Silver, ppm 

Sodium, ppm 

Strontium, ppm 

Thorium, ppm 

Titanium, ppm 

Vanadium, ppm 

Uranium, ppm 

Zinc, ppm 

Feed coal' 

1 .22 

b 
7 

57 

0.82 

1 

2 1  

1 .4 

';;;60 

1 . 1 7  

0.16  

1 1 .0 

1 0  

0.258 

b 
3.0 

b 
349 

38 
1 .4 

693 

90 
1 .54 

b 

Ash/slag 

9.83 

b 
4 6  

3 1 0  

2.26 

7 

708 

36.8 

';;;300 

1 5 .8 

1 .3 

274 

63 

1 .9 

b 
1 7  

';;;1 0  

2350 

1 70 

14 

4590 

457 

1 8  

';;;600 

'Oak Ridge National Laboratory sample of 

Western Kentucky No. 9, not necessa rily 

representative of actua I feed coal producing the 

ash/slag. 
b Not analyzed. 
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T a b l e  K . 2 .  E l  emental ana l ys i s  of 1 eachates deri ved from various batch l eaching 
protocol s 

EPA ASTM ASTM 0 . 1  N 0 . 1  � RCRA 
El ement a EP H2O pH 5 HN03" NH40H cri teria 

Arseni c ,  ppb 0 . 53 <5 <5 6 . 1  2 . 4  500 
Ba rium, ppm < O .  5 <0 . 5  <0 . 5  <0 . 5  <0 . 5  10 
Cadmium, ppb 3 . 4  4 . 0  4 . 9  2 5  1 . 3  100 
Chromium, ppb 0 . 13 3 . 7  3 . 9  42 1 . 9  500 
Lead, ppb 1 . 6  5 . 2  2 . 1  8 . 3  4 . 4 500 
Mercury, ppb 0 . 19 1  0 . 025 0 . 010 0 . 04 0 . 33 20 
N i trate (as N ) , ppm b <O . OSc <0. 05c 100 
Sel e n i um, ppb <1  0 . 04 0 . 04 < 1  100 
S i l  ver, ppb 0 . 07 0 . 09 0 . 23 3 . 2  0 . 2 0  500 
... .. -- --_ .. - - - -- - - - --- --- - _  ... --- .. -- -- -- -- ---- -_ ... ... -- -- ... - - -_ ... ---- -- -- -- -- -- -- -- -- ---- .. ..  -- -- .. --- -- - _  ... 

Su l fa t e ,  ppm 4 . 89 2 3 . 63 2 2 . 90 2 6 . 79 
Iron, ppm 2 0 . 5  147 720 2482 
Copper, ppb 0 . 94 
Bery l l  i um ,  ppb 0 . 09 
Ant imony, ppb <2 
Ni ckel , ppb 758 

aFi rst ten el errents are in I n terim Pri mary Dri n k i n g  Water Standards . 
b ---means not determi ned . 
CSamples not acidifi ed before a n a l ys i s .  

36 . S7 
0 . 06 

Tabl e K . 3 .  Laboratory columns of Texaco-Montebello ash/slag 
from SRC-II  vacuum bottoms 

All  val ues l isted are in ppb 

Leach No.  
Co lumn No. E lement 

2 1 0  20 

1 Arsenic 1 . 1 6  0.79 2.0 3.1 

2 1 .36 1 .33 1 .53 3.4 

1 Barium <0.5 <0.5 <0.5 <0.5 

2 <0.5 <0.5 <0.5 <0.5 

1 Cadm i um 1 1  0 . 1 3  0.0 1 4  0 . 1 0  

2 1 6  0 . 1 1  0.020 0.091 

Chromi um 7.0 3.5 0.25 0.49 

2 6 .2 3.2 0.24 0.4 1 

1 Lead 1 .4 <0.3 <0.3 <0.43 

2 0.93 <0.3 <0.3 <0.3 

1 M ercury 0.007 0.024 0 .0 1 3  0.0 1 9  

2 0.01 1 0 .0 1 2  0.003 <0.001 

1 Selenium 1 20 44 1 6  <5 

2 1 95 34 <5 <5 

1 Si lver 0.34 0 . 1 7 0 . 1 3  0 . 1 0  
2 0.36 0 . 1 7  0 . 1 2  0 . 1 0  

None 
None 
None 
None 
�one 
�one 



K . 5 ORGANIC CONSTITUENTS I N  S LAG LEACHATES 

I n  o rder to exp l ore the quest i o n  of  whether o rga n i c  consti tuents rema i n  in  the s l ag ,  further 
l each i ng tests were pe rformed .  Vacuum bottoms f rom the Fort Lewi s P i l ot P l ant were gas i f i ed 
i n  a Texaco gas i f i er .  At the G u l f Research & Deve l opment fac i l i ty at Harmerv i l l e ,  
Pennsyl van i a ,  the gas i f i e r  s l ag was subj ected to a benzene extracti o n .  Th i s procedure was 
used to extract o rgan ics  out of s l ag and i s  far more seve re than any cond i t i ons  that wou l d  
occur i n  a l andfi l l .  

F o l l ow i n g  the extracti o n ,  the benzene l eachate was ana lyzed for the p re sence o f  benzene 
so l ub l es  and p o l ynuc l ear aromati c  ( PNA ) compo unds . The  resu l ts of  the extrac t i o n  under these 
extreme cond it ions  are s hown be l ow and i nd i cate that benzene so l ub l e consti tue nts are p resent 
in  the s l ag i n  v e ry l ow concentrat i o ns . Under actua l l andf i l l  cond i ti ons , o rgan i c  
consti tuents are not expected t o  be o f  env i ronmental conce r n .  

Coarse S l ag F i ne S l ag 

Total benzene so l ub l es 0 . 0315 0 . 0165 
(%by wei ght)  

Benz-a-anthracene (ppb)  12  10 

Benz-a-pyrene  (ppb )  17 13 

Benz-e- pyrene (ppb )  4 17 

Benzo ( g , h , i )  pery l ene (ppb)  8 5 

K . 6 COAL LEACHING 

The p roposed feed coal  for the SRC- I I  demonstrati o n  p l ant was subj ected to water l eac h i ng i n  
a fi e l d  l y s i meter to s i mul ate actua l storage cond i ti o n s .  The resul ts are p resented i n  Tab l e  
K . 4 .  
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Tab l e  K . 4 .  S umma ry of Leachate Data Col l ected from P i ttsburgh #8 
Coa l in F ie l d  Lys i meter 

Number of Standard 
Parameter observat i ons Mean dev i at i on Mi n i mum Max imum 

Runoff (% of rai nfal l ) 10 78 24. 7 19 100 

Percent transmi s s i on 20 82 . 4  22 . 1  2 1 .  7 99 . 3  
before fl1 ter 

Percent transmiss i on 18 98 . 6  1 . 1  96 . 7  100 
a fter fil tar 

pH 20 2 . 9  0 . 2  2 . 7  3 . 4  

Aci dity 15 990 720 252 2 , 990 
(mg/ l i  ter as CaC03 )  

El ectr i cal  conducti vity 20 1 , 730 956 758 4 , 380 
(;.:. mhos/on} 

Su lfate (mg/ Ti ter ) 20 1 , 240 909 369 3940 

Iron (mg[ t iter) 20 296 307 16 . 1  1 , 330 

Arsen ic (" g/ 1 i ter ) 8 15 . 2  13 . 2  2 . 5  42 

Bar i um (mg/Titer )  a < 0 . 2  a a a 

C admi um (� g/ T i ter)  8 9 . 5  1 3 . 3  1 . 2  42 

Chromi um (ll g/ l i ter )  3 11 7 . 9  2 . 1  22 

Lead C].C g/ 11ter} 8 7 . 5  5 . 2  4 . 5  23 

Sel en i um (;.:. g/ l i ter ) 8 < 20 b b b 

S i l ver (u g/Hter) a < 0 . 05 c c c 

Mercury (ll g/ l iter) 8 o . op 0 . 05 0 . 04 0 . 13 

aBarium concentrati on < 0 . 2  mg/ l i ter for a l l  s arllp l es .  

bSel en i um concentrat i on < 20 � g/ 1 i ter for al l sampl es . 

cS i l ver concentrat i on < 0 . 05 ;J g/ 1 i ter for a l l s amp l es . 
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S O I LS 

The proposed construction  of coal convers i on pl ants i n  the Un i ted States causes concern about 
s a fe d i sposal  of the l arge quanti t i es of so l i d  wastes generated by the technol ogy . Soi l s  are 
v i ewed as a pos s i b l e  attenuation  mechan i sm that reduces the hazard of groundwater contami nati on 
and as an eng i neeri ng f i l l  or l i ner for d i sposal areas . Anal ys i s  of the probl em i s  d i ffi c u l t 
because of the l ac k  of characteri zati ons of the sol i d  waste s tream , the chem i c a l  nature of 
sol ut i ons l each i ng  from the d i s posa l  areas , and the reg u l atory req u i rements that may be i mposed on 
d i sposal  pract i ces  fo r so l i ds .  General l y ,  three routes of poss i b l e  contami nat i on ex i s t :  l eachate 
from coal p i l e  storage areas , sol i d  waste d i s posal s i tes , and acci dental s p i l ls in the pl ant 
process area . The fi rst case , coal storage , may i nvo l ve al ternati ng aerobi c and anaerobi c  con
d i t i on s ,  depend ing on ra i nfa l l patterns , depth to the water tab l e ,  and des i gn of the storage area . 
The  second case , waste d i sposal , wi l l  p robabl y produce anaerob i c  cond i t i ons  i n i t i a l l y  because most 
waste wi l l  be d i sposed of i n  s l u rry form . The th i rd ca s e ,  sp i l l s ,  wi l l  p robab l y  i nvol ve l ess  
d i stu rbed soi l s  under aerob i c  cond i t i ons . 

The pu rposes here a re to ( 1 )  revi ew cu rrent l i terature on trace e l ement attenuat ion i n  so i l s  to 
i dent i fy those e l ements most l i ke l y  to rema i n  mob i l e  i n  the so i l s  and ( 2 )  assess the re l at i ve 
i mportance of various  so i l  propert i es i n  attenuati ng pol l utants . The speci e s  were chosen for 
anal ys i s  on the sol e bas i s of dri nk i ng water standards and tox i c i ty con s i derati ons . Effi c i ency of 
experimental des i gns  used by the au thors was not asses sed as  such , but was anal yzed if two authors 
did not reach the s ame conc l us i ons from s im i l ar experi ments . Materi a l  di scus sed here i nc l udes a 
synops i s  of the author ' s  conc l u s i ons , an ana lys i s  of so i l chemi cal parameters l i ke l y  to a ffect 
attenuati on , and descri pti ons of the i nd i v i dua l  trace e l ement beha v i o r  in so i l s .  

L . 1  FACTORS AFFECT ING ATTE NUAT I ON O F  TRACE ELEMENTS I N  S O I LS 

Many factors , i nterna l and external to the soi l system , i nfl uence movemen t of trace e l ements i n  
so i l s .  Externa l  factors i nc l ude cl imate and rel ated factors such as  moi stu re i n put and tempera
ture . Soi l propert ies  exert i ng the g reatest effect on the chemi stry of soi l attenuation  i ncl ude 

1 .  s u rface a rea and the amounts and types of c l ays present ( re l ated to soi l texture ) ; 
2 .  amount of i ron , a l umi num , and manganese hydroxy oxides ; 
3 .  pH ; 
4 .  redox cond i t i ons ; 
5 .  organ i c  matter content ; and 
6 .  type and concentra t i on of other i ons  o r  gases i n  the so i l . 

Such  factors as b i o l og i ca l  act i v i ty ,  hydrol ogy , pore-space geometry , d i sposal  a rea desi gn , t ime 
s i nce d i s pos a l , and i n i t i a l waste chemi stry wi l l  al so i nfl uence the f ina l  so i l  sol u t i on chemi stry ,  
but are not spec i fi ca l l y  anal yzed i n  th i s  study . S i te-spec i f i c  ana l ys i s  wou l d  be req u i red to 
assess  the i mportance of these parameters . 

L . 1 . 1  C l ay content 

The c l ay-s i ze parti cl e content of the so i l may be one of the most i mportant propert i e s  in atten u
a t i ng contami nants . C l ays retard water movemen t ( a l l ow i ng more t i me for  chemica l  react i ons  to 
occur) , prov i de l a rge surface areas for reacti ons , and are often composed of h i g h l y  reacti ve 
components such  as l ayered a l um i nos i l i cates , organ i c  matte r ,  and a l umi num , i ron , or manganese 
hydroxy ox i des . C 1 ay-trace-e1 ement i nteract i ons  may i ncl ude i on exchange , adsorpti on , compl ex
a t i on , or preci p i tati on onto the cl ay substrate . Genera l l y ,  the h i gher the c l ay-s i ze parti cl e 
content the l ess  the m i g ra t i on of trace e l ements . Attenua t i on by c l ay mi nera l s ( i . e . , l ayered 
a l umi nos i l i cate s )  depends on the type and amount of c l ay present and has a s i gn i fi cant effect on 
the sol ution  concentrati on of e l ements such as  Cd , C r ,  Cu , Hg , N i , S e ,  and Zn . Lesser effects 
have been noted w ith As , Fe , Pb , Mn , and PAHs . I on exchange i s  the pri mary mechani sm a l though 
adsorption  onto i ron/manganese hydroxy ox i de coat i ngs  and a l umi num hydrox i de i n ter1 ayers may a l so 
prove s i gn i fi cant . The ab i l i ty of the c l ay mi neral to reta i n  the el ement i s  i nfl uenced by ( 1 ) the 
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s peci es of the e l ement present , ( 2 )  i ts acti v i ty in  sol u t i on (wh i ch may be reduced by compl exat ion ) , 
( 3 )  i ts pH , and ( 4 )  the concentration  of other i ons  i n  sol u t i on . D i fferent cl ays exh i b i t  d i fferent 
preference orders for vari ous spec i es ; Fa rrah and P i cker ing 1 found that the fol l owi ng preferences 
exi s t :  

Montmori l l on i te :  Ca > P b  > Cu > Mg > Cd > Zn 
I l l i te :  Pb > Cu > Zn > Ca > Cd > Mg 
Kaol i n i te :  Pb > Ca > Cu > Mg > Zn > Cd 

H i gher-order i ons wi l l  tend to d i s p l ace l ower-order i ons . Large q u anti t i es of one spec i e s  may 
" swamp" the system and rep l ace other i ons  that are normal l y  preferre d .  

I ron , manganese , a n d  a l umi n um hydroxy oxi des a n d  organ i c  matter a r e  often i nc l uded i n  the c l ay
s i ze fracti on . The i r  attenuation  propert i e s  are d i scus sed bel ow .  

L . l . 2 I ron , manganese , and a l umi num hydroxy oxi des 

Many i nvesti gators cons i der the hydroxy oxi des to be the most important spec i es in attenuati ng the 
movement of contami nants in so i l s .  Meta l s may be adsorbed on the surface or i ncorporated i nto the 
c rystal structure as  a repl acement for manganese , i ron , or  a l umi num . S u rface adsorption  i s  
i ncreased by the normal l y  l arge s u rface a rea of the hydroxy oxi des , whi ch common l y  occur a s  coat
i ngs  and i nterl ayers w i t h i n  c l ay structu res . Redox , pH , and m i c rob i al acti v i ty exert a strong 
i nfl uence by affect i ng the amount of hydroxy oxi de prec i p i tati on or l each i ng that occurs . F i gures  
L . l ,  L . 2 ,  and L . 3  i l l u strate the  forms of i ron , manganese ,  and a l umi num compounds that  are stab l e 
under vari ous  cond i t i ons  at f i xed va l ues of temperature , pressure , and act i v i t i es of su l fu r ,  
c arbon d i oxi de ,  and a l umi num.  The p H  a l so affects the charge o n  the s u rface of the hydroxy ox ide 
and i ts reacti on chemi s try ( for reasons that are more ful l y  outl i ned by Schwertmann and Tayl or2 ) .  
Cati ons tend to be adsorbed at  pHs greater than the zero poi n t  of charge  whenever the s urface 
carr ies  a negat i ve charge . Compl exat ion , or  the forma t i on of unusual  bri dg i ng structures , may 
a ffect th i s  general behav i o r . 3 

L . l . 3  So i l pH 

Changes i n  the pH o f  the soi l system may sol ub i l i ze certa in  sol i d  phases , prec i p i tate new com
pounds , and s h i ft i on exchange bal ances or  the surface charge on certa in  hydroxy oxi des . S h i fts 
in pH mos t  l i ke l y  occur in poorl y buffered so i l s ,  such  as  sandy soi l s  w i th no free l ime . A 
parti cu l ar ly  ac id  or a l ka l i ne l eachate i s  the most l i ke l y  mechani sm for s h i ft i ng so i l  p H .  Other 
factors may i ncl ude del i berate l i mi ng of the so i l , s h i fts in carbon d i ox i de content caused by 
mi crob i a l  action  or by decay of organ i c  matter ,  neutra l i zation  of a ci d i ty by reacti on of the so i l s  
w i th components i n  the l eachate , or the i mpos i t i on of anaero b i c  condi t i ons . 

The mobi l i ti es of most trace e l ements studi ed are affected to some deg ree by the soi l pH . S i g n i f
i cant changes i n  soi l sol ut ion  concentration  may occur w i t h  chromi um and sel en i um ( mob i l i ty 
i ncrea s i ng wi th pH ) and wi th i ron and manganese ( decreased so l u b i l i ty wi th i nc reased pH ) .  To a 
l esser degree , arsen i c , z i nc ,  and s i l ver wi l l  l each more eas i l y  i n  a l ka l i ne so i l s ;  Cd , Cu , Co , Hg , 
and N i  wi l l  be more mobi l e  under ac i d  condi t ions . 

L . l . 4  Redox cond i t i ons  

Leve l s of oxi dati on potent i a l  ( Eh )  i n  the  so i l  may affect ( 1 )  the  stab l e  s pec i es i n  prec i p i ta t i on 
reactions , ( 2 )  the hydroxy oxide stabi l i ty ( t herefore , the extent of attenuation  of assoc i ated 
trace meta l s ) , and ( 3 ) the l evel of mi croorgan i sm acti v i ty ( by req u i r i ng a l ternate energy sou rces 
for metabo l i c  processes , important in the change of the oxi dat i on state of  several metal s ) . 
Reduction  of Eh i s  genera l l y  associ ated wi th waterl ogged cond i t i ons a l though the actua l  Eh  
ach i eved a fter fl ood i ng depends on the  soi l and on the  t ime s i nce fl oodi n g .  Hess  and B l anchar4 
observed Eh va l ues of +300 mV and +400 to +500 mV for two soi l s  that were fl ooded for 2 1  d .  Add i 
t i on of organ i c  matter decreased these val ues t o  - 1 50 m V  after 1 d .  Anaerobi c condi t i ons  caused 
by waterl ogg i ng are l i ke l y  to occur under waste d i sposal  areas that use s l u rry appl i cation  methods .  
Waterl ogged soi l s  a re a l so l ess  l i ke l y  to l ose g aseous components such  a s  certa i n  forms of 
a rsen i c5 and mercury . 6 

The greatest effect of Eh i s  on trace el ements associ ated wi th i ron and manganese hydroxy ox ides  
and those trace e l ements present at concentrati ons h i g h  enough  to  be a ffected by  so l u b i l i ty 
equ i l i bri um .  Most  metal s are more mob i l e  under reducing  condi t i on s .  Meta l s affected most are As , 
Cd , Fe , and Mn ; those l es s  affected i nc l ude chromi um,  coba l t ,  and mercury .  
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"" 
.. 0.1 

.. 0.6 

.. 0 . 4  

EH 

0.0 

- 0.2 

- 0.4 

- 0.& 

- 0 . 1  

- 1.0 

"" 
"" 

4 

\ 
\ 

\ - 2 
\ 

6 

1 I 
I 
I 

L-6 

p H  I 

MnS 

ES-4960 

( Mn O.1 

Mn CO. 
R HODOCHROSITE 

1 0  1 2  1 4  

F i g .  L . 2 .  Stabi l i ty re l at i ons among some manganese compounds in water at 25 °C  and 1 atm 
tota l pres s u re .  Total d i ssol ved s u l fur speci e s  = 1 0- 1 ,  pC02 = 1 0-4 •  [ Cou rtesy E .  Gaucher . ] 
Rep r i n ted by pe rmiss i on from R .  M .  Garre l s and C .  L .  Chr i s t ,  Solutions, Minerals, and Equilibria, 
Harper and Row , New Yor k ,  1 96 5 , p .  243 .  
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L . l . 5 Organ i c  matter content 

Orga n i c  matter tends to dec rease mobi l i ty of trace meta l s because of i ts l arge cat i on exc hange 
capaci ty .  Howeve r ,  depend i ng upon the nature of the organ ic  matter presen t ,  chel at ion may a l so 
occur  and form sol u b l e  compl exes that reduce the metal ' s  acti v i ty and su scepti b i l i ty to atten ua
t i on but mai ntai n  a fa i rl y  l arge concentration  in so l u t i on . Some of these react i ons  i nvol ve 
cova l ently bonded hydrogen and are therefore pH dependent .  

These  compet ing  tendenc i e s  often make  i mpact of or�a n i c  matter on trace metal attenuation d i f
fi cu l t to asses s .  Ev i dence i nd i c ates that cadmi um and s i l ver8 mob i l i t i es a re i ncreased by the 
p resence of organ i c s , and PAH s  and l ead in sol ut ion  a re usua l l y  decreased . 9 , I O  Al though the 
so l u b i l i ty rel at ionsh i p s  a re unc lear ,  other meta l s that appear to react wi th organ i c  matter 
i nc l ude C r ,  Cu , Hg , N i , Fe , Mn , and Zn . 

L . l . 6 .  Other reactants i n  the system 

The degree or nature of a ttenuation  of the vari ous  trace e l ements i s  l i nked to the type and con
centration of other spec i es i n  the so i l . As d i scussed a bove , i on exchange reac t i ons  are eas i l y  
s h i fted . P rec i p i tation  reactions  a re a l tered by the presence of other el ements i n  the proper form 
and at adequate concentrat i ons . ( Exampl es a re bar i um p reci p i tation  i n  the presence of suffi c ient 
s u l fate or carbon d i ox i de and s i l ver  in  the presence of hal i des . )  Ch l or i de i on s  compl ex wi th 
certa i n  meta l s ( cadmi um , copper , and n i cke l ) and stabi l i ze these metal s i n  sol ut ion by redu c i ng 
thei r reacti v i ty .  Phosphate i ons or  carbon d i o x i de may al ter adsorption  onto some hydroxy oxi des 
by ass i st i ng i n  bondi ng , by a l teri ng the sol ub i l i ty of the substrate , or  by s h i ft i ng the zero 
p O i n t  of charge . l l  
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L . 2  COMPARAT IVE  AND CASE STUDI ES 

Several stud i es that compa re the mobi l i ty of vari ous trace e l ements and the beha v i or of so i l 
types have been performed . Fu l l er 1 2 presented an extens i ve analys i s  of e l ement mob i l i t i e s  under 
vari ous  so i l cond i t i ons  and the ab i l i ty of several soi l s  of d i fferi ng o rders to attenuate con
tami nants . The res u l ts a re summari zed in Tab l es L . l , L . 2 ,  and L . 3 .  

S i ms and Patri ck 1 3  compared the behav i o r  o f  Fe , Mn , Zn , and Cu under var i ou s  E h  and pH val ues by 
measuri ng the d i str ibut ion i n  various  so i l  fractions  ( Tabl es L . 4  and L . 5 ) . Several concl u s ions , 
d i scussed e l sewhere , are evi dent from the data : ( 1 )  the re l at i ve ease of manganese transforma
t i ons  i n  so i l s  duri ng changes i n  Eh as compared wi th i ron ; ( 2 )  the effect of Eh on the fract ion of 
vari ous  s peci e s  occupyi ng exchange pos i t i ons ; and ( 3 )  the comparati ve stabi l i ty of i ron i n  the 
system ( occurri ng i n  the res i dual  fracti o n ) . 

Korte et a l . 1 4 ran ked 1 0  so i l s  from 7 of the most promi nent orders accord i ng to the i r  abi l i ti es to 
attenuate 1 1  d i fferent trace e l ements under aerobi c cond i t i ons . Resu l ts are summari zed i n  F i g .  
L . 4 .  Correl ation  coeffi c i ents were cal cu l ated for each o f  the e l ements accordi ng to c l ay content , 
pH , cation  exchange capac i ty ( CEC ) , s u rface a rea , free i ron ox ide , manganese , and combi nations  of 
components ( Tabl es  L . 6  and L . 7 ) . 

Several case stud i es have been performed on the l each i ng of trace e l ements i n  sewage d i sposal  
ponds and fl y ash d i s posal  areas .  Lund et al  . 1 5 meas u red the d i str ibut ion of Zn , Cd , Cu , Cr,  and 
N i  in so i l  profi l es at two treatment p l ants . F i gure L . 5  g i ves some of the resu l ts .  Al l concen
trations  measured i n  the s i te soi l were above background l evel s that were measured i n  nearby 
l ocati ons . D i sposal  was over a 20-year peri od i n  s l udge ponds used as drying  beds ( probab l y  
a l ternat i ng between anaerobi c  a n d  aerob ic  condi t ions ) a n d  i n  effl uent ponds ( probab ly  mai nta i ned 
under anaerobi c  condi t ions ) . Because waste behavior  wou l d  be i nfl uenced by the h i g h  organ i c 
matter content ,  t h e  wastes studi ed proba b l y  d i ffer from coal convers i on wastes . 

Two stud ies  on the effect of f ly  as h d i sposal on so i l  systems were avai l ab l e .  Phung e t  a l . 1 o 
studied a fl y ash  l eachate of very h i g h  a l kal i n i ty ( pH 1 2 . 3 ) and found pH changes to be the maj or  
s hort-term i mpact on the  so i l s .  As the pH was reduced , concentrations  of certai n  e l ements ( B , P b ,  
Co , Cr , and N i ) were i ncreased s i g n i f i cantl y .  Thei s 1 7 analyzed contaminat ion probl ems by mea
suri ng groundwater concen trations  of ten e l ements from we l l s  near a fly ash d i sposal  s i te .  The 
greatest concentrations  were measu red for i ron , z i n c ,  arsen i c ,  and copper .  Amorphous oxi des of 
i ron and manganese were present i n  the so i l s  and were postul ated to be the maj o r  mechan i sm of 
trace metal atten uati on . 

L . 3  SO I L CHARACTER IST ICS AT THE PROPOSED S ITE  

See  F i g . L-6 for the d i stri but ion of soi l s  on the  proposed s i te .  

L . 3 . 1  Proposed so l i d  was te d i sposal  area 

The soi l s  i n  th i s  a rea a re genera l l y  composed of stri p-m i ne soi l s  and natural l y  occurring  so i l s .  
D i s posal  for the demonstration  phase wi l l  s ta rt on the undi sturbed port i on . These so i l s  have 
moderate c l ay content ,  h i g h  percentages o f  s i l t ,  l ow to average pH , and average ranges of i ron and 
magnes i um ( Tab l e L . 8 ) . So i l  profi l es are genera l l y  deep ( g reater than 1 00 cm ) .  Spec i es that are 
more l i ke l y  to be mob i l e  in s uch so i l s  ( but are not necessari l y  present i n  the sol i d  waste 
l eachate ) i ncl u de :  

Aero b i c  

cadmi um 
coba l t 
i ron ( at l ow pH ) 
z i nc 

Anaero b i c  

arse n i c  
cadmi um 
chromi um 
cobal t 

i ron ( at l ow pH )  
mercury 
n i ckel 
z i nc 

The depth and s l ow percol ation  rates of these so i l s  shou l d ,  howeve r ,  reduce the pos s i b i l i ty of 
s i g n i fi cant contami nati on . 

L . 3 . 2  P roposed coal storage area 

Soi l s  at th i s  l ocation  were tested for trace e l ements and organ i cs , but not for general so i l  
characteri s t i cs . Res u l ts from the same soi l series  el sewhere on the s i te i nd i cate that textures 
range from l oam to s i l ty cl ay ,  moderate ly  l ow pH , l ow to normal l evel s of i ron and manganese , and 
soi l depths of l ess  than 90 cm . PAH l evel s were h i g her  than l evel s at other areas of the s i te ,  
but  were st i l l  wi th i n  normal forested area ranges . The speci es that are more l i ke l y  to b e  mobi l e  
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Tab 1 e L .  1 .  Mobility of selected elements 

in 1 1  soil series of va rying pH 

Soil series 

Ava 

Kalkaska 

Wagram 

Davidson 

Molokai 

Chalmers 

Anthony 

Fanno 

Mohave, l imy 

Mohave 

Nichol so n  

Element i n  leachate 

Acid Soils 

Zn, Cd, As, Cr, Se, Cu 

Be Pb 
.. 

In order of decreasing mobility 

Neutral-to-alkaline soils 

Cr, As, Se, Cd, Be, Cu 

Zn Pb . . 
In order of decreasing mobil ity 

Source : W. H .  F ul ler, Movement of Selected 

Metals, Asbestos, and Cyanide in Soil: Applica

tions to Waste Disposal Problems, Re port EPA-

600/2-77-020, U. S .  E nvironmental Protection 

Agency, Cincinnati, Oh io, 1977.  

Tab 1 e L. 2 . Overall ability of 1 1  soil series in 
attenuating contaminants 

Mobility class 

I .  Strongly immobi l iz ing 

I I .  Usually stronglY 

immObilizing 

I I I .  MOderately i mmobilizing 

IV.  Weakly immobilizing 

Texture 

Clay 

Silty clay 

Silty clay 

Loam 

Clay 

Clay 

Sandy clay 

Loam 

Silty clay 

Loam 

Sandy loam 

Sandy loam 

Sand 

Loamy sand 

Soil series 

Molokai 

N icholson 

Chalmers 

Davidson 

Fanno 

Moh ave 

(Limy) 

Ava 

Mohave (lime free) 

Anthony 

Kalkaska 

Wagram 

Order 

Oxisol 

Alfisol 

Mol isol 

Ultisol 

Alfisol 

Aridisol 

Alfisol 

Aridisol 

Entisol 

Spodosol 

Ultisol 

Source : W .  H. Ful ler, Movement of Selected Metals, Asbestos, and Cyanide in So i l :  

Applications t o  Waste Disposal Problems, Report EPA-600/2-77-020, U .S. 

Environmental Protection Agency, Cincinnati, Ohio, 1977. 



M icro-

nutrient 

Fe 

M n  

In 

Cu 

L- 1 0 

Tab 1 e L .  3 .  General mobility of selected elements under 
aerobic and anaerobic conditions 

Mobility in leachate 
Aerobic 

Anaerobic, acid 
Anaerobic, neutral 

conditions to alkaline 

H igh Se Cd, Ni, Hg ,  Zn As, Cr 
Medium Fe, In, Pb, Cu As, Be, Cr Cd, Hg, Se, In 
Low As, Cd, Cr, Hg Cu, Pb, Se Cu, Pb, N i  

Source : Adapted from W. H .  Ful ler, Movement o f  Selected Metals, Aslxtstos, and 

Cyanide in Soil: Applications to Waste Disposal Problems, Report EPA-600/2-77-020, 
U.S. Environmental Protection Agency, Cincinnati, Oh io, 1 977. 

Tabl e L _ 4 . The distribution of Fe, Mz, Zn, and Cu among soil fractions as influenced by 
redox potential (Eh), averaged across pH 

Soil fraction 

Eh 
( 1 ) (2 ) (3) (4) 

(mV) (5 ) (6)  (7)  
Water E xchange- O rganic (2 + 3) N H 2 O H ' HCI 

O xalate NaOH Residual 
soluble able sites (J.Ig/g soil) 

- 1 50 68 1  1 ,226 899 2 , 125 1 ,264 6,250 271  9,952 
0 628 687 999 1 ,686 1 ,096 7,936 3 1 4  1 0,576 

+ 1 50 1 ,02 1 < 1  464 464 684 8 , 157 286 1 1 ,252 
+300 1 45 54 690 744 481 9,906 3 1 6  1 2,530 
+500 846 < 1  558 558 3 1 4  8,358 3 1 9  1 1 ,028 
- 1 50 92 1 69 <1 1 69 28 42 < 1  63 

0 73 1 4 7  < 1  147 32 59 < 1  62 

+ 1 50 90 1 1 6 <1 1 1 6  28 84 <1 67 
+300 1 6  126 < 1  126 35 1 3 1  < 1  68 
+500 32 22 < 1  22 89 1 33 < 1  59 
- 1 50 4.5 < 1  1 3  1 3  4.1  26 15 123 

0 5 . 1  1 .3 25 26 3.3 28 1 6  1 0 1  
+150 1 0 .5 < 1  1 6  1 6  2.4 25 1 0  1 3 1  
+300 4.2 2.3 1 3  1 5  5.0 35 1 1  1 24 
+500 1 0 .9 < 1  1 7  1 7  2.7 24 1 0  1 28 
- 1 50 2.6 0.3 4.5 4.8 <0. 1  4.6 <0. 1  1 2 .9 

0 5.0 0.6 2.0 2 .6 <0. 1  5.6 <0. 1  8.5 
+ 1 50 5 . 1  0 .3 1 . 1 4 . 1  <0. 1  7.4 <0. 1  1 0.9 
+300 3 . 1  0.2 0.6 0 .8 <0.1 9.9 <0. 1  1 1 .2 
+500 1 .8 0.3 0 .7 1 .0 <0. 1  8.3 <0.1 1 1 .2 

Sum of 

4,5,6,7 

1 7,737 
19 ,922 
20,379 
23,233 
20,0 1 9  

1 33 
153 
1 79 
234 
281 
1 68 
1 48 
1 68  
1 75 
1 65 

1 7 .5 
1 4 .1 
1 8 .3 
2 1 .1 
1 9 .5 

Source: Re printed by permission from J. L. Sims and W. H .  Patrick, Jr.,  "The D istribution of M icronutrient Cations 

in Soil Under Conditions of Varying R edox Potential and pH," Soil Sci. Soc. Am. J. 42: 258-62 ( 1 978 ) .  



Ta b 1 e L .  5 . The influence of redox potential on the distribution of Fe, Mn, Zn, and Cu 

among soil fractions expressed as a percentage of total Fe, Mn, Zn, or Cu 

Soil fraction 

M icro· E h  
( 1 )  (2) (3) 

Sum of (4) 
(5) (6) (7 ) Sum of 

nutrient (mV) 
Water Excha nge· Organic 

1 ,2,3 N H2 O H ' HCI 
Oxal ate NaOH Residual 4,5,6,7 soluble able sites (%) 

Fe - 1 50 2.9 5 . 1  3.8 1 2  5.3 26.3 1 . 1  4 1 .8 75 
0 2.6 2.9 4.2 10 4.6 33.3 1 .3 44.4 84 

+ 1 50 4.3 <0. 1  1 .9 6 2.9 34.3 1 .2 47.3 86 
+300 0.6 0.2 2.9 4 2.0 4 1 .6 1 .3 52.6 98 
+500 3.6 <0. 1  2.3 6 1 .3 35. 1 1 . 3  46.3 84 

M n  - 1 50 24.6 45.8 <0.3 7 1  7.6 1 1 .4 <0.3 1 7. 1  36 
0 19.8 39.8 <0.3 60 8.7 1 6.0 <0.3 1 6.8 42 

+150 24.4 3 1 .4 <0.3 56 7.6 22.8 <0.3 1 8.2 49 
+300 4.3 34 . 1  <0.3 38 9.5 35.5 <0.3 1 8.4 63 r 

I +500 8.7 6.0 <0.3 1 5  24.1 36.0 <0.3 1 6.0 76 
Zn - 1 50 2.4 <0.5 6.8 9 2.2 1 3. 7  7.9 64.7 89 

0 2 . 7  0.7 1 3.2 1 7  1 .7 14.7 8.4 53.2 78 
+ 1 50 5.5 <0.5 8.4 1 4  1 .3 13.2 5.3 68.9 89 
+300 2.2 1.2 6.8 10 2.6 1 8.4 5.8 65.3 92 
+500 5.7 <0.5 8.9 15 1 .4 1 2.6 5.3 67.4 87 

Cu - 1 50 10.8 1 . 3  1 8.8 31 <0.4 1 9.2 <0.4 53.8 73 
0 20.8 2.5 8.3 32 <0.4 23.3 <0.4 35.4 59 

+ 1 50 2 1 .3 1 .3 4.6 27 <0.4 30.8 <0.4 45.4 76 
+300 12.9 0.8 2.5 1 6  <0.4 4 1 .3 <0.4 46.7 88 
+500 7.5 1 .3 2.9 12 <0.4 34.6 <0.4 46.7 8 1  

Source: R eprinted b y  permission from J. L .  S i m s  a n d  W. H .  Patrick, J r . ,  "The D istribution o f  M icronutrient Cations in Soil Under 
Conditions of Varying Redox Potential and pH," Soil Sci. Soc. Am. J. 42: 258·62 ( 1 978). 
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F i g .  L . 4 .  Mobi l i ty of se l ected trace e l ements i n  ten so i l s .  Source : Adapted f rom 
N. E .  Korte et al . ,  " Trace E l ement  Movement i n  Soi l s :  I nf l uence of So i l  Phys i ca l  and  Chemi cal  
Propert i es , "  Soi l Sci .  1 2 2 :  350-59 ( 1 9 76 ) .  

i n  thi s soi l are s i mi l a r  to those descri bed i n  Sec t .  1 .  Percol ation  rates may be somewhat hi gher 
beca use of the s l i ght ly  coaser texture , and so i l  depths may be sha l l ower .  Ana l yses o f  the coal 
storage area soi l s  for these parameters wou l d  determi ne the s i gn i fi cance of these factors . 

L . 3 . 3  Proposed process area 

Soi l s  i n  th i s  area are characteri zed by deep profi l e s ,  very l ow to moderate pH , norma l l evel s of 
i ron and manganese , and h i g h  organ i c  matter content in the surface l ayers . The dominant  part i c l e 
s i ze i n  the soi l i s  s i l t .  Unpaved areas are l i ke l y  to remai n  aerobi c  ( oxygen present ) .  Under 
such cond i t i ons , most e l ements are l i ke l y  to be retai ned i n  the so i l and wou l d not l each i nto 
g roundwate r .  The aci di c cond i t i ons  i n  some a reas cou l d  i ncrease the mob i l i ti es of i ron , z i nc ,  and 
pos s i b l y  cadmi um ,  but the deep profi l e  and s l ow rate of seepage shou l d  s ubstant ia l l y  reduce the 
l i ke l i hood of groundwater i mpacts unl ess very l arge quanti t ies  of the s u bstances are s p i l l ed .  The 
abi l i ty of the so i l to absorb or convert organ i c  chemi cal s wou l d  depend u pon the substance sp i l l ed 
and the extent to wh i ch soi l m i c roorgani sms have reestab l i s hed themsel ves and can d i gest the 
organ i c  compoun d .  S p i l l  preventi on and dra i nage col l ection  techni ques  s houl d ,  howeve r ,  reduce the 
hazard of such sp i l l s .  

L . 4  S O I L  TESTI NG PROCEDURES 

Resu l ts obtai ned from l aboratory chemica l  analyses may vary w i dely  and s hou l d be used with caution 
when app l yi ng the resu l ts wi thout cal i brati on to the f i e l d .  Th i s  vari ab i l i ty in  res u l ts i s  
l arge ly  due to the natu re o f  the so i l  mater i a l . So i l  chemi cal  spec i es may exi st  i n  the so i l  
wate r ,  i n  a sol i d  but  readi l y  "avai l abl e"  form ( i . e . , removab l e  from the sol i d  phase under normal 
soi l condi t i ons ) , or t ight ly  bound wi th the sol i d  so i l  mater i a l . The boundaries  between these 
forms are i nd i sti nct and depend upon the so i l  condi t ions , the t ime frame under cons i derati on , and 
the appl i cati on of the test ( p l ant nutri ent requ i rements , and l eachate reacti ons ) .  
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Tab l e L . 6 .  Correlation coefficients of mass adsorbed per gram 

of soil with soil properties 
----�-� --� 

E lement Clay pH CECa 

Arsenic 0.83b 0.22 0.42 
Bery l l ium 0.78c 0.47 0.62c 
Cadmium 0.67c 0.48 0.60 
Chromium 0.56 -0.43 0.2 1 
N ickel 0.69c 0.5 1 0.79d 

Selenium 0.71 c -0.30 0.44 
Vanadium 0.84b 0 . 1 6  0.55 
Zinc 0.83d 0.52 0.7 1 c  

·Cation exchange coefficient. 
bSignificant at 0.001 level. 
CSignificant at 0.05 level. 
dSignificant at 0.01 level. 

Surface area 

0.66c 
0.81 d 

0.71 d 

0. 10  
0.88b 

0.39 
0.61 c  
0.84d 

Fe203 M n  

0.60 0.52 
0.52 0.52 
0.46 0.45 
0.75d 0.65c 
0.27 0.24 
O.68c 0.57 
0.59 0.49 
0.50 0.48 

Source: Reprinted by permission from N .  E. Korte et a I . ,  "Trace 
Element Movement in Soi ls :  I nfluence of Soi l  Physical and Chem ical 
Properties," Soil Sci. 1 22 :  350·59 ( 1 976).  

Ta b l e  L .  7 .  Coefficients of determination (R2 ) for each element on data from all soils 

Cd 

Clay, surface area, f ree iron oxides· 0.93b 

Clay , surface area, free iron oxides, 
pH 0.94b 

·Order does not imply level of significance. 
bSign ificant at 0 .0 1  level. 
CSign ificant at 0.05 level. 

Be Zn 

0.87b 0.88b 

0.91b 0.93b 

Ions 

N i  C r  As Se 

0.82b 0.56 0.78c 0.57 

0.86c 0.83c 0.78 0.84c 

V 

0.75c 

0.75 

Source: R eprinted by permission from N. E .  Korte et aI., "Trace E lement Movement in Soils: 
Influence of Soi l  Physical and Chemi ca l  P roperties," Soil Sci. 1 22 :  350·59 ( 1 976).  
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Fi g .  L . S . Mobi l i ty of sel ected meta l s bel ow s l udge di sposal  areas . Rep ri n ted by permi s s i on 
from J .  A .  Lund , A .  L .  Page , and C .  O .  Nel son , "Movement of Heavy Meta l s Bel ow Sewage D i s posal  
Ponds , "  J. Environ. Qua L 5 :  33 1 -32  ( 1 976 ) .  
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F i g .  L . 6 .  Di stri but ion o f  so i l s  at the propo sed s i te .  Source : ER , Vol . l .  
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Mappi ng Un i t  Descri ptions  for F i g .  L . 6  

The fo l l owi ng pages contai n br i ef  descri pti ons  o f  the s o i l mapp i ng u n i ts l ocated o n  the 
p roject s i te .  Important so i l c haracteri s t i cs such as depth o f  so i l ,  drai nage c l ass , and 
i nc l us i o n s  of other s o i l s  are s ummari zed.  

Mapp i ng U n i t  3 - Lobde l l s i l t  l oam . T h i s  i s  a nearl y l eve l , moderate l y  we l l -dra i ned so i l o n  
fl oodp l a i n s  a n d  i n  drai nageways . Depth to bedrock  i s  greater t h a n  6 ft . Surface texture 
i s  s i l t  l oam , and subso i l textures are l oam and sandy l oam . Permeab i l i ty i s  moderate . 
I nc l u s i ons o f  Kanawha , Ho l l y ,  and other so i l s  make up abo ut 15% of the mapp i ng u n i t .  

Mapp i ng U n i t  4 - Hol l y  s i l t  l oam . Thi s i s  a nearl y l eve l , poor ly  drai ned s o i l  o n  fl oodp l ai ns 
and i n  drai nageways . Depth to bedroc k i s  greater than 6 ft . Surface texture i s  s i l t  l oam , 
and subsoi l textures  are l oam and sandy l oam. Permeab i l i ty i s  moderate . I nc l us i ons  o f  
Kanawha , Lobde l l ,  a n d  other so i l s  make up about 20% of  th i s  mapp i ng u n i t .  

Mappi ng U n i t  5 - Lobde l l  so i l s ,  30% Ho l l y  so i l s ,  a n d  20% other so i l s .  Th i s  map p i ng un i t has 
characteri st i cs s i m i l ar to those descri bed for Mappi ng U n i t s  3 and 4. 

Mapp i ng U n i t  13 - Kanawha l oam . Th i s  i s  a nearl y l eve l , we l l -drai ned s o i l o n  terrac e s .  Depth 
to bedroc k is greater than 6 ft . Surface texture is s i l t  l oam and subso i l  textures are 
l oam and s andy l oam . Permeab i l i ty is mode rate . Lobde l l ,  Ho l l y ,  and other s o i l s  make up 
about 15% of  th i s  map p i ng u n i t .  

Mapp i ng U n i t  26B - C l arksburg s i l t  l oam , 3 t o  8% s l opes .  Th i s  i s  a gent l y  s l o p i ng ,  
moderate l y  we l l - dra i ned s o i  1 o n  foots l opes  and i n  dra i nageways and formed i n  c o  1 1  uvi  a 1 
mate r i a l s moved down s l ope by s o l i f l ucti o n  p rocesses . Depth to bedrock i s  from 5 to 15 ft . 
Surface texture i s  s i l t  l oam , and subs o i l textures are l oam , c l ay l oam , or s i l ty c l ay l oam . 
Th i s  s o i l contai ns  a dense , s l ow ly  permeab l e  fragi pan about 2-ft th i c k .  I nc l u s i ons of 
Dormont , G uernsey , Cu l l eoka , Westmore l and , and other so i l s  make up 20% o f' th i s  map p i ng u n i t .  

Mapp i ng Un i t  2 6 C  - C l arksburg s i l t  l oam , 8 t o  15% s l opes .  Th i s  s o i l i s  s i m i l ar to Mapp i ng 
U n i t  26B except for steeper s l ope s .  

Mapp i ng Un i t  26D - C l arksburg s i l t  l oam , 1 5  t o  25% s l op e s .  Th i s  s o i l i s  s i mi l ar t o  Mapp i ng 
Un i t  26B except for the steeper s l o p e s .  

Mappi ng U n i t  2 9 B  - Dormont a n d  Guernsey s i l t  l oams , 3 to 8% s l ope s .  T h i s  undi fferenti ated 
u n i t  cons i sts of  deep , moderate l y  we l l -drai ned Dormont so i l s ,  Guernsey so i l s ,  or both . Depth 
to bedro c k ,  wh i c h  cons i sts o f  sha l e ,  mudstone , or  l i mestone , ave rages 5 ft . Surface textures 
are s i l t  l oam , and subso i l  textures are s i l ty c l ay l oam or s i l ty c l ay .  Permeab i l i ty i s  
moderate l y  s l ow t o  s l ow .  I nc l us i ons of  Cu l l eo ka ,  Wes tmore l and ,  C l arksburg , a n d  other s o i l s  
make up about 15% of  th i s  uni t .  

Mapp i ng Un i t  29C - Dormont and Guernsey s i l t  l oams , 8 to 15% s l opes .  These  s o i l s  are l i ke 
Map p i ng U n i t  29B except for the  steeper s l ope s .  

Mapp i ng Un i t  29D - Dormont a n d  Guernsey s i l t  l oams , 1 5  t o  25% s l o p e s .  These  s o i l s  are l i ke 
Mapp i ng Un i t  29B except for steeper  s l ope s .  

Mapp i ng U n i t  56B - Cu l l eo ka-Westmorel and s i l t  l oams , 3 to 8% s l ope s .  Th i s comp l ex cons i sts 
of  mode rate l y  deep and deep , we l l -drai ned s o i l s . Bedro c k ,  wh i ch cons i sts of  s ha l e ,  
sandstone , and l i mestone , occurs at about 35 i n . i n  Cu l l eo ka s o i l s  and 60 i n .  i n  We stmore l and 
s o i l s .  Surface textures are s i l t  l oam , and subs o i l  textures are s i l ty c l ay l oam. 
Permeab i l i ty is moderate . Th i s  u n i t  cons i sts of  40% Cu l l eoka s o i l s ,  35% Westmore l and so i l s ,  
and 25% other s o i l s . 

Mapp i ng U n i t  56C - Cu l l eo ka-Westmorel and s i l t  l oams , 8 to 15% s l ope s .  These  s o i l s  are 
s i mi l ar to Map p i ng U n i t  56B except for steeper s l ope s .  
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Map p i ng U n i t  560 - C u l l eo ka-Westmore l and s i l t  l oams , 15 to 25% s l opes . These s o i l s  are 
s i m i l ar to Mapp i ng U n i t  56C except for steeper s l opes . 

Mapp i ng U n i t  56E  - Cu l l eo ka-Westmo re l and s i l t  l oams , 25 to 35% s l op e s .  These s o i l s  are 
s i m i l ar to Mapp i ng U n i t  56C except for steeper s l opes . Addi t i ona l l y ,  C u l l eo ka s o i l s  make up 
about 50% of  the un i t ,  Westmore l and s o i l s  30% , and other s o i l s  20%.  

Mapp i ng U n i t  56F - Cu l l eo ka-Westmo re l and s i l t  l oams , 35 to 65% s l opes . These s o i l s  are 
s i m i l ar to Mapp i ng U n i t  56C except for steeper s l opes . Add i t i ona l l y ,  Cu l l eo ka s o i l s  make up 
about 55% of  the un i t ,  Westmore l and s o i l s  25% , and other s o i l s  20%. 

Mapp i ng U n i t  60B - Westmo rel and s i l t  l oam , 3 to 8% s l opes . Th i s i s  a gently s l op i ng ,  deep 
we l l -drai ned s o i l on  h i l l s i des  and r i dge-tops . Depth  to bedrock ,  whi c h  cons i sts of  s ha l e ,  
sandstone , o r  l i mestone , ave rages 60 i n .  S urface texture i s  s i l t  l oam , and subs o i l texture 
i s  s i l ty c l ay l oam. Permeab i l i ty i s  mode rate . I nc l us i ons  of Dormont , Guernsey , Cu l l eo ka ,  
and other s o i l s  make up 20% o f  the mapp i ng u n i t .  

Map p i ng U n i t  60C - Westmo rel and s i l t  l oam , 8 t o  15% s l opes . These  so i l s  are s i m i l ar to 
Map p i ng U n i t  60B except for steeper  s l ope s .  Addi t i o na l l y ,  i nc l u s i ons  of other so i l s  make up 
25% of  the mapp i ng u n i t .  

Mapp i ng U n i t  600 - Westmo re l and s i l t  l oam , 1 5  t o  25% s l ope s .  These s o i l s  are s i m i l ar to 
Mapp i ng U n i t  60B except fo r steeper s l opes . 

Map p i ng U n i t  6003 - Westmo re l and s i l t  l oam , 15 to 25% s l opes , severe l y  e roded.  Th i s so i l i s  
s i m i l ar t o  Mapp i ng U n i t  600 except for severe ero s i o n .  

Map p i ng U n i t  6 0 E  - Westmo re l and s i l t  l oam , 2 5  t o  35% s l op e s .  Th i s s o i l i s  s i m i l ar to Mapp i ng 
U n i t  60B except for the steeper s l opes .  

Mapp i ng Un it  60F  - Westmore l and s i l t  l oam , 35 to  65% s l ope s .  T h i s  so i l i s  s i m i l ar t o  Map p i ng 
U n i t  60B except for the steeper s l op e s .  

Map p i ng U n i t  SM- 12 - Udorthents , mudstone , and sandstone , l ow bas e .  Th i s s o i l consi sts o f  a 
mi xture of sandstone , mudsto ne , sha l e ,  and s o i l materi a l s o n  areas surface mi ned for coal . 
These u n i ts usual l y  cons i st of a verti cal  h i ghwa l l up to 60 ft .  i n  he i ght , a gent l y  s l op i ng 
bench , and a steep outs l op e .  Roc k fragment content ranges from 1 0  to 70% . Textures are 
l oam , c l ay l oam , or s i l ty c l ay l oam. Permeab i l i ty i s  vari ab l e .  I n c l us i ons  of other mi ne 
so i l s ,  Cu l l eo ka ,  Westmo re l and , and other s o i l s  make up about 30% o f  t h i s  u n i t .  

Map p i ng U n i t  SM- 13 - Udorthents , mudstone , and sandstone , h i g h  base . These  s o i l s  are s i m i l ar 
to Map p i ng U n i t  SM-12 except for h i gher pH and base saturat i o n .  

Map p i ng U n i t  51F - D e ka l b very sto ny l oam , 35  t o  65% s l op e s .  Th i s  i s  a very steep , very 
stony so i l o n  r i dgetops and h i l l s i de s .  Depth to sandstone bedrock i s  25 i n . I nc l us i ons o f  
Li l y  and other s o i l s  compr i s e  20% of  t h i s  un i t .  

Mapp i ng U n i t  150C - Li l y  l oam , 8 t o  15% s l opes . T h i s  i s  a strong ly  s l op i ng we l l -drai ned s o i l 
o n  ri dgetops and benche s .  Bedrock  con s i sts of s i l tstone , sha l e ,  or sandstone and occurs at a 
depth  o f  31 i n .  I nc l u s i o n s  of Deka l b  and other so i l s  compri se about 20% of t h i s  u n i t .  

Mapp i ng U n i t  ML - Udort hents , c u t  and fi l l .  T h i s  u n i t  cons i sts of  m i xed s o i l and roc k 
materi al i n areas that have been excavated , graded , o r  fi 1 1  ed .  Rock fragment content ranges 
from 10 to 70%. S i ze of rock fragments range from l ess t han 1 i n .  to 2 ft. 

Map p i ng U n i t  MD8 - Udorthents , dumps , very l ow base . T h i s  u n i t  cons i sts of waste from 
p roce s s i n g  and c l ean i ng of  coal . S l opes  range from nearly l ev e l  to very steep . Roc k 
fragment content ranges from 10 to 80%. Texture i s  sandy l oam . Permeab i 1 i ty i s  vari ab 1 e .  
I n c l u s i ons o f  other s o i l s  make u p  about 20% o f  th i s u n i t .  



Tab l e L . B .  Summary o f  1 abora tory ana "l yses o f  so i l  seri e s  that occur nea r the proposed 
proces s ,  coal s torage , and wa s te d i s posa l  area sa 

pH b Exchangeab I e 
Depth cations (meq! 1 00 g)  Base Or9anic 

Sample Soil (em) location A B % Clay % S i l t  K Ca Hg CEC �aturation (%)  matter (%)  

SA7 Udorthents 0-1 5 Sol id waste 6 . 5  7 . 0  20 45 0 . 1 1  1 7 . 5  1 . 00 28 64 4 . 4  
( SH1 3) 1 5-31 di sposal 6 . 4  6 . 6  2 2  40 0 . 06 20 . 2  1 . 02 25 100 2 . 4  

31 -61 area 6 . 3  6 . 7  21 26 0 . 1 1  1 4 . 8  1 . 33 23 1 00 1 . 8 
61 -91 4 . 5  5 . 2  1 8  27 0 . 08 8 . 2  0 . 70 27 100 5 . 1  
91 - 1 22 5 . 4  5 . 4  20 29 0 . 08 2 2 . 8  0 . 35 26 1 00 3 . 8  

SA1 4  Udorthents 0-1 5  Sol id waste 4 . 6  4 .8 1 0  41 0 . 1 8  4 . 2  0 . 93 29 27 3 . 9  
( SH1 3) 1 5-31 di sposal 4 . 9  5 . 0  9 40 0 . 1 1  5 . 8  1 . 23 31 31 4 . 0  

31-61 area 4 . 8  5 . 1  10 38 0 . 1 0  5 . 2  2 . 48 21 50 0 . 6  
61 -91 5 . 2  5 . 4  1 0  35 0 . 1 1  5 . 5  2 . 31 20 58 0 . 4  
91 - 1 22 5 . 4  5 . 6  1 2  30 0 . 1 1  6 . 5  2 . 57 22 35 C . 3  

SA5 Hol ly ( 4 )  0 - 1 5  Sol i d  waste 4 . 6  4 . 9  32 47 0 . 09 6 . 2  0 . 82 40 38 5 . 4  
1 5-31 disposal 5 . 0  5 . 4  28 50 0 . 06 7 . 8  0 . 94 36 36 4 . 7  
31 -61 area 5 . 3  5 . 5  31 46 0 . 04 7 . 0  0 . 7 5  35 36 3 . 3  
61-91 5 . 5  5.7  27 39 0 . 05 7 . 0  0 . 75 35 39 1 . 9 
91 - 1 22 5 . 8  5 .8  30 27 0 . 06 7 . 0  0 . 84 27 47 2 . 3  

SA10 Cl arksburg 0-1 5 Sol id waste 4 . 2  4 . 8  1 0  4 1  0 . 1 3  1 .0 0 . 20 27 1 5  5 . 7  
(268 ) 1 5-31 di sposal 4 . 4  5 . 0  1 5  35 0 . 08  0 . 8  0 . 10 23 1 7  2 . 3  

31-61 and ma i n  5 . 0  5 . 2  20 31 0 . 08 1 . 2  0 . 27 23 10 1 . 4 r 
61 -91 process 5 . 2  5 . 8  1 0  46 0 . 1 9  5 . 0  0 . 99 21 40 1 . 5 , 
91 - 1 22 areas 4 . 4  1 5  4 1  1 1  35 co 

SA8 Westmoreland 0-1 5 Sol id waste 4 . 6  5 . 4  32 47 0 . 07 6 . 0  0 . 71 33 33 4 . 5  
(6OC) 1 5-31 di sposal , 5 . 0  5 . 4  28 50 0 . 05 4 . 2  0 . 45 27 31 1 . 8 

31-61 main process , 5 . 3  4 . 8  31 46 0 . 04 3 . 5  0 . 56 24 32 0 . 6  
61 -91 and coal 5 . 5  4 . 7  27 39 0 . 04 2.8  1 . 22 24 33 0 . 4  
9 1 - 1 22 storage 5 . 8  4 . 8  30 27 0.08 2 . 5  1 . 42 1 5  81 0 . 3  

areas 



Tab l e  L . S . ( cont i nued) 

Sample 501 1  
Depth 
(em) location 

pH b 

A S Clay % 511 t K 
Exchangeab 1 e 

cations (meq/100 g) Base Organic 
Ca Mg CEC saturation (%) matter (%)  

SA17 Westmoreland 0-1 5 Sol i d  waste 5 . 5  6 . 1  20 59 0 . 1 0  7 . 8  0 . 73 23 63 4 . 3  
(60B) 1 5-31 d i sposal , 5 . 8  5 . 9  25 53 0 . 06 6 . 5  0 . 68 1 7  68 1 . 4 

31 -61 main pro- 4 . 8  5 . 0  25 53 0. 06 4 . 8  0 . 81 1 8  5 7  0 . 6  
61 -91 ces s ,  and 5 . 0  5 . 2  27 50 0 . 06 4 . 5  1 . 1 1  20 54 0 . 4  
91 - 1 22 coal 5 . 6  5 . 8  28 39 0 . 06 6 . 0  1 . 95 20 64 0 . 2  

storage 
areas 

SA9 Dortmont- 0-15 Ma i n  process 3.8 4 . 8  20 61 0 . 1 1  1 . 5  0 . 23 30 56 5 . 1  
Guernsey 1 5 - 31 and coal 3 . 7  4 . 7  38 48 0 . 09 1 . 5 0 . 22 23 83 1 . 0 

( 29C ) 31 -61 storage 3 . 6  4 . 5  46 44 0 . 06 1 . 8 0 . 45 18 1 00 0 . 4  r 
61 -91 areas 3 . 4  4 . 5  53 43 0 . 09 1 . 0 0 . 56 1 5  1 00 0 . 3  I 

91 - 1 22 <D 
SA12 Cul l eoka - 0-1 5 Coal 4 . 0  4 . 8  20 36 0 . 1 5  2 . 0  0 . 26 1 8  1 3  3 . 0  

Westmoreland 1 5-31 storage 4 . 0  4 . 5  24 48 0 . 1 1  0 . 5  0 . 1 0  1 8  1 2  0 . 4  
( 560) 31-61  area 3 . 8  4 . 6  28 34 0 . 1 5  1 . 2 0 . 56 22 1 3  0 . 3  

61 -91 4 . 2  4 . 7  22 37 0 . 1 4  2 . 8  1 . 69 37 1 0  0 . 2  
9 1 - 1 22 4 . 4  5 . 1  22 42 0 . 1 0  8 . 5  3 . 1 5  31 33 0 . 4  

aDeri ved from data presented i n  the SRC - l l  Demonstra t i on P roj ect Env i ronmental  Ana lys i s  Report , Append i x , 
Vol . £ 1 ,  Wes t  Vi rg i n i a  Ai r Po l l u t i on Control Comm i s s i on ,  Annual Report , 1 978 . 

A :  pH as determi ned by CDM/Accu Labs . B :  pH a s  determi ned by WVU So i l  Tes t i ng . 
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General agronomi c soi l tests of n utri ent parameters a re attempts to measure the readi l y  ava i l ab l e  
and soi l sol ub l e concentrati ons o f  the nutri ents . The val ues  obtai ned depend on  the ab i l i ty of 
the extracti ng procedure to separate the avai l ab l e and t i ghtly bound forms . The accuracy of the 
soi l test chosen depends upon the pl ants u s i n g  the nutrient because d i fferent c rops extract 
d i fferent amounts of  nutri ents from the s o i l . Genera l l y ,  l aboratory anal yses a re cal i brated wi th 
f ie l d tests of ferti l i zer to y i el d re l at ionsh i ps to overcome th i s  d i ffi cu l ty and to a l l ow extra 
pol at i on o f  l aboratory resu l ts t o  other cases . 

Trace el ement  determinati ons  were made by measuri ng the tota l e l ement compos i t i on of the so i l . 
Th i s  proces s  a l l ows more accurate and repeatab l e  resu l ts that can be compared to concentrations  
duri ng and  after operation  of  the  fac i l i ty .  I t  does not ,  however ,  di st i ngu i s h  fractions  that a re 
water so l ub l e  and that cou l d  affect aqu i fer water qua l i ty .  

L . 5  U N I V E RSAL SO I L  LOSS EQUAT I ON 

The Un i versal Soi l Los s Equa t i on ( USLE )  was ori gi nal l y  deve l oped by the Agri cu l tura l  Research 
Serv i ce ( USDA) to predi c t  so i l l osses  due to s heet ero s i on of agri cu l tural watersheds . 1 8  The 
bas i c  form of the equation  i s :  

w�ere 

A = RKLSCP , 

A average annual  soi l l os s , 
R ra i n fal l facto r ,  

LS s l ope l ength and s teepness  facto r ,  
C = c ropp i ng a n d  management  factor ,  and 
P = support i n g  conservati on practice . 

Va l ues  of these facto rs are estimated by so i l  s urvey personnel based on fi e l d  measurements , ra i n
fa l l  stati st i c s ,  and so i l  characteri st i cs . 

The equation  has  a l so been used to esti mate so i l  l os ses from ungaged watersheds and construction  
s i te s . 1 9 Severa l mod i f ications  of  the  equati on have been proposed , s uch  as  the  W i l l i ams-Berndt 
model i ncorporati ng pea k  runoff rates and storm water vol umes . 2 o Th i s  modi f ication  a l l ows esti 
mat i on of sediment y i e l d duri ng i nd i v i dual  fl ood events . The accu racy of the model s va ry .  I n  
a n  unpu b l i s hed study o f  four Tennes see watersheds ,  the W i l l i ams-Berndt model was found to 
( 1 )  overest imate the cumu l ati ve s ed i ment y i el d on one watershed by 30% , ( 2 )  predict  the sediment 
y i el d w i th i n  1 0% for two watersheds , and ( 3 )  underesti mate the yi e l d by 58% on the rema i n i ng 
watershed . Sed i ment y ie l ds from i nd i v i dua l  ra i nfa l l events were more poorly mode l e d .  

I naccuraci es i n  the res u l ts a re due t o  a number o f  factors . E sti mation  of val ues for the equa
tion  parameters i s  d i ffi c u l t and s u bj ect to i n terpretati on . Add i t i ona l l y ,  seasonal vari ati ons , 
antecedent mo i sture condi t i on s , g u l l y  ero s i on ,  and stream transport of sed i ment are not model ed 
by the equa t i o n .  Other methods provi de more accu rate model i ng of t h e  hydrol ogy , so i l , and 
transport proce s ses . 2 1 - 2 3 Howeve r ,  these model s req u i re extens i ve data col l ecti on  and fi e l d 
veri fi cation and may not accurate l y  model future watershed cond i ti on s  ( i . e . ,  duri ng constru ct i on ) . 
I n  ungaged waters heds , such  as occur on the proposed s i te ,  the optimum procedure i s  to ( 1 ) esti 
mate the sed i ment yi e l d during  con struct i on by the u se  of the USLE , ( 2 )  des i gn mi ti gati ng mea s u re s  
based on th i s  est imate , i ncorporati ng an adequate marg i n  of  safety , a n d  ( 3 )  mon i tor t h e  s i te 
duri ng cons tructi on to a l l ow mod i fi cation  of sediment control  practi ces to compensate for 
i nadequac i e s  i n  the ori g i na l  sediment yi e l d est imates . The use  of more compl ex model i ng wou l d  
req u i re the aqu i s i t i on o f  several years o f  re l i ab l e stream fl ow data , f ie l d veri fication  of 
pred i c ted y i e l ds , and exten s i ve testi ng of the s i te so i l s  and runoff patterns before des i g n  of  
the  m i t i gating  mea s u res . I t  i s  q uest ionabl e whether such  methods wou l d  i mprove the resu l ts 
obta i ned by the combi nation  of  USLE-mi ti gati on-mon i tori ng , proposed a bove . 
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DEPARTMENT OF  THE ARMY 
P i ttsburg h  D i stri ct , Corps of Eng i nee rs 

Federal Bu i l d i ng , 1 000 L i berty Avenue 
P i ttsb u rg h ,  Pennsyl v an i a  1 5222 

OR P£D-PR 

HI" .  John F .  Pear son Jr • 

Aut . Kanag ... for sac Project. 
U . S .  Dept . of Energy 
P .O .  Box E 
Oak Ri dge, Tn . 378)0 

Doar Mr .  Peanon I 

2S /'larch 1 980 

Pi tt.tlurgh Di st ri ct Navi gati on 
System Capabi l i ti es 

On 1 3  March 1980 we provi ded i nformation relat i Ye  to the exi sti ng 
us. and esti lllated capaci ty of the navi gation system here i n  the 
Pi ttsburgh Di stri ct , to I-Ir . D .  P .  Lessi g .  Vi ce Prui dent , SRC- r I ,  
DeA'Dnstration Project , wi th the Pi ttsburgh and Mi dway Coal Mi ni ng Co .  

In addi ti on ,  i n  conjunction wi th the above l etter , we met wi th Ray 
I'bxl .y , Ray Hint ... l 1 ter and TOIII Smt th of Gu l f  "'i ner ah Research Inc • 

.nd dt scuased at l ength the si gni fi cance of the l etter dat a .  

SUbsequent l y ,  i n  rlWi _ of t he  uterf al furnl 8hed Hr .  Leni g an d  the 
GKR Inc. group , i t  .ppeared desi rable to furni sh addi tional c l .,. i fi ca
tlon/doc;unentati on  on system eapabt l i ti es .  st nee your Heasrs Karti n  
.no DeVau l t  and Hr .  Moxley of GMR Inc. were i n  thi s offi ce on 20 Karch 
regardi ng a water .v.i l abi l i ty .nal ysi s for the SRC- I I  propos.l , we 
d1 scussed the matt.,. wi th them .  They endorsed our suggest; on . but i n  
turn proposed that our t etter be di reeted to you wi th a copy to Iir .  
Las.i g .  

In thi s regard, we want to re-8'Ilphaai ze to aw' d lII'Iy pon' b 1 e confusion ,  
that , i n  our opi nion ,  the exi st i ng nM gation system to be i "llacted upon 
by the added traffi c to the SRC-ll faci l i ty 18 adequate to acc:omnodate the 
movement of the wt lllle of coal requi red for the dell¥lnstration p l an t .  

Si ncerel y ,  

JOSEPH A .  YORE 
Co lone I ,  Corps of Engi neers 
Di str i ct Engineer 
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Append i x  N 

CORPS O F  ENG I NEERS , LOW FLOW I N  THE  MONONGAHELA RI VER 

Fl ow data for the  Mononga hel a River was obtai ned from the U . S .  Army Corps of Engi neers , 
P i tts burgh D i str ict  Office  ( l etter enc l osed ) . The fl ow of the Mononga he l a  at Mo rgantown can be 
e s t i mated from that  of the r i ver at Hou l t ,  Wes t  V i rg i n i a ,  and that of Buffal o Creek at Barrac k 
v i l l e ,  We s t  V i rgi n i a ,  accord i ng t o  t h e  fo l l owing  formu l a :  

HOULT + ( 2 . 5  x BARRAC KV I LLE ) = MORGANTOWN . 

Average month ly  fl ows from these two l ocations  were u sed i n  the cal cu l at i on s  for data from 
water-years 1 95 1  through 1 967 . These dates encompas s  a span of dry yea rs and are representati ve 
of worst-case condi t i ons  from the standpo i n t  of water i nta ke effec ts . As s hown i n  Tab l e N . l , 
the  average month ly  fl ows are general l y  l owes t  i n  September or October , months  i n  wh i c h  the 
i c hthyopl an kton den s i t i es are not the hi ghe s t .  
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Tab l e  N . l .  Estimate fl ows for l owe st-fl ow monthT for 
Monongahe l a R i ver  at Morgantown , We st V i r g i n i a  

Month i n  whi ch 
Average f!ow for month3 

Water year2 l owest average 
f l ow occurred (m Imi n )  

1951 September 1125 

1952 October 833 
1953 October 865 

1954 October 721 

1955 September 1125 

1956 October 1569 

1957 September 880 

1958 October 1978 

1959 Ju ly4 
996 

1960 Ju ly4 1170 

1961 September 1696 

1962 September 1055 

1963 J u l y4 
1365 

1964 October 806 

1965 August 694 

1966 J u l y
4 

617 

1967 
4- 1396 J u l y  

l USGS data prov i ded by the U . S .  Army Corps of Eng i neers , 
P i ttsburgh Di strict  Offi ce . 

2Extends from Oct .  1 of prev i ous  year to Sept . 30 o f  the par
t i c u l ar year . 

3Mean dai ly fl ows may have been l ess than the mean monthly  
fl ow . 

4Months i n  wh i ch i chthyopl an kton most numerou s .  
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DEPARTM ENT OF TH E ARMY 
�ITT'BU R G H  DISTRICT. COR ,.. O �  E N G I N EERS 

�ED E R A L.  B U I LD I N G .  1000 L.IBERTY A V E N U E  

�ITTS B U " G H .  P E N NSYLVANIA ' . 2 2 2  

ORPED-H 23 January 1980 

Ms. Susan Turbak 
S taff Scientist 
Science App lications , Inc . 
Building C ,  Suite 100 
800 Oak Ridge Turnpike 
Oak Ridge , TN 3 7830 

Low Flow in the Monongahela 
Dear Ms .  Turbak: River at Morgantown , West Virginia 

This is in response to your letter of 11 January 1980 requesting infor
mation on monthly low flow values for the Monongahela River at Morgantown , 
West Virginia . We have reviewed our files and find that none of the 
data you requested has been compiled . However , the United S tates Geologi
cal Survey (USGS ) has been recording streamflows in the Monongahela 
River and tributaries for many year s .  

The drainage area for the Morgantown Lock & Dam i s  2 , 648 square miles 
(sq . mi . ) .  Of this area , 1 , 184 s q .  mi . are controlled by Tygart Lake 

which began operation in 1 9 3 8 .  Additionally , the S tonewall Jackson Lake 
project on the Wes t  Fork River will control another 102 sq . mi. upon 
completion . Its current scheduled date of completion is 198 7 .  The low 
flows at the head of the Monongahela River at Fairmont , W .  Va. are 
maintained at a minimum of 340 cfs by Tygart Lake. Upon completion of 
S tonewall Jackson Dam, the minimum flow value will be raised to 420 cfs . 
During extreme low flow periods , the minimum flows at Morgantown will be 
approximately equal to those at the head of the river . 

In order to determine historical flows at Morgantown, the USGS flow 
records for the Monongahela River at Hoult , W. Va . and Buffalo Creek at 
Barrackville , W .  Va . can be used. These records span the dry years 
during the period of time that Tygart Lake has been regulating stream
flow. The record at Houl t ,  W .  Va . ended in 196 7 ,  but streamflow from 
that date until now has been high and would not be considered "worse
case" conditions . Copies of the monthly records for the two stations 
( 1 938-1967) are inclosed so that you can make your own assessment of how 
often minimum flows occurred during times of important biological activ
ity . Monthly flows at Morgantown can be computed using the following 
equation: HOULT + (2 . 5  X BARRACKVILLE) = MORGANTOWN 

Inclosures 
As s tated 

Sincerely , 

-""""""""""""

CIN::!r// 
ASSi���i�� 

Engineering Division 
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EPA , APPLI CATION OF N EW-SOURCE PERFORMANCE  STANDARDS FOR PETROLEUM R EF INER I ES 
TO SULFUR RECOVERY 





(�\ -:":"{..cI"'/ 
U :' I TEC STATES E.' N I R C " �E." T " .L PROTECTiON AGENCY 

RE::; ON I !  
6 q· ... Af'lO WALNUT STn.EETS 

P H I L.6.. DELP H 1 A .  PE \j � S Y I.VANIA 19 106  

� .  Ro b e r.  C .  Ma n i n  
U. S .  Department of Energy 
Environmental Protect ion Branch 
Oak Ridge Operati ons 
P . O .  Box :: 
Oak Ri dge , TIl 37a30 
Dear Mr. 'tart in : 

Th i s  is i, response to your rcq;.Jc s t  for a dete rmination regarding the 
app l i c ab i l i ty of the standards of per::'=ormance for new stationary 
sources C"-lSPS) to the p roposed solvent refined coal demonstr3tion 
plant (S R�:- l I )  ne.,).:;:" �forganto ... n ,  \1.' .  Va. :he main points of discussion 
center on the definition of pet ro leum refine ry ,  affected fac i l i ties . 
and pet ro leum un de r .to CFR pa rt f.O , sl Ibpart J .  
Petroleum reiineI",! i n  .t o  CFR r)0 . 1 0 l ( a )  i s  defined as : 

";my facilitf engaging in producing gasol ine , kerosene, dist i l l ate 
fue l oi ls , r�.'.;idual fuel oi l s ,  lubricants ,  o r  other products 
th rough dis t i  l l 3t i on o f  ,etroleulJt or t h rough reJis t i l lation 
c racking o r  n�forming of unfinished pet roleum derivaties . "  

Th e  affected faci l i t ies o f  the petro ] -;!um refinery t o  which the standards 
apply are l i s ted ""der M . lOO ( a )  as : 

"fluid catalyt i c  cracking uni t  c atalyst regene rators , fue l gas 
cumbus tion de v i ces , and a l l  claus sulfur recovery p l ants , ex
cept cl aus plants o f  .20 long tons per day or � associated 
with a smal l pe t ro leum refinery . "  

The standard goes on t o  define petroleum in 60 . l0l (b) as "the crude 
oi 1 relloved from the earth and the oj I s  derived from tar sands , sha l e ,  
an d  coa l . "  

Th e  SRC ... [ I process ut i l i z.es a ty?ica l refining process t o  convert h i gh 
sul fur coal into a low sulfur di 5 t i l ! ate fuel oi l .  This product would 
fal l  undrr the drfinit ion of petroletlm in 60 . 10 1 (b) . Therefore , i f  
any of the affected faci l i t ies mentioned in section 60 . l00(a) are 
used in r h i s  proces s .  the �SPS for pt� t roleum refineries would be 
applicab J e .  

Th e  preliminary draft. envircnmental icrpact statement for the p roposed 
SRC- ll plant inc ludo:s two methods of ( Oal drying options for the coal 
preparation unit. of the faci I i  ty : Cor ventional Technology , where wet 
coal is sinrultaneou s l y  ground and dri('d in a system heated by C Olll-
bust ion flue gases , and flash drying ,"'here wet. coal is grOW1d separate l y .  
Both options would fal l unde r t h e  d e  fj n i  t i 0l'\5 of coal preparat ion plant 
in 60 . 2S I (a) , and the st andards c on t a i neJ in 40 CFR part 60 Subpart Y 
would be app licab I e .  

I f  you ha"e any question s , please c arH ac t  me at 2 1 5 /597-271 1 .  
Since re ly ) I 
);.,y),J.; 

Vernon aut ler 
Project Officer 

cc : C .  Ra}'1llOnd Me d ey 
Abe Ferdas 

a I 
W 
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APPEND I X  P 

THE CARBON DIOXIDE  I SSUE 

P . l CARBON D IOX I D E  RELEASE TO THE ATMOSPHERE  

A 1 1  methods of  1 arge - sca 1 e energy p roduct i on  have envi  ronmenta 1 consequence s .  R e  1 ease o f  
carbon d i ox i de ( C02 ) t o  t h e  atmosphere i s  a majo r  concern associ ated wi th the u s e  ( bu r n i n g )  
of  foss i l  fue l as an energy source . 1 -3 Of a l l l i q u i d  a n d  gaseous emi s s i o n s  from foss i l  fue l 
e n ergy p roducti on ( coal , petro l eum , and natural gas ) , o n l y  CO2 i s  reta i ned i n  s i g n i f i cant 
quant i t i es i n  the atmosphere . 4 Atmospheri c CO2 perm i ts i ncom i n g  short-wave rad i ati on to 
reach the earth , but absorbs l ong-wave , i nfrared rad i at i o n . 5 I nfrared radi at i on i s  the  
p r i nc i pa l  outgo i ng rad i at i o n  from the earth ' s  s urface . As atmospheri c CO2  l eve l s i nc re ase , 
the amount of terrestri a l  rad i at i on that i s  absorbed i nc reases accord i ng l y . 6 

Part of the terre stri a l  radi ati on absorbed by the atmospheri c CO2 i s  reradi ated bac k to the 
earth , res u l t i ng in  e l evated g l oba l  temperature s ,  known as the green house  effect . 7 

Theoret i ca 1 1y ,  the  trapp i  ng and reradi at i on of energy bac k to earth , wi th the e n s u i  ng 
i ncrease i n  g l obal  tempe ratures ,  wi l l  a l te r  c l i matic  patte r n s . 8 - 1 0 A l though the re l ati o n s h i p  
betwee n  atmospheri  c CO2 1 e v e  1 s and g l  o b a  1 temperature changes h a s  never b e e n  emp i ri c a  l l y 
p roven , many researchers be 1 i eve that CO2- i  nduced c 1 i mati c change wi l l  cause e l evated sea 
l eve l s  as p o l a r  i ce caps me l t ,  and no rthward and southward l at i tudi nal s h i ft i ng of  
agr i c u l tura l  zone s . 1 1 , 1 2 Whether these changes actua l l y occ u r ,  when they may occur ,  and to 
what degree they wi l l  occur i s  a matter of  debate . 

Atmospher ic  CO2 l eve l s  are undoubted ly  i ncreas i ng and have been i ncreas i ng for a cons i derab l e  
l ength o f  t i me .  S i nce 1 958 , several  mo n i tori ng p rograms most notab l y  the Mauna Loa , Hawai i 
mon i tori ng p rogram , have documented the atmospheri  c CO2 i nc reas e .  1 3 Atmospheri  c CO2 1 eve  1 s 
are now e st i mated to be i ncreas i ng at an annual  rate of about 1 .  5 ppm wi th a p resent  
bac kground o f  about  333 ppm. 1 4 The i ncrease in  atmospher ic  CO2  s i nce 1 860  is  estimated to be  
40  to 70 ppm. 1 5  I f  the current i ncrease in  fos s i l fue l  use  cont i nues at 4 . 3%lyear , wi th the  
present di str ibut i o n  o f  CO2  between the atmosp here , b i osphe re , and  oceans , the atmospheri c 
concentrat i o n  of CO2 can be expected to doub l e  by the year 2035 . Annual  growth rates for 
fos s i l fue l use  of  1 . 0  to 3 . 0% de l ay the p rojected doub l i ng t i me o f  atmospheri c CO2 l eve l s by 
5 to 25  years . 1 6 

The  s i g n i f i  cance of the synthetic  fue 1 contri but i on to the a l ready i ncreas i ng 1 eve 1 s of  
atmospheri c CO2  i s  an i mp o rtant i ssue  in  the o ngo i ng debate concern i ng future fos s i l fue l  
usage . The centra l  i s sue of  the argument revo  1 ves around the h i  gher CO2  emi ss  i ons  from 
synfue l s  than from d i rectly  burn i ng foss i l  fue l s ( Tab l e  P . l ) . 1 7 When the Btu ' s  of a l l 
p roducts and by-p roducts are compared w ith  the Btu ' s  of the feed coal , the effi c i ency of coal  
l i quefact i on general l y  ranges from 60  to 70%. Many of the Btu ' s  absent in  the f i nal  p roducts 
are di scarded from the p l ant as carbon bound with oxygen , form i ng CO2 gas . A l though the  CO2 
emi s s i o n s  from syn fue l s  p roducti on and use exceed those from other foss i l  fue l s ,  duri ng the 
demonstrat i on  p hase of  the p roject these emi ss  i ons  wi l l  represent a very sma 1 1  fracti on of 
U . S .  and worl d CO2 emi s s i o n s .  

A s  i l l ustrated i n  Tab l e  P .  1 ,  CO2 emi s s i ons from t h e  p roduct i o n  and u s e  of  syn fue l s  are s i g n i 
f i cant ly  h i gher than em i s s i ons  from any other energy source .  Synfue l p roduct i o n  em its  h i gh 
l ev e l s o f  CO2 because energy from foss i l  fuel  i s  requ i red to convert coal to synthet ic  fue l . 
Est imates of the excess amount o f  CO2 that synfue l  p roduct i o n  wi l l  emit  var ies  s l ight ly  from 
sourc e  to source , but the range i s  genera l l y  two to three t i mes  greater than that for natural 
gas , s l i ght ly  l ess  than two times the amount for petro l eum , and l ess  than 50% more than 
coal . 1 8 > l9 

P . 2 S I GN I F ICANCE O F  THE CARBON D IOX I D E  I SSUE  

Regard l e s s  of  whether syn fue l s  become a major  contri butor to  our energy needs , wor l d  CO2 
1 eve 1 s are predi cted to doub 1 e duri ng the next century .  T h e  doub 1 i ng of  CO2 1 e v e  1 s by the 
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year 2035 assumes a conti nued h i  gh growth rate of energy demand and foss  i l  fue 1 use .  I f  
syntheti c  fue l s are substi tuted for petrol eum and natural gas ,  the doubl i ng t i me for 
atmospheri  c CO2 concentrations  is s hortened , but not s i g n i f i  cant l y .  I t  is i mportant to 
real i ze that as synfue l s beg i n  contri buti ng to the nati on ' s  energy ends , t he use of other 
foss i l  fue l s wi l l  dec l i ne ,  reduc i ng CO2 emi ss i ons from conventi onal  sources .  

TAB LE P . 1 

RELATI VE AMOUNTS OF CARBON RELEASED I N  CARBON D I O X I D E  FOR VAR IOUS FOSS I L  FUELS 

Fuel  

O I L  
GAS 
COAL 
COAL: converted to gas or o i l  

( syntheti c  fuel s )  

Carbon i n  Carbon D i ox i de 
( i n  101 5  g ) a 

2 . 0  
1 .  45 
2 . 5  

3 . 4  

aCarbon rel eased i n  CO2 per 100 quads of energy re l eased as heat . 
(One quad = 101 5  Btu . ) 

SOURCE : Woodwel l ,  et .  al . ,  " The Carbon D i ox i de Prob l em :  Imp l  i cati ons 
for Pol i cy i n  the Management of  Energy and Other Resources , "  
Counc i l  o n  Envi ronmental Qual i ty ( J u l y ,  1979) , p .  6 .  

The actual s hare the Un i ted States wi l l  contri bute to worl d-w i de CO2 emi ss i ons i s  dependent 
on the fos s i l  fuel m i xture used , devel opment of  nonfoss i l  energy sources , and the growth of 
foss i l  fuel use by other countr i e s .  Based on  the scenari o p roposed by Pres i dent Carte r ,  
basel i ne cal cul ations  from synfue l CO2 rel eases have been cal cu l ated assumi ng a p roduct i o n  
rate of 1 m i l l i o n  barre l s  a day b y  1985 , 2 mi l l i o n  barre l s  a day b y  1990 , a n d  5 mi l l i o n  
barrel s a day i n  t h e  year 2000 . T h i s  rate o f  product i on was then p rojected t o  t h e  year 2050 
w i th an anti c i pated rate of 60 mi l l i o n  barrel s of synfuel per day . 20 By 1990 , synfue l s  wi l l  
be contri buti ng a sma l l percentage to man-made CO2 emi s s i o n s .  Prel im i nary stud i e s  i nd i cate a 
two m i l l i on bb l /day synfue l s program wi l l  represent a 3% i nc rease i n  CO2 emi s s i ons from U . S .  
foss i l - fuel combustion  and p roducti o n .  These emi ss i ons wi l l  represent l ess  than 1% of  g l obal 
man-made emi ss i ons i n  1990 . Us i ng the current projections  for synthet i c  fuel devel opment , 
the U . S .  emi ss i ons of CO2 from synfue l s  wi l l  represent 1 . 9% of the worl d total i n  2025 and 3% 
i n  2050. 2 1 These base l i ne cal cul ations  are bel i eved , by the I nsti tute of Energy Analys i s ,  to 
be based on an unreal i st i cal l y  h i g h  energy use scenari o .  T h i s rate of energy p roduction  i s  
equal to 125 quads wh i ch i s  approxi mate l y  twi ce t he amount of  present p roducti on .  I n  
addi ti o n ,  a l l  energy p rojecti ons o f  a few years ago were much h i gher and , every yea r ,  the 
projections  for the future are getti ng l ower. The fraction  of the U . S .  total energy whi ch 
wi l l  come from th i s scenar i o  i n  the year 2050 i s  37� percent. 2 2  

T h e  Un i ted States currently contri butes approxi matel y  28% of the worl d ' s  man-made CO2 
emi s s i o n s . 23 I f  current projections  regard i ng a s h i ft i n  the rel i ance on petrol eum to coal 
comes true , at the nati onal  and worl d scal es , total U . S .  and worl d emi ss i ons of CO2 wi l l  
dramat i cal l y  i ncrease.  An i nterest i ng s i del i ght of th i s  project i o n  i s  t hat the U . S .  s hare of  
worl d CO2  emi ss i ons wi l l  decrease in  re l ati ve terms wh i l e  i ncreas i ng in  absol ute terms .  Th i s  
argument has been se i  zed upon by p roponents of the syntheti c  fue 1 s and coal devel opment 
advocates i n  the nat i o n  as a rat i o nal e for adopt i ng coal and coal co nvers i o n  techno l og i es as 
a major  part of our energy p rogram . As the wor l d  moves away from petro l eum re l i ance to coal 
rel i ance total CO2 emi s s i ons  wi l l  i ncrease.  I t  i s  projected that the U . S . contri but ion  to 
total CO2 emi ss i ons  wi l l  decrease to 8% i n  2025 as deve l op i ng countri es i ncrease t he i r  use of 
fos s i l fuel s. 24 
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Just  i fyi  ng synthet ic  fue  1 s and coal  us age based on  total  p rojected wor l d emi ss i on s  of  CO2 
tends to obfuscate the s i gn i f i cance of  the amount the U . S .  contri butes to the atmosphere . I n  
a recent p resentat i o n  t o  the U . S .  Se nate Commi ttee on  Ene rgy and Nati onal  Resources , 
Professor Dav i d  Rose (MIT)  attempted to put  a l l of the i s sues  regard i n g  fos s i l fue l use , 
techno l ogi e s ,  and CO2 emi s s i ons i nto p e rspec t i v e . 2 5 The thrust of Rose ' s  argument was that 
more thought shou l d be g i ve n  to the l og i c  of  deve l op i ng a l arge scal e synthet i c  fue l s  p rogram 
g i ve n  the uncertai nty of the c l i mato l og i ca l  consequences that may ensue from i nc reas i ng 
atmospheri c CO2 co ncentrati o n s .  The s h i ft to a nati ona l  and wo r l d-wi de re l i ance on coal  as a 
p r i mary energy source , as a resu l t  of th i s  prob l em ,  needs to be reassessed .  The i nert ia  
whi c h  such  a techno 1 og i  c a  1 s h i ft may b u i  1 d up over  severa 1 decades wi 1 1  be d i ffi cu l t  to 
reverse shou l d  g l obal  warm i n g ,  res u l t i ng from i nc rease CO2 co nce ntrat i ons , prove to be a 
major wor l d  p rob l em . 26 

Because of the smal l sca l e  wh i c h  i s  emp l oyed by the synthet ic  fuel  demo nstrat i on projects , 
the g l obal  i mpact o f  the i r  CO2 emi s s i ons  wi l l  be m i n i ma l . The above d i scus s i o n s  assumed h i gh 
da i ly outputs of synthet ic  fue l s  i n  commerc i a l -sca l e  p l ants i n  predi ct i n g  the i mpact of CO2 
emi s s i o n s .  The demo nstrat i on p l ants wi l l  p roduce sma l l quant i t i e s  of  synthe t i c  fue l s  and 
thereby smal l quant i t i e s  of  CO2 . The u l t imate purpose of  the demonstrati o n  projects , 
however , i s  to demonstrate the feas i b i l i ty of a l arge scal e comme rc i a l syntheti c  fue l s  
i ndustry .  T h i  s shou l  d be kept i n  m i  nd when compa r i  n g  synfue 1 s '  i mpacts to the potent i a 1 
env i ronmental i mpacts of other e nergy a l ternati ves . 
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Appendi x Q 

A I R  QUAL I TY 

Q . l  DATA 

The analys i s  of the a i r  qua l i ty i mpact of opera t i ng the SRC- I I  faci l i ty req u i red i nforma t i on on 
the  vari ous  emi s s i on sources a s soci ated w i t h  the pl ant , i n c l u d i ng emi ss i on s  d u r i ng s tart-up , 
normal opera t i on , s hutdown , and upset  condi t i on s . These emi s s ion  data , a s  wel l a s  s tack param
eter data , were supp l i ed by P i ttsbu rgh  and Mi dway Coal M i n i ng Company and a re deta i l ed i n  
Append i x  C ,  Sec t .  C . 4 .  

Hou rly surface meteorol og ica l  data needed a s  i nput  to the a i r  qua l i ty model s u sed were taken from 
a data tape supp l i ed by S tearns -Roger  Servi ces , I nc .  Th i s  tape conta i ned data col l ected from the 
fi e l d mon i to r i ng prog ram i n i t i a ted in J une 1 978 ( see Sec t .  3 . 2 . 3 ) . The mon i tori ng stati o n  i s  
l ocated approximatel y 1 . 5 km northeast of the fac i l i ty s i te . Meteo ro l og i ca l  pa rameters mea s u red 
i nc l ude wi nd speed , wi nd di recti on , and temperature a t  both the 1 0- and the 60-m he i g hts of a 
60-m towe r ,  a s  wel l as re l at i ve hum i d i ty and the change i n  temperat u re between 1 0  and 60 m .  
The measured temperature change w i th he i g ht was u sed t o  cal cu l a te a tmospheri c stabi l i ty accord i ng 
to Tab l e  Q . l .  One year of  s u rface data ( September 1 ,  1 978 through Augu s t  3 1 , 1 97 9 )  was extracted 
from the tape and preproces sed to s erve as  i nput  to the a i r  qua l i ty model s u sed . Upper-a i r  
data conta i n i ng mi x i ng he i g hts were taken from a Nati onal  C l i mati c Center data tape . The data 
from P i ttsburgh  were used because  P i tts burgh i s  the nearest  upper-a i r  s tat ion  to Morgantown . 

Q . 2  A I R  QUAL I TY MODELING  

The  a i r  qual i ty model i ng effo rt was  accompl i s hed in  two d i fferent s tep s . The fi rst s tep was to 
app ly  the Env i ronmental P rotec t i on Agency ' s  ( EPA ' s )  CRSTER model , u s i ng the  one year of s i te 
meteoro l og i ca l  data , to each of the i n d i v i dual  emi s s i o n  sources compri sed i n  the SRC- I I  fac i l i ty .  
T h e  as s umpt i on s  a n d  a descri pti on of  th i s  model appear i n  t h e  CRSTER User ' s  Manual . 1 The 
pu rpose of u s i ng the CRSTER model was to defi ne the worst-case meteoro l og i ca l  cond i t i on s  for 
d i spers i on i n  the year of record con s i dered . Add i t i onal l y ,  the model run s  i nd i cated the re l at i ve 
magn i tude of the impact of each i nd i v i dual  source . The e l eva t i on of the SRC- I I  fac i l i ty was 
a s s umed to be 1 1 60 m. Receptor el evat i ons were extrac ted from U . S .  Geo l o g i ca l  Survey topograph i cal  
maps  of  the a rea . The po l ar receptor g ri d  u sed in  CRSTER was centered on the proposed SRC- I I  
pl an t  s i te .  The receptors were l ocated every 1 0° rad i a l l y  around the s i te a t  d i s tances o f  0 . 6 ,  
1 . 2 , 1 . 8 , 2 . 5 ,  and 3 . 6  km from the s i te .  These re l at i ve ly  sma l l d i stances were chosen s o  that the 
maxi mum short-term concentrati ons , wh ich  tend to occur  c l ose to the source , coul d be cal cu l a ted . 

The resu l ts of the CRSTER runs  enab l ed i denti fi cation  of the worst-case 24-h , 3 - h ,  and l - h meteoro
l og i cal  condi t i on s . These condi t i ons  were then u sed as i nput to the Industr ia l  Source Compl ex 
( I S C )  model . 2 Several 24-h  cases were run to ensure that the worst meteoro l og i cal  cond i t ions  
were i ndeed chosen . The  I S C  model was not  run for  the  enti re year of data  because th i s  wou l d  
have been extreme l y  expen s i v e ;  hence the use  o f  CRSTER a s  a screen i ng too l . 

The I S C  model i s  a s teady-state Gau s s i an d i spers i on model that i s  capab l e  of hand l i ng po i n t  sou rces , 
a rea sources , and vol ume sources . Because of the nature of the SRC- I I  fac i l i ty ,  wh i c h  conta i n s  
numerous separate poi nt  sources and a rea sources such  a s  t h e  coal p i l es a n d  fug i t i ve nonmethane 
hydrocarbon ( NMHC )  emi s s i on s , the I S C  model was i deal for t h i s  appl icat i o n .  I n  addi t i on , t h e  model 
accounts at each po i n t  fo r the contri but i on of each pol l utant source as  wel l as for the total 
contri but ion of a l l of the sources to pol l utant concentrati on at that poi n t .  

I n  addi t i on to t h e  24-h , 3 - h , and l - h est imates of maximum pol l utant  concentrat i ons , t h e  l ong
term mode of the ISC model ( I SCLT)  was u sed to cal cu l ate annual  concentra t i on s . The I SCLT 
model requ i res meteorol o g i cal  i nput i n  the form of re l at i ve frequency d i stri b u t i ons  of w i nd 
d i rect i on , w i nd s peed c l ass , and atmospheri c stab i l i ty .  The re l at i ve frequency d i s tr i b ut i on used 
for i nput  to I SCLT was deve l oped from the s i te meteorol og i cal  data produced in the  mon i to r i ng 
p rog ram . 

Concentrati ons  were cal cu l ated a t  receptors l ocated on a Carte s i a n  g r i d  system , wi th the ori g i n  
pl aced a t  the l ocation  o f  the l argest emi tter ,  the  SCOT burner and i nc i nerator.  Receptors were 
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l ocated every 500 m in  the x and y d i rections  out to a d i s tance of 5 km . The CRSTER run s  
i nd i cated t h a t  t h e  major  impacts wi l l  occur w i th i n  th i s d i s tance . A tota l of 400 receptor poi nts 
was u sed in the model cal c u l a t i on s . 

0 . 3  RESULTS 

The res u l ts of the I S C  concentra t i on ca l cu l at ions  for the f i ve cri ter i a  pol l u tants  appear i n  
Tabl e s  0 . 2  through  0 . 6 .  These tab l e s  conta i n  the maxi mum concentra t i on and i ts l ocati o n  for each 
averag i ng period of i nterest .  They i nc l ude the maximum concentrat ions  due t o  each of the 
i nd i v i dua l  sources as we l l  as  the  cumu l at i ve impact of a l l sources i n  the  SRC- I I  compl e x .  I t  
shou l d  b e  noted that the maxi mum concentrat ions  of the i nd i v i dual  sources cannot be s ummed to 
obta i n  the cumu l ati ve maximum concentra t i on . Th i s  i s  because  the maxi mum i mpacts of the i nd i v i dual  
sou rces are not  a l l in  the same l ocat i on , because  o f  the p hys i ca l  separa t i on of the sou rces and 
the d i fferences in  stack parameters . 

The res u l t s  of S02 cal cu l at ions  ( Tabl e 0 . 2 )  i nd i cate that the SCOT burner and i nc i nerator i s  the 
major contri butor to the maxi mum 3-h  and 24-h concentra t i on s , w i th the d i sso l ver charge heaters , 
the power bo i l er ,  and the coal  dryer al so contri but i ng somewhat . The max imum concentration  
occurs c l ose  ( l es s  than 1 km ) to the SCOT burner and  i nc i nerator .  The  annua l  max imum concentra
t i on , howeve r ,  occurs extremel y  c l o se to the thaw i ng s hed even though t h i s  source is  not one of 
the l a rger emi tters of S02 ' Th i s  occurs primar i l y  because  of the l ow emi ss i on he i g ht ( 6 . 1  m )  and 
l ow effl uent exi t vel oc i ty from the thawing  shed . 

As i s  the  case for S02 ' the max i mum annua l  average concentrat ion  of N02 ( Tabl e 0 . 3 )  i s  l ocated 
i n  proxi m i ty to the thawing  s hed . I t  i s  a l so a pparent from Tab l e  0 . 3  that the maximum annual  
impacts tend to occur to the northeast of the S RC - I I faci l i ty .  Th i s  i s  a res u l t o f  the pre
vai l i ng southwes t  wi nds in the a rea . 

Tab l e 0 . 4  i nd i cates that the maxi mum l - h CO concentrat ions  a re extremel y  l ow for the ent i re 
faci l i ty ,  part i cu l ar ly  i n  l i ght  of the l - h s tandard of 40 , 000 �g/m 3 . Tab l e 0 . 5  s hows that the 
coal dryer , the d i s so l ver charg e  heater , and the vari ous  fug i ti ve sources a round the faci l i ty 
are the maj or contri butors to NMHC concentrat i ons . The fug i t i ve NMHC emi ss i ons  were mode l ed as  
an area source s i nce these  emi s s i on s  escape a t  n umerou s  val ves , fl anges , and  seal s and  in  many 
l ocat i ons  a round the S RC- I I  fac i l i ty .  Al though the fug i t i ve NMHC emi ss i ons a re the greatest 
source , the  impact of these emi s s i ons on maxi mum concentrat ions  i s  not much greater than the 
impact of the coal dryer or the d i sso l ver charge heaters . Th i s  i s  because  o f  the d i s persed 
nature of the fug i t i ve NMHC emi s s i ons , wh i c h  occur a t  many s cattered po i nts  i ns tead of be i ng 
concentrated a t  one po i n t .  

T h e  res u l t s  o f  t h e  model cal cu l at ions  for total suspended parti c u l ates ( TSP ) appear i n  Tabl e 0 . 6 .  
I n  add i t i on to the 1 1  po i nt source s , two area sources were model ed . These i nc l uded TSP emi s s i ons 
from coal handl i ng ,  un l oad i ng , and conveyi ng as  wel l a s  fug i t i ve dust emi ss i ons from the coal  
s torage p i l e .  Tab l e 0 . 6  s hows these two sources al ong w i th the coal  dryer as  the major  con t r i b 
u tors t o  2 4 - h  maxi mum T S P  concentra t i on s .  Th i s  i s  a res u l t of both the  h i gher em i ss ion  rates 
and the l ower emi s s i o n  he i g hts of these sources compared w ith  the other source s . 

The maxi mum annual  TSP concentrat i on est imates s how s i m i l ar resu l t s .  However , a t  many receptors 
the I SCLT model cal cu l a ted h i g her concentrat ions  for an annual  average than the I SCST model 
cal cu l ated for 24-h  max i mum concentrati ons . Receptors l ocated too c l ose  to sources for a mean
i ngful  concentrati o n  to be cal cu l a ted and receptors l ocated wi th i n  the a rea sou rces t hemsel ves  
were i gnored . 

Stability 
classification 

Extremely u nstable 

Moderately unstable 

Slightly u nstable 

Neutral 

Slightly stable 

Moderately stable 

Extremely stable 

Table Q.l .  Classification of atmospheric stability 

by temperature change with height 

Pasqu i l l  
Temperature change (t. T) 

with height (t.z) 
category (C/1 00 m )  

A t.T/t.z ';; - 1 .9 
B - 1 .9 < t.T/t.z ';; - 1 .7 
C - 1 .7 < t. TIM ';; - 1 .5 

D - 1 .5 < t.T/t.z ';; -0.5 

E -0.5 < t.T/t.z ';; 1 .5 
F 1 .5 < t.T/t.z ';; 4.0 

G 4 .0 < t.T/t.z 



Table 0.2. Maximum concentration of SO, for individual sources and all sources 
for the SRC·II demonstration plant 

Concentration 

Source No. Source Source 
l ocationa 

3·h 24·h Annual 

Ilg/m3 Receptor 
Ilg/m3 Receptor 

Ilg/m3 Receptor 
locationa locationa locationa 

Dissolver charge heaters 85, -256 4.9 -500, 0 1 .5 -500, 0 0. 1 2  1 500, 3000 

2 F ractionator reboiler 329, -457 1 .0 0, 0 0.4 0, 0 0.1 1 1 000, 1 000 

3 Power boiler 305, - 1 22 5.7 -500, 500 1 .4 -500, 500 0.1 5 2000, 4000 

4 Superheater 305, -1 1 6  1 .3 0, 0 0.6 0, 0 0.08 1 000, 1 500 
.0 

5 Wastewater incinerator 9 1 ,  - 1 22 0.4 -500, 500 0.3 -500, 0 0. 1 1  1 000, 2000 I CJ1 
6 Oxygen·plant heater 0,  - 1 52 0.5 -500, 0 0.3 -500, 0 0.06 1 000, 2000 

7 Heavy·oil product gas 0, -609 0.1  -500, -500 0 . 1  -500, -500 0.06 500, 500 

8 M ineral residue heater 9 1 ,  -329 0.2 -500, 0 0.1  -500, 0 0.07 500, 500 

9 Thawing shed 396, -329 1 .3 0, 0 0.9 0, -1 500 3.47 500, 0 

1 0  Coal dryer 396, -274 1 0.0 0, 0 3.9 0, 0 0. 1 2  1 500, 2500 

1 1  SCOT burner and 
incinerator 0 , 0 4 1 .0 -500, 500 8 .8 -500, 500 1 .00 1 500, 3500 

All Sources 52.9 -500, 500 1 2. 1  -500, 500 3.71  500, 0 

aExpressed in meters as x, y coordinates on a Cartesian grid having its origin at the SCOT burner and incinerator. 
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Table 0.3. Maximum annual concentration of NOz for individual sources 
and all sources for the SRC·I I  demonstration plant 

Concentration 

Source No. Sou rce Source locatio"a 
I1g/m3 Receptor 

locatio"a 

Dissolver charge heaters 85, -256 0.34 1 500, 3000 

2 Fractionator reboiler 329, -457 0.9 1 1 000, 1 000 

3 Power boiler 305, - 1 22 0.68 2000, 4000 

4 Superheater 305, -1 1 6  0.52 1 000, 1 500 

5 Wastewater incinerator 9 1 ,  - 1 22 0.71  1 000, 2000 

6 Oxygen-plant heater 0,  - 1 52 0.57 1 000, 2000 

7 Heavy-oil product gas 0, -609 0.43 500, 500 

8 Mineral residue heater 9 1 ,  -329 0.48 500, 500 

9 Thawing shed 396, -329 22.09 500, 0 

1 0  Coal dryer 396, -274 0.93 1 500, 2500 

1 1  SCOT burner and 
incinerator 0, 0 0.06 1 500, 3500 

All sources 23.4 1 500, 500 

aExpressed in meters as x, y coord inates on a Cartesian grid having its origin at the SCOT burner and 
incinerator. 

Source No.  

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 1  

Table 0.4. Max im um l -h concentration of CO for individual sources and 
all sources for the SRC·" demonstration plant 

Concentration 

Sou rce Sou rce locatio"a 
I1g/m3 Receptor 

locationa 

Dissolver charge heaters 85, -256 0.4 1 000, 0 

Fractionator reboiler 329, -457 0.1  1 000, -500 

Power Boiler 305, - 1 22 0 . 1  500, 0 

Superheater 305, -1 1 6  0 . 1  1 000, 0 

Wastewater incinerator 9 1 ,  - 1 22 0.3 500, 0 

Oxygen-plant heater 0, - 1 52 0.3 500, 0 

Heavy-oil product gas 0, -609 0 . 1  500. -500 

Mineral residue heater 9 1 ,  -329 0 . 1  1 000, 0 

Thawing shed 396, -329 0 . 1  1 500, 0 

Coal dryer 396, -274 0.2 1 500, 0 

SCOT bu rner and 
incinerator 0, 0 0 . 1  500, 0 

All  sources 1 . 1 1 000, 0 

aExpressed in meters as x, y coord inates on a Cartesian grid having its origin at the SCOT burner and 
incinerator. 



Sou rce No. 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 1  

1 2  
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Table 0.5. Maximum 3-h concentration of nonmethane hydrocarbons for 
individual sources and all sources for the SRC- I I  demonstration plant 

Sou rce Sou rce locationa 

Dissolver charge heaters 85, -256 

Fractionator reboiler 329, -457 

Power boiler 305, - 1 22 

Superheater 305, -1 1 6  

Wastewater incinerator 9 1 ,  - 1 22 

Oxygen-plant heater 0,  -1 52 

Heavy-oil product gas 0,  -609 

M ineral residue heater 9 1 ,  -329 

Thawing shed 396, -329 

Coal dryer 396, -274 

SCOT burner and 
incinerator 0 , 0 

Fugitive sou rces -609, -457b 

Al l  sources 

1 .2 

0.7 

0.8 

0.9 

0.1  

0.6 

0.1 

0.1  

1 .0 

2.1 

0.1  

2.4 

5.4 

Concentration 

Receptor 
locationa 

-500, 0 

0, 0 

-500 , 500 

0, 0 

-500, 500 

-500, 0 

-500, -500 

-500, 0 

0, 0 

0, 0 

-500, 500 

-1 000, 500 

-1 000, 500 

aExpressed in meters as x, y coordinates on a Cartesian grid having its origin at the SCOT burner and 
incinerator. 

bSouthwest corner of a square area source assumed to be 1 200 m on a side. 

Table 0.6. Maximum average concentration of total suspended particulates 
for individual sources and all sources for the SRC-I I demonstration plant 

Average concentration 

Sou rce locationa 
24-h Annual 

Sou rce No.  Sou rce 

j.lg/m3 Receptor 
j.lg/m3 

locationa 

Dissolver charge heaters 85, -256 2.0 -500, 0 0 . 1 7  

2 F ractionator reboiler 329, -457 0.6 0, 0 0 . 1 6  

3 Power boiler 305, -1 22 0.7 -500 , 500 0.08 

4 Superheater 305, -1 1 6  0.7 0, 0 0 . 1 1 

5 Wastewater incinerator 9 1 ,  -1 22 0.2 -500, 0 0.08 

6 Oxygen-plant heater 0,  - 1 52 0.5 -500, 0 0.08 

7 Heavy-oil product gas 0,  -609 0.1  -500, -500 0.07 

8 Mineral residue heater 9 1 ,  -329 0.2 -500, 0 0 . 1 1 

9 Thawing shed 396, -329 1 .2 0, - 1 500 4.56 

1 0  Coal dryer 396, -274 6.9 0, 0 0.21 

1 1  SCOT bu rner and 
incinerator 0, 0 0 . 1  -500 , 500 0.01 

1 2  Coal unloading 457, - 1 523b 9.5 3500, 0 5 . 19  

1 3  Coal storage piles - 1 53, -204OC 7.4 1 000, - 1 500 1 .7 1  

Al l  sources 1 2.9 1 500, -2000 6.29 

aExpressed in meters as x, y coord inates on a Cartesian grid having its origin at the SCOT burner and incinerator. 
bSouthwest corner of a square area source assumed to be 2500 m on a side. 
CSouthwest corner of a square area sou rce assumed to be 700 m on a side. 

Receptor 
locationa 

1 500, 3000 

1 000, 1 000 

2000, 4000 

1 000, 1 500 

1 000, 2000 

1 000, 2000 

500, 500 

500, 500 

500, 0 

1 500, 2500 

1 500, 3500 

3500, 500 

-1 000, -1 000 

3500, 0 
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Table R,1,  Status 01 demonstration project permits 

Agency, permit 
Date permit 

req u ired 

Federal Agencies 

Environmental Protection Agency (EPA) 

1 .  P revention o f  S ig n ificant Deterioration 9/81 

(PS D )  permit 
2. National P o l lutant D ischarge E l i m ination 3/81 

System (NPDES) permit for construction 
runoff water 

3. N P D ES permit for d ischa rge from 6/8 1  

sewage t reatment p lant 
4. NPDES permit for water i ntake back- 4/82 

f lushing and any other plant operating 
d ischarge 

5. Resource Conservation and Recovery 9/81 

Act (RCRA) permit 
6. S p i l l  P revention Control  & 4/82 

Cou nter-Measure (SPCC) P lan 

Corps o f  Engineers (COE) 

1 .  Section 1 0  and 4 04  permits for 6/81 

construction in a navigable river 

Federal A viation Administration (FAA) 

1 .  Notice of Proposed Construction 6/81 

perm it 

West Virginia State Agencies 

Air Pollution Control Commission 

1 .  Perm it to construct, modify, or  9/81 

relocate an air p o l lution source 

Department of Natural Resources (DNR) 

1 .  Water Pol lut ion Control perm it 3/81 

for construction run off 
2. Water P o l l u tion Control permit 6/81 

for sewage treatment p lant  
d ischarge 

3. Water P o l lution Control permit for 4/82 

plant discharge operations 
4. Water P o l lution Control permit for 1 2181 

a landfi l l  
5. Dam Certificates of Approval 1 2181 

Department of Health 

1 .  Permit to construct sewage treatment 6181 

plant 
2. Permit to operate sewage treatment 1 1 /81 

plant 
3. Permit to construct potable water 1 2181 

supply system 
4. Permit to operate potable water 6/82 

supply system 
5. Permit to construct a C lass I I I  21 1/81 

land f i l l  for construction wastes 

Department of Highways 

1 .  Permission to enter h ig h way 2/81 

Department of Mines 

1 .  Permit to p lug a gas wel l 3/ 1 /8 1  

Local Agencies 

No county o r  city permits requ ired 

Date app lication 
is scheduled 

5/80 

1/81  

4/8 1  

21 8 2  

1/82 

4/82 

1 /8 1  

61 8 1  

5/80 

1 /8 1  

4/81 

2182 

1 0/81 

1 0/81 

4/81 

1 1 /81 

9/81 

6/82 

1 18 1  

2/81 

2/81 
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Append i x  S 

WATER  QUAL I TY CR ITERIA  

Ta b l e  S . l  presents the  exi st i ng water qua l i ty criteria  a pp l i cabl e to the Mononga hel a Ri ver . 
However , these standards and cri teria  do not i nc l ude a l l water qua l i ty con s t i tuents  and are 
s u bj ect to peri od i c  rev i s i on .  Th i s  a ppendi x  prov i des add i t i onal i n forma t i on and d i scu s s i o n  
regard i ng water qua l i ty const i tuents , part i c u l ar ly  organ i c  compounds s u c h  as  po l ynucl ear 
aroma t i c  hydrocarbons ( PNAs ) .  

These are mul t i p l e regu l at i on s  and standard s ,  wh i c h  app ly  to toxi c  substance s .  Under exi s t i ng 
We s t  V i rg i n i a  s tandards ( Tab l e S . l ) ,  a general  wa ter qual i ty standard for tox i c  s ubstances i s  
defi ned on the  ba s i s  of  a sUb stance ' s  tox i c i ty as  determi ned by a b i oa s say tes t .  The b i oas say 
determi nes the med i a n  tol erance l i mi t ( T L s o ) ,  the concentra t i on of a s ubstance that i s  l et ha l  
t o  5 0 %  of a popu l at ion of test  organ i sms wi t h i n 96 h .  I n  t h e  case of trace e l ement s  a n d  compounds  
for wh i c h  no other standa rd ex i st s , Wes t  V i rg i n i a  defines  the standard as  0 . 1  of the TL s o .  
Ta b l e  S . 2  presents some standards based o n  bi oa s say data . The organ i sms u sed to deri ve these 
standards were predomi nant ly  fi s h  embryo-l a rvae , t he l i fe stage thought to be mo s t  v u l nerabl e 
to toxi c  s u bstances . 

Water qual i ty cri ter ia  for 6 5  tox i c  pol l utants  have been i ssued as draft cri ter ia  by the 
Envi ronmental  Protecti on Agency ( EPA) , but  no final cr i teria  have yet been adopted . Once 
fi nal i zed , these cri teria  ( summa ri zed in Ta bl e S . 3 )  wi l l  serve as a ba s i s for setti n g  standard s .  
Among the l i st o f  6 5  toxi c pol l utants for wh i c h  EPA i s  deve l op ing  c r i teri a a re PNAs . Howeve r ,  
except fo r the t h ree i nd i v i dua l  PNAs i n  Tab l e S . 3 ,  EPA h a s  found i ts data i n suffi c i ent  for 
e s t i ma t i n g  PNA c ri teri a  for t he pro tec t i on of fres hwater aquat ic  l i fe .  

Al though no d raft cr iter ia  have been establ i shed for PNAs , bas i c  compounds , o r  i nd i v i dual  
p henol i c  compounds , Tabl e S . 4  i nd i ca te s  the es t i mated permi s s i b l e  concentrat i on s  ( EPCs ) establ i s hed 
for some of t hese compound s .  Concern over the rel ea se of PNAs i n to the aqua t i c  envi ronment 
s tems primari l y  from the demonstrated carc i nogen ic  and coca rc i nogen i c  acti v i ty of severa l PNA 
compounds . 1 G i ven the l ac k  of  water qua l i ty cri teria  for PNAs , th i s  appendi x  presents i nforma 
t i on u sefu l i n  eval uati ng the i mpact s  of PNAs on aquat ic  envi ronment s . 

Po l ynuc l ea r  aroma t i c  hydrocarbons ( Fi g .  S . l )  a re a ser i e s  of fused-ring  a roma t i c  compounds p ro
duced both in the natural  env i ronment and in h i g h- temperat u re i nd u str ia l  proce s ses such as  
petro l eum ref i n i n g , coa l  cok i n g ,  and coa l  l i q uefac t i on . The  c haracter i s t i c s  of a PNA  a re very 
muc h i n fl uenced by the compound ' s  mo l ecu l ar we i ght and the number of ri ngs  i n  i ts structure . 
The sol u b i l i ty of PNAs i s  general l y ' very l ow and decreases wi t h  i nc rea s i ng mo l ec u l a r  wei gh t .  
Th i s  l ow sol u b i l i ty l im i t s  t h e  concentra t i on s  o f  PNAs i n  aqueo u s  sol u t i on , but  i t  al so resu l ts 
in  a tendency of PNAs to ad sorb to s u spended part i c u l a te matter and become concentra ted i n  
bottom sed i ments  and the fatty t i ssues  o f  organ i sm s .  

He rbe s et a l . 2 rev i ewed the  fate of PNAs i n  aquati c  envi ronments . T h e  pers i stence of these 
compounds in  s urface waters i s  control l ed by such mec han i sms a s  vo l at i l i zat i on , photol ys i s ,  
sorpt i on ,  sed imenta t i on , b i oaccumu l a t i on , and metabol i sm by aquati c  organ i sms . A l a rge number 
of bacteria commonl y found i n  aquati c  ecosystems act i ve l y  metabo l i ze a romat i c hydrocarbons i nto 
orga n i c  a c i d s  as t hei r food source . 3 The ha l f- l i fe ( t i me in wh i c h  concentrati on s  are reduced 
by 1 /2 )  of PNA compounds  i s  l argel y a func t i on of the i r  spec i fi c  chemica l  structure . 2 Vol a t i l i za 
t i on i s  re l at i vel y more i mportant for PNAs o f  l ower mo l ecu l ar we i ght ( two- a n d  t hree-ri nged 
compounds , such as naphthal ene ) ,  but photol ysi s and sediment sorpti on a re more i mportant  for 
l arger PNAs ( t hose wi t h  t hree or  more ri ng s ,  such  as anthracene and pyrene ) .  As i s  true of the 
water so l ub i l i ty of PNAs , transport and transforma t i on proce s ses for PNAs wi l l  c hange as  a 
func t i on of env i ronmental parameters such  a s  temperature ,  turb i d i ty ,  water vel oc i ty ,  depth , 
s u n l i ght , and w ind  s peed ( Tab l e S . 5 ) . E st i mates of the ha l f- l i fe of benzanthracene ( a  four
r i n ged PNA ) vary from 1 0  h i n  a cl ear , fas t-fl owi ng ri ver to about 1 0  days in a tu rb i d , s l ow
mov i ng ri ver . 2 Southworth4 e st imated the ha l f- l i fe for anthracene in fa s t , cl ear s treams to be 
a bout  1 . 4 h .  I n  m i c rocosm stud ies to mea sure the fate o f  1 4C- l a be l ed anthracene ( a  three-
ri nged PNA ) , in s i mu l ated pond eco systems , G i dd i ng s  et a l . s found that after s i x  days , a bout 
1 0% of  an i n i ti a l s i ngl e dosage rema i ned i n  the water col umn . After 84 days of th i s  m i c rocosm 
experimen t ,  32% of the ori g i na l  anthracene wa s present i n  the sed i ments , and none wa s detectab l e  
i n  the water col umn . 
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Table S.1.  Summary of  the most stringent water quality criteria applicable to the 
M onongahela R iver and Its tributaries 

Parameter 

A lkal in ity 
Ammonia 

A rsenic 
Barium 
Bery l l i um 

Cadmium 

Chloride 
C h romium. hexavalent 
C h romium, total 
Copper 
Cyanide 
Fluoride 
I ron 
Lead, d issolved 
Load, total 
Manganese 
Merc u ry 
N itrate-n itrogen plus 

n itrite-nitrogen 
N itrite-nitrogen 
O i l  and g rease 

Oxygen, d issolved 
pH value 

P henol 
Parameter 
Phosphorus, solub le 
SeleniUm 
S i lver 
Sol ids, d issolved 

Solids, suspended 
and settleable 

S ulfate 

S u lf ide 

Temperatu re 

Toxic substances 

Z inc 

Cr iterion 

G reater than 20 mg/liter 
Not to exceed 0.02 mg/lite r  

as un ionized ammonia 
Not to exceed 0.01 mg/liter 
Not to exceed 0.5 mg/liter 
Not to exceed 1 . 1  mg/liter in hard 

fresh water 
N ot to exceed 1 .2 IJ g/ l iter in hard 

fresh water 
N ot to exceed 1 00  mg/liter 
Not to exceed 0.05 mg/liter 
Not to exceed 0.05 mg/liter 
Not to exceed 1 .0 mg/liter 
Not to exceed 5.0 IJg/liter 
N ot to exceed 1 .0 mg/liter 
Not to exceed 0.3 mg/l iter 
Not to exceed 0.05 mg/liter 
N ot to exceed 0.05 mg/liter 
N ot to exceed 0.05 mg/l iter 
N ot to exceed 0.05 IJ g/ l iter 
Not to exceed 10 mg/liter 

Not to exceed 1 .0 mg/liter 
V i rtually free from al l  oi l  and g rease, 

particularly from associated tastes 
and odors 

Not less than 5 mg/liter at any time 
General ly held between 6.0 and 8.5 
I n  the range 6,5 to 9.0 
Not to exceed 1 IJg/liter 
C riterion 
N ot to exceed 0.03 mg/liter 
N ot to exceed 0.01 mg/liter 
Not to exceed 0.05 mg/liter 
Not to exceed 500 mg/liter as a 

monthly average or 750 mg/liter at 
any time (specific conductance 
values of 800 and 1 200 micromhos/cm 
at 25°C considered equ ivalent to 
500 and 750 mg/liter respectively) 

S hould not reduce the depth of the 
compensation point for 
photosynthetic activity more than 
1 0'10 from the seasonably 
establ ished norm 

N ot to exceed 250 mg/liter 

Not to exceed 2 IJg/l iter as 
undissociated hydrogen sulfide 

N ot to exceed 2.8°C (5° F )  above 
natu ral; not to exceed 30.SoC (87° F )  
a t  any t ime during the months 
M ay through November, and 
not to exceed 22.8°C ( 73° F )  at 
any time during the months 
December throug h Apri l  

N ot to exceed 0. 1 of the 96-h 
median tolerance l imit 

Not to exceed 5.0 mg/liter 

Agency 

EPA,8 PAb 

EPA 

WV C 

WV 
EPA 

EPA 

WV 
WV , ORSANCO,d PAb 

EPA 
EPA 
EPA, PAb 

WV , ORSANCO 
EPA 
ORSANCO 
EPA, WV 
EPA 
EPA 
O RSANCO, PA; b EPA 

sim ilar 
ORSANCO 
EPA 

WV ; EPA sim i lar 
WV 
EPA 
EPA 
Agency 
PA 
WV , ORSANCO, EPA 
WV , O RSANCO, EPA 
ORSANCO ,  PAb 

EPA 

ORSANCO,  PA;b EPA 
sim ilar 

EPA 

WV 

WV , PA simi lar 

EPA 

8U .S .  Environmenta l  Protection Agency, Quality Criteria for Wa ter, R eport 440/9-76-023, 
Washington, D .C. ,  J uly 1 976. 

bB u reau of National A ffairs, "Pennsylvania Water Qual ity Standards," Environ. Rep. 
891 :  1 001 -8 ( 1 979). 

cB u reau of National A ffairs, "West V irg in ia Water Qual ity Regu lations," Environ. Rep. 
946: 051 2- 1 3  ( 1 978). 

dO h io R iver Valley Water Sanitation Commission, Ohio River Main Stem, Assessment of 
1977 and Future Water Quality Conditions, C incin nati, O h io, March 1 978, pp. 1 45-48. 
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Table 5.2. West V irginia standards for toxic substances 

B ased on bioassay data 

Chemical 
constituent 

A rsen ic 
C admium 
Ch lorine, residual  
C h rom ium 
Copper 
Cyanide 
Lead 
M anganese 
Merc u ry  
N ickel 
Selenium 
Z i nc 

B ioassay 
organ ism 

B ass embryo-larvae a 
B ass embryo-larvae 
G olden sh inerb 

Bass embryo-larvae 
Bass embryo-larvae 
B lueg i l lb 

B ass embryo-larvae 
G oldf ish embryo-Iarvaec 
B ass embryo-larvae 
Bass embryo-larvae 
Goldf ish em bryo-larvae 
B ass embryo-larvae 

0.1 of the b ioassay 
TLso ( mg/l iter) 

4.2 
0. 1 6  
0. 1 9  
0. 1 2  
0.66 
0. 1 0  
0.02 
0.82 
0.01 
0.20 
0.88 
0.52 

aSource of b ioassay data: W.  J. B irg e, et aI., "Embryo-Larval B ioassays on 
I norgan ic Coal Elements and I n  S itu B iomon itoring of C oal  Waste Eff luents," 
pp. 97- 1 04 in Surface Mining and Fish and Wildlife Needs in the Eastern 
United States, D .  E. Sam uel et a I . ,  Ed. ,  FWS/OBS-78/81 .  U.S.  F ish and W ild l ife 
Service, 1 978. 

bSource of b ioassay data: U.S. Env iron mental P rotection Agency. 
"Qual ity C riteria for Water." EPA-440/9-76-023, Washington, D .C . ,  J u ly 1 978. 

cWhen bass data not avai lable, source of goldfish b ioassay data used: 
W.  J. B i rge, "Aquatic Toxicology of Trace Elements of Coal and F ly Ash," 
pp. 21 9-240 in Energy and Environmental Stress in A qua tic Sys tems, J. H .  
Thorp and J .  W.  G ibbons, Eds. ,  Techn ical I n formation Center, U .S .  D epart
ment of Energy, 1 978. 

Table 5.3. D raft water quality criteria for potentially toxic pollutants 
from the SRC processes a 

Constituent F reshwater aq uatic l ifeb 

24-h average 

T race elements 
A rsenic 57 
Cadmium exp [0.87 In(h)  - 4.38] 
C h rom ium,  t rivalent exp[0.83 In (h) + 2.94] 
C h romium,  hexavalent 1 0  
Copper exp[0.65 I n ( h )  - 1 .94] 
Lead ex p[ 1 .5 1  I n ( h )  - 3.37] 
Mercury 0.064 
N ickel exp [ 1 .0 1  I n ( h )  - 1 .02] 
Selen i u m  9.7 
Z inc  exp[0.67 I n ( h )  + 0.87] 

I nd ustrial wastes 
Cyanide 1 .4 
Phenol  600 
2-4 D i m ethylphenol 38 

Polynuclear aromatic 
hydrocarbons 

Naphthalene c 
Fluoranthene 250 
Acenaphthene 1 1 0  

a Pol iutants measured i n  J..Lg/ l iter. 
b H a rd ness g iven as h .  
CNot  derived because of i nsuff icient data. 

Not to exceed 

1 30 
exp [ 1 .30 In (h )  - 3.92] 
exp[0.83 In (h )  + 3.72] 

1 1 0 
exp[0.88 I n ( h )  - 1 .03] 
ex p[ 1 .5 1  I n (h )  - 1 .39] 

3 .2  
ex p[0.47 I n  ( h )  - 4 . 1 9] 

22 
exp[0.64 In ( h )  + 2.46 

38 
3400 

86 

N D  
560 
240 

H u man 
health 

0 
1 0  
50 

0 
1 000 

50 
0.2 

50 
1 0  

5000 

200 
3400 

c 

1 43 
200 

20 

Source: U.S.  Environmental P rotection Agency ,  "Water Qual ity C riteria" Fed. Regist. 
44(52):  1 5926- 1 5981 , ( 1 979); 44( 1 44 ): 43660-43697, 1 979; and 44( 1 9 1 ) :  5662&-56657 ( 1 979). 
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Table S.4. Estimated permissible concentrations 
(EPCs) for polynuclear aromatic hydrocarbon 
compounds, basic compounds, and phenolic 

compounds in the SRC fluid or wastewater 

Constituent 

P NAs 
Naphthalene 
Acenaphthene 
Fluorene 
P henanth rene 
Anthracene 
F luoranthene 
Pyrene 
Benz[a]anth racene 
C h rysene 
Benzo[b]fluoranthene 
Benzo[k] f luoranthene 
Benzo[a] pyrene 
B enzo[e] pyrene 
D ibenz[a,h]anth racene 
Benzo[gh , i ]  perylene 
I ndeno[ 1 ,2 ,3-cd]pyrene 
B iphenyl 
Tetral in ( tetrahyd ronapthalene) 

Basic C ompounds 
A n i l ine 
M ethyl an i l i ne 
D i methyl an i l ine 

-N aphthylamine 
-N aphthylam ine 

Pyrid ine 
Methyl  pyridine 
Q u inol ine and 

i soquinol ine 
Methylq u i nol ine 
Acrid ine  

Phenol ics 
C resols 
P henylphenols 
A lkyl cresols 
C atechol 
I ndanols 

aEPC , based ecological effects. 
bEPC, based on health effects. 

EPC 
( " g/l iter) 

50 
None 
None 
280 

2000 
800 

8333 
4 

79.4 
3 1 . 5  
58 
20 

1 09 
4 

None 
58.5 
1 3.8 

500 

262 
304 
345 

20 
6 

207 
3 1 0  
1 40 

492 
800 

50 
8 1 0  
2 1 2  
280 

1 300 

Basis 

a 

b 
c 
b 
c 
b 
c 
c 
c 
b 
c 
b 

c 
b 
a 

b 
b 
b 
c 
c 
b 
b 
b 

b 
b 

a 
c 
b 
b 
b 

cEPC for zero threshold pollutants (suspected or 
potential  carcinogens) ,  based on health effects. 

Sou rce: J .  G. C leland, and G. L .  K ingsbury,  "M u lt i
media Environmental G oals for E nvironmental  Assess
ment," EPA-60017-77-136b ,  U .S. Environmental P rotec
tion Agency, Research T riang le Park ,  N .C . ,  1 977. 
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F i g .  S . l .  Representa t i ve PNA compounds . Source : F i gure 4 ,  Herbes , S .  E . ,  G .  R .  Sout hworth , 
D .  L .  S haeffe r ,  W .  H .  Gri est ,  M .  P .  Maskari nec . 1 980 . Cri t i c a l  pathways of pol ycyc l i c  aroma t i c  
hydrocarbons i n  aquati c  env i r0f,ments ,  p p .  1 1 3- 1 28 i n :  H .  W i tc h i  ( ed ) , T h e  Sc ient i f ic  Bas i s o f  
Tox i c i ty Assessmen t .  E l sev i ert North Hol l and B i omed i ca l  Press .  

Parameter 

Temperature 
Turbid ity 
Water velocity 
Depth 
S u n l ight  
W ind speed 

Table S.S. Q ualitative effects of environmental parameters 
on rates of transport processes 

Change result ing from i ncrease in parametera 

P hotolysis Volati l ization Sed imentation 

b + or -
+ 

b + 
+ b b 
b + b 

a + i nd icates an increase; - ind icates a decrease. 
bNo s ignificant effect. 

M icrobial 
degradation 

+ 
b 
b 
b 
b 

Source: Herbes, S .  E . ,  G .  R. Southworth, D .  L. S haeffer, W .  H .  G riest, and M .  P .  
M askarinec, 1 980. Table 6 from "C ritical Pathways of Polycyclic A romatic Hyd rocarbons i n  
Aq uatic Environments," p p .  1 1 3- 1 28 i n  H .  W itsc h i  (ed ) ,  The Scien tific Basis o f  Toxicity 
Assessment, Elsevier/N orth-H ol land B iomedical Press. 
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The acute toxic i ty of PNAs i s  l imi ted by the i r  water so l ubi l i ty .  Gehrs6 p resented theoret i ca l  
data whi c h  s uggest that for a PNA wi th a mol ec u l a r  wei ght g reater than 1 50 ,  water so l ub i l i ty 
wou l d  be l ess  than the acute tox i c i ty l evel s for fi sh  ( Fi g .  S . 2 ) . On l y  a l im i ted amount of  
data a re avai l ab l e for spec i fi c  PNAs . 

The trends that have been o bserved i n  b i oconcentration  of PNAs a re oppo s i te to those observed 
for acute toxi c i ty .  As Fi g .  S . 3  s hows b i oconcentration  i nc reases as PNAs i ncrease i n  s i ze and 
nonpo l ari ty ,  as meas u red by the n-octano l /water parti t i on coeffi c i ent . 7  The ranges of b i ocon
centration  of PNAs in  Da�hnia a re 1 0 , OOOx for benzo [a]anthracene (4- r i n g  PNAs ) to 1 00x for 
naphtha l ene ( 2 - r i ng PNAs ) . B ioaccumu l at ion  of PNAs by PimephaZes promeZas ( fathead mi nnows ) 
occurs to a genera l l y  l es ser  degree ( George Southwo rth ,  ORNL , personal communi cation to Mi chael  
Sal e ,  ORNL , November 1 980 ) . For i nstanc e ,  the equ i l i br ium concentrations  of anthracene in  the 
t i s sues of PimephaZes and Daphnia were , respect ive l y ,  500x and 1 200x aqueous  concentrati ons . 4  

6 0  

4 8  h r  L C so " - - - S O L U B I L I T Y  

80 

"'-" " " 

1 00 

" " 

1 20 

" " 
"-

t 40 
M O L  E C UL A R  W E  I G H T  

� 

ES-5653 

1 6 0  1 8 0  

Fi g .  S . 2 .  Theoret i ca l  sol ub i l i ty and LCso  val ues p l otted agai nst mo l ec u l a r  wei ghts for  a 
seri es of a romati c hydrocarbons . Source : F i g u re 5 ,  Gehrs , C .  W .  1 977 . Envi ronmental i mp l i ca
tions  of coal  convers i o n  technol ogi e s : o rgan i c  contami nants , __ : 1 57-1 75 , i n :  Thorp and 
Gi bbon (eds ) .  Energy and Envi ronmental Stress i n  Aquati c Systems , CONF-771 1 4 ,  U . S .  Department 
of Energy , Oak R idge ,  TN . 
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n - O CTA N O L - H 2 0  PA R T I T I O N  COEFFI C I E N T  

F i g .  S . 3 .  Log concentra t i on factor ( 24 h )  v s  l og n-octano1 -water part i t i on coeffi c i ent  
( cal cu l ated from Leo , 1 97 5 )  for  several PAH in  Daphnia pulex at 2 5 ° ( .  Dashed l i nes del i neate 
95% pred i c t i on i nterval . Source : F i gure 2 ,  Southworth , G. R . , J. J. Beauchamp , and P. K. Schni eder . 
1 978 . B i oaccumu 1 a t i on poten t i a l  of pol ycycl i c  aroma t i c  hydrocarbons i n  Daphnia Pulex, Water Res.  
1 2 :  973-977 . 
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Append i x  T 

I MP L I CATI ONS OF THE TOX I C  SUBSTANCES CONTROL ACT FOR 
SOLVENT REF I NED COAL P ROCESSES 

T . l TOX I C  SUBSTANCES CONTROL ACT 

T. 1 .  1 Descript i on 

The Tox i c  S ubstances Contro l  Act ( TS CA ) , enacted i n  1 976 , protects 
by author i z i ng the Admi n i strator of EPA to obta i n  i nformat i on from 
d i sposa l , and heal th effects of chem i c a l  s ubstances and  m ixtu res . l  
centers around four  act i v i t i es :  

human hea l th and the envi ronment 
i ndustry on the producti on , use , 

Under TSCA , E PA ' s  a uthor i ty 

1 .  col l ec t i ng bas i c  i nforma t i on on chemi cal  substances from manufacturers and processors , 
i nc l u d i n g  i mporters ; 

2 .  i denti fy i n g  potent i a l l y  harmfu l substa nces and req u i ri ng that i ndu stry test them for 
adverse hea l th and envi ronmenta l  effects ; 

3 .  rev i ewi ng a l l new chemi ca l s for potent i a l  hea l th and envi ronmental  ri sks  before they are 
manufactured for chem i ca l  use ; and 

4.  control l i ng unreasonab l e r i s ks stemm i ng from the manufacturi ng ,  proces s i ng ,  di stri buti on , 
u s e ,  or d i sposal  of a c hemi cal  s ubstance . l  

The l aw d i v i des  c hemi ca l s  i nto " exi s t i n g "  c hem i ca l s and " new" chem ica l s .  " Ex i st ing "  chemi ca l s 
are t hose l i sted i n  the Chemica l  Substances I nventory . Th i s  i nventory i s  not a l i s t  of hazardous 
or  tox i c  chem ica l s ;  rathe r ,  it is a l i s t  of a l l chem i ca l s that were man ufactured , i mported , or  
processed for  a commerc i a l  p u rpose before January 1 ,  1 97 5 .  EPA has a l so col l ected i nformat ion  on 
these chemi c a l s to dete rm i ne wh i c h  chemi ca l s  pose an unreasonab l e  ri s k  to human hea l t h  or the 
envi ronment .  Tes t i ng o f  these chemi ca l s may be req u i red to fu rther def i ne thei r pe rs i s tenc e ,  
envi ronmental  fate , ecol og i ca l  effects , and such  heal th effects a s  carci nogen i c i ty ,  mutagen i c i ty ,  
teratogen i c i ty ,  o r  behav i oral  toxi c i ty .  

TSCA estab l i shed i n  I nteragency Tes t i n g  Commi ttee ( IT C )  t o  i dent i fy and recommend t o  EPA 
chemi ca l s for pri ori ty tes t i n g .  W i th i n  1 2  months of an ITC recommendat i o n ,  EPA must e i ther 
i n i t i ate ru l emak i ng proceed i n gs  to requ i re tes t i ng or publ i s h  reasons for not do i ng s o .  

A " new" chemi cal  substance i s  a chem ica l  not l i sted i n  the i n ventory or an ex i st i ng c hem i c a l  
f o r  wh i c h  a s i g n i f i cant new use  h a s  been proposed . These chem i ca l s are subject t o  a 90-day 
premanufacturing  not i fi ca t i on rev i ew by EPA .  Manufacturers and  i mporters of " new" chemi cal s 
must s u bmi t a premanufacturing  notice ( PMN ) to EPA . The PMN requ i res  the fol l owi ng i nformat i on :  

• common or  trade name , 

• chem ica l  i dent i ty and mol ecu l ar structure or the genera l compos i t i on of a m i xture of 
vari a b l e  compo s i t i o n ,  

• est imated producti on amounts , 

• proposed use  catego ri es , 

• methods of d i sposa l , 

• workpl ace exposure l evel s ,  

• descri pt ion  of by-produc ts , impu ri t i es , and other re l ated products , and 

• a l l test data on hea l th and envi ronmental  effects of the substance . 

T-3 
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If dur i n g  the revi ew peri od E PA feel s that add i t i ona l  test i ng i s  neede d ,  it may refer the matter 
to the ITC . I f  there i s  i nsuffi c i ent data to make a r i s k  asses sment or i f  the ITC recommends 
further study , EPA may requi re testi ng and extend the revi ew peri od 90 days . 

After revi ew of the PMN and al l avai l a b l e  data , EPA may proh i b i t  or l i mi t the manufacture 
proces s i ng , d i stri buti on , use , or d i sposal  of a chemi ca l  or m i xture . Act i on under TSCA c�n 
range from a compl ete ban to a s imp l e  l abel i ng requi rement .  I f  the manufacturer objects to the 
order , EPA can go to a Federal D i stri ct Court and seek an i nj un cti on .  

T . l . 2  Genera l DOE compl i an ce 

DOE projects that res u l t  i n  the producti on of a new chemi cal or mi xture are impacted by the 
requi rement for submi tti ng  a PMN . The PMN must undergo a 90- day revi ew by EPA .  If  EPA requi res 
addi ti onal  testi ng  or studi es , DOE wi l l  have to perform the addi ti onal studi es . I n  addi ti on , 
DOE wi l l  have to comp ly  wi th testi ng standards deve l oped by EPA. 

TSCA wi l l  a l so impact DOE projects that might requi re the use of chemi cal s or mi xtures that are 
or wi l l  be l i mi ted by TSCA. If a chemi cal  essenti al for a DOE project i s  l imi ted by EPA , 
the s i ze or producti v i ty of the proj ect may be l imi ted . 

T . 2  REGULAT I ONS I MPLEMENT ING  TSCA 

A l most a l l the regul ati ons ( 40 CFR Part 720 ) i mp l ementi ng TSCA are i n  draft form at th i s  time . 2 
EPA estimates that most of i ts draft ru l es and gui de l i nes  wi l l  be f i na l i zed soon . 2  Because TSCA 
i s  so comp l ex ,  there are numerous draft regul ati ons  publ i shed i n  the Federal Register ( FR ) . The 
regul ati ons  may be di v i ded  i nto the fol l ow ing  categori e s : 

• premanufacturi ng noti fi cati on , 

• i nformati on gathe ri ng/i nventory reporti ng , and 

• testi ng . 

T . 2 . 1  Premanu facture noti fi cati on 

The PMN program offi ci a l l y  began Ju ly  1 ,  1 97 9 .  Proposed ru l e s  and not i ce forms for the PMN 
program were publ i s hed i n  the January 1 0 ,  1 979 FR .  A statement of i nter i m  pol i cy on PMN requ i re
ments and revi ew procedures was publ i shed i n  the  May 1 5 ,  1 979 FR .  Rev i sed PMN  forms were 
reproposed on Octobe r 1 6 ,  1 979 ( 45-day comment peri od ) . I ndustr i es submi tti ng PMN forms at th i s  
t ime shou l d use the form pub l i shed i n  the October 1 6 ,  1 979 FR .  

T . 2 . 2  I n formati on gatheri ng/i nventory reporti ng 

Reg u l ati on s  govern i n g  the report i n g  and compi l ati on of  chemi ca l  substances , a s  requ i red by TSCA 
Secti on 8( b ) , were promu l g ated in December 1 97 7 .  The offi ci a l  publ i cati on date for the i n i t i al 
chemi cal  i nventory was June 1 ,  1 97 9 .  A spec i al 2 1 0-day report i n g  peri od has been added to the 
June 1 deadl i ne to perm i t  processors to rev i ew and add to the i nventory .  

EPA i s  deve l op i n g  a comprehens i ve p l an for reporting  and recordkeep i n g  on chemi ca l  product i on , 
use , by�products , exposure , and d i sposa l . These ru l e s  must first  be coordi nated wi th other 
EPA r u l e s  to avo i d  dup l i cati ng req ui rements . These ru l es are expected to be publ i s hed i n  draft 
form . 

By the end of 1 979 or i n  early 1 980 , EPA p l anned to p ropose a mode l ru l e  for req u i ri n g  i n dustri es  
to  submi t re l evant health  and safety studi es . 

I n  J u l y  1 978 , a secu ri ty procedures manual  was publ i shed so that contractors and fede ral agenci es 
cou l d  sumbi t con fi denti al  i nformati on to EPA.  

T . 2 . 3  Tes t i ng 

Testi ng standards wi l l  be d i rected at speci fi c characteri sti cs and effects i n c l ud ing  oncogen i c i ty ,  
teratogeni c i ty ,  mutagen i ci ty ,  a s  we l l  as envi ronmental fate , pers i stence , and ecol og i ca l  effects . 
EPA pl ans to make these con s i stent wi th standards be i ng establ i shed under i ts pesti c i de program . 
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The fi rst s tandards , oncogen i c i ty and other chron i c  effects , were proposed in the May 9, 1 979 F R .  
Add i t i onal standards  for acute a n d  subchron i c  tox i c i ty ,  mutageni c i ty ,  teratogeni c i ty ,  reproduct i ve 
effects , and metabo l i sm stud i es were proposed on J u l y  26 , 1 979 . Addi t i ona l  hea l th effects 
tes t i n g  standards , as  wel l as  the fi rst envi ronmental  tes t i ng s tandards , were to be proposed i n  
earl y 1 98 0 .  

T . 2 . 4  S ummary 

Duri ng 1 98 0 ,  a l l a s pects of the TSCA program were to be i n  opera t i on , a l though not at ful l 
capac i ty .  

I n i t i a l l y ,  more emphas i s  wi l l  b e  pl aced o n  obta i n i ng and ana lyz i ng i nforma t i on than o n  wri t i ng 
s pec i fi c  regu l a t i ons . Ac ti v i t i es i n  1 980 concentrated o n :  

• premanufacturing  not i f i ca t i o n  sys tem , 

• deve l opi ng test i ng standards and ru l es ,  

• mak i ng i n format i on sys tems opera t i ona l , 

• conduct i ng ri s k  as ses sments , and 

• promul g a t i ng report i ng and recordkeep i ng requ i rements . 

T . 3 THE SRC PROCESS AND DOE TOX I C I TY STUD I ES 

T . 3 . 1  SRC processes  ( SRC- I  and  SRC- I I )  

Sol vent refi ned coal  ( S R C )  processes  convert h i gh s u l fur  and ash coal i n to c l eaner burn i ng 
gaseous , l i q u i d ,  and/or s o l i d  fue l s  by noncata lyt i c  hydrogenat i on .  Hydrogenat i on i n vol ves 
d i rect convers i on of coal  to i mproved fue l s through the add i t i on o f  hydrogen to coal  at e l evated 
temperatures a nd pres s u res , �Ii th the amount of hydrogen determi n i n g  the fi nal  form of the 
fue l - l i qu i d  ( SRC- I I )  or sol i d  ( S RC- I ) .  SRC- I I  ut i l i zes about twi ce the amount of hydrogen as 
the SRC- I process . 

SRC- I primari l y  produces a sol i d ,  coal - l i ke product of l es s  than 1 %  s u l fur and 0 . 2% ash . S RC- I I  
primari l y  produces a l ow- s u l fur ( 0 . 2-0 . 5% by we i g h t )  fuel o i l  and naphtha . Both SRC- I and SRC- I I  
a l so produce s i g n i f icant  quanti t i es o f  gaseous hydroca rbons that are further p roces sed to 
synthet i c  natural gas  ( SNG)  and l i quefi ed petrol eum gas  ( LPG ) products . 

Except for the l ast stages i n  product ion , the processes are es sent i a l ly  the s ame . SRC- I rel i e s  
o n  sol vent recovery a n d  sol i d i fi ca t i on func t i on s  t o  p roduce a sol i d  fuel ; S RC- I I  u s e s  a fract i ona
t i on func t i on to produce a l i q u i d  fuel . Because the processes a re very s i m i l ar ,  mos t  of the 
poten t i a l  tox i cants  and carci nogens shoul d be common . 3 The SRC- I I  products ( l i gh t ,  mi ddl e ,  and 
heavy d i s t i l l ate ) are s i m i l ar to the SRC- I products  of l i ght o i l , wash  so l ven t ,  and process  
sol vent . 4 

At presen t ,  there i s  a l ack of defi n i t i ve data on the chem i c a l  consti tuents i n  synfuel products , 
i nc l ud i ng SRC . Several known or suspected carc i nogens are present i n  products , by- products , 
and  waste streams of synthet i c  fuel convers i on processes . ThesE i nc l ude polyn uc l ea r  aroma t i c  
hydrocarbons ( PAH ) , naphtha l enes , a romat i c  ami nes , a n d  i norgan i c  trace e l ements ( se l en i um ,  boron , 
cadm i um ,  l ead , and  antimony ) . ]  

T . 3 . 2  DOE tox i c  s ubstances research on S RC materi a l s 

Pac i f i c  Northwest Labora tory pub l i s hed a report ent i t l ed Biomedical Studies on Solvent Refined 
Coal (SRC-II) Liquefaction Materials : A Status Report. 4 Th i s  report , pub l i she d  i n  October 
1 979 , is the most compl ete and rel i a b l e  DOE source of i n forma t i on on tox i c i ty of SRC products . 

Stud i e s  on tox i c i ty of the SRC- I I  products - heavy d i s t i l l ate ( H D ) , m i dd le  d i s t i l l ate ( MD ) , and 
l i ght d i st i l l ate ( LD )  - i nd i ca te that HD is the mos t tox i c .  Of the SRC-I products , the process 
s o l vent appears to be the mos t  tox i c .  I n  genera l , res u l ts o f  a l l tests  show SRC  products to 
h ave var i a b l e  tox i c i ty .  The res u l ts are s ummari zed be l ow .  
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1 .  Mi cro b i a l  mutagen i c i ty appears to be caused primari l y  by aromati c ami nes . H D  i s  
mutagen i ca l l y  acti ve ; L D  i s  not mutagen i c .  

2 .  Tox i c i ty studi es on mon key k i dney cel l s  i nd i cate that both the H D  of SRC- I I  and the process 
sol vent of S RC- I a re h i g h l y  toxi c  and are s i mi l ar in degree o f  tox i c i ty .  

3 .  Mi ce were u sed for studies  o f  epi dermal carc i nogene s i s .  H D  and L D  SRC- I I  products were 
compared . H i g h  doses [approximately 20 mg per appl i cation ( 3  times  per week ) ]  and medi um 
doses ( 2  mg per appl i cat ion )  resul ted i n  1 00% of the m i ce treated wi th H D  devel o p i ng 
tumors wi thi n severa l months . A l i ght  dose o f  H D  ( 0 . 2  mg per appl i cat ion )  resu l ted i n  
tumor growth i n  6 o f  48 mi ce . H i g h and medi um doses of LD resul ted i n  tumors i n  1 of 
44 and 1 of 46 mice  respect i ve l y .  L i g h t  doses o f  L D  d i d  not cause tumor growth i n  any 
of 41 mice  after 465 days . These dose stud i e s  are cont i n u i ng . The maj ori ty of tumo rs 
were ma l i gnant .  

4 .  I n i t i a l  oral tox i c i ty stud i e s  on rats i nd i cate that SRC- I was h  so l vent i s  h i g h l y  toxi c ,  
wi th an  LDso* of 0 . 57 .  The other fracti on s  of S RC - I  and SRC- I I  had LDso  val ues from 
2 . 30-3 . 75 .  (To compare , LDs o  of crude petrol eum i s  >1 2 . ) 

5 .  Devel opmental tox i c i ty stud i es i nd i cate that r i s k  for a fetus i s  on ly  s l i g htly  greater 
than for the mother.  

Stud i es on the ecol ogy/ tran sport effects of SRC- I I  materi al s i nd i cate that S RC water sol u b l e 
components are 450 times  more tox i c  than s i mi l ar components i n  No . 6 fuel o i l ; pheno l s are the 
maj or toxi c  compounds of untreated wastewater ;  ammo n i a  i s  the major  tox i c  compound in treated 
wa s tel1a ter . s 

T . 3 . 3  DOE tox i c i ty studi es pl anned 

The fol l owi ng are p l anned to more ful l y  defi ne the tox i c  nature of SRC materi al s :  

1 .  conti nue  generat i on of anal yti cal characteri zation  data fo r SRC l i quefacti on ; 

2 .  conti nue compari sons o f  envi ronmenta l effects o f  l i q u i d  effl uents and  sol i d  wastes from 
SRC- I I ;  

3 .  cont inue  b i omedi cal  eva l uat ion program ; 

4 .  prov i de i nformat i o n  on chemi cal methods for el imi nating  the mutageni c  hydrocarbons i n  
SRC product ; 

5 .  val i date carc i noge n i c  acti v i ty of aromat i c  ami nes ; 

6 .  eva l uate e ffecti veness o f  serum enzyme tests for early detect i on o f  hea l th effects i n  
workers ; and 

7. conti nue i nhal ation  stud i e s  on an ima l s to determine  adverse hea l th effects in worker 
popu l at i on s .  

The studi es performed thus far by DOE are essenti al for mak i ng the r i s k  assessment requ i red by 
TSCA . Because EPA has not yet publ i s hed standards and ru l es for testi ng , the stud i es proposed 
by DOE shou l d be i n i t i ated or conti nued . At the time EPA publ i shes standards , these standards 
shou l d be exami ned in l i ght of the stud i es a l ready done or ant i c i pated by DOE . 

T . 4  SPEC I F I C  REQU I REMENTS FOR SRC UNDER TSCA 

EPA offi c i a l s i nd i cate that the spec i f i c  TSCA requi rements for SRC proj ects can not be estab l i shed 
compl ete l y .  EPA has not deci ded offi c i a l l y  i f  synfuel s  wi l l  b e  subject to PMN rev i ew .  EPA 
must dec i de i f  synfuel s ,  SRC i ncl uded , are to be cl assed as "exi s t i n g "  or " new" c hemi cal s .  The 
i s sue i s  whether or not synfuel s were manufactured and processed pri or  to January 1 ,  1 975 for 
" commerc i a l " purposes . The defi n i t i o n  of commerc i a l  i s  vague at th i s  t ime ,  and fee l i ngs  are 
mi xed on the i ssue of synfuel s .  EPA has formed a commi ttee , separate from the lTC , to determine  
whether or not  synfuel s may be  consi dered as "exi sti ng "  chemi cal s .  

* LDs o  i s  defi ned a s  the dose i n  grams pe r ki l og rams of body wei g ht requ i red to ki l l  50% 
of the an i ma l s .  
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TSCA a l so reg u l ates waste products , by- produ cts , and di sposal  of toxi c substances . EPA real i zes 
that the potent i a l  for overl ap and confl i ct with other agency reg u l at i ons , part i cu l arly RCRA , 
NPDES , and Cl ean Ai r ,  i s  g reat . The commi ttee d i scus sed previ ou s l y  may al so provi de EPA wi th 
g u i dance on how TSCA s houl d reg u l ate synfue l s  throughout the l i fe-cyc l e  of the materi al s .  

I f  a PMN i s  requ i red , the SRC- I I  product may be cl assed as a mi xture of vari ab l e  compos i t i on 
s o  that s pec i f i c  i dent i f i cat i on and ana l ys i s  of each chemi cal  component may not be necessary .  
DOE wou l d  b e  requ i red t o  submi t res u l ts of a l l  tes ts so  that EPA cou l d  make a reasonab l e  ri s k  
assessment .  

T . 5  CONCLUS I ONS 

1 .  SRC- I I products are genera l l y  toxi c ;  they are defi n i te l y  more tox i c  than convent i ona l  fuel 
o i l s  as tested in mi crob i a l and ce l l u l ar systems . 

2 .  Speci fi c TSCA req ui rements for SRC- I I  remai n  unknown . EPA i ntends to reso l ve the i ssue 
of how synfue l s  s houl d be control l e d  under TSCA . 

3 .  Studi es concern i ng the toxi c n ature of SRC- I I  materi al s shou l d  conti nue s o  that a reasonab l e  
ri sk  assessment may b e  made i f  a PMN i s  requ i re d .  

4 .  No permi t i s  requ i red ; howeve r ,  after revi ew o f  a PMN , EPA may l i m i t  producti on or  requi re 
l abel i n g  of the materi a l s .  Rev i ew shou l d  be l im i ted to 90 days . 

5 .  The PMN rev i ew must be compl eted before operati on beg i ns .  

6 .  Regard i ng the SRC- I I  Envi ronmental Comp l i ance Schedul e ,  a time l i ne refl ecting  comp l i ance 
wi th TSCA need not be added at th i s  time because the re l at i ons h i p of TSCA regu l at i ons  to 
a l ternate fue l s  in general has not yet been defi ned by EPA.  Because EPA can extend i ts 
rev i ew peri od by 90 days , a PMN s h ou l d  be submi tted at l east 6 months before operati on 
beg i n s . EPA reg u l ati ons do state that early s u bmi s s i on of a PMN i s  acceptabl e i f  accom
panied  by a statement of the fact that commerc i a l  proces s i ng of the materi al i s  a certa inty .  
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4 .  Pac i f i c  Northwest Laboratory ,  Biomedical Studies on So lvent Refined Coal (SRC-II) Liquefac
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Department of Energy 
Oak Ridge Operations 
P. O. Box E 
Oak Ridge. Tennessee 37830 

Heri tage Cons ervati on and 
Recreati on Serv i ce 

U .  S .  Department of Interi or 
ATTN : Ms . Carol D .  Shu l l  

U-3 

DEC 1 0 1980 

Acti ng Keeper of the National Reg i s te r  
440 G S treet, N .  W .  
Was h i ng ton , D .  C .  20243 
Gentl emen : 

REQUESTS FOR DETERMI NATIONS OF ELIGIBI LITY ; HISTORI CAL RESOURCES AT 
DOE ' S  S RC- I I  S ITE , MORGANTOWN , W VA 

Reference Letter :  September 1 0 ,  1 980 , Cl arence E .  l\loran , AlA , Wes t 
Vi rg i n i a  State Histori c Preservation Offi cer to 
Carol D. Shul l ,  Acti ng Keeper of the Nati onal 
Regi s ter (enc l os ed ) . 

Wi th reference to our earl i e r  correspondence wi th you on th i s  subject 
and recent d iscussi ons wi th members of your staff , encl osed is a report 
prepared by Stearns -Roger Envi ronmental Sci ences Di vi s i on on beha l f  of 
the project that shoul d address a l l  perti nent factors to be cons i dered 
i n  determi n i ng the e l i g i b i l i ty of the G ingri ch House and Fort Marti n 
"One- Room" School ( Community Center ) for Nati onal Regi ster l i sting . The 
Department of Energy bel i eves that thi s  report general l y  subs tanti ates 
the pos i ti on that both s tructu res are el i gi b l e  for l i s ti ng , i n  concurrence 
wi th the referenced l etter and opi ni on of the Wes t  Vi rg i n i a  State Hi stori c 
Preservati on Offi cer .  

Thi s  l etter shou l d  compl ete the process o f  our reques t ing determi nati ons 
of el i g i bi l i ty i n i ti ated w i th my l etter to you of August 1 2 ,  1 980 and 
parti al ly  concl uded wi th your l etter of November 5 ,  Case No . 436 . Pl ease 
contact us if you be l i eve any addi tiona l i nformati on is needed for the 
regi ste r  determinati ons . 

I woul d a l s o  l i ke to set forth DOE ' s  proposed mi ti gati on pl ans for the 
two properti es bel i eved to be el i g i b l e  for l i s ti ng , pendi ng you r  
determi nati on . 
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The Gingrich House and surroundi ng bu i l di ngs wi l l  be mai ntai ned 
by the DOE for the l i fe of the Demons trati on Project. It i s  
proposed that the Gi ngri ch House be uti l i zed as a publ i c  i nfo rma
tion cen ter for the SRC- I I  Project .  Such a center wou l d  prov ide 
data and media-type presentati ons regardi ng the Project and wou l d  
a l so serve as a Vi s i tor ' s  Center for the p l ant . Some o f  the functi ons 
of such a center wou l d  be : 

-- Provi de i n formation k its about the project ; 

-- Locati on of d i sp lays for the h i s tory , process , and 
project devel opment of SRC- I I ;  

Locati on of arti facts o r  h i s tori cal arti cl es of the 
Fort Marti n area ; 

Provide orientati ons for tours of the pl ant faci l i ty ;  

Space fo r meeti ngs rel ated to the Project and i ts future . 

In addi tion to these publ i c  functi ons , the Gi ngri ch House may be used 
for gatheri ngs of research sci enti sts , engi neers , or  foreign v i s i tors . 
Thi s  producti ve use shou l d  prevent al teration of the s tructu res and/or 
grounds of the Gi ng ri ch House .  

I n  the event of success fu l  demonstration , the SRC- I I  Demonstrati on 
Plant may be expanded to a commercia l  p lant ,  owned and operated by 
a private company . As a condi ti on of transfer of ti tl e to the 
property , DOE wi l l  requi re that the new owner conti nue mi t igation as 
descri bed above . 

2 .  Fort Marti n School 

The Fort �larti n School is cu rrently used as a commun i ty cen ter 
by the res i dents of Fort Marti n .  I t  i s  proposed that thi s  functi on 
continue and a l so  th at the bui l di ng be used as a meeti ng pl ace 
for Project- rel ated gatheri ngs . In order to as s i s t  Project l ayout 
and reduce the mai ntenance expenses , the Fort Marti n School wou l d  
be moved from i ts current l ocati on onto the Gi ngri ch prope rty .  

A parking  l ot wou l d  b e  provi ded for vis i to rs to the pl ant and 
the COl1l11U n i ty . 

Attached i s  a l egal des cripti on of an area that wou l d  be set as ide to 
provi de a buffer zone for the Gi ngri ch House and Fort Marti n Schoo l . 
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A l s o  encl osed are four  documents wh i ch prov i de final  reports of i nves ti 
gati ons i n to the s i gni fi cant archaeol ogi cal s i tes wh i ch are wi thi n  the 
boundaries of the proposed SRC- I I  Morgantown s i te :  

1 .  Fort Marti n ,  a report by �li d-At1 anti c Archaeo l og i ca l  Research , I nc .  

2 .  Be1 1 d ina ' s  Bottom , a report by GAl Cons u l tants , I nc .  

3 .  Van Voorh i s  Farm S i te, a report by Mi d-Atl anti c Archaeol og i ca l  
Research , I nc .  

4 .  The " Stone Ci rcl e "  and the Garl ow Farm and Mounded Area , a report 
by WAPORA , wh i ch concl udes that S i te 46-r�g-8 i s  i ndeed not a "Stone 
Ci rcl e " .  

The cordia l  and cooperative s upport provi ded by you r staff i n  the 
deve lopmen t  of both the h i s to ri ca l  and archaeo l og i ca l  res ou rce s tudy 
efforts i s  greatly appreci ated . We l oo k  fo rward to the forma l reso l uti on  
of al l e l i g i b i l i ty ru l i ngs for the properti es that have been s ubmi tted 
for your  cons i derati on .  Pl ease contact me or 1'1r . James A .  Reafs nyder , 
Research and Deve lopment Manager for the SRC .Projects , i f  you have any 
ques ti ons . He may be reached at FTS 6 26-2429 or Commercia l  6 1 5/ 576-2429 . 
Al ternati vel y ,  Gabri el Marci ante may be con tacted at FTS 6 26-0850 or 
Commercial  6 1 5/576-085 0 .  

MS-331 : GJM 

Encl osures : 
As stated 

Si ncerel y ,  

John F .  Pears on , J r .  
As s i s tant Manager for Sol vent 

Refi ned Coal  Projects 
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Mr. Cl arence E .  Moran , AlA 
State Hi sto ri c  Preservation Offi cer 
W VA Department of Dul tu re & His tory 
Capi tal Comp lex 
Charl eston , W VA 26505 

4 

Mr. Jordan Tannenbaum 
Advisory Counci l  on H i stori c Preservat

"
i on 

1 522 K Street , N . W .  
Washi ngton , D.  C .  20005 
Mr. Ray M. Kes l er ,  Asst .  Supt. 
Monongal i a  County Pub l i c  Schoo l s  
263 Prai ri e Avenue 
Morgantown , W VA 26505 
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United States Department of the Interior 
HER ITA(jE CONSERVATION A N D  KECREATION <;IRV ICE 

WASIIIN(jTON, D. C. 20243 
IN REPLY R E F E R  TO, 4 3 6  

Mr . John F .  Pearson , Jr . 

Assi stant Manager for 

Solvent Refined Coal Proj ects 

Department of Energy 

P .  O. Box E 
Oak Ridge , Tennessee 37830 

Dear Mr . Pearson : 

ThRnl< you for your letter req uestin� fl rieterm i na tion of e l i gi b i l i ty for i n clus ion i n  
t h e  N a tional l't eg-ister pursuant t o  Execu tive Orner 1 1 5 9 3  o r  t h e  \' a t i o n 'll  � ; i s t o r i c  
Preserva tion Act of 196fl ,  a s  a m ended. Our ,jeterrTl ina t i o n  appears on t l e  enclosed 
m a t erial. 

As you understand, your request for our professional judgm ent cons t i t l l tes .'\ part 
o f  the Federal planning process. We urge t hat t h is i n fo r m 1! t i on be i n t e'!,'rate'l i n t o  
t '1e N at i onal Environ m ental Policy Act analysis  in orde r  to bring ahol l t  t h e  'Jest 
possible program decisions. T h is deter m i nation does not serve i n  a n \'  "l i1nner as :l 
veto to uses of property, I·v ith or without Federal ;Jar t i c l p a t ion or as�i3U\nce.  '\ ny 
decision 0:1 t h e  property in q uestion and t h e  responsibi l i t \'  for prog!'!'. r:) ;J l annin� 
concerning such propert i es l ie  with the agency or block gran t recipient after the 
Advisory Council on H istoric Preservation has had an opport unity to com r:I ent.  

W e  are pleased to be of assistance in  the considerat i on of his toric resources in t h e  
planning process. 

Enclosure 

Sincer�� yours, � , ./1 -" 
r-, . 

. ".,.--- ' i . / 
G »7 C\ ,  \1 � r;, 

Jerry L. R ogers 
Acting K eeper of the 
N ational R egister 

' i '  t 8 3 8  
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National Register of Historic Places 
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Proje ct N a m e: S o l v e n t  Re f i n e d  C o a l - I I ,  D e m o n s t r a t i o n  p r o j e c t  

State: 
Location:  M o n o n g a l i a  C o u n t y  

W V A  

R eq u est s u bm itted by: D O E / J o h n  F .  P e a r s o n , J r .  

D ate received:  
7 / 2 8 / 8 0  A d d itio n a l  inform ati o n  r e c e i v e d : 

9 / 1 6 / 8 0 ;  9 / 2 2 / 8 0  

1 0 ( 3 0 / 8 0 
8 (1 8 ( 8 0  

N a m e  o f  prop e rty 

Be l l d i n a ' s  B o t t o m  

A r c h e o l o g i c a l  s i t e . 

V a n  v o o r h i s  F a rm 

A r c h e o l o g i c a l  s i t e . 

F o r t  Ma r t i n  

A r c h e o l o g i c a l  s i t e . 

FHR 8-267 2/7ll opo .012 877 

36 

S H P O  
o p i n i o n  

e l i g i b l e  

El ig ib il ity 

S e c re t a ry o f  the 
I n t e r i o r's  o p i n io n  

e l i g i b l e  

C r iteria 

D 

D 

D 

o ate: --,1.L.l�/-"S'+/-"SL.>.O-'--_____ _ 



Department of Energy 
Oak Ridge Operations 
P O. Box E 
Oa k Ridge , Tennessee 37830 

Keeper of t he National Register 
Heritage Con s e rva tion & Recreation Service 
Dep a rtme nt of t he I n terior 440 G Street N W  
W a s h i ngton . D . C .  20243 
Gentlemen : 

U-9  

AUG 1 � 1980 

REQUESTS FOR D E T E R M I NAT IONS OF E L I G I B I L I TY ;  H I S TOR I C A L  A�D A RCHAEOLOG I CA L  R E SOU RCES A T  DOE ' S  S R C  I I  S I T E ; MORGA N TOWN . WEST V I R G I N I A  

E nclosed y o u  will  fi nd s everal reports describing t h e  fo l l o w i n g  cultural  resources at  DOE ' s  p roposed S R C  1 1  P l a nt S it e : 

1 .  Belldi n a  ' s  Bottom Arc h a eolog i c a l  Site 

D ra ft R e p ort on P h ase I and I I I nvest i g a tion s b y  GA l Con s u lt a nts  ( E nclosure 1 . ) 

2 .  Van Voorh i s  F a rm Arc h aeolog ic al S ite  

D ra ft Rep ort b y  Mid-A t l a n  tic Arc h aeolog ical R e s e a  rch . I n c . ( Enclos ure 2 )  
3 .  Fort M a rt i n  C h u rc h .  Fort M a rti n School and Gingrich Hou s e  Historical S i t e s  

Draft Report o f  Additional H i s torical D a t a  by S t e a rns-Roger ( Enclo s u re 3 - - includes p hotogr ap h s  of Gingrich House i nterior ) 

This  letter a n d  i nformation supp lemen ts our submit t a l  of J uly 22 . 
1980 rel a tive to t h e  Fort M a rt i n  Histoncal/Arch aeolog i c a l  site a n d  
other resource s .  Al  t h o u g h  these reports a re con s i d ered d r a fts . we 
believe they contain accu rate informa tion in suffi c ient  deta i l  for 
eligibility dete rminations . P l e a se note GA l ' s  most rece n t  weekly 
report in serted in t h e i r  d r a ft report for the B e l l d i n a ' s Lower 
Terrace . 

COpy 
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P lease c o n t a c t  us promp t ly if you b elieve a n y  a d d i t i o n a l  i nforma
tion is n eeded for the required determ in ation s .  We h a v e  provi d e d  a 
complete copy of t h i s  s u b mitt a l  to the West Virg i n i a  S t a te H i s tori c a l  
Preser v a t i o n  Offi c e r ,  along w i t h  a request  t h a t  he p ro v i d e  form al 
written c o n c u rrence to you as soon as poss i b l e .  T h i s  s ho u l d  allow 
t h e  Dep a rt me n t  of I n terior to exerc is e  the lO-d ay d e te ::- r:1 i n a tion 
option s p e c i f i e d  u nder Title  36 , Section 63 . 3 .  

J a ke Al e x a n d e r ,  w i t h  ORO ' s  E nvironmental  P rotecrion B r a n c h , 
should be contacted if you have questions or need a d d i t i on a l  
informa tion reg a rdi ng t h e s e  rna tters , a t  FTS 626-0849 , or 
commerc ia l : A r e a  Code 615/576-0849 . We a pp re c i a te y o u r  coop e r a t i o r.  
i n  h e l p i n g  u s  to resolve a n y  potenti a l  confl icts  b e t w e e n  t h e  S R C  I I  
proj ect and t he s e  import a n t  c u ltural resourc e s . 

MS-331 : ] KA 

Enclo s u res 

CC : 

$-incerely , 
/ / 

( " / ' . � . ....... __ 
. '  J . f  _ --. .  , 

. ,John F .  Pea rson , J r .  '-
A s s i s t a n t  M a n a g e r  for 
Solvent Refi ned Coal P rojects 

Clarence Mor a n , WV/SHP O ,  Cha rleston 
Mr. Tanneb a u m , Advisory Counci l 

on Historical P re servation , DC 
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DEPART M E N T  O F  C U L T U R E  A N D  H I S T O RY 
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1 l� ST A T E  OF WEST VIRGINIA 

jj"r�c . .  "'-:�"'� � JOHN D .  ROC K E F E LL E R  I V ,  G O V f: R N O R  

�"'!'I>" "'-��- Norman L .  Fagan,  COr11 rJl I ssloner 

HISTORIC PRESERVATION UNIT CI",enee E Mordn AIA. O" .. elo' 

Augu s t  8, 1980 

Ms . Carol D .  Shull 
Act ing Keeper o f  the Na t i onal Reg i s t e r  
HCRS , Dep t .  o f  the I n t e r i o r  
440 G .  S t . , N . W .  
Washing ton , D . C .  2 0 2 4 3  

Dear Ms . Shull : 

Re : Determination of E l i g ib i l i t y  
Fort Mar t i n  s i te 
Mononga l i a  County , '",TV 

Please refer to the l e t t e r  dated July 2 2 ,  1 980 from J .  F .  
Pearson , J r . , Oak Ridge Op erations , Department o f  Energy , to you , 
and the report "Archaeolog i cal Inve s t igati ons at Fo r t  Mar t i n "  by 
Payne and Cogar , July 1 9 80 . In my opinion the Fort Mar t in property 
rep orted on is e ligible for inclus i on in the Nat ional Reg i s ter . 

Sincerely , 

/ ;. - , ' " 

� .� ,  .. -"' - � .� . , .... ' . ., .� 
""- � - -.. - -

. 
Clarence E. Moran , AlA 
S tate His tor i c  Preserva t i on O f f i cer 

cc : James K .  Alexander 

CEM/j fk ; rw  

T H E C ULTURAL CENTER J C A PITOL COMPLEX J CHARL E STON. WEST VIRGINIA J 2 5 305 J 304 0 3 4 8 0 02 4 0  
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DEPARTM E N T  O F  C U LTURE A N D  H I STORY 

-----;::=:J;��;;=;;;;;;;;;;;;�I;;=
L=::;-------------------�S·TA TE OF WE S T V I R G I NIA �"""r'''G1'!"� JOHN D.  ROCKEFELLER I V .  G O V E RNOR 

_ .. .,10 ...... f'" N o r m iln L. Fagan . Comlll ls sioner 

HISTORIC PRE S E RVATION UNIT Clarence E. Moran, AlA. Oorcclor 

September 1 0 ,  1980 

Mr s .  Carol D.  Shull 
Ac ting Keeper o f  the National Register 
HCRS , Department o f  the Interior 
440 G S t reet , N . W .  
Washington, D . C .  20243 

RE: Determina tion o f  E l i g ibi l i ty 

Dear Ms . Carol : 

Van Voorhis Farm ( 4 6  Mg 7 7 ) , 
Belldina ' s  Bot tom ( 4 6  Mg 75 ) , 
Gingrich Hous e ,  Fort Mar t in S c hool 
and For t Martin Chur c h  

Plea s e  r e f e r  to t he l e t ter da ted Augus t 1 2 ,  1980 f r o m  J . F .  Pearso n ,  Jr . ,  
Oak Ridge Opera t ions , Depar tment of Energy , to you , and the reports "Draf t Re
po r t s  on Pha s e  I and Pha s e  I I  Archeological Investigat ion at S i t e  46 Mg 75 
(Belldina ' s  Bot tom) " ,  "Van Voorhis Farm S i te (46 Mg 7 7 )  Archeolo gical Inv e s t i
ga t ion" ,  and "Ad d i tional Histor ical Da ta " .  I n  our o p inion, Van Voorhis Farm,  
Belld ina ' s  Bo t tom, and t h e  Gingrich House a s  described a r e  elig ible for inc l u s L u n  
in t h e  Na tional Regis ter ; we do no t believe t h e  Fort Mar t in Church is e l i g i b l e .  
I n  regard t o  the Fo r t  Mar t in S chool , we have no o p inion a t  t hi s  time , pend ing 
more da ta on o t her one-room schools , in Ho nongalia County t ha t  are extant . 

Sinc erely, 

Ij.' °// 1 �!/.....u -lA-�.t/.-#� _f.-._ 
Clarence E. Moran, ALA 
S ta t e  Historic Preservat ion Off icer 

CEH/kf s ; rw 

THE CULTURAL CENTER I C A PITOL COMPLEX I CHARLESTON. WEST VIRGINIA I 2 5 305 I 304 - 34 8 - 0240 
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Heritage Con servation a n d  Recreation Service 
Dep artment of t he I nterior 
440 G Street N. W • 

W a s hington , D . C .  20243 

Gentleme n :  

R EQUEST FOR D E T E R M I NAT I ON OF E L I G I B I L I TY ;  FORT MA R T I N  
H I STO R I CA L  AND A RCHAEOLOG I CAL S I T E AT DOE ' S  SRC I I  PLANT ; 
MORGANTO W N ,  WEST V I RG I N I A  

E nclosed i s  a relatively thorough report o n  the a rchaeological 
i nvesti g ation s recently concluded at the h i s toric Fort Martin Site 
located on DOE ' s  p roposed SRC I I Plant reserv ation n e a r  
Morgantown ,  West Virg inia ( E nclosure 1 . ) .  

DOE ha s concluded that several determinations of eligibility , and 
other con side ration s a s  may be determi ned ,  prescribed by the 
National H i s toric P r e servation Act of 1966 and E xecutive Order 11593 
w i l l  be nece s sary for the SRC I I p roject to p roceed at the 
Morg antown site . W e  believe the Mid-Atlantic report provides 
a dequate doc u mentation for the e l i g i b ility dete rmination for 
Fort M a rt i n .  By providing a copy of t hi s  letter a n d  enclosures  to 
the West Virginia State H i s torical Preserv ation Office r ,  w e  are 
requesti n g  h i s  formal concurrence that the Fort M a rti n site is elig
ible . We a re hopeful that the Department of I nterior c a n  e xercise 
the 10-d ay determination option under Section 63 . 3  of Title 36 , 
a l lowe d when the project agency and the SHPO are in s u b stantive 
agreement rela ti ve to eligi bili ty . 

Although complete information to s upport other eligibility determi n a
tion s is not available at t h i s  t i m e ,  DOE expects to s u b m it requests 
for ruli n g s  on two other s i g n ificant archaeological sites , a n d  at 
l e a st t hree b u ildi n g s  that may h a ve some cultural or h i s torical 
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significance . A preliminary plant layout map i s  E nclosure 2 .  to 
this letter ; pointing ou t the loc a tion s of all the potenti ally eli g
ible properties that were identified by the E nv i ronmental I mp act 
Statement recon n a i s sance s u rvey s .  These p reli m in a ry fi ndings were 
as follo w s : 

Hi storical Properties 

1.  The Maple Place 

2 .  Fort Martin Chu rc h  

3 .  John Ga rlow Farm House 

4 .  Gingrich Hous e  

5 .  F o r t  M a rtin School 

Archaeological P roperties 

1.  Belldina • s Bottom s ( upper a n d  lower terrac e )  

2 .  Fort M a rtin 

3 .  Fort Harrison 

4 .  Ga rlow Farm 

5. R idgetop Mound 

6 .  Van Voorhis  Farm 

7 . Stone Circle 

The Maple P lace , Fort H arri son , a n d  the Ridgetop Mound appear to 
b e  so remote from any planned p roj ect activity i n  the n e a r-term 
that these p roperties should not b e  sig nificantly affected .  Hence , 
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a determ ination of eligibility is not neede d  at this time . Con sulta
tion with the State H i storical Preservation Officer concluded that , 
u n l e s s  additional i nform ation might i ndicate some s i g nificant h i s 
toric import , the G arlow Farm Hous e  p robably i s  n o t  a s i gn ificant 
property from t h e  architectu ral s tandpoint alon e . W e  are not aware 
of any additional h i s toric records not already con s i dered that 
might yield any further i nformation about the G arlow F a rm 
complex.  T h e  preliminary arch aeolog ical s u rveys of the Garlow 
Farm and the Stone Circle sites did not result in any s i g nificant 
findi n g s . 

Within a week or s o ,  we hope to submit the preliminary a rchaeo
logical s u rvey reports for the very i mportant di scoverie s at the 
Belldina lower terrace location , and for several prehistoric activity 
s ites  found on the Van Voorh i s  F arm . B a s e d  on our discu s sion s  
w it h  our a rc h aeological con sultants , there i s  little doubt that both 
these site s will b e  eligible for the National R e g i s ter . 

T h e  three b uildi n g s  t h a t  we a n ticipate will  need eligibility determi
n a tion s  a re h ig h ly u ncertain relative to the Department of 
I nte rior ' s  criteria and g u ideli nes . Your a ttention i s  directed to 
Enclo s u re 3 .  of this lette r ,  that provides some prelimin a ry informa
tion a n d  p hotog raphs of t he Gingrich Hous e ,  the Fort Martin School 
a n d  t he Fort Martin C h u rc h ; a n d  to the D raft E nvironmental I mpact 
Statement for SRC I I ,  Section 3 . 2 . 4 . 5 .  and App endix U .  
( Enclo sure 4 . ) .  We have been advised that a more detailed h i s 
toric al investi g ation i s  n e e d e d  t o  p roperly document an elig ibility 
dete rmination for these propertie s ;  a n d  w e  a re c u rrently seeking 
the s ervice s  of a n  h i s torical con sultant familiar with t h i s  a rea of 
West Virg i n i a  to accompli s h  this t a s k .  Howeve r ,  we request that 
you review the i n forma tion w e  have p rovided on these p ropertie s to 
determine if enou g h  information m i g ht be available to s upport a 
determ i nation , p a rticularly a finding that the p ropertie s a re not 
eligible.  

B a s e d  on recent  discus s io n s  with memb e r s  of your staff,  the staff 
to the Advisory Cou ncil on Historic Preservation , and p e r sonnel 
w i t h  the West Virginia Department of Cu lture and H i s tory ; w e  have 
concluded that , despite some rel atively complex matters to be 
resolved reg arding mitig ation of potential adverse impacts , there 
do not appear to be a n y  s erious i mpediments to the s u b st antive 
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resolution of all i s sues of concern for i nclusion in the Final 
E nv ironmental l m p act Statement for SRC 1 1 ,  or to otherwise i mpede 
the SRC I I  p roject schedule a s  cu rrently p lanned . W e  apprec i ate 
the cooperation you r staff h a s  extended to u s  in con sideration of 
these m atters . 

I f  you have questions or need additional i nform ation , please 
contact J ake Alexander of ORO ' s Environmental P rotection B ranch , 
FrS 626-0849 ,  or commerical Area Code 615/576-0849 ; or 
J ames A. R eafsnyd e r , Researc h  and D evelopment Manager for the 
SRC p roj ects , Frs 626-2429 , o r  commercial Area Code 615/576-2429 . 

MS-331 : J KA 

Enclosures 

CC w/encls : 
M r .  Cla rence Moran , WV/SHPO 

S incerely , 

J .  F .  Pea rson , J r .  
A s sistant Manager for 
Solvent Refi ned Coal P rojects 
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1 .  Gingrich House 

The Gingrich House a n d  t he a s sociated comp lex of buildings 
atte s t s  to  the s u b stantial prospe rity atta i n a b le by the Fort 
M a rtin farm i n g  residents of the late n ineteenth century . 
T h e  house i s  an eclec t ic mixture of Victoria n-era elements . 
T h e  m a n s a rd-roofed center tower is the most outstanding 
feat u re a n d  i s  a statement of s tron g vernacular interpreta
tion in a rc h itecture . The b uilding is i n  excellent condition . 

The house is located on the e a s t  side of Fort M a rtin Road 
( State Route 5 3 ) , 0 . 95 miles south of the Penn sylva n i a/We s t  
Virginia borde r ,  R u r a l  Route 1 ,  Box 109 , Maidsville , West  
Virginia , Zip Code 26541 . The house a n d  a l l  s urrounding 
property will  be own e d  by the D ep artment of Energy during 
the D emo n s tr ation Phase of t he SRC I I p roject . 

G I NG R I C H  HOUSE 
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2 .  Fort Martin School 

The present Fort Martin School w a s  b u i l t  in 1898 at a cost 
of $590 , and u tilizes the foundation of an earlier s u b scrip
tion school that predate d the establishment of the Cou n ty 
School System in 1863 . Grades 1 through 8 attended this one 
room school u ntil the early 1940 ' s ,  a n d  Grades 1 through 6 
a ttended until the school clo sed in the mid-1960 ' s .  The 
building i s  now used by the Monon g a l i a  Cou nty School 
Sy s te m  a s  a comm u n ity meeti n g  place . 

The a rchitecture i s  of t he "one-room-schoolhou s e "  vernacul a r  
a n d  i s  a rare specime n  o f  t h i s  rap idly v a n i s h i n g  cultural 
s tyle . T he b uilding will remain the p roperty of the Cou nty 
throug h  the D emon s tration P ha s e  of the SRC I I p roject . I t  
i s  loc ate d on t h e  we s t  side of Fort Martin Road ( State 
Route 53 ) 1 . 08 miles south of the P e n n sylvan ia/We s t  
Virginia border . 

FORT MART I N  SCHOOL 
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T he present c hu rc h  w a s  b uilt i n  1910 a n d  i s  the third b ui l d
i n g  of this congreg ation whic h  w a s  founded i n  1778-1784 , 
m a k i n g  it one of the earliest formal reli g ious org anizations 
west of the Alleg hanys . T he reknowned Methodist itinerant 
b i s hop , Francis As b ury , met with the Fort Martin con grega
tion on several occ a sion s a n d  recorded these m eeti n g s  i n  
h i s  journal . T h i s  b uilding and the School create t h e  e s 
s e n c e  of the Fort M a rtin communit y .  While t h e  b uilding 
itself i s  not outstanding architecturally , the u s e  of brick 
for con struction i s  found i n  only one other b uilding i n  the 
area . 

T h e  c h urch is loc ated on the e a st side of Fort Martin Road 
( State Route 53 ) 0 . 57 miles south of t he Pennsylvania/We st 
Virginia borde r .  The c h urch and g rou n d s  will remain the 
p rope rty of t he church trustees during t he Demon stration 
Phase of the P roject . 

FORT MA R T I N  CHURCH 
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DRAFT 

ME MORAN DU M OF A GREEMENT 

WHE RE AS ,  the Depa rtment of Ene rgy ( DOE ) propo s e s  to build 
and ope rate a Solve nt Refined C o al (SRC - ll )  demonst ration plant on 
the Mo nongah ela Rive r at Fo rt Martin , Monongalia C ounty, W e s t  
Vir ginia; and, 

WHERE AS , th e Depa rtment of Ene r gy, in c on s ultation wit.'l the 
W e s t  Vi rginia State His to ric P r e s e rvation Offi c e r  (SHP O ) ,  has 
dete rrrined that this  undertaking as propo s e d  would have an adve r s e  

effe c t  upon B e ldina' s B ottom A r ch eological Site , th e Fo rt Martin 
A rcheological Site , the Van Voo rhis Farm A rche ological Site , the 
Gingrich Hous e ,  and the F o rt Martin Schoo l / C ommunity Cent e r ,  

p r ope rtie s eligib le for the National Re g i s te r of  Historic Plac e s ;  and ,  

WHERE A S ,  purs uant t o  S e c tion 1 0 6  of  the National Historic 
P re s e rvation Act of 19 6 6  (16  U . S .  C.  S e c .  4 7 0f, a s  amende d ,  90 Stat. 
1 3 2 0 )  and Se ction 8 0 0 .  4 ( d )  of the re gulations of the A dvi s ory C ouncil 
on Histo ric Pre s e rvati on (Council ) ,  " P rote ction of  Histo ric and 
Cultu ral Prope rtie s "  ( 3 6  C FR Part 8 0 0 ) ,  DOE has requested the 
c omments of the Council;  and ,  

WHE REAS , pur s uant to S e c tion 8 0 0 . 6 of  the C ouncil ' g  regulations , 
r e p r e s e ntative s of the Counc il, DOE , and the We s t  Virginia SHPO 
h ave cons ulted and reviewed the unde rtaking to consider feasible and 
prudent alt e rnatives to avoid o r  s atis facto rily mitigate the adve r s e  
effe ct;  and, 

:r .. (.. . 
WHE RE AS , S olvent Refine d  C o a l  Inte rnati o nal

)�a s  invite d and 
pa rti c ipate d in the c ons ultati on proc e s s ;  

NOW, T HE R LF ORE, i t  i s  mutually a g r e e d  that th e undertaking 
will be implemente d in accordance with the fo llo wing stipulations to 
s atis facto rily mitig ate adve r s e  effe cts on th e above - me ntione d 
pr ope rtie s .  
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Stipulati o n s  

DOE will e n s u r e  that t h e  follo wing me a s u r e s a r e  c a r r i e d  out. 

A. A r ch e o l o g y  

1 .  P r i o r  to initi atio n o f  a n y  con s truction ac tivitie s which c ould 
affe ct the a r c h e o l o g i c a l  s i te s ,  a dat 3. r e c ove ry p ro g r am fo r th e 
B e ldina ' s  B o ttom (46 Mg 7 5 ) , Van V o o rhi s Farm ( 4 6  Mg 7 7 ) ,  and 
F o rt Martin (46 Mg 72 ) a r c h e ol o g i c al s i t e s  will be d e v e l op e d  and 
c a r r i e d  out in a c c o r danc e with the C ouncil ' s  " R e c omme ndati o n s  
f o r  A rc h e o lo g i c al Data R e c o v e r y  P r o g rams " (A r c h e o lo gi c al 
R e c orn.rn e n dation s ) ( A  ttachment 1 ) .  

2 .  Data r e c o ve ry p lans fo r the th r e e  a rc h e o l o g i c al s ite s will d e v e l o p e d  
c ons i s te nt with t h e  C ouncil ' s  A r c h e o l o g i c al Re c omme ndati o n s . B efo r e  
imp le m e ntin g t.l-,e plan s , D O E  will s ub mit th e m  t o  t h e  C oun c il and 
th e W e s t  V i r g in i a  S H P O  for r e vi e w  in ac c o r da n c e  wi th th e Exe c u ti ve 
Dire c to r ' s  " Policy for R e vi e w  of P ro p o s al s  fo r A r c h e o l o gi c al Data 
R e c o v e r y "  ( Attac hment 2 ) . S hould n e i th e r  the Council n o r  th e 
W e s t  V i r g inia S H P O  obj e c t  with i.n 3 0  days afte r r e c e ipt of the plans , 
DOE will e n s u r e  that the plan s a r e  ilnple me nte d;  if e ith e r  party 
obj e c t s ,  DOE will c ons ult wi th the W e s t  Vir ginia S H P O  and th e C ouncil 
i n  an effo rt to r e s olve the obj e c ti o n s . 

3 .  All a r c h e o l o g i c a l  wo rk c a l l e d  fo r in Stip ulations 1 and 2 ab ove will 
b e  c o n duc t e d  und e r  th e d i r e c t  s up e rvi s i o n  of an a r c h e o l o6i s t  o r  
a r c h eo l o g i s ts wh o me e t ,  a t  a minimum, the ap p r o p riate qualifi c ations 
s e t  fo rt}:. in 36 C F R  P a rt 1210 (forITl e rly 36 C F R  Part 6 6 ), Appen dix C 
( A ttachment 3 ) , and wh o have app rop riate knowle d g e  and exp e ri e n c e  
in r e le vant p r ehi s to ric o r  h i s to ric a r che o l o g i c al w o r k .  

4 .  A l l  a r c h e o lo g i c a l  m a t e  rials , along with f i e  Id n o t e  s ,  maps , d ra wing s ,  a n d  
ph oto g r aphi c  r e c o r d s , wi ll b e  curate d a t  a s uitab l e  r e p o s ito ry a g r e e d  
upon by the W e s t  V i r ginia S H PO and DOE .  Mate rial r e c o v e r e d  unde r 
thi s  Ag r e eITl e n t  and not initially s to re d  w ithin the State of W e s t  V i r g in i a  
m a y  b e  r e c al l e d  for c uration within th e S tate of W e s t  V i r g inia a t  such 
time as adequate fa c ili ti e s  are made availab l e .  DOE will have 
ac c e s s  to all a r c h e o l o g i c a l  mate rials re c o v e r e d  a s  part of thi s  p ro j e c t  
fo r pub lic di s play purpo s e s ,  a n d  will e n s ure th at a l l  s u c h  ITlate rials 
are made availab l e  for futu r e  r e s e a r c h  by qualifi e d  s ch o l a r s  and 
student s . 

5 .  C op i e s  of th e fin al r e p o rts o f  a rch e o lo g i c a l  Q "3. ta r e c ove ry wi ll  b e  
s uppli e d  t o  th e W e s t  V i rginia S H P O  a n d  t h e  C ouncil.  A b ri e f ,  n o n 
te chnic a l  a c c ount o f  th e r e s ults of t h e  a r c he o l o g i c al work will b e  
p r o vide d t o  D O E  a n d  S o lvent Re fine d  C oal Inte rnati o n a l ,  In c . , fo r 
lo c a l  pub lic d i s s e mination at the p l ant info rITlation c e nte r .  In 
a d dition, a c opy of any fin al te chni c a l  r e po rt will be furnish e d  to 
Inte rage n c y  A r c h e o l o g i c a l  S e rvi c e s  ( H e ritag e C on s e rvation and 
Re c r e ation S e rvic e ,  De p a rtm e n t  of the Inte rio r ,  W a s h i n l? t o n ,  D. C. 2 0 2 4 3 \ ,  
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fo r pos sible submis s ion to the N ational T e c hnical Information 
Se rvic e (NTIS).  Any p r e c i s e  10cationa1 data should appear in a 
s e parate appe ndix and may b e  withheld from N TIS pub li cation 
pu r s uant to S e ction 11 of  the Gene ral Autho ritie s A ct of 1 9 7 0 ,  as 
amende d ( P .  L .  9 4 - 4 5 8 ) .  

B .  H i s to ri c  Structu r e s  

1 .  DOE will relocate the Fo rt Martin Schoo l / C ommunity C ente r from 

its p r e s ent loc ation to a loc ation a g r e e d  upon b y  the West Vi rginia 
SHPO and DOE. 

2 .  P rio r t o  moving the F o rt Martin School/ Community C e nte r ,  DOE 
will ensure that it is properly reco rded s o  that the re will be a 
pe rmanent r e c o r d  of it s exi s tence at that loc ation. DOE will fi r s t  
CO!1tact the Natio nal A r chitectural and Engine e rin g  Re c o rd (NAE R )  
( H e rita g e  Cons e r vation an d  Rec reation S e rvic e ,  Departme nt o f  the 
Inte rio r ,  Washington, D. C .  2 0 2 4 3 ,  2 0 2 - 34 3 - 6 217 ) to dete rmine the 
level  of  docwne ntation required.  All docwnentation mu st be acc epted 

by NAER before the reloc ation. 

3. P rio r to the buildin g ' s  reloc ation,  th e SHPO will b e  give n an 
oppo rtunity to review and concur in th e s ite to which th e building 
will be move d and the p r o c e du r e s  by whi ch the move will b e  
ac compli s h e d .  

4. Within 3 0  day s  afte r the relo cation of th e Scho o l / C ommunity C ente r ,  DOE 
will p r ovide the SHPO with any docwnentati o n  he may r equire 
c o nc e rning the c o ndition of  th e building on its new site s o  that the 
SHPO may no tify the National Regi ste r of the s tatus of the prope rty. 

5 .  T h e  S H PO wi ll,  within 9 0  days afte r the relocation of the Sch o o l /  
Community Cente r ,  no tify th e Nati onal Registe r of th e r elocatio n 
and p rovide th e R e gi s t e r  with his opinion , and suppo rting docwnent a 
tion, on wh eth e r  the prope rty is still eligible f o r  t h e  National R e g i s te r .  

6 .  The Ging rich Hou s e  will b e  adapte d f o r  reus e by DOE in i t s  p r e s ent 
location.  A ny renovation, alte r ation, or rehabilitation of the Ging rich 
Hou s e  will be unde rtaken in acco rdanc e with the S e c retary of the 
Inte rio r ' s  "Standards fo r Rehabilitatio n" (Standards ) (Attachment 4 ) .  
Application o f  the Stan da r ds will b e  done i n  cons ultation with the 
W e s t  Vi r ginia SHPO. 

7.  If the wo rk to b e  done c annot b e  c ar ri e d  out in acco rdance with the 
Standa rd s ,  the p lans fo r the Ging rich Hou s e  will b e  submitted,  at the 
de sign development stage , to the W e s t  Vir ginia SHPO fo r review 
an d comment. If ,  afte r r evi ew of the plans , th e We s t  Virginia SHPO 
is of the opinion that the reuse will  adve r s ely affe ct the Gingr ich 
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Hous e ,  DOE will r e que s t  the fur th e r  comments of th e C ouncil  in 
ac c o rdanc e with S e c ti o n  8 0 0 . 4 ( d )  of  the Coun c il ' s  re gulati on s ,  and 
take no fu rth e r  a c tion until the c omments of th e Council  ,have b e en 
o b tai n e d .  

8 .  DOE will e n s ur e  that th e Fo rt Ma rtin Schoo l / C ommunity C en t e r  

4 

an d the Gin g r ich House a r e  p r e s e rv e d  an d maintaine d  in a c c o rdan c e  with 
th e S e c r e t a ry ' s  S tan da r d s . Any futu r e  s a l e  or tran s fe r  of the 
p r op e rty c o n taining the G i n g ri c h  Hou s e  a nd / o r  the F o rt Martin 
S c h o o l / C ommunity C en t e r  will inc lude p r e s e rvation c o v e nants 
( l Htachrnent 5 )  p r o vi din g fo r the c o ntinue d p r e s e rvation an d maintenance 
of the p ro p e rtie s as a c o n dition of the s a le or transfe r .  

C .  A dditional Stipulati o n s  

1.  F ailure to carry out th e t e rm s  of the l\ g r e e m e nt r equi r e s  that DOE 
again r e qu e s t  the Counc il ' s  c omme nts in a c c o r dan c e  with 3 6  C FR Part 
8 0 0 . If DOE c annot c a r ry out the te rms of the A g r e e me n t ,  it 
s h all not take or s an c tion any action or make any i rr e ve r s ib l e  c ommit 
ment that would r e s u lt in an adve r s e  effe ct � t:1 r e s p e c t  to N ational 
R e gi s t e r or e li gib le p r ope rtie s  cove r e d  b y  the A g r e e me n t  o r  would 
fo r e c l o s e  th e C ounc il ' s  c o n s ide ration of modifi c ations or alte rnativ e s  to 
the S R C - II  Plant and a s s o c ia t e d  faciliti e s th at could avo i d  or mitigate the 
adve r s e  effe c t  until. the c o mmenting p ro c e s s  has b e en c omple t e d .  

2 .  In a c c o rdan c e  with 0lati o n a l  Re g i s t e r P r o c e du r e s  ( 3 6  C FR Part 1202 ) ,  
DOE will fo rw ard docwne ntation c o n c e rning L'1 e  c ondition and 
si g nific anc e  of all li ste d or e li g ib l e  site s to th e K e e p e r  of th e National 
Re g i s t e r  within two y e a r s  followin g th e c omple ti on of data r e c o v e ry 
or alte rations s o  that nominati o n s , bo undary chang e s , o r  e li g ib i lity 
s t atus will be ke pt c u r r ent.  

3.  If any of the s i g nato ri e s  to this A g r e e m e nt dete rmine that th e te rms 
of the A g r e ement c a nnot be met or b e li e v e s  a change is  ne c e s s a ry,  that 
si gnato ry s h a l l  immediate ly r e que s t  the c o n s ul ti n g  p artie s to c o n side r 
an am e n dment or adde ndum to the A g r e e ment. Such an ame ndment o r  
addendum s hall b e  e x e c u t e d  i n  the s ame manne r a s  th e o ri g inal 
A g r e e m e nt .  

4. Within 90 days afte r c a r r yin g out th e te rms of the A g r e ement,  DOE 
sh all p r o vi d e  a w ritt e n  r e p o r t  to all s i gnato rie s to th e A g r eement o n  
th e action s take n  to fulfill th e te rms o f  th e A g r e eme nt. 

( date ) ( date ) 

W e s t  Vi rginia SHPO Exec uti ve Di r e c t o r , .,  CH P 

( date ) (date ) 
C h ai rman , A CJ-:I P  Depa rtme nt of Ene r g y  
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A iTA< HM E.m- \ 

PART I I I  
RECOtfr�NDAT ! ONS FOR ARCHEOLOG I CAL DATA RECOVERY 

The following re commend a t ions are  f o r  a g ency cons id e ra tion in deve loping 
a rcheo l o g i c a l  data recovery operat ions . . They are no t mandatory und e r  the 
autho rity o f  the Nati ona l Historic P re s e rva tion Act and 36 CFR Part 800 , 
but ful l cons ideration o f  them will  facilitate the consultation proce s s . 
They a r �  des igned to b e  con s i s tent with the s tandards o f  the Department o f  
the Inte r i o r ,  i s sued pursuant t o  the Arche o l o g i c a l  and Historic  P r e s e rva tion 
Act of 1 9 7 4  (P . L . 93-29 1 ) , and embodied  in 36  CFR Pa rt 1210 . 3 .  

I .  I d enti fication 

1 .  Data recovery operations should b e  ba sed on an adequate under
s tanding o f  the range o f  a rcheol o g i c a l  p rop e rties subj ect to 
adve r s e  e f f ect , and th e i r  imp o rta nce and nature relative to other 
such p r operties . Acco rdin gly , p l ans f o r  data  recovery s hould b e  
b a s e d  o n  a n  ad equate identification effo rt . 

2 .  Identi f i ca t i o n  s tudies should b e  conducted i n  a ma�er cons i s tent 
with 36  crR Part 1 2 1 0 , Appendix B ,  and with the recommend a t ions 
of the S t a te His t o r i c  P r e s e rvati o n  O f fice r .  I f  s tandards and 
guidelines for identi fica tion have been adopted as  p a rt of the 
S t a t e  His t o r i c  P r e s e rvation Plan , the ident i f i cation effo rt 
s hould be cons is tent with them . 

3 .  Agencies  s hould us e "The Archeolo g i c a l  Survey : Methods and Uses"  
( GPO S t o ck �o . 024- 0 16 - 00 9 1 - 9 ) , " Guidel ines f o r  Lo cal Surveys : A 
B a s i s  f o r  P r e s e rvat ion Pla�ing" (GPO S tock No . 0 2 4 - 0 1 6 - 00 0 8 9 - 7 ) ,  
and relevant State , regional , and local  litera ture f9r general 
guidelines . 

I I . Qua l i  f i e d  SUDe rv is ion 

1 .  Data recover! operations should b e  conducted und e r  the s upervis ion 
of qua lified p r o f e s s iona l s  in the d i s cip l ines app rop riate to the 
data that a re to be recovered . Minimum qua l i f i cations commonly 
required f o r  p ro fe s s iona l s  are s e t  forth in 36 CFR P a r t  1 2 1 0 ,  
App endix C .  Fo r s up e rv i s ion o f  most p ro j ects , App end ix C qua l i f i 
cat ions should b e  ta ken a s  a minimum . T h e  a gency should develop 
additional qua l i f i ca tions �or sup e rv i s i o n  of the p a rticula r  
p roj e c t . 

In some ca s e s , i t  may b e  app rop r i a t e  to s e l e c t  a sup e rv i s o r  whos e  
qua l i f i ca t ions d i f f e r  from tho s e  g iven i n  36  CFR P a rt 1 2 1 0 , 
App endix C .  In such ca s e s , the qua l �fications should b e  speci fied  
by the  a gency in p roj ect do cuments , t o g e the r with the  ra tionale 
f o r  the i r  s e lection . 

2 .  A data recovery operation sho uld b e  d i recte:  b y  � P r incipal 
Investigato r ,  who s e  ba ckg round and pe rfo rmance demons trate s : 

A .  a n  und e r s tanding o f  the res ea rch va lue o f  the p roperty ,  as 
specified  in lo cation and identi fication s tud i e s , 
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do cumenta t i o n  f o r  d e t e rmina t i o n  o f  e l i g ib i l i ty o r  nomination 
t o  the Na t i o n a l  R e g i s t e r , and / o r  o t h e r  r e l evant d o cuments ; 

B .  fami l i a r i ty �ith p re v i o u s  re l evant r e s e a r c h ,  i n c l uding 
r e s e a r c h  i n  the vi c i n i ty . o f  the p r op o s ed u n d e rta king and 
r e s e a r c h  o n  top i cs g e rm a ne to the data r e c o v e ry p ro g r a m  
r e ga r d l e s s  o f  whe r e  s u ch r e s e a r c h  ha s b e e n  ca r r i e d  o u t ;  

C .  comp e t ence t o  a d d r e s s  r e s ea r c h  p rob lems p e rtinent t o  the 
data t o  b e  r e cove r e d , ta king into a c count the i d en t i f i e d  
r e s e a r ch v a l u e  o f  the p rope rty a n d  o th e r  r e l evant re s e a rch 
and gene r a l  theo ry in the s o c i a l  and n a tu r a l  s ciences and 
humani t i e s . 

D .  r e s p o n s ivene s s  t o  the n e e d  t o  r e c o v e r  a u s ab l e  s ample o f  
d a ta o n  the maj o r  r e s e a r ch p r o b l ems that r e f l e c t  the p roperty ' s 
r e s e a rch va l u e , and a s en s i tiv i ty to o t3 e r  v a l u a b l e  r e s earch 
p r o b l ems tha t may b e come app a r e n t  duri�g the p roj ect . 

E .  c om p e t e n c e  in the meth o d s  a n d  t e �2 � i q u e s  n e c e s s a ry t o  recover 
the p e r t i n e n t  d a t a  c o n t a i n e d  i n  t � e  p rop e r ty , o r  in s up e rv i s ing 
s ta f f  or c o n s u l t a nts �ith s u ch cOffip e t e nc e . 

I I I .  R e l a t i o n  to S t a t e  H i s to r i c  P r e s e rv a t i o n  P l a n  a n d  O t � e r  P l a n s  

1 .  W"h e re a S t a t e  :l i s to r i c  P r e s e rv a t i o n  P l a n ,  d e v e l o p e d  b y  the S t a t e  
H i s t o r i c  P r e s e rva t i o n  O f f i c e r  and a pp r oved b y  the S e c r e ta ry o f  
t h e  I n t e r i o r , d e ta i l s  a p p r o v e d  m e t� o c s  f o r  G a t a  r e c o v e �f f r O D  
a r cheo l o g i c a l  p r o p e r t i e s , a g en cy d a t a  t e c ov e ry p r o g raos s h o ul d  
t a ke the s e  m e tho d s  into a c c o un t . 

2 .  wn e r e  r e g i o n a l  o r  l o c a l  p l a n s , deve l op e d  by t h e  SHPO , p r o f e s s i o n a l  
o r g a n i z a t ions , l o c a l  gover�ent , o r  o t h e r s  d e t a i l  rec o�end e d  
metho d s  f o r  d a t a  r e c overy f r om a r c h e o l o g i c a l  p r op e rt i e s , a g ency 
d a t a  r e c ov e ry p ro g r a m s  s h o u l d  take the s e  m e tho d s  into a cc o un t .  

I V .  Da ta R e c o v e rv  P l a n  

1 .  E v e ry d a t a  r e c o v e ry o p e r a t i o n  s ho u l d  b e  condu cted in a c c o r dance 
with a d a ta r e c o v e ry p l a n . The plan s h o u l d  b e  d e s i g n e d  to e n s u r e  
tha t the ope r a t i on a d d r e s s e s  l e g i t im a t e  r e s ea r ch q u e s t i ons , tha t  
i t  p r o d u c e s  us e ful r e s u l t s , tha t i t  i s  c o n d u c t e d  e f f i c i en �ly , and 
tha t it p r o d u c e s  the m a x imum d i r e c t  and ind i r e c t  bene f i t  to tue 
pub l i c  f o r  the l e a s t  c o s t .  Gene r a l ly s p e a kin g , a d a t a  r e c o v e ry 
p l a n  s hould i n c l u d e  the f o l lowing e l ements : 

A .  S p e c i f i c a t i o n  o f  p r o p e rt i e s  to b e  s tu d i e d  a n d  n o t  s tu d i e d  
w i thin the env i r o�ent a l  imp a c t  a r e a  o f  the und e r ta k i n g . A 
ra t i o n a l e  s ho u l d  b e  p r o v i d e d  i f  i t  is p r o p o s e d  not to s tudy 
any p r o p e r ty inc l u d e d  in or e l i g i b l e  for in c l u s i o n  in the 
N a t i ona l R e g i s t e r  that i s  subj e ct t o  a dv e r s e  e f f e� t .  

B .  D e v e l o c m e n t  o f  r e s e a r c h  Q u e s t i o n s , tho s e  que s ti o n s  o f  s c i e n t i f i c  
o r  humani s t i c  c o n c e rn w h i ch a r e  expe c t e d  t o  b e  answe r e d , 
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p a rt i a lly ans�e red , o r  a t  l e a s t  elucida ted through the work 
p ropo s e d , such as  

( 1 )  ques t i o ns o f  reco gni zab l e  impo rtance to s c ience ( c f .  
Appendix A) , and 

(2) ques tions of humani s t i c  int e re s t ,  o r  inte r e s t  to a 
l o c a l  community , o r  o f  d e fined l o c a l  hi s to rical  va lue 
( c f .  Appendix B ) . 

I n  mo s t  a r e a s  of the United S tates , enough is known o f  
h i s to ry and p rehis t o ry  t o  es tablish a t  l e a s t  s ome b a s ic 
r e s ea r ch que s tions . The refo r e , a p l an tha t p roposes  data 
re cove ry b e caus e " l ittle is kno�n o f  the history o r  p rehi story 
of  the  a r e a , "  without s ettin g fo rth more exp l i cit resea rch 
questions , s hould b e  treated �ith cauti o n .  Such und i r e cted 
p l ans p .ovide l i tt l e  b a s i s  f o r  conducting resea rch , may 
re sult only in the a c cumul a t i on of useles s ,  t rivi a l , o r  
repe titive info rmation , and a re s ometimes o nly ma s ks f o r  the 
i gnora n c e  of the p a rties  p r epa ring the p lan . The re are , o f  
cours e , s ome areas , and s ome time p e riods i n  history and 
p rehi s t o ry ,  for \o.'hich this is not the ca s e . 

C .  E s tab l i s �ent o f  study top i c s , sp ringing f rom the r e s e a r ch 
que stions . The s e  a re the sp e c i fi c  topics  to b e  addre s s e d  i n  
t h e  s tudy a r e a . F o r  examp l e , i f  the r e s e a rch qu e s tion is : 
"I.roy \o.'as  a g r i cu l ture adopte d ? "  a s tudy t o p i c  might b e : 
"I.-nen , and in \.Ina t cuI tura 1 c o ntext , did a g ricul ture appea r  
in the s tudy a r e a ? " 

D .  E s tab l i s ��ent o f  s tudy p ri o r i t i e s . I t  is not neces s a ry ,  and 
i s  o f t e n  counte=pro ductive , to give the s ame level of effort 
to a l l  s tudy top i c s . The plan should c o n s i d e r  a l l  s tudy 
topics  but s hould e s tablish and j us t i fy p riorities  fo r their 
i nves tigatio n .  

E .  D e f ini t i o n  o f  data n e e d s . The p l a ns should i d e ntify the 
d a ta needed to a d d r e s s  each top i c  s e lected for s tudy . 

F .  D e s c ription o f  methods to b e  emp loyed i n  fie ld� o rk and 
analYS is , in s e e king the needed data . Methods should be 
j us t i fied i n  ter.r.s of the data sought or exp ec ted , but �ith 
r e c o gniti o n  o f  the f a c t  that unexp e ct e d  imp o rtant data may 
emerge during field�ork or analys i s  a nd need to b e  addre s s e d .  
A s  a ru l e , the f a s t e s t ,  lea s t  expens ive ava ilable metho d s  
s hould b e  us e d , p rovided.  they a�e e f fective in recovering 
the d a ta s ou ght or expecte d ,  and p rovided they do not  des troy 
p roperties  o r  data tha t o the rwise  could be p re s e rved in 
p l a c e . 

2 .  The d a ta recovery p l a n  s hould be d eveloped and revie\o.'ed by the 
a g ency , the SHPO , and whe r e  neede d ,  the Counc i l ,  Intera gency 
A r c h e o l o g i c a l  S e rv i c e s , and others , b e f o re data re covery opera tions 
a r e  b e gun . 
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V .  S ta f f ,  f a c il i tie s ,  eq uipment , and consultants 

1 .  A data recovery p r o g ram should p rovide f o r  adequa te p e rsonne l , 
facilities , and equipment to fully imp lement the data recovery 
plan.  

2 .  A data recov ery p rog ram should provide for adequate consultation 
with s cholars  who s e  re s e a rch inte rests  would enable them to 
contribute to the p ro g ram . 

VI . Methods : B a s i c  Standards 

1 .  Regardl e s s  o f  the resea rch topics b e ing addres s e d , a data re covery 
p r o g ram should emp loy methods that will ensure ful l ,  clea r ,  and 
a c curate des criptions of  a l l  field opera ti ons a nd obs e rvations . 
F o r  example , excavation techniques , rec o rding methods , stratigraphic 
and a s s o c iationa l  rela tionship s ,  env i ronmenta l relati onship s ,  and 
analytic te chni qes s hould b e  describ e d , ins ofa r as  i s  fea s ib l e ,  
i n  s u ch a way a s  to a l low future res earchers to recons truct what 
was done , what was ob s e rved , and why . 

2 .  T o  the ext ent fea s ible , the methods s hould take into a c count the 
p o s s ib i l ity that future resea rche:s will need to use the recovered 
data to add:e s s  p r oblems , not recognized at the time the data 
,"'ere recove red . 

3 .  I f  p o rtions o r  e l ements o f  the p rop e r :y under investi gation can  
be p r e s e rved in  place , the d a ta recovery prog ram should emp loy 
method s tha t will leav e those portions  o r  elements o f  the p roperty 
in p la c e . Des tructive methods should not  be app l i ed to s uch 
p o rtions or elem ents i f  nondes tructive m�tho ds are p ra cti ca l .  

4 .  Where architectural cha racte ris tics a : e  recorded , such  reco rding 
should be cons i s tent with the s tandards pub l i s hed by the National 
Archite ctura l and Engineering Record (NAIR) . Up da ted gUidelines 
f o r  recording a r chite c tura l and eng ineering data may be ob ta ined 
from the D i recto r ,  Her itage Cons e rva tion and Recreation S e rv i ce , 
or Executive Order Co nsultant for NAIR . 

5 .  To the extent fea s ib l e  within the d a ta recove ry p l a n ,  d a ta s hould 
be reco rded i n  a mann e r  comp a tib le with tho s e  sys tems utilized by 
the State H i s toric  Pre s e rvation O f f i c e r  and by S ta te and Fede r a l  
a genc i e s  that s t ore and uti lize arche o l o g ical  data , s o  tha t  they 
can have maximum app licabil ity to future s tud i es and p l anning 
e f forts . 

6 .  The data recovery p r o g ram s hould inc lude b o th field operations 
and p o s t- fie ldword analy s i s  suffici ent to address  the research 
top i c s . 
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VI I .  Pub l i c  Participa tion 

1 .  To the extent fea s ib l e , a data recovery p ro g ram should p rovide 
for public p a rti cip a tion , through a rrangements for public  inspec
tion  o f  the Ioiork  in p rogres s ,  .the use  o f  volunteers , cooperatioll 
with l o cal  educational programs , e tc .  

2 .  A data  recove ry p ro gram s hould provide a means b y  Ioihich the 
pub l i c  can be informed of the program and its results , b e fo r e ,  
durin g ,  and / o r a t  the conclusion o f  the p rogram. 

VIII . Cos t  Minimization 

1 .  In developing a data recovery p ro gram , a gencies shoul d  consider 
methods to minimiz e  costs . Examp l e s  o f  cost minimization methods 
include :  

A .  inves tment i n  full p r e - fi e ldwork a n a lys is  o f  p e rtinent 
ava i l ab l e  data , to avoid spending time and money in the 
field gathering data  to answe r que s tions tha t a re al ready 
anslolerab l e ; 

B .  sharing o f  personnel and fa c i lities among p roj ects and 
a g encies ; 

C .  us e o f  vo lunteers and traine e s  unde r  app rop riate s up e rvision j 

D .  app rop riate  u s e  o f  mechanized equipment and advanced technology 
(Experimentation loIith p o tentially cost-e ffe cient methods o f  
d i s covery ,  recovery ,  and proces s ing o f  data i s  encoura ged),  
and 

E .  u s e  of methods  to avo id l ate o r  acci denta l d i s coveries  tha t 
could cause  cos tly cons truction delays . (Fo r examp l e , IoIhere 
construction wil l d e s troy an a rcheo logica l site , the l a s t  
stage  o f  data recovery s hould be to destroy t h e  s i t e  under 
a rcheolo gical s up ervi s ion  b e f o re construction begins ) . 

2 .  Seeking to minimize  co s ts by s e l e c t ing  contracto rs on the b a s i s  
o f  bid  is gene rally no t encourage i ;  experience shows that thi s 
?ractice  tends to produce sub s tandard results . HOloleve r ,  in cases  
where  deta iled  data recovery p lans have been developed in advance 
o f  s o l iciting propos a l s , and suffici ent control is exe r c i s e d  to 
ensure receip t o f  techni ca lly comp a rable  propo s als , all  a g ency 
might find this p ra ctice u s e ful . Agenc i e s  s hould consider 36 CFR 
Pa rt i 2 I 0 ,  Appendix D ,  when p �epa ring to p ro cure s�rvi ces for 
data recovery operations . 

IX . Repo rts and data management 

1 .  In o rd e r  fo r re cove red data to be u s e ful , they mus t  be made 
ava i l able  to s cho lars  and planners in us a b l e  forms . Gene rally 
speaking , the fo l lololing products � o ther thao  phys ical  specimens ) 
a re expected f rom a da ta recove ry opera tion:  
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A .  a rep o rt o r  rep o rt s  that describes  the op eration and its  
results , with reference to the r e s earch topics  addressed  by 
th'e operation j 

B .  digeste d  data  in the form o f  tabl e s , cha r t s , graphs , computer 
s o ftwa re , et c . ; 

c .  r a w  d a t a  in the form o f  field note s , p ho to g r aphs , magnetic 
tap e s , et c . ; and , 

D .  s cholarly and other articl es utili zin g  the results o f  the 
wo rk for  analytic  or pub l iC- interpretive purpo s e s . 

2 .  A l l  data recovery p r oj ects should result in a rep o rt o r  rep orts 
containing the reas ons for  the p roj ect , the data recovery p lan , 
the methods emp l oyed in both field work and analys is , the data 
recove red , ob s e rvations ma d e , ins i g hts ga ined , and a pres entation 
of pertinent data . The rep o r t  should meet contemp o r a ry p r o fe s s i onal 
s tanda rds , and s hould be p r epa red in acc ordance w ith the f o rma t  
s tandards s e t  fo rth i n  36  C FR  Part 12 10 , Append ix A .  

P rovision should b e  �ade f o r  d i s s emina ting the rep o r t . A t  a 
minimum , two copies  o f  the rep o rt must  be p rOVided to the Depa rtment 
o f  the Interior  pursuant to P . L .  9 3 - 2 9 1 , Section 3 ( a ) , and 36  CFR 
P a r t  1 2 1 0 . 5 .  In a d d i t io n ,  a gencies are enc oura ged to dis seminate 
rep o rts to the wid e s t  p o s s ib l e  audi ence . App ropriate meth o d s  o f  
d i s sem ination include , but a re not l imited to , pub l ication in 
s ch o l a r ly j o urna ls , mono g r a phs , popula r a r t i c l e s , b o o ks , a nd the 
Natic�al  Tec�iical  In:o�ation Servic e , and p r e s entation o f  
p apers  a t  s cho l a rly Conference . Agencies  s ho u l d  p r ovide a copy 
o f  each  rep o r t  to the S t a te Histo r i c  Preserva t ion Of ficer and 
other approp r i a t e  a r chives a nd res e a rch libra r ies . 

. 3 .  D i g e s ted data should be s t o r ed in a maoner tha t  makes them readily 
retrieva b l e  for  further s tudy and a na ly s i s . Use of modern sys t ems 
o f  info rma tion storage  and ret rieva l i s  encoura ge d .  Such sys tems 
shoul d  be a s  comp a t ible as p o s s ib l e  with tho s e  used by the SH?O 
a nd other a gencies and inst itutions with p o tential u s e s  for the 
d a ta . 

4 .  Raw data should b e  s t o red in a maon e r  tha t ensures the ir long-term 
ma inte nance and a v a i l a b i l i ty , usua l ly in an app rop riate res earch 
ins titution ( c f . 36  CFR Sec . 1210 . 4 ) . 

5 .  Al though a g enc i e s  a r e  not neces s a r i ly respons ib l e  fo r deve lop ing 
o r  suppo r ting the deve lopmen� of s chola rly analyt ic a rticle s ,  
beyond tho s e  emb o d i ed in the report ( s )  on each data r e cove ry 
op eration its e l f ,  use  o f  recovered data for such purpo s e s  s hould 
b e  encoura ged . 

x .  Curatioo', o f ' Spe cimens 

1 .  A data recovery p ro gram should  include p r ovl s lon for curation 
( c a re , ma intena n c e , and where app l i cable , d is p o s ition) o f  recovered 
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s p e c imens . I n  developing such p .ov�s �ons , the a gency should g ive 
due conside.ation to the s tanda .ds set fo .th in 3 6  CFR Sec . 
1 2 1 0 . 4 ,  and .ecognize a ny comp e t i n g  pub l i c  and p .iva te intere s t s . 

2 .  I n  genera l , a c cept�ble cura t i o n  a r rangements may include , but a r e  
n o t  nece s s a ri ly l imited to : 

A .  p e rmanent s to rage  a t  a regiona l re s e a rch c enter o r  appropriate 
pub l i c  o r  p riva t e  rep o s i to ry meeting the s tandards s e t  forth 
a t  3 6  CFR S e c . 1 2 1 0 . 4 ( a ) ( 1 ) , p rovided r e a s onab l e  a c c e s s  is  
guaranteed for future s tudy ; 

B .  return to p rivate owners  whe r e  p riva te p rop erty rights s o  
requ i re , a f te r  d e s cripti o n , s tudy , and ana lys i s  i n  a c c o rdance 
with the data recovery p l a n  a re comp lete ; 

C .  l o a n  o r  l e a s e  t o  p ub l i c  o r  p r iv a te p a rt i e s , after  des c r ip ti o n ,  
s tudy , and ana lys i s  in a c c o rdance with t h e  d a t a  recove ry 
p la n  a re comp lete , p rovided a c cess  fo r future s tudy and 
p ro p e r. c a r e  of the s p e c imens can be expe c ted , and 

D .  re turn o f  specimens having r e l i g ious o r  cultural s i gnificance 
to p r a ct itioners o f  the r e l i g ion or cul tur a l  institutions in 
que s t i o n , a fter des c r ip tion , s tudy , and analysis in a cco rdance 
with the data recovery p l a n  a re comp le te . 

3 .  Curation o f  human rema ins ( s ke letons , mummi f ied bodies  and b o dy 
p a rts , e tc . ) ,  requi res c a r e ful b a l ancing o f  the nee d s  o f  s c i ence 
and a s ens i tivity to the conce rns of genetic and cultural  descendents 
of the dea d .  wbe re a demonstrable ethnic a ffinity ex i s ts between 
recovered human r ema ins and l iving group s , a l l  reas onab l e  e f forts 
should b e  made to s ee k  out and consult with appropriate rep r e s en
ta tiv e s  o f  s uch g roup s  to d e fine a c c eptable methods of t r e a tment . 
wbere recovery o f  huma n rema ins i s  expected , p r i o r  cons ul t a tion 
w i th s u ch g .oup s , and with cultu.a l anth ropo logists  or o thers 
capab l e  of s e rving a s  s en s i t ive interme diaries  where needed , i s  
s t rongly r e c o�mended . I f  re interment , c remation , o r  o the r dispo s a l  
i s  reque s t e d  tha t  wil l p l a c e  the human rema ins out o f  the reach 
o f  future s cientis ts , d o cumenta tion o f  the rema ins in consultation 
with s p e c i a l i s ts in p hys ica l anth ropology and o ther pe rtinent 
f i e l d s  should be comp leted b e f o re dispo s a l .  Where no a s � o c ia tion 
can b e  determined between recovered human remains a nd l iving 
group s , the rem a i ns s hould be do cumented in a c c o rdance with the 
data recovery p la n ,  and curated in a manner approp r i a te to the 
dignity and respect b e fi tting any dece a s e d  p e rs o n .  

XI . Budgeting 

1 .  At a n  approp r i a te s ta ge in the p r o c e s s  o f  deve lopin g  a data 
recovery plan or p rocuring the ne c e s s a ry contractors � r  s ta ff to 
execute i t ,  the a gency should deve lop or obta in a deta il e d  budg e t , 
and s ubj e ct . i t to c a r e fu l  analys i s . Line items should refer 
c l e a rly to elemen ts o f  the data recovery p la n ,  and s hould be 
j us ti f i e d .  For examp le ,  i f  techni ca l cons ul tants a re bud getted 
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fo r ,  they s h o u l d  b e  tho s e  r e q u i r e d  t o  r e c o v e r  a n d  analyze t h e  
d a t a  t h a t  a r e  n e e d e d  t o  a d d r e s s  the r e s e a r c h  top i c s . E s t imates 
of m a n - h o u r s  r e qu i r e d  fo r s u p e rv i s i o n ,  a dm ini s t ra t i o n ,  f i e ldwo rk , 
a n a l y s i s , s pe c i a l i s t  cons u l t a t i o n ,  a nd o t h e r  a c tivi t i e s  should b e  
d ev e l op e d , t o g e t h e r  w i th f e e  s ch e d u l e s  f o r  the v a r i o u s  typ e s  o f  
p er s onn e l  r e qu i r e d . T i m e  a n d  f e e  s ch e d u l e s  s h o u l d  b e  r ea l i s t i c  
in t e rms o f  p r o j e c t  n e e d s  a n d  l o c a l  cond i t i ons . To m inimi z e  the 
d a n g e r  o f  e s ta b l i s hi n g  b u d g e t a ry " t a r g e t s "  n o t  b a s e d  on a ctual 
n e e d s , the budget should be p r epa r e d  w i thout r e f e r ence to the 1% 
l im i t a t i o n  imp o s e d  b y  S e c . 7 (a )  o f  Pub l i c  Law 9 3 - 2 9 1  o n  d a t a  
r e c o v e ry  funds t r a n s f e r r e d  to t h e  S e c r e t a ry o f  t h e  Interi o r .  
S h o u l d  the b u d g e t  f o r  a p roj e c t  t o  which S e c .  7 ( a )  a p p l i e s  e x c e e d  
1% o f  the t o t a l  c o s t  o f  t h e  unde rta king , the Coun c i l  will a s s i s t  
the a g e n cy a s  p o s s ib le d u r ing the c on s u l ta t ion p r o c e s s  t o  f i nd 
ways to r e d u c e  c o s ts o r  to o b t a i n  a dd i t i o n a l  fundi n g .  

2 .  S uf f i c i e nt funds to s up p o r t  the d a t a  r e c ov e ry p ro g ram sbould b e  
c l e a r ly identi f i e d  b y  the a g e n cy . Shou l d  the r e  b e  a n y  unc e r t a in ty 
a b o ut the a v a i l a b i l i ty o f  fund s , t h i s  s h o u l d  b e  reve a l e d  to the 
C o un c i l  and SH?O so it can be t a ken into a c count d u r i n g  the 
c o n s u l t a t i o n  p ro c e s s . If the a gency anti c ip a t e s  tha t the S e c r e ta ry 
o f  the Inte r i o r  w i l l  fund the p ro g r a m  u n d e r  the autho rity o f  
S e c .  3 (b ) , S e c . 4 ( a ) , o r  S e c . 7 ( c )  o f  Pub l i c  L a w  9 3 - 29 1 ,  the 
a g en cy should d o cument to the Coun c i l  and the Sr�O t h a t  the 
S e cr e ta ry i s  a w a r e  o f  and has a ccep t e d  this r e spo n s ib i l ity . 

XI I .  T r e a tment o f  n o n - a r c he o l o gi c a l c o n c e r�s 

1 .  A d a t a  r e c o v e ry p ro gram s h o u l d  r e l a t e  p o s i tively t o  n o n- a rcheo
l o g i c a l  c o n c e rns with the 3 r e a  a n d  i ts a r cheo l o g i c a l  p rop e r t i e s . 
S u ch c o n c e rns i n c l ude , b u t  a r e  not limi t e d  to : 

A .  R e l i g i ous a n d  o th e r  c u l tu r a l  c o n c e r n s  o f  Na tive Aneri cans 
and / o r  o th e r  d e s c e n d e n t s  o f  the h i s t o r i c  and p r e h i s t o r i c  
p e o p l e  o f  t h e  s tudy a re a ; 

B .  The i n t e r e s t s  o f  l o c a l  commun i t ie s  o r  other g roups in the 
h i s to ry of the a rea ; 

C .  The educa t io n a l  i n t e r e s t s  o f  l o c a l  mu s e um s , a c a d emic i n s ti
tu t i ons , e t c . ; 

D .  The int � � e s ts o f  p r iv a t e  p ro p e rty own e r s  i n  m a in t a i n i n g  the 
i n t e g r i ty of the i r  p ro p e rty r i ght s ; 

E .  tvJ.y a r ch i t e ctura l ,  a r t i s .t i c ,  o r· a e s th e t i c  v a l u e s  tha t may b e  
p r e s ent i n  the p ro p e r ty ;  

F .  Any p a l e o ntolog i ca l , g e o lo g i c a l ,  o r  r e l a t e d  v a l u e s  that may 
be p r e s ent in the p rope rty ;  a n d  

G .  The e nv i r o nme n t a l  int e g r i ty o f  the p rope rty and i ts env i ro n s . 
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X I I I . Flexibil i ty 

1 .  S i tuati ons may a r i s e  o r  d a ta may b e  encountered that �ere not 
anticipated in d e s igning a data re covery p ro gram,  p a rticula rly 
�hen it is conducted on a potentially complex  prope rty ( e . g . , a 
recent town s i t e ; a p rehi s t o r i c  s ite tha t may contain many occup a ti o n  
l ayers , cemete rie s , o r  a rchitectu r a l  rema ins ) .  Adequa te p rovision 
should b e  made  for mod if i c a tion o f  the p ro gram to · cope �ith 
unfo res een dis cov e r i e s  o r  other unexp ected circumstance s .  

2 .  Iooovative app roa ches to data recove ry ,  which a r e  cons tantly 
b eing developed , should be encoura ged as long as the b a s i c  purposes  
o f  data recovery to p reserve s i gnificant �forma tion are  addres s e d .  
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ATTAC J.j MENT 2 

SUPPLWENTARY GUIDANCE 
EXECUTIVE D I RE CTOR ' S  PROCEDURES FOR REVIEW OF PROPOSALS 

FOR TREATMENT OF ARCHEOLOGICAL PROPERTIES 

I .  Introduction 

Und e r  the autho rity o f  36  CFR S e c .  800 . 1 4 ,  the Executive Director o f  the 
Adv i s o ry C o un c i l  on H i s t o r i c  P r e s e rv a t ion is s ue s  the fol lowing s upp lementa ry 
guidanc e , t o  inte rp r e t  e l ements o f  the C ounc i l ' s  regula t i o ns to a s s is t  
Fed era l a g e n c i e s  and S t a t e  H i s to r i c  P r e s erva t ion O f f i c e r s  i n  m e e ting the ir 
responsib i l i ti e s . 

The f o l l o w ing p r o c e d u r e s  will be u s e d  by the Exe cutive D i r e c t o r  of the 
AdV i s o ry C o un c i l  on Hi s to r i c  Pres e rva t i on in rev i ew o f  p ro j e c t s  involv ing 
t r e a tment o f  a rche o l o g i c a l  p r o p e r ti e s . They a r e  b a s ed on the Council ' s  
" P r in C ip l e s  in the T r e a tment o f  A r c h e o l o g i c a l  Prope r t ie s "  (App endix A) . 
They do n o t  amend o r  mQd i fy the dut i e s  of Fed e r a l  a g en c i e s  un d e r  S e c t i o n  
1 0 6  o f  the Na t i o n a l  H i s t o r i c  P re s e rva tion Act a n d  t h e  imp l ementing regula tions 
(36 CFR Part 8 00 ) , but a gency cognizance o f  them will make c o n s u l t a t i o n  
und e r  t h e  r e g u l a t ions e a s i e r . 

A r ch e o l o g i c a l  p rope r t i e s  a re tho s e  p ro p e r t i e s  included in , e l i g ib l e  fo r ,  o r  
p o tenti a l ly e l i g i b l e  for , the Na t i o na l Regi s t e r ,  who s e  s i g n if i can ce l i e s  
who lly o r  p a r tly i n  t h e  a rche o l o g i c a l  d a t a  t h e y  contain . Arche o l o g i ca l 
d a t a  a r e  d a t a  emb o d i e d  in m a t e r i a l  rema ins ( a r t i f a ct s , s t ructure s ,  refus e ,  
e t c . )  ut i l i zed pu'rpo s e lY o r  a c c i d e n t a l l y  b y  human b e ings , i n  the s p a t i a l  
r e l a t i o n s h i p  amo ng s u c h  rema ins , a n d  in t h e  envi ronmenta l context o f  s u ch 
rema ins . A rcheo l o g i c a l  d a t a  i n c lude h i s tori c ,  p rehi s tor i c ,  and s c ient i f i c  
d a t a  a s  d e f in e d  by t h e  Dep a r tment o f  t h e  Int e r i o r  in a cco rdance w ith Pub l i c  
L a w  9 3-29 1 ( c f . 36 CFR P a r t  1 2 10 ) . 

An exp a nd e d  v e r s i o n  o f  t h i s  guidan c e , including d e t a i led re commend a t i ons 
f o r  a g ency us e and s ev e r a l  exp l ana t o ry append i ce s , i s  a v a i l a b l e  from the 
Exe cu t ive D i r e c t o r  unde r  the t i t l e ,  "Tre a tment of A rche o l o g i ca l  Properties . "  

I I . I de n t i f i c a t ion o f  Archeo logica l P rope r t i e s  

1 .  36  CFR S e c . 800 . 4  e s ta b l i s he s  that " i t  i s  the p rima ry respons ib i lity 
of e a c h  Ag ency O f f i c i a l  reque s t in g  C o un c i l  comments to c onduct the app rop r iate 
s t ud i e s  a n d  to p rovide the i n f o nn a t i o n  neces s a ry  for an ade quate review of 
the e f fe c t  a p ro p o s e d  und e r t a k ing may have o n  a N a t i o n a l  R e g i s t e r  o r  e l ig i b l e  
p ro p e r ty ,  a s  w e l l  a s  the info nn a t i o n  n e c e s s a ry fo r a d equa te cons i d e r a t i on 
o f  mod i f i c a ti o ns o r  a l te r a t io n s  to the p ropo s ed und e rtaking tha t could 
avo id , m i t i ga t e , or minimize any a dv e r s e  e f f e c t s . I t  i s  the re spons ib i l i ty 
o f  e a c h  Agency O f f i c i a l  r e qu e s ting c o n s u l t a t i on w i t h  a SF20 unde r  this 
s e c t i o n  t o  p ro v i d e  the inf o rma t i on that i �  n e ce s s a ry  to make an i n f o rm e d  
and r e a s o n a b l e  eva lua t i o n  o f  whe ther a p rop e rty m e e t s  N a t iona l Regi s t e r  
c r i t e r i a  a n d  t o  d e t e rm ine the e f f e c t  o f  a p r o p o s e d  und e r t a k ing on a Na t i o n a l  
R e g i s t e r  o r  e l i g i b l e  p ro p e r ty . "  I d e n t i f i c a t i o n  i s  t h e  o b v i o u s  firs t s tep 
to b e  taken by an Agency i n  d e f ining its r e s p o n s i b i l i t i e s  with r e s p e c t  to 
a rc he o l o g i c a l  and other hi s to ri c  p ro p e rt ie s .  

I n  e v a l u a t i o n  o f  p ropo s a l s  f o r  t r e a tm e n t  o f  a r che o l o g i c a l  p ro p e r t i e s , the 
Exe cu t i v e  D i r e c t o r  may review f i e l d  s u rveys and oth er i d e n t i f i c a t i o n  e ffo rts 
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chat have b e en conducted a s  p a r t  o f  the Agency ' s  planning p ro c es s , to 
determine whethe r :  

A .  the ident i f i c a ti o n  e f fo rt a p p e a r s  t o  b e  cons i s tent with the s ca l e  and 
exp e c t ed imp a c t s  o f  the p ropo s ed p roj e c t ;  

B .  the ident i f i c a t i o n  e ffort appe a rs to b e  conducted a t  a suffi cient 
level o f  inten s i ty i n  rela tion to the numb e r s  and typ e s  of a rche o l o g i ca l  
p roperties exp e cted to o c cur in t h e  a re a s ; and , 

C .  the d a t a  recovery p ro p o s a l  submitted fo r Council cons i deration appears 
c o ns i s tent with the r e s u l t s  of the ident i f i c a t i on effo rt . 

2 .  The Executive D i r e c t o r  w i l l  u s e  36 CFR P a rt 1 2 1 0 , Appendix B ,  as a 
gene r a l  s tandard for reviewing i denti fi c at i o n  effo rts . 

3 .  The Executive D i r e c t o r  w i l l  encoura ge r e c o g n i t : o n  o f  the d i fference 
b e tween " t e s ting" a rche o l o g i ca l s it e s  for identi f i c a tion a nd eva l u a t i o n  and 
e x c a v a t ing them for purp o s e s  of data r e c o v e ry . T e s t ing is u s ua l ly co nducted 
in o rd e r  to a n s w e r  que s t i ons about a n  a r cheo l o g i c a l  s i te ' s  e l i g ib i l i ty for 
the N a t i o n a l  Reg i s te r ,  o r  to ob t a i n  d a ta n e e d e d  to m a k e  d e c i s ions a b o ut how 
to m i t i g a te p roj e c t  impa c t s  on a s i te a l ready de t e rm ined e l i g ib l e  o r  p laced 
on the Re g i s te r .  Such tes ting i s  d i re c t ed toward determining the s i te ' s  
b o undiri e s , the depth o f  its depo s i t s , a nd/ o r  i t s  b a s i c  na ture a nd condit i o n . 
Onl)' a v e ry s m a l l  s a mp Ie 0 f the s i te need be d i s turbed in o r d e r  to make 
s uch dete �ina t io n s . Ex c ava t i o n  f o r  d a t a  r e c o v e ry , on the other hand , i s  
d i rected toward recove r i n g  a s  much o f  the imp o rtant i nfo rmation i n  the s i t e  
a s  p o s s i b l e , g iven t i m e  a n d  o t h e r  c o n s t r a i nt s . U n l i k e  t e s t ing , excavation 
for d a ta re covery i s  seldom s imp ly d i re c t e d  � t  defining the s ize , dep t h , 
n a ture a nd c on d i t i o n  o f  the s i t e ; it i s  d i re c t e d  a t  answering o r  cont r i buting 
to r e s e a r ch que s t i o n s . Ex cava t i on f o r  data r e c overy may result in v e ry 
ex tens ive - - even comp l e t e - - d i s turbance o f  a s i t e . wbi l e  it is imp o s s ible to 
de fine a p o int , app l i c ab l e  i n  a l l  ins t a n ce s , a t  which t e s t ing ends a n d  data 
r e covery b e g ins , a rul e of thumb i s  that tes t i n g  i s  comp l eted when s uf f i c i en t  
info rma t i o n  ha s been ga thered to m a k e  a dete rmina t i o n  o f  e li g i b i l i ty o r  a 
management d e c i s i o n .  S i nce t e s t i ng i s  done , in mo s t  c a s e s , b e f o re the fa te 
of the s i te has been d e t e rmina ted through the consultation p r o c e s s ,  i t  
s h o u l d  b e  kept to t h e  a b s o lute minimum nece s s a ry f o r  e l i g i b i l i ty d e t e r 
m i n a t i o n  and / o r  mana gement purpo s e s . " T e s t i n g "  that de s t roys l a rg e  po rtions 
o f  a s i t e f o r e c l o s e s  the Counc i l ' s  oppo rtun i t y  to comment , a nd c i r cumvents 
the intent of S e c t ion 1 0 6 . The Execut ive D i re c to r w i l l  d i s courage s uc h  
" t e s ting , "  a n d  w i l l  no t i fy t h e  S e creta ry o f  t h e  Inter;.o r ,  pursuant to P . L .  
9 3 - 29 1  S e c . 4 ( a ) , i n  i n s t a nc e s  where such " t e s t i n g "  thre a t ens the i rrevo cable 
loss  of s c i ent i fi c ,  prehis to r i c ,  hi s to r i c , o r  a r cheo l o g i c a l  d a t a . 

I I I . Cons i d e r a t i o n  o f  I n - P l a c e  Pres e .v a t ion 

In review o f  p roj e c t s  inv o lving a rcheo l o g i c a l  p rop e r t ie s , the Exe cutive 
D i r e c t o r  w i l l  s e e k  to e n s ure that a l l  due cons ideration is given to pra c t i c a l  
m e t h o d s  o f  p re s e rving such p r o p e r t i e s  in p l a c e . 
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I V .  Cons i d e ra t i o n  o f  Non-arch e o l o g i c a l  interes ts 

In rev i ew o f  p ro j e c t s  i nv o lving archeo l o g i c a l  p ro p e r t i es , the Executive 
D i recto r w i l l  s e e k  to ensure tha t a l l  due c o n s i d e r a t i o n  i s  g iven to whatever 
non- a r ch e o l o g i c a l  h i s t o r i c a l  and cul tural values the p rop e rt ie s  may rep re s ent. 
F o r  examp l e ,  i f  an a rche o l o g i ca l p r o p e rty is a l s o  valua b l e  to a local 
c ommunity f o r  cultura l r e a s ons , the Executive D i rector w i l l  s e e k  to ensure 
that this va lue i s  c o ns i d e re d  and given app rop r i a t e  weig�t in d e c i s i o nmaking . 

V .  D a t a  Recovery D i r e c t e d  t o  R e s e a rch Ques tions 

wbe r e  i t  i s  c o n c luded through the consul t a t i o n  p ro c e s s  that p re s ervation in 
p la c e  i s  no t p ra c t i c a l ,  and tha t data recove ry i s  approp ri a te , the Executive 
D i rector w i l l  s ee k  t o  ens u re that the data recov e ry effort a d d r e s s e s  defined 
and d e f e n s i b l e  r e s e a rch que s tions . S uch que s t ions should rel a te to i s sues 
o f  imp o rtance in the s ciences or humani ties , or t o  mat t e rs of impo rtance to 
l o c a l  commun i t i e s  with h i s t o r i c a l  connections to the prope rty o r  p roperties . 
I t  is exp e c ted , howeve r ,  that the s p e c i f i city o f  resea rch que s t ions , and 
the i r  r e l a t ionship to l a r g e r  i s sue s , w i l l  v a ry w i th the character and 
qua l i ty of p r i o r  a rche o l o g i c a l  work i n  the a rea , the state o f  exist ing 
knowl e d g e  o f  the p ro p e rty , the nature o f  l o c a l ,  r e giona l ,  and top i c a l  
r e s e a rch e f f o r t s  p e r t inent to the p rop erty , and the qua l i ty o f  the S t a t e  
H i s t o r i c  P re s e rvat ion P l a n  i n  fo rce i n  the s tate a t  the t ime t h e  p r o j e c t  i s  
und e r t a ke n .  

V I . S a c r i fi c e  o f  prop e r t i e s  wi thout data r e c overy 

Whe re an a rche o l o g i c a l  p ro p e rty cannot p ra c t i ca lly b e  p r e s e rved in p l a c e , 
and the respons i b l e  a gency p ro p o s e s  to d e s t r oy o r  damage it wi thout data 
r e c o v e ry , the Executive D ir e c t o r  wi l l  s e e k  t o  ensure that a l l  reasona b l e  
cons id e �a t i on h a s  b e e n  a n d  i s  giveu t o  t h e  p roperty ' s p o tent i a l  to yield 
information r e l evant t o  imp o rtant r e s e a r ch ques tions . The Exe cutive D i re c t o r  
w i l l  not supp o rt o r  s a n c t i o n  t h e  recovery o f  data s imp ly b e cause they 
exist,  nor w i l l  the Execut ive Director suppo r t  a r b i t r a ry d e s t ruction o f  
d a ta . 

V I I . E ff i c i ency o f  data r e covery 

Where data r e c o ve ry i s  t o  b e  und e r t a ken , the Executive D i re c t o r  will s e e k  
t o  e n s u r e  tha t i t  i s  conducted in the mo s t  e ff i c ient manner p o s s ib l e , in 
the context of an approp r i a te data r ecovery p la n .  Data recovery p ro g rams 
s hould b e  o rganized to extra c t , d i ge s t ,  and make ava i la b l e  t he p e rt inent 
d a t a  in the m o s t  e ffi cient manner p o s s ib l e , taking into a c c o unt l o c a l  
c o n d i t i ons , t h e  p o t ent i a l  for unexp e cted d i s cove r ie s , non-a r che o l o g i cal 
c oncerns , a nd o t h e r  re l evant f a c t o rs . The kinds o f  te chn i que s ,  t o o ls , and 
exp e r t i s e  requi red in a g iven d a ta re cove ry p ro gram a re dep endent on the 
kinds o f  d a ta t o  b e  recovered and ana lyzed .  Although a ll archeo l o g i c a l  
p roj e c t s  share c e rt a in b a s i c  p ri n c ip le s , the re i s  no s in g le , s t a n d a r d  way 
t o  conduct a rc he o lo g i c a l  f i e ldwo r k .  As a rule , the Executive D i recto r w i l l  
s e e k  t o  e n s u r e  tha t t h e  f a s te s t , m o s t  econo m i c a l  methods a re used t h a t  w i l l  
a ch i eve t h e  d e s i re d  r e s e a rc h  resul t .  
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VI II . Consideration o f  guidance 

wbere data recove ry is  to be unde rtake n ,  the Executive Dire ctor will seek 
to ensure tha t due cons ideration has been given to the Counc i l ' s  "Guidelines 
for Archeological  Data Recovery" and 36 . CFR Part 1 2 1 0  ( "Recove ry o f  S c ientific ,  
Preh i s to ric , Histori c ,  and Archeo logical  Data : Method s , Standards ,  and 
Reporting Requirements" ) . 

IX . Budgets 

To the extent feasible  given Council  and staff p riorities and agency contracting 
policy , the Executive Director w i l l  p rovide advice to agencies , seeking to 
ensure that budgets  developed fo r data recovery and other archeological  
activities a re reasonable and  cost-effective . 

X .  Negating adverse  effe c t :  Documenting "No Adver s e  E ffect" 
Dete rminations 

1 .  Undertakings that result di rectly o r  indirectly in the disturbance 
of an a rche o l o g i c a l  p roperty clearly have adverse effects on that property . 
In s ome c a s e s , however ,  this adve rse  effect can b e  e s s entia lly negated 
through data recove ry ; in such c a s e s  a determination of "no adverse effect , "  
purs uant to 3 6  CFR Se c .  8 0 0 . 4 (c ) , may be app ropriate . When an agency makes 
s uch a determination , the Executive Director ' s  review will  focus on the 
extent to which the adverse  effect w i l l  in fact  be  negated by the data 
recove ry effort . . The ability to negate adve rse effect depends upon (a)  the 
nature of the a f fe cting a ction,  (b )  the nature of the a rcheological  p roperty , 
and ( c )  the qua l ity o f  the data recovery effo rt p roposed . 

2 .  To determ ine whether a data recove ry p rogram will  negate the 
adverse  effects o f  an undertaking , the agency , in consulta tion w:th the 
S tate Historic Preservation Officer ,  s hould answer the following ques tions : 

A ( l )  Does  the s i gnificance o f  the property , as do cumented in the nomination 
to o r  determination o f  eligibilty for the National Regis t e r ,  l ie prima rily 
in the data it contains , so that retrieva l of the data in an  appro riate 
manner may preserve this s i gni ficance? I f  s o : 

A ( 2 )  Does  it appear that p reservation in p l a ce would b e  more costly , o r  
othe rwise l e s s  p ra ctical ,  than d a t a  re covery? I f  so : 

B ( l )  Will the effects of the unde rtaking be mino r relative to the s ize and 
nature of the p rope rty? Examples  of such a condition include : 

( a )  Ma rgina l d i s turbance to an extens ive a rcheologica l s i te by cons t ruc
tion a long one edge . 

(b)  Mino r d i s ruption o f  the surface o f  an a rcheological  s ite who se  
p rima ry va luab le info rmation l i e s  in subsurface depos its , where this d i s ruption 
i s  unl ikely to have long- range effects on subsurface conditions (e . g . , by 
caus ing e ro s io n ,  e t c . ) .  

B ( 2 )  I s  the p roperty sub j e c t  to des truction rega rdless o f  the unde rtaking , 
s o  the agency ' s action is only s l ightly has tening an inevitable p roces s ?  
Examples  o f  such a condition include : 
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( a )  D i s turbance o f  an a rcheological  site on a rap idly eroiding c liff , 
where measures to ha lt  e ro s io n  are  not practi cal .  

( b )  D i s turbance o f  an a rcheo logical  site  that is being vandal ized o r  
clearly w i l l  b e  sub j e c t  t o  vandal ism , where there i s  no practical  way to 
deter the vanda l s ; 

( c )  D i s turb ance o f  an a r cheo logica l site  on land that ha s great 
potenti a l  for  non-Fed e r a l  development , where no mechanisms (zoning , S tate 
o r  local  preservation o rd inance s ,  e a s ements ) a re l ikely to be employa b le 
for protection.  

B ( 3 )  I s  the p roperty not :  

( a )  a National Historic  Landmar k , a Nationa l Historic  S i te in non-Federal 
owne rship , o r  a prope rty o f  national historica l s i gnficance so  des ignated 
within the National Park Sys tem ; 

( b )  impo rtant enough t o  ful f i l lment of  purp o s e s  set  forth i n  the 
S ta te Historic  Prese rvation Plan to require i ts pro tection in p lace ; 

( c )  i n  i tse l f ,  o r  a s  a n  e lement o f  a la rger p rope rty , s i gnificantly 
valua b l e  as  an exhibi t  in place  for pub l i c  unders tanding and enj oyment ; 

( d )  known o r  thought to have histor i c ,  cultura l ,  or religious s i gni
fi cance to a co��unity , nei ghborhoo d ,  o r  s o c i a l  or e thnic group tha t  would 
be  impaired by i ts d i s turbanc e .  

( e )  so  comp lex , or  containing such comp licated data , that currently 
ava i la b le techno l o gy ,  funding time , or expertise  are insufficient to r ecover 
the s i gnificant inf� �ation contained in it .  

3 .  I f  the a gency and  the SHPO agree that  ques tions A ( l )  and A ( 2 ) , 
and ques tions B ( l ) , B ( 2 )  o r  B (3 )  are  answered in the affirmat ive , and if  
the agency e s tabli shes a data recovery pro gram cons i s tent with the Council ' s  
"Recommenda tions for Archeological  Data Recovery" and 36  CFR P a rt 1 2 1 0 , the 
agency has grounds for concluding tha t  the data recovery program w i l l  
negate the adve r s e  effect , and c a n  hence dete rmine that the undertaking 
will have No Adve rse Effect on the p roperty . 

4 .  In documenting a determination o f  No Adverse  Effect b a sed on thi s  
conclus ion , pursuant t o  36  CFR Sec . 800 . 4 ( c )  and 800 . 13 (a ) , the agency 
should : 

(A) report c le a r ly and conc i s e ly how i t  has  reached its conclus ion;  

(B)  document the concurrence of the SHPO and , i f  pe rtinent , consultation 
with , and the opinions o f , other specia lists  and autho rities concerned with 
the p roperty , concerned s o c i a l  and ethnic groups , local  government , and the 
pub li c ;  

( C )  provide a copy o f  the da ta recovery p l a n ;  and , 
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(D )  gua rantee that sufficient time and funds have been a l lo cated to execute 
the data recovery p l a n .  

3 .  The Executive Director will  review the do cumenta tion p rovided in 
accordance with 36  CFR Sec . 800 . 6 (a )  to determine whether ( a )  the p roperty 
is shown to b e  valuable prima rily for the info rmation i t  conta ins , o r  
whether o ther  pub l i c  interests a re invo lved , and whether ( b )  it  appears 
that  the adverse effects o f  the undertaking will  in fact .be nega ted , thereby 
j us tifying a determination o f  No Adverse  Effect . 

XI . Preliminary Case  Repo rts 

1 .  Where i t  is  dete rmined tha t  the unde rtaking wi l l  have an advers e 
effect  on historic p roperties , the Preliminary Case  Report  deve loped by the 
a gency pursuant to 36 CFR S e c . 800 . 4 ( d ) ( 1 )  shoul d :  

A .  document cons ideration o f  alternatives that would p res erve the a rcheo logical 
p roperty in p lace , and give reasons for rej e cting tho s e  a l terna tives not 
preferred ; 

B .  whe re data recovery is p roposed , p rovide a data recovery plan cons is tent 
with the "Guideline s for Arche o logical  Data Recovery" and with 36 CFR Part 
1 2 1 0 .  

C .  where data recovery is  not proposed , expl a in why i t  is  n o t  p ropo sed . 
An agency may demons trate that loss  o f  an a rcheo logical  p roperty without 
data recovery is acceptable by showing that :  

( 1 )  the re i s  n o  reasonab le way t o  protect the property in p la ce ; and , 

(2 )  having made  a good- fa ith effort to ident�fy research questions o f  
the kinds discus s ed in Appendices A and B of this guidance , to which the 
recovery of data from the p roperty would contribute , the agency has been 
unable to identify s uch questions . In  seeking to identify such ques tions , 
the a gency should util ize ava ilable l i terature in archeology ,  anthropo logy,  
his tory ,  and other d i s ciplines , consult  with the S tate Historic Pre s e rvation 
Office r ,  and consult  with S ta te , regiona l ,  and local a rcheo logical  and 
histo rica l o rganiza tions . The Executive Dire ctor will  review c l o sely the 
do cumenta tion of such efforts , and may sugges t  additiona l resea rch ques tions 
or sources of advice to be cons idered . 

XI I .  Memoranda o f  Agreement 

1 .  Ordinarily ,  Memo randa of Agreement executed pursuant to 36  CFR 
S e c .  SOO . 6 ( c )  tha t p rovide for data recovery from a rcheological  properties 
should include or refer directly to a dat� recovery plan consis tent with 
the "Recommendations for Archeo logical  Data Re covery" and 3 6  CFR Part 1 2 1 0 .  
Exceptions t o  this rule may include , but a r e  not neces s a ri ly lim ited to : 

A .  A Programmatic  Hemorandum o f  Agreement , which may provide fo r p reparation 
and review o f  such p lans in the context of an ongo ing programs ; 

B .  A Hemorandum o f  Agreement tha t covers a p lanning proces s ,  which may 
p rovide for prep a ration and review of a data recove ry plan at a subsequent 
s tage in the a greed-upon proces s ;  and , 
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C .  A Memo randum o f  A g r e ement tha t p rovi d e s  f o r  a rcheo l o g i c a l  monito ring 
o r  o the r fo rms o f  d a t a  re c ove ry a s  g u a rds a g a i n s t  unc e r t a i n  d i s covery 
po s s ib i l i t i e s  ( fo r  examp l e , �he re t h e re is s ome po s s ib i l i ty tha t  a rcheo logical 
data � i l l  b e  d i s cove red �hen a b u i l d i n g  i s  demo l i s hed ) .  In such an ins tance ,  
i t  may not be f e a s ib l e  t o  develop a d e t a i l ed d a t a  recovery p l a n  b e c a u s e  the 
nature of the p o s s ib l e  d i s cove ry s ituation is too unce rta i n .  

2 .  The p u rp o s e  o f  the d a ta r e c overy p l a n  i s  t o  e n s u r e  tha t the data 
are recove red in an e f f e c t ive manne r us ing the b e s t  app l i ca b l e  p ro fe s s iona l 
s tandards unde r  the c i rcums tance s . Te chni ca l a s s i s tance in deve loping data 
re cove ry p lans is ava i l a b l e  from the State Hi s to r i c  P r e s e rvation O f f i c e r  
and Intera g ency Arch e o l o g i c a l  S e r v i c e s , He ritage Cons e rv a t i o n  a nd R e c r e a t i on 
S e rvi c e , D epa rtment o f  the I n t e ri o r .  The Exe cutive D i re c t o r  � i l l  give data 
recovery p lans the s a m e  level of p r o fe s s i onal rev i e� a f f o rded t o  a rchitectural 
d e s i gn s , p lans for a d a ptive reus e ,  development plans , e t c . 

3 .  Memo randa o f  A g r e ement may p rovide for p ha s ed d a t a  r e c o v e ry .  An 
examp l e  o f  pha s e d  d a t a  r e c o v e ry i s : 

A .  Pha s e  1 :  T e s ting o f  a rche o l o g i c a l  s i tes and o t h e r  r e s e a rch l e a d ing to 
development o f  a deta i l e d  data recovery �o r k  p lan . The Memo randum o f  
Ag reement s ho u l d  s e t  f o r th g u i d e l in e s  f o r  the tes ting and o the r r e s e a r ch .  

B .  Pha s e  2 :  Developmen t  o f  a data recovery p l a n . The Memo randum o f  
A g reement should p rovi de a n  oppo rtuni ty f o r  revie� o f  t�e p lan b y  the SHPO 
and the C o un c i l , 'and p o s s ib ly f o r  p e e r  revie� by out s ide p a r t i e s . 

C .  Pha s e  3 :  S e l e c t i o n  o f  a contra c t o r .  The Memo randum o f  Agreement 
should ensure tha t the a gency p ro v i d e s  a r e l i a b l e  m e chanis m  for obtaining 
the b e s t  qua l i f i e d  cont r a cto r ( s )  for the p roj e c t  at the m o s t  r e a s onab l e  
c o s t , con s i s tent � i th s a t i s fa c t o ry � o r k  p e rf o rmanc e .  

D .  Pha s e  4 :  Conduct o f  the �ork p l a n ,  typ i ca l ly including recovery o f  
da t a � analYSiS , c u r a t ion , and d i s s em ination o f  r e s u lt s . 

4 .  In d eve loping Memo randa o f  A g reement including p rov�s �ons f o r  
d a t a  r e co v e ry ,  t h e  E x e c u t i v e  D i r e c t o r  � i l l  a t temp t to ens ure that the data 
r e c ov e ry p lan in fact i s  the b e s t  f e a s ib l e  me thod o f  add r e s s ing the a rcheo 
l o gi c a l  va lue o f  t h e  p ro p e rty i n  t h e  pub l i c  intere s t . An a g ency can f a c i 
l i ta t e  d ev e l opment o f  s u c h  Memo randa b y  no t i fying t h e  C o un c i l  o f  the s tep s 
i t  ha s taken to develop i t s  d a t a  recovery p l an , by id enti fying the p a r t i e s  
c o n s u l t e d  during i t s  p rep a ra t i o n , by e n s u r i n g  tha t a l l  conce rened p a rt i e s  
have h a d  an oppo rtuni ty to contribute to i t s  p re ? a r a t i o n ,  a n d  by a rt i cu
l a ting the p lan as c l e a r l y  and conc i s e l y  as p o s s ib l e . 

XI I I .  P rogramma t i c  Memo randa o f  Agreement 

Wh e re app rop riate under 36 CFR Sec . 800 . 8 ,  the Executive D i r e c t o r  � i l l  
c o n s i d e r  e x e c u t i on o f  P ro g ramm a t i C  Me.mo randa o f  A g r e ement � i t h  a g e n c i e s  t o  
c o v e r  a r c he o l o g i c a l  d a t a  r ecovery a ct i v i t i e s  and o th e r  a c t iv i t i e s  d i s cus s ed 
in this guidance .  Such a P ro gramma t i c  Memo rand um  o f  A g re em ent s ho u l d  
s pe cify: 
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1 .  Conditions in a g iven S t a t e  o r  r e g i o n , o r  � i th r e f e rence to the 
a gency ' s  s p e c i f i c  typ e s  o f  unde rta kings , in which d a ta recovery would b e  
a p p r o p r i a te . 

2 .  Gu i d e l in e s  fo r d a ta recovery ,  ,ta king into a c count cond i t i ons i n  a 
S ta t e  o r  r e g i o n , and / o r  the a gency ' s typ e s  o f  underta kings a nd p l anning/ 
d evel opment s ta ge s . 

3 .  l1ethods f o r  p r o cu r ing, approp riate s p e c i a l i s ts , and contro l l ing 
c o s ts , a nd 

4 .  C o n s u l t a t i o n  metho d s , e s ta b l ishing how the SHPO a nd o ther appro
p ri a te a uth o r i t i e s  will b e  involved i n  de c i s i onma kin g .  

XlV . Counte rn a rt R e gulations 

The Exe cut ive D i re c t o r  will u s e  thi s guidance in reviewing and help i ng 
p repa re gui d e l ine s , standa r d s , and other me a s ur e s  a s  p a rt o f  Count e rp a rt 
Regula t ions autho r i z e d  by 36 CFR Se c .  800 . 1 1 .  

xv .  Arche o l ogy Fo r R e s ea r c h  

1 .  wnen a rcheo l o g i ca l excava t i ons a re conducted o n  Fed e r a l  land f o r  
r e s e a rch purp o s e s , a n d  the o n l y  F e d e r a l  involvement in t h e  excava t i o ns i s  
i s s ua n c e  o f  a p e rm i t  und e r  t h e  Arche o l o g i c a l  R e s o u r c e s  P r o t e c t i o n  A c t  o f  
1979  ( P . L .  9 6 - 95 ) ' the comments o f  the C o un c i l  need n o t  b e  s o ught ( P . L .  
9 6 - 9 5 , S e c . 4 (j ) ) .  

2 .  I f  F e d e ra l a ct i o ns a r e  involved in the r e s e a rch b e s i d e s  i s s ua n c e  o f  a n  
ARP A  p e rmi t ( e g . , fund ing , o t h e r  p e rmits o r  l i c e ns e s )  t h e  Council ' s  regula
t i o n s  (36  CFR Part 8 0 0 )  apply . 

A .  Re s e a r ch p roj e ct s  to �hich the r e gu l a t i o n s  apply , that invo lve the 
phys i c a l  d i s turbance of a r che o l o g i c a l  p rope r t i e s , should i n  mo s t  c a s e s  be 
cons i d e r e d  to have a dv e r s e  e f fects o n  the p ro p e r t i e s ; the r e s p o n s ib l e  
a gency should s e e k  the C o un c i l ' s  comments i n  a cco rdance with 3 6  CFR S e c .  
800 . 4 ,  o r  p r o g ramma t i c a l ly i n  a c cordance w i th 3 6  CFR S e c .  800 . 8 .  

B .  P ro j e c ts tha t a d d r e s s  management needs a s  we l l  a s  r e s e a rch int e re s ts 
may b e  taken to have no adve r s e  e ff e c t  on the p r o p e r t i e s  they d i s turb , i f  
the f a c t s  w a r rant . Genera l ly ,  the Executive D i r e c t o r  w i l l  concur in a "no 
a dv e r s e  e ff e c t" d e te rmination when the fo l lowing conditions exis t :  

( 1 )  the r e s e a rc h  p r o j e c t  addre s s e s  mana gement nee d s , such a s : 

vand a l i s m ;  

e ro s i o n ; 

( a ) excava t i on o f  a s i t e  that i s  s ubj e c t  to uncontro l lable 

( b )  excav a t i o n  of a s i te tha t i s  s ubj e ct to s e rious natur a l  

( c )  r e co rd i n g  o f  a s ite o r  s tructure tha t i s  deterio rating ; 
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(d) seabilizing a dete riora ting o r  endangered site o r  structure 

( 2 )  the determination ha s been made fo llowing S e c .  X ("Negating Adverse 
Effect" ) o f  this part of the Supp lementa ry Guidance , 

( 3 )  the p roject  will  be conducted under the supervis ion o f  pe rsons meeting , 
ae a minimum , the qualifications set  fo rth in 36 CFR Pare 1 2 1 0 , Appendix C ;  
and , 

( 4 )  the p roject  will  be conducted in acco rdance with a resea rch desi gn 
that takes into account the "Guidelines for Archeological Daea Recove ry 
Proj ects . "  
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APPEND IX A 
PRINCI PLES IN THE TREATMENT OF ARCHEOLOGICAL PROPERTIES 

In c o n s u l t i n g  with Fe dera l a ge n c i e s  and S t a te His t o r i c  Pres e rva t i o n  Offi cers 
rega rding a rcheo l o g i c a l  p ropertie s ,  the ·Ex e cut ive D i r e c t o r  w i l l  ob s e rve the 
f o l l owing p rincip l e s . 

P rincip l e  I :  Ar cheo l o gi c a l  r e s e a rc h ,  addre s s in g  s i gn i f i cant que s ti ons about 
the pa s t ,  i s  in the pub l i c  interes t .  

P rincip l e  I I :  Arche o l o g i c a l  prope rti 2 s  a re va luab le who l ly o r · in part 
b e c a u s e  t h e y  m a y  cont ribute to r e s e a r ch . 

P r i n c i p l e  I I I : Not a l l r e s e a r c h  p r ob lems a re e qua l ly impo rtan t ;  hence 
not a l l  a r c heo l o g i c a l  p rope r t i e s  a r e  oqua l ly impo rtant . 

P ri n c ip l e  IV : Trea tment o f  an a rche o l o gi c a l  p r ope rty depends on 
i t s  v a lue for r e s e a rch , b a l anced a g a i n s t  o t h e r  pub l i c  value s . 

P ri n c ip l e  V ·  E l i g ib i l i tv f o r  the � t ional R e g i s te r  s u gg e s t s , but doe s 
not de fine , how an a r c h e o l o g i c a l  prope r ty s hould be trea ted 

P r i n c i p l e  V I : I f  a n  a r che o l o g i c a l  p r ope rty c a n  be p ra c t i c a l ly p r e s e rved 
in p l a c e ,  i t  should b e .  

P r i n c i p l e  VI I :  I f  a n  a rcheo logi c a l  prope rty is to be pre s e rved in pla ce ,  
exten s iv e  ex cava t i o n  o f  the p rope r ty is s e l dom approp r ia te . 

P rincipi e V I I I : Both d a t a  recoverv and d e s t ru c t ion wi thout d a t a  re covery 
mav b e  approp r i a te t r e a tments fo r a r cheo l o gi c a l  p ropertie s . 

P r inciple IX : Once a d e c i s ion i s  made to unde r t a ke data r e covery, 
the work should be done in the mo s t  tho roug h ,  e f f i c ient manner 

P r in c i p l e  X:  D a ta recovery s hould b e  b a s e d  on firm b a ckground data 
and plannin g .  

P ri n c i p l e  XI : D a ta r e covery should r e l a te p o s it ively to the dev e l opment 
of S t a te Hi s t o r i c  P r e s e rv a t i o n  P l a ns . 

P r inciple XI I :  Comp l et i o n  o f  a n  approved d a t a  re covery p l a n  cons umma t e s  a n  
agency ' s data re covery r e s p o n s ib i l i t i e s . 
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5382 P R O POSED RULES 
locaJ. hlsLOTY a.nd pnbLSlory. bot &.l10 wtt.b tnt!: bulldlnp nprescnt1.nC �ue.nt 
the protes.ston.J lI\.eT"aturl' 1n hUtcry • • rchl- "t.bem.e,"} ,. 
t.ecture . .. nUlTOpoloeT. &rchrology, or eUler c. The abo'Ye CA�o:1ea &Ie Dot prne:nt.f'C1 .. 
d,laC1 plloes thaI. may pronde b ..... tor evaJu... .. " che-ck u.n." but ... a.n eu.mple ot Ol e  
.. Un, h1n.OnC proper1.1eL �,_ k.ind. ot qusuona that ahould be a.na_erable 3. Ru£a.reJt. De.t"",. The "report mould Illao USlng the report or .. e.eld 1nspec:t.l0n. 1"0 Ul e 
!Let fort.b tbe rneare.h d"lin or plan ot �tud, uuot poalbl e. &.1"C.l\eolOG'lcaJ and rwc:.hJtec ... 
Ulat gulde-d the work. c11aCUN10i what aort& tU�/h !..stor1C&J 1WIpectioIa a.bouJd be coar-
ot bLlt.onc propenles were.. erpeet.ed s..n. t.be dtna.1.oed.. &loce mAlly propertla d1J.Co1'ue<1 LreL _hat b ll wne nJuee t.bry m1ght rep- rnay he a! both &l"C.tI oologlcaJ a.od ' b.1Jt.onc 
resent . .. nd. .. hat .t.ra.t..eg1a were to b4! t"'ID- &rchltecturaJ. lmport.&.Dce. )Jloyed LlJ anklllg 'Lb. resources. Often tt W111 d .  All proeed urDi ua.ed should be JU6t.1.t&ed be possib le to maie Ipe-c.1tlC predJcuons .. bout to t..er'mI ot UlelJ" a.ppUcabUlt, too th. a.rea. lU 
whAt k.1nCla a! prope:rUel c:a.n b4! upect.ed 10 po teotlaJ properUea. lU eovlrOomeot, ILDd tla 
tbe f"leld &.C d  bow t.ber oUibt too ·appear. The pla..n. ot It"udy . 
Te:5e'Uc.her aboWd &.leo 'Nt fort.b Any bl&.¥e:& 5,  RtNIU. &. It an ioteo!.! •• IUTVe, b ... 

or aoUTCeJ of error that. C&.D be ldeot.le.�d .. been dO::le. aJ l  b l3 tor1e p roperties &hould be 
!"laving pot.eOU&.lly tn..Ouencrd the Tesulu or clearly ILDd comp letel y  d�er1 be-d, To t.!:le n .. 
tbe .tUdy . Por eu.mple, re�llen trLJ.oe-C1 \.eDt po�i..bl e. documeo t..a t.1oo or prope:-t.1e1 
I5ped�ca.ll y U:r pre..b 1.5toon c  a.rc:..b eOlogy may be &hou ld refer too AppendLX A t.o t..b e "Proee-
un.a.ble 1..0 accuu,t.ely o�erve blJl t.onc prop- d� tor R.equeeUog Det.ennl na Uoo o t  Dlgt-�rt.1es: U t.h1s bw 1.5 no.t corrected by ad d l nlif bUlty," 3-6 C FR  Part aJ. p u b lL..Wed tor com .. 
&0 bl!t.on.ao. b15t.ar1e a.rCb eoologtst. or a..rchJ- m� nt l..D the ...ll:DD..AL RLcUlTD!.. Apnl 27, nne. 
t e-c tur&.l bi.6tor1 .. o too Ule study \..e"am. 11. Documen t..atlon c:a.n. be proVided 00 stAnela.rd 
robouJd be ex"pl1clUy ac k oo"9!o·led g-ed 1.n t..be nJ-. tOnD.3 or ... t.eX"t. but a.bouJ d be compJe t.e a.nd 
port LS • pos.sl ble source ot error. lnt.ernallT COnsisten t, -t. Fit:ld. l ruptC"ticn. The compOSition ot 'Lbe b .  It • re-to nc&.lMa..DCe 5�ey haa be-e.o. 
f"leld atudy te.a.m should De pr�enLed . An done. tne pred Icted d.l..stributloD..5 01 hl!.tcrle 
.. t"'"....empt !lllou ld b4! ma.de too Insure Lbat .. U properUes abo"';Jld be p r eser:.t.ed IoIld JUS:'l�ed 
pe:tL"unt pro1ess.100&.l d.l&c1p1t::leS are re;n"'e.. o n the ba.s� o r  background r� a..rch and e eld 
se.nuod I n t.b u  team. Namo a.nd q U a.l ! !'\ catluns �pe-ct1on. S;>edfie historic properties 
ot \.ea..m. m e m bers a.nd cOD..Su!tanu sbould be a.ctua.11y re-corded durlng the- �eld I r..spc-ctlon 
pre!C-n�d .nd the:..; duttn d1.Kus.sed. I t 1.1 t.h lt  should be d escribed. l ::l sota..r a...s ;>05s1ble, a.s re.!ea.rc.bn's obll � a. tlon to employ perso D..S ::.nd let forth at s.ec Uon rn ( 5 )  ( a )  .. bove. 
methods Ulat Wl11 i nsure the accura. t..e re-cot;:� c, l-l c-pUve data. u well ir.5 ;> oslt!ve c1a.tA 
nlUcn o r  aU cla.s.sn of hlstonc propertlt:!.. should be pr�nted IUld d iscussed. i.e .. L! 
�tet.hoc.. u srd 1..D fi.f'ek1ng, obset"l'tng, C"lnd hist.oTlc properUe5 Wtre not. found. th1.S ta.ct 
record �.pg hl!-t..onc properUes should b4! shou ld be not.ed .. nd. l! po:s.st ble. accou nt.ed 
cl et..r ly lIe� rortil. Th. u t.e nt t.o 'Ilo h1Ch �c tor. 
�tud'y 1&1'e-& It"""IUi fully co"' er ed by In.sDe ::to:-s on 6. £ .:a1uattO"T\.-a.. Ev .. l u a tiona or b�t.or1e 

foot wo ul d be pre-sent.ed. t.extually a.od. or properti es !ibould be made In s\;l�Cl en t detall 
using map3 and cha rt.s. ADy portion or tne to pro"Y tde an u nd e.nund1 ng ot \.be hl.5torlCAl 
a..r�. :::lot lnsj:lect.ed. or 1ns;>ecte-d. I5.T. a. lower values that t.h e y  Tepr�ent • ..0 :.ba. t t.bu un ... 
Je't'el ot !:H.en .. lty,  !bould be Inc)c.&t..f'd OI.OC d�:-stand l ng c.a.n. !teTVe "LS .. baSiS tor mlUla.g!..n g 
c�us.!-e-d.. On.the ... t:-,o u o d  obsena.t.o:l.A.l t�e p ro}:' utl es or p:a.n n :.n b'  l.!::l pact-C1.n.�ga ';..IC'n 
proce c u r es !lhould be preseotrd. progra� 11 n e-ce.� .. UIr. Proj:le:rtles ot lmpoT-

a. 1.0 re;>ortlng t�e 1n5;>ecUon or la.nds tAnCe t..o a commu nltr: n e ! g h bor.bood.. !.x:aJ t.!lou t;h t to cootal.D ncns:'ruc tu..rl.l blsU>rtc or e th n..1c group s..b culd be dLscussed WIth 
prcrperUes, or !It.r"';Jct'..lres In ruiru. the toUow- referec..ce too the \"aJ ues -and COc cuns of tho:ie tnit 5.bou ld normaUy be dlscus.sed: too W O_OIll the properties ma)' be l.mporu nt. ( l )  How liuneyo�· were d1.str1bu�d over b. l.! .. n lnt.enSlve !Sur.·ey b-u bHn done. 
the study area., bow far apa.rt t.bey were aJl h151.Orlc propertIes 5.bouid b-e eva.l ua.t.e<1 
pla.ced and 1.n "'hat dlrecUoQ.£ they "9!o'a lked; a t;a.lnst t.b e  crit.er1.a o( el1g1blllty for Lbe }.'a

(2) \llb at !.lgnJ o( b 1.st.onc Uld/or preb15� tlOnal RegiSter or Historic Places set rortb at 
tonc a.ct1l'1ty lurve-yors were tJatnJcted too 38 CrR 60.6. 
s.eek..: c-. l! '& �coonals.sa..n ce .,uney bl!l..& been ( 3 )  _'I1Qb.t lIpK.t&.l t.ec..l-tnlq ues.. L! Ul;. were done. too tb e ext.c!lt po5...S:ble, the pr ed ic t.e-a 
used too n-ei: s�l&.l k Ln cU ot propertles atgnl0cance or eacll kind or histoorlc property 
t.!.lought to occur In the a..rea ( e .g .. roc..k art., lUt ely to occur wl t.h..l n th e  s tudy a.rea !.houJd 
Ii tAll dlog !tructures ) ,  and/or too cope wit.h be pr esen �d aDd just:...ne-d. in rel atioo to !u 
spec1&.l d�eultles ( e . g  ... p a...,uotnt.. heavy generLl cultuMll S-et tl..n g. with r e rerenee. to 
b null. o'V"erburd en ) :  \.h e  cri ter 1a s.e t  rortil a t  3 6  CFR lSo.e. 

(4)  It r.uclurla.ce t..esUIlg wu done. under 7. RecommcndatiO"1lJ. In most ca.se!i it 13 
wbat. condI t ions it wu do ne, wh .. t te-ch nlques expec UOd tbat th e report ":I,:m pro\1de re-eolll· 
were- wed. and where 1t ,...&.$ done; a..nd me odr.tions concern1.ng: any nee-d. th n  ma.y {�} If less th an the entlJ"e &rea. "9!o'a.s In.. u.Ut for furt.h r.r  stud) .. e VIIJ ua.Uon. or. "'here 
spected . ..  sa.mpll..D I dUlgn shoul d  be pre - appHc .. bje, l.mp .. ct mltti"iLtlOIl.. 
sen\..ed &.Dd 'laUOed.: 8. Accompanying phorograph.J. g-r 11 ph i.cJ. 

b. I n  reportina: th e  tn5pectto n ot l a..c dl and tabular mate"r.a.!. A locJtion Rnd tdentl�
cont ..... u:r.1 n g  buHdlnga.. And/or e tructuro, the ca tlon study report sho\lJd C o n t .l l o  sur."Jcleot 
rouc.W1nit &hould normally be d�e-d. : ph otogr a ph" m!rpS, c:..b art.!. tables . .. nd a.p. 

(11 How lI\lZ'"Verors covered. the a.rea-by pe n d.l..x maten al too Ln..sure Ita accu rate u�e tot 
foot, &Utoo, etc.; IStudy and pl a n n Ln g P\!.rPcsn.. 
u
J.�; 

o
��:�!��rverors proce-ede-d 1nd1V1d·�A�_PJ'0n:5S10NAL Q-cAL..I1CATlO:-:S 

(3) In:�nslty of In.sproctlon of prcper .... :e.s; 1 .  Ba.$1c profe s.sl onal Occupation S:.ar.d .. 
dtd U'le Lnspect lon �dresa onJy facades? u. a..r ds. It 15 e5sentliiLI that any proJ e<" t p ro;>o!.&.l 
\.ulors ?  10t.erlon? Identify sUlh.bly q t:. a l ltle-d. "key professlor.aJ ( -t )  How much o! the a.rea �LS co"t"ered Lt person n!!1. BUlc minImum qual�catlons for 
a Urne; dld the LrupecUon cover the en tlre the!e tY"pn of perso nnel v.. ho m�t or�n sen·e 
area, procN'd. 1n at.L€e1. or cot"e.t On..1y a. por- as pr l nC lpllJ In\·est1g&.toor s  a c d ke y consult .. 
Uon 7 The ra.tionale for the cover&ie sl.ra�(;Y ...nu on ccr.tract prOje<"Ls IN gi ven be-iow. 
.&.hould be pr�n� : Ulc:t Agenc\e1 which u n dertAke ot e"t"aluatr iden-

(�) What klnd.l or prope-rtie!: .. e re Stu'... tU'katlon or d at..a re-coHry projectl us I ng: 

vryors tn$truct.e<1 too leek ( e g., Ln d ust.'1eJ a.a �g�: °q�I�I�����'�S ��0���5��
1

�:r:p��� well .. dome;:,tle bu11dlnp: \'e:-!lac ula.r prlatr p.tA!1 members 1n .. manner consl!': er.t 
arc.blt..ecturl" ... ... ·ell u "hlt;b $tyle'- buUd· wtlh a ppl icabl e . Clv1l Scr<tlce requirements. 

ProfruionaJ pe�onnel of t.he Departmeot ot 
the Int.eJ'1.Or are avallable- at aJl tlmM too 
coruult wlt.b otber f'edenu. State &.Del loc.a.l 
ate-ocle. reC'lJ'11lng tbe- &Ppl1catlaD. ot t.bcse 
cr1t.erl. 1.0 gJveo In..s tAnce:a.. For thne MTT lce. 
J...i;eocy omclw abowd CQDt.a.ct tbe Ch.1et. Omce or Alc:..b eoloU &Del Wltor1C Preae.rva. 
UOD., Nat�n.&l Pa.rk. Service, Department ot 
t.be Lnt.erlOl', W&abl..D g-toll D.C. lO'"Z4(). In t.he 
followt0i de-tL.nltloD.l. a mant.b or profeuiooal 
expenence ne-eC1. not COOS1.St .of a conUOuaua 
moot.h at rUlI .. t.1.me wort. b u t may b e  made 
u p  at d1a.CODt1.DuOU!! per1od.1 of !Ull-ttme or 
part.-ume work. a.d.d1nC u p ·  to t.he t"q-uJv&.le.nt 
or .. mo.Dt.h at %Wl-u.me upenence. 

... Hh1.Ory. The mtn1mum profeSSional 
qua.l.1tleaUona 10 hl.5tory are a ET�ua.t.e debTee I n  AmenC&.D h lStoory or .. tlCJ!,ely relaUd, 
� eld: or .. b.&c.belor·5 deSTu 1n b.at.ory or a 
clos.ely rela.tt>d �eld p.lua one at tbe rollowtng: 
( . ) At le-ut ,"wo yean ot tulJ-Ume e�neoce 
to reaea.rc.b.., wr1tLng, trachlog. tn t..upNt.atloo. 
or otber demonat.n.ble pl"tl!esalon.&l acttvlty 
Wltb an lK.&demJc loaUtu Uoc.. b!..stor1cal or ... 
r-a-n t..z.a.Uon or a.gency, museum. or otb er pro
res.slo n&.l l..D sUtuUoo; or ( b )  lIubstAll Ual con .. 
trtbuuoo throUGh re;:,ea.rch a..nd p u b ltcauoo 
too the body or schola.rly kDowled.e 1.0 the 
e.eld or hlSt.ory . tl. Archeol ogj . The minImum proJe!:siOn&l 
q\l a,lt�c a.::ons U'I a.rcheolO£Y a.re ( a. )  & b-a.du
ate degTee tn a..rCheolobi. a..n lhropGlog-r, or 
closely re-Ia.t.ed !'J.eld. o r  equl<t&lent tn l nlr:g 
aecep t.e<1 far &eered1tatloo p u rpo5es by .....Lhe 
Society of Professtona.l ArcbeologUte.. ( b )  
demo�trated a.bll1ty 1..0 c..a.rry re!oearch too 
c:lmpleUoc.. usua.lly nidencrd by ttmely 
completion ot U'l-e:;es. rese arcb re pooru. or 
eJ.milar document.!, · a.nd ( c )  at least 1 15  
month s o t  - pro!esslooaJ e x p erience Uld/OT 
r.peclal1zed tra.1nl1)g In a..rcheolog1caJ !'J.eld. 
laooral..Ory. or lIbrary ""J"e-se3.rch. a.c!:nlnls:'ra
Uon. or m3 na g�en t, iocluding at lU.5t .. 
m:lnths expflien ce 1.n arcbeoJot;1caJ �eld. re
se .. reh and at lea.st one year ot e."I(perleoCl: 
Uld/or :speclallz..ed tral :::l 1 :J @'  tIl t.be k! nd ot 
act.lvity !l'\e individual p:-opcses toO ;>rac:.Jce. 
f"or eJtample, per-rons supernstng Oeid a..rche
ology should have at l e�t 1 r ea..r or It.! eqUIT. 
alent tn �eld ex perien ce a.nd /or specla.llz.e-d 
�e ld tr&.1 n..1ng. includlng at. 1 ea...s t I!lx month5 
In a superv1ao.ry role. PC$OOS e nb"agrd t.o do 
arcb lv .. l or docu m e nta.ry re!te a.rch sbould 
have had .. t ·leLn ·1 yea.r erper le nce a..nd/or 
spoeclaHz..e<1 tr-a.inlng \ n  !uch work... Arch e 
ologtsu e nga.g f'd.  In reg10n aJ  or . ... gene� plan. 
nlng o r  compl u.oce with h istone pre:serrat1oo 
procedures sbould have h a..d a.t leMt 1 reu 
of ex peri e n ce In wori: d�re-ctly pertinent to 
;>la.nnlng, C()m�l 1a..nce a.ct lons. etc.., a.nd/or 
specialized hlstorlc pr�rv.tlon or cull.u r&.l 
re..source mAna.gement tl"'"I.lntDg. A pn.cU
tlon er ot prehistoorie arcbe:llogy would h ...... e 
h .. d at lea.st 1 yra.r or upen e..n ce or !lpeeW .. 
lze-d tr a i ning 1..D research co nce r:::ll ng uche
oJogica.l Tno uTCea o r  the preh1.stoorlc period.. 
A pr ac ti tion er at hlst.orlc archeology should 
have had a.t leu:' 1 yea.r ot exper leoc e 1 n  re
SC'uch concernlng a..rcheo!o�caJ r�urc� or 
the h l 5'f..OriC perlod. Experience 10 Ltcbeo
logiCAl re!leuch in t!)e regio n where tile pro,� 
eet will be und ert.a.lt en 1.5 u!uaJly dMlrahlp. 

c . •  -\..r chltectura.l Hls t..ory. The !"r.1 n ! m u.m professIonal q\.la.ll�catlon.s In a.rchItectural hlHory .re a gTJ.du .. � d e grte I n  a..r chltecturaJ 
h istOry , h !..S toric pre5 e:'T atlo n . o r  closely r e 
l a t�d neld, wlt.h COU2-�e w o r k  I n  Au.e.:-!<.".t.tI 
a.rchltectura.l history; or a. bache lor 's dq;ree 
I n  a.rch l tec tur a..l h � \...Ory .  with a concentratIon 
1n A m er l ca.o arcbl t..ecture; or a. b ac.beior ·s de. 
&ree I n  archlt.ectural b 1s t..oT"Y. hlstoorlc prese:
vatlon. or c l osely relat.e<1 OrId plus one of 
t.t.e follOWIng: 

( 1 )  At leut two years t ull-t l me cxperle!'"l� 
I n  re!lesrch, "' rI tl ng, o r  t�a.cht n g in ..... rnerlc:..n 
hl.St.ory Or reet.ora.tion a..rc h l tecture "9!o·lth a n  

a("�de m lc lnsUtu tlon, bhtoor1cal orGa.n:..u.Uon 
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OT .genc::r. ClUMu.m. or other profeulonal In
.t1tutSoc.: or 

(2) Bubst.&.llttaJ contribution throub'h n
uucb • .1:,,1 p ubHea.Uon to the body ot Khol
.,.17 kIlowled,. III the �eh1 ot A.m.ertC&.D. , 

e.l"Chltectura.l hlatorr· 4. A.reb U.eetun. "nle mlnUnum proteutonaJ 
qu.aJ.1!I.c .. t10D.l U:l architecture are .. prot"-• tonal delT'"l' 1n IU"Ch lte<:tu..re plua at leut 2 

'yean o! tuJl-t1J:De protesal0oaJ erpeneoC'e 1n 
a.rch1t..ec:tun: or a State Ucenae to practtce areb ttec'tUre. 

e. HlItOneaJ Archlt« tu.re. TIle Dl.1n.1.mum 
profe.as1on&l quallJ!catJona 1.n h1.stoneaJ e.rc.b.1_ 
tect.w--. a.re .. professioDAl degree tc a.rchltec
tw--. or • St.&te UcellN to pra.ctlee vch!tee .. 
ture. plua ooe of the toUowtn l :  ( 1 )  At l e ut.  1 y ear  o t  p-a,duate 5tudy tc 1Lr"'Ch\\.6CturaJ. preaerv&tkln • .A..merlc&n a.rc.bl ... 
tectura.1 h.1Jtory. preaerT&t1oD plllJlnLc.g, or 
closely rel .. te<1 ntld &.nd. at leut 1 '1e&r of 
tull-tU:O. proressfoDLl erperteoee on p re:aerv.ttOD. &.nd. restora.t1oD projects: or (2) At lea.st 2 yeu. ot tull-t1m.e pro!e.-
• ional experience on ;)fI�..se"lttO D .. od. re5to ... 
"UOD projK't.L Exper!ence- on p reseTTl.tion 
&.Dc1 restor&tion projKiI ,b .. U 1..n clude c1e .. 
taUed. Lnn!tigattona of !:lJ.stonc structure.. 
prepu&tlon ot b1Jtorlc structures r-ese-a.rc..b. �?OrtI. a.nc1 p re;Ja.r&tton ot pl.&na and 'peel. 
�ca.l!on.a tor pruen'&t1on proJec�. 
A,pPt':'.""Dr:z D--R[:CO "' �"":)AnOl'J& roa T'Hl: 

Pzocnr"!rNT or �noN . IDDlTtT1CAnON, .A.1"ll) O"TA RECOVDT P1oGUlL& 
, Th e- tollowtnl' reeo:nmeoda.tioc.s a.re pro
'C"ided under tbe D�pa.rtme.D.t of the ln�rlon; 
resp:lr..s1 h!lHles ucder i!Ktioll. 5(c) ot tl::. � 
Act. to coordlna.t.e &.l.l F'edHa.l lur re-y L")d 
dat.& rKonry actl �1tiea .. utbortze<1 b y  the 
A.ct. They .. re bLSed o n  tJle · De � a.rtment'8 30 rea.n ot experience to tbe- procun:nent ot 
a.rche-olo�ca.l , &.rChitKtU.--al. anc1 h15torlcLl 
se:"T1ees I n  toe location. tdent1�ca.tloll. anc1 '�UQ,) oi L,u.wrlc propertlea. 1. The- c.&ture ot rtqUlred ldenUo.cat1on 
and dati. rreon:'y progr� ... aM� W1th the 
k�nd.s ot bJ.st.cr1e propertle-s ex;>e-ct.e-d. or d a t&  
t:> be rf'C09tre!. Th e  Jd n d.s  o f  d a ta. to b e- re. 
co\·erej c1epe c..d. o n  both tbe- lD1o:-t::latioll. con
t.tnt ot t..b.e- propertles to be 1..n \·e,5l1g B t e d  anc1 
'_'1e res�a.rctl que-stions tbst ca n  be asked 
about the ?ropert1�. Des:gn1..n g re$po:llible 
ldentl�e&tl::n anc1 c1atl. recoary prog:-ams J.s 
.. compi er, protes.slona.1 a..cUrtly, u' l.& Judg
t o g  tbe- quality ot propo.sa15 trom potectlal 
eontracton aDc1 en.lua tlng the n.n.a.l prod
ucts of "'orlc performed.. To the exteot po.s
&tble. the Dep a.rtment ..nU a.s.sl.5t F'edeaJ. 
agencies In desIgning bigh-q uality sco;les-ot
work: and. tn e'nJuatlng o�ereMli. Those A gen 
cIes !DteOdLog to undertake !lubst.&nt�a.1 In
depeDde!lt c1ata. reco� efj a..ctl�ttles. bo'&'e�er. 
&boulc1 review their stl.!!s Uld procedure:s to 
lruure that ( 1 )  adequat.e expertLs.e In arcbe. 
ology. bJ.story. aTchl �ctunJ hIstory, and/or 
otber "ppropr1ate dlsclpltn� ls represen�d to 
pro\"jde pro!eulona.t oven,lgbt. o t  conrra..ct op
t':'a.t1oru, Lnc1 ( 2 )  &dt-qU&� pro'rl.Slon 1.S rrude 
ror a:el�tn, a.nc1 ut1l1ztng inp ut trom 8.&e !l, 
clea, lo.stltut1oD3, or�a.nJ.zat1oos, and qua.Il ... rtt<! todlrlduLl.S '&'ho can ad��se tbe &€encr In pro r�� lo n.al matu:rs rel a.t1 c g  to &.rcbeol Og1 '"  
c a i  a D c1  b1.St.oMc date rtCo:l�ery. 

2 Because the requ1rernects ot 80ny g i ven 
d .. ta. reconry progn.m W1U de?e:1d bot.!l on 
the da.ta. COnteDt o( t!:Ie proper-tr ao.c1 the re
.�a.rcb qUHtlonl relev&ot to Ita Investlga.Uon. 
It 11 extremely �cult to de�n. !.t.a.nde..n1 
&?e<:1�c.a.t10::l.5 ror requ1.nd co::.tra.etu&l SerftC#'S anc1 end products . M .. �ult. Df'goUa.t.ed 
eom;>etlt.1�e pro::ureme-n.t IA rt-COmmended. tor 
most k lnc13 ot datA recovery a.cUv1tles. Sole 
!Qurce cOD tr&eUng hu be-e-� tou cc1 by the O�ee o r  ArcheolOrirY Md K! .. s::.or1c �en'a.
t�on to otten result 10. low qt:a.l lt y "';or� b y 
f'Utr1.ct!c.c Intellectual competltlon amODI 
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PROPOSED RUL!S 
o�eren.. and hu been 4.1.m..cult to ,urt:1t7 W1Ul1..n re<1eraJ proeurerne1lt N'gUlauoD.l . . O'D. 
t.be other ha..n.d... !onnaJ &dve!"t1.al c.g W1lb prtoe 
.. tbe sole Cl1t.er1on tor Mlect.1on at .. 000-
t:"I.etor b..&a pro1'eo. to be UDat1.&!a.ctor:r ... .. melbod. at 1..D&U1"Ul.C .b.4;h·q ua.ll t y warlt be
c&uae ot the laclt ot .. cJearJy lPee�a.ole e.n.d. 
p roduct.. oM a. rule. D.egot.1..l.ted com;petlt1" 
pl"'OCu.re:neDt bu bee:a. tounc1 to be lbe mc;:.n. . 
effectH'e "PPr"'O&C.h to obtalnlng h1gh-qu.a.Uty &tn-lees for location &nd. ldentJ..D.cst1oD, ot hlatortc properties u weU. Agencies U:la.t a..n .... 
tlclpate the need. tor "'ery a.ma..U ""8C&le loca.
tioD anc1 1dtnt.l�cat1on proJecta may fU:l.d l.(. 
useful to group t.beM togeUler a.n c1  ..olldt 
p:opouls tor a.n LIlllual pa.ckaie ot JObe. The 
tOllo..-l:l.g proeed.un.l at.ep& are reeommenc1ed 
in geD.enJ tor the procurement ot loca.uo.c.. 
Ident..Lnca.tlon. .. nc1 d.a.ta recovery prognu:o.a: 

a.. Pre-p..a..n.t.\OD. ot .. R.equeet tor Propo.sa..lL The rtquect tor propoe.&.l.& ahou.l4 lnclude • 
�pt>-of.worlt USUally Inclucllo..g otbe tollow ... io..g elemeot.!.: ( 1) A deocr\.ptton ot t!:le UDdert� re
q ulnng Ule td�nt!�cst.\on or dAta. recovery 
aet1 V1ty. IncJ ud1::l.i a state ment of t!J.e P!"'e6eDt 
satus or pl &llll..1og, at..a.tus of. compl1.a..o.ce w1t.b 
h.l5torlc ?rese:rT&tlon au t.llon,tlee, 1Lllc1 & pr0-
Jected time--.... ble for tuture actlo c..s; ( 'l )  The loea.t:1oD or the u nde .... ...a..kJn.g In. 
clud.!ng In!CYr:l:l.a.tlon on lbe slu or t.he a.re& 
to be a=Kted.. the te:nJn. a.ccess, 1a.n.d ow-ne:r-
6�lp. or other !acton that rn.Ight a!!ect the 
logtst.1C1 of Idecttne&tlon or data. reco�ery; { 3 }  For Ide:::.tl�ca.tton proJect!, t.b.e- klDc1.a 
of desCT1pt!ve .. cd e't'a.hatory output rtq.u1:e4 
'by E>'..&tute and proce<1uree; &.Dd -

<'") Tor dAta recovery projtct.s, t�e Pro.v. 
eftr or p:-O?ertiM to be 1..n ... estl�t.ed. a.oc1 t.b.e 
d8ota. OT r�arch 't'a.lUe1lo the property ar prop. 
erties &Ie (1.s) known. or thought to represent. 

b .  The request tor proposala 6bould. be C1.r. 
culat.ed to a.ll qUA.l!.Ced &.:ld pot.enUa.Cy !.nt;.eT .. 
ested. CODL-acton. lncludlng both locaJ. and 
non-l oca..l unlnra1t1ee, coll e-ges , mWlewn.s., 
prl't'a.t.e nrm.s. a.nd lnOJv1d u.a..ls.. and a..boulc1 be 
a.d't'tr*....1S.e<1 to "COC'UIleTC.e BUSiDess Da.U)" . 
Advt:-t1s..ln g In Journals. tl'!wlSJ ettera. a...od 
OUler me<11a lLkely to be 5een by 1'Otent!al 
o�ere .... "''!II . aDd dis.trthut1oD througb 'Ule Sta.t.e 
Hist.:)Mc Pre!.ert"& tlon OOcer, L.'"e desLra.ble. 
The DePlLrtmtDt will &S3l&t a.genc1es lc. com ... 
p 1l1 n g 115"'...5 ot 1'Otentl a.l oC'erers. u1'On requ� t. 

c. O�erer'!ll F.houlc1 pronde p1"'O'pOSB..Ls f� 
u::.de:-ta.k1ng the requ est.ec1 work. settlng 
tor....h the1J" stAt! qUILILCcatlon.a, fa.eU1tles., re ... 
SHoreb d� sl gn.s, and proje-ot p l&D.8. 

c1. Propos..sl& &h oulc1 be entJua.ted for re
sponslnn eS05 a.nd protes.alonal qUAlIty, a.nd. 
n.nke<1 a..ccordlogiy. pnor to a eonsldention 

ot bids. The Dep..a.r..meDt w111 provlc1eo quall
e.e-a �Lst.a..nce 1..n evah.:at!.!:..g prop�la upon 
r e-q u est. to th e e neD t ptT1Ill tte<1 bT· tt.a.a 
Umlta.ttOD3.· 

Dated: January 19. 1977. 

GARY EVERHARDT. 
Dirutor • •  VatioTUll Park Service. 

IF'R Doe.77-23PP F'lled 1-27-77:8 :46 amI 

Name 

The criteria for AQCR priOrity cln.ssl
tications originally promul.ated by EPA 
were measured ambient alr quality or e$-

POSTAL SERVICE 
( 39 CFR Part 6 ]  

GOVERNMENT I N  TH E  SUNSHINE ACT
BYLAWS OF TH E BOARD OF GOVERNORS 

Propo� Rulemlklnc 

Correction. 
In FR Doe. 77-1098 appearjng at pa.p 

2899 In the Issue ot 'Thursday. JanUAIY 
13. 1977- the tollo� �rreetlona should. 
be made. 

1. On page 2702. middle �1wnn. In I 6.1 Insert the follOwing lln.e Imme
dJately above the last line In the �lwnn. 
"lng may be varied by actlon ot the". 

2. On page 2702. Wrd column. In I e.3 
th e 1 e th and 17th Unes are tr1lnsposed 
&nd should read: 
"preVlous oral notice. must be sent In sut
tlclent time to reach that adc1resa a� 
least" . 

ENVIRONM ENTAL PROTECTION 
AGENCY 

[ �  CFR Part 52 ] 
(F'RL 676-41 

APPROVAL AND PROMU LGATION OF 
IMPLEM ENTATION PLANS 

Texas and New Mexico 

On Ma.rch 21. 1.975. the Governor ot 
Texas 6ubmJtt<ld a revision to the state 
Implementation Plan (SIP) concern.lni: 
tho re-classltlca.tlon or oue.--U All' Qual
Ity Control Regjons (AQCR.s) 'I<'!th � 
speet to partlculate matter. sul!uroxldes. 
and c.a."bon monoxide. The publlc hear
ing for t..'lls revision was �nduct<ld by 
t.tle S�te on January 1 6 .  1975. On Oct.<:>
ber 1 .  1975.  Ille Texas All' Control Bo,.,-d 
(TACB ) was not11led 01 EPA's prelbJ
nary analysis results. On August 2. 1 . 76. 
the Governor 6ubmJtt<ld I< reruioD to 
Sectlon IX. Air Quallty Surveillance. or 
the SIP subsequent to I< publlc hear1..ni 
conducted by the State on Aprtl 8. 1976 . 
In t..'1 1s  rO\islon. monitoring equipment 
requl!'ements f or sul!ur oxides ... ere pn>
posed b. ,ed on the prellminary e�alua
tion results of the re-classl!lcatlon revi
sion. Therefore. this notice of propOSed 
rulerr.aking concerns both re\1s1ons to 
Ille Texas SIP. 

AQCR RZ-CLASSITICAnOl( 

The priority re-class1!l.cs.tion remien 
concerns the pollutants and AQCR.s IndJ
ca.ted below. The origjna.l classlllcatloru 
are compared with the new cla.s.sltlca
tlons proposed by the State. 

Pollutant On,,"'] prtontJ 
rn Tn In 1lI III II ill U. 

tlml<ted a.1r quality "'here measured data. 
were not avallable. In addJtion. po�uh
tiOD d .. ta could be used to cla .. !!y AQCR.s 
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" R e h a b i l i t a t i o n  m e a n s  t h e  p r o c e s s  o f  r e t u r n i n g  a p r o p e r t y t o  
a s t a t e  o f  u t i l i t y .  t h r o u g h  r e p a i r  o r  a l t e r a t i o n .  w h i c h  ma k e s  
p o s s i b l e  a n  e f f i c i e n t  c o n t e m p o r a r y  u s e  w h i l e  p r e s e r v i n g  t h o s e  
p o r t i o n s  a n d  f e a t u r e s o f  t h e  p r o p e r t y w h i c h  a r e  s i g n i f i c a n t  
t o  i t s  h i s t o r i c , a r c h i t e c t u r a l . a n d  c u l t u r a l  v a l u e s :' 

T h e  f o l l o w i n g  " S t a n d a r d s f o r  R e h a b i l i t a t i o n "  s h a l l  b e  u s e d  
b y  t h e S e c r e t a r y  o f  t h e  I n t e r i o r  w h e n  d e t e r m i n i n g  i f  a 
r e h a b i l i t a t i o n  p r o j e c t  q u a l i f i e s  a s  " c e r t i f i e d r e h a b i l i t a t i o n "  
p u r s u a n t  t o  t h e  T a x  R e f o r m  A c t o f  1 9 7 6  a n d  t h e  R e v e n u e  A c t o f  
1 9 7 8 .  T h e s e  s t a n d a r d s  a r e  a s e c t i o n  o f  t h e  S e c r e t a r y ' s  
" S t a n d a r d s  f o r  H i s t o r i c  P r e s e r v a t i o n  P r o j e c t s "  a n d  a p p e a r  i n  
T i t l e  3 6  o f  t h e  C o d e  o f  F e d e r a l  R e g u l a t i o n s . P a r t  1 2 0 8  ( f o r 
m e r l y  3 6  C F R  P a r t  6 7 ) . 

l .  Every rea sona b l e  e f f o r t  sl� l l  be ma d e  to provide a compa t i b l e  
use for a prope r ty whic h requires m in ima l  al terat ion o f  t h e  build ing . 
s t ruc tur e ,  or s i te and its environmen t .  or to use a property fo r its 
o riginally intend e d  purpo s e .  

2 .  T h e  d i s t ingu is hing o r ig ina l qua l i t i e s  o r  c har a c t er of a build ing , 
s t ruc ture . or s i t e  and i t s  environmen t s ha l l  not be d e s t ro y ed . The 
removal or al t erat ion o f  any h is to r ic ma t eria l  or d is t inc t ive 
architec tural f ea tures shoul d b e  avoided when p o s s i b l e .  

3 .  All building s ,  s t ructur e s ,  and s i t e s  s ha l l  b e  r ecogn ized as 
produc t s  o f  t he ir o wn  t ime . A l t e ra t ions t ha t have no h i s t o r ical 
ba s i s  and which seek to c r ea t e  an earl ier appearance sha l l  be 
d iscourage d .  

4 .  Changes wh ic h may have taken p lace i n  t he c o u r s e  o f  t ime are 
evidenc e o f  t he history and development of a b u i l d ing . s t ructur e ,  or 
s i t e  and i t s  environmen t .  These c hanges may have acqu ir ed 
s ign if icance in t heir own rig ht . and t hi s  s ign i f icanc � shall b e  
recognized a n d  respec t e d .  

5.  D i s t inc t ive styl i s t ic f eatures o r  examp les o f  s k i l l e d  
craf t smanship which c harac terize a buil d ing . s t ructu re . or s it e  shall 
be trea t ed with sens i t iv i t y .  

6 .  Deteriorated architectural features shall b e  repa ired rather t han 
replac ed . wherever p o s s ib l e .  I n  t he even t replacemen t is nec essary . 
the new mat erial should ma t c h  the ma t erial be ing r ep laced in 
comp o s i t ion . d es ign , co l o r ,  t extur e ,  and o t her v i sua l qua l i t ie s .  
Repair o r  rep lacement o f  m i s s ing archit ec tural f ea tures should b e  
ba sed on accurate dupl icat ions o f  featur e s .  substan t ia t ed by h i s t o r ic . 
phys ical . or pic t o r ia l  evidence ra ther t han on conj ec tural d e s igns o r  
t he ava ilab ility o f  d i f f erent architec t ural e l emen t s  f ro m  o t her 
buildings or s t ructure s . 
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7 .  The su r f a c e  c leaning o f  s t ruc tures s ha l l  be und e r t a ken w i t h  t h e  
gen t l e s t  means p o s s i b l e . S andbla s t ing and o t her cleaning met hods 
that will d amage the histo r ic b u il d ing ma t er ia l s  shall not b e  
undertaken. 

8. Every r e a sonable e f f o r t  shall be made to p r o t e c t  and p r e s erve 
archeo lo g ical r e s o urces a f f ec t ed by,  o r  adj a c e n t  to a n y  proj ec t .  

9 .  Contemporary d e s ign f o r  a l t er a t i o n s  and add i t io n s  to ex i s t in g  
p r o p e r t i e s  s ha ll no t b e  d i scouraged when s u c h  a l t e ra t io n s  and 
add i t io n s  do no t d e s t r o y  si 6n i f icant h i s to r ica l , a r c h i t ec t u r a l  or 
cul t u ra l  ma t e r ia l ,  and such d e s ign is compa t ib l e  w i t h  the s i z e ,  
sca l e ,  co l o r , ma t e r ia l ,  and c ha r a c t er o f  t h e  proper t y ,  n e ig h b o r ho o d  
o r  environment . 

1 0 .  Wherever po s s ibl e ,  new add i t ions or a l t e r a t ions to s t r u c t u r e s  
shall b e  done i n  such a � n n e r  t ha t  if su c h  add i t ions o r  al t er a t io n s  
wer e  to be r emoved i n  t h e  fu t ur e ,  t h e  e s s en t ia l  f o rm and in t e g r i t y  
o f  the s t r u c ture would b e  unimpa i r ed . 

GUIDELINES FOR APPLYING THE S ECRETARY OF THE INTERIOR ' S  STANDARDS FOR 
REHAB ILITATION 

The f o llowing g u id e l i nes are des igned to h e l p  individual p r o p e r t y  
own ers formu late plans f o r  t he r e hab i l i t a t io n ,  p r e serv a t i on , and 
con t i nued use o f  h is to r i c  b u i l d ings c ons i s t e n t  w i t h  the i n t en t  of 
t h e  S ec r e t a r y  o f  the I n t e r io r ' s  " S tandards for Rehab i l i t a t i o n . "  The 
gu i d e l ines p e r t a in t o  b u i l d ings of all o c cupancy and c o n s t ruc t i o n  
t y p e s , s i zes , and ma t e r i a l s . They a p p l y  t o  p e rma n e n t  and t empo r a r y  
cons truc t i o n  on the e x t e r i o r  and i n t e r io r  o f  h i s t o r i c  b u i ld ings as 
well a s  new a t t a c h ed or adj acent cons truc t i o n . 

Techniques , t r e a tments , and me t hods co n s i s t e n t  w i th t he S e c r e tary ' s  
"S tandards for Reha b i l i t a t i o n" a r e  l i s t ed in t he " r e c olT\l'lended" c o l umn 
on t h e  lef t .  No t a l l  recommenda tions l i s t e d  und er a t r e a t me n t  wi l l  
apply t o  eac.h p roj e c t  prop o s a l . Rehab i l i t a t i on a o p r o a c hes . ma t er i a l s , 
and methods which may adv er s ely a f f e c t  a b u i lding ' s  a r c h i tec t u r a l  and 
h i s t o r i c  qua l i t ies are l i s t ed in the " n o t  r e commend ed" co lumn on t h e  
r igh t .  Eve r y  e f f o r t  w i l l  b e  made t o  uod a t e  and expand the g u i d e l i nes 
as arl d i t i o n a l  t eChniques and t r ea tments become known . 

S p e c i f i c  i n f o rma t ion on r ehab i l i t a t io n  and preservat i o n r ec hno logy 
may b e  n b t � ined b y  w r i t i n g  t o  the Techn i c a l  P r es e rva t i on S e rv i c e s  
D i v i s io n , H e r i tage Conserv a t ion and Re c r e a t ion S e rv i c e , U . S .  
Dep ar tment o f  t h e  I n t e r i o r ,  Washing t o n , D . C .  2 0 2 4 J , o r  t he appr o p r i a t e  
S t a t e  H i s t o r i c  P r es e rv a t i o n  O f f i cer . Ad v i c e  should a l s o  b e  sought 
from qua l i f i ed p ro f e s s i o n a l s , i n c lud i n g  a r c h i t e c t s ,  a r c h i t e c t u r a l  
h i s to r ians , and ar cheo lo g i s t s  s k i l l ed i n  the p r es e rva t i o n , r e s t o r a t i on , 
and rehab i l �ta t i o n  o f  o ld build ings . 
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THE ENVIRONMENT 

Recorrvnended 

Re taining d i s tinc t ive features 
such a s  the s i z e , s c a l e , mas s , 
color , and mater ials of buildings , 
inc lud ing roo f s ,  p o r c he s ,  and 
s t airways t ha t  give a ne i ghborhood 
its d is t ingui s hing c harac t e r .  

Reta ining land s c a pe features 
suc h as parks , gard ens , s t r e e t  
lights , s igns , benc h e s , walkwa y s , 
stree t s , al l e y s  and bu i ld ing s e t 
b a c k s  t h a t  have trad i t iona l l y  
linked b u ildings t o  t h e i r  env iron
men t .  

U s ing new plant ma t e r i a l s ', fencin g , 
walkways , s t r e e t  l ig ht s , s i gns , 
and benches that are c ompa t i ble 
with t h e  c h a r a c t e r  o f  the 
neighb o r hood in s iz e , scale , 
ma t er ial and colo r .  

Not Recorrvnended 

Introduc in g new c o n s truc t ion into 
neighborhood s  that is incom p a t i b l e  
w i t h  t he c h ar a c t e r  o f  the d i s t r ic t  
because o f  s i z e ,  s c a l e , c o lo r , and 
ma t e r ia l s . 

D e s t roying the r e l a t io n s h i p  o f  
build ings and t h e i r  env ironment b y  
widening ex i s t ing s t r ee t s , c hanging 
paving materia l ,  or b y  introduc ing 
ina p p r o p r i a t e l y  l o c a t e d  new s t r e e t s  
and pa rking l o t s  t h a t  are incomp a t i b le 
with t he c harac t e r  o f  the n e i g h b o r hood . 

Introducing s i gns , s t r e e t  l i g h t ing , 
benche s ,  new p lant ma t e r ia l s , fenc ing , 
walkways and pav ing ma ter i a l s  tha t a r e  
out o f  s c a l e  or are ina p p r o p r iate t o  
t h e  neighborhood . 

BUILDING S IT E  

Recorrvnended 

Identif ying plant s ,  t r ee s ,  fencing , 
walkva y s , outb uild ings , and other 
elements that might be an impo rtant 
p a r t  o f  t h e  property ' s  h i s t or y  and 
developmen t .  

Re t a ining p lant s ,  t r e e s ,  f enc ing , 
walkways , s t reet l i gh t s , s igns , and 
benc he s t h a t  r e f l e c t  t h e  proper t y ' s  
history and developmen t .  

Bas ing d ec i s ions for new s i t e  wor k  
o n  actual knowledge o f  the p a s t  
appearanc e o f  t h e  p r o p e r t y  found in 
p ho to g r ap h s , d r awings , newspape r s , 
and tax record s .  I f  c hang e s  a r e  
made t h e y  sho uld be c a r e fully 
evaluated in l i ght o f  the pas t 
appearance of the s i t e .  

Not Recorrvnended 

Making changes to the a p p e aranc e o f  
t h e  s i te by r emoving o ld plan t s ,  t r e e s , 
fenc ing , walkwa ys , o u t b u i l d ings , and 
o t h e r  e lemen t s  b e f o r e  evalua t ing t he i r  
imp o r t an c e  in t h e  p r o p e r t y ' s  his t o r y  
and developmen t .  

Leaving plant materials and t r e e s  in 
c lo s e  proximi t y  to t he build ing that 
ma y be cau s in g  d e t e r iora t ion of t h e  
his tor i c  f ab r ic . 
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BUILD ING SITE--continued 

Recorrrnended 

Providing proper site and roof 
drainage to assure that water 
does not splash �gainst building 
or foundation wal l s ,  nor drain 
toward the build ing. 

Archeological features 

RecOrmlended 
Leaving known archeolog ical 
resources intac t .  

Minimiz ing dis turbance o f  terrain 
around the s tructure , t hus reducing 
the pos sibility of d e s troying unknown 
archeological resources . 

Arranging for an archeolog ical survey 
o f  all terrain tha t mus t  b e  d i s turbed 
during the rehabili tation program. 
The survey should be conducted by a 
professional archeologi s t .  

Not Recormlended 

Not Recormlended 

Installing ind erground u t i l i t ies , 
pavements , and o t her modern f eatures 
that d is turb arc heological resources . 

Introducing heavy machinery or equi�
ment into areas where their pres ence 
may d is tu r b  archeological re sources . 

BU ILDING : STRUCTURAL SYS TEMS 

Recormlended Not Recorrrnended 

Recognizing the special prob lems 
inher ent in the s truc tural systems 
of historic buildings , espec ially 
where there are visible s igns of 
cracking , deflec tion , or fa ilure . 

Under taking stabilizat ion and repair 
of weakened structural members and 
systems. 

Replacing his torically impor tant 
s tructural members only when ne cessary . 
Supplementing ex isting s t ru c tural 
systems when damaged or inadequat e .  

D i sturb ing exi s t in g  foundations with 
new excavations that undermine the 
s tru ctural s tability of the build ing . 

Leaving known s tructural problems 
untreated that will cause cont inuing 
d e terioration and will shorten the 
life of the s tructure . 
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BUILD I NG :  EXTERIOR FEATURES--cont inued 
Mas onry: Ado b e ,  b r i c k ,  s t one , t e r r a  co t ta ,  conc r e t e ,  s t ucco and mo r t a r  

Recol1U1lended .. 

Retaining o r i g inal masonry and 
mor tar , whenever p o s s i bl e ,  w i t hout 
t h e  application o f  any sur fac e 
treatme n t .  

Repo int ing only those mor tar j o i n t s  
where t h e r e  is evid ence o f  mo i s t u re 
prob lems or when suf f ic i e n t  mo r t ar 
is m i s S ing to allow wa t e r  to s tand 
in t he mo r t a r  j o i n t .  

Dup l icat ing old mortar i n  comp o s i 
tion , c o lor , a n d  t ex t ure . 

Duplica t ing o ld mor tar in j o int 
s iz e , me t hod o f  a pp l ica t i o n ,  and 
j o in t  p ro f i l e .  

Re p a i r ing s tucc o w i t h  a s t u c c o  
mix t u r e  that d u p l i c a t e s  t h e  
o r ig ina l a s  c lo s e l y  as p o s s ib l e  
in appearan c e  a n d  t ex t u r e . 

Clean i ng masonry only when nece ssary 
t o  ha l t  d e t e r io r a t i o n  o r  to r emove 
gra f f i t i  and s ta ins and always w i t h  
the g en t le s t  met hod p o s s i b le , s u c h  
as l o w  p r e s sure wa t e r a n d  s o f t  
natural b r i s t l e  b r u s he s .  

Not Recol1U1lended 

Applying wa t e r p r o o f  or wa t e r  r e p e l l e n t  
coat ings or sur face cons o l id a t i o n  t r e a t 
men t s  unl e s s  r e q u ired to so lve a s p ec i f ic 
t echnical pro blem that has been s tud i e d  
and iden t i f ied . Coa t i n g s  are f r e q u e n t l y  
unne c e s sary , expens ive , and c a n  a c c e l 
e r a t e  d e t er iorat ion o f  the mason r y .  

Repoint ing m o r t a r  j o i n t s  tha t d o  no t 
need r e p o in t ing . U s ing e l ec t r ic saws 
and hammer s  to remove mo r t a r  c a n  
s e r i o u s l y  d amage t h e  ad j ac ent b r i c k .  

Repo inting w i t h  mo r t a r  o f  h i g h  Por t 
land c ement cont ent c an o f t en c r ea t e  
a bond t h a t  i s  s t ronger t h a n  t h e  
b u i l d in g  mater ial . Thi s c a n  c a u s e  
d e t e r io r a t i o n  a s  a r e s u l t  o f  t h e  
d i f f e r ing c o e f f i c ient o f  expan s i o n  
a n d  t h e  d i f f e r i n g  p o r o s i t y  o f  t h e  
ma t e r i a l  a n d  t he mortar . 

Repoint ing w i t h  mo r ta r  j o i n t s  o f  a 
d i f fe r i n g  s i z e  or j o in t  p r o f ile , 
t ex t u r e  or colo r .  

Sandbla s t ing , inc lud ing d r y  and wet 
gr i t  and other abras ive s ,  b r i c k  o r  
s tone sur f a c e s ; t h i s  method o f  c l eaning 
erodes the s u r f a c e  of t h e  ma t e r i a l  and 
acc e lera t e s  d e t e r io r a t io n .  U s ing 
c hemi c a l  c leaning p r oduc t s  tha t would 
have an adve r s e c h emical r e a c t ion w i t h  
the ma sonry ma t e r i a l s , i . e . , a c id on 
l ime s t one or ma r b l e  • 

.. For mo r e  in forma t ion c onsult Pres erva t ion B r ie f s : 1 :  "The Cl eaning and 
Wa t e rproo f Coat ing o f  Ma s onry Bu i l d ings" and P r e s e rva t i on Br ie f s : 2 :  
" Re po i n ting �lo r t a r  J o in t s  in H i s t o r i c  B r i c k  Build ing s "  (Was hing ton , D . C . :  
Her i tage Con s e rva tion a nd Re c rea t i on S e r v i c e , 1 9 7 5  and 1 9 7 6 ) . B o t h  are 
ava ilable from t he Governme n t  P r in t ing O f f ic e  o r  S ta t e  H is tor ic Prese rva t io n  
O f f ic er s .  
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RU ILDING : EXTERIOR FEATURES--c ont inued 
Masonry : Ad o b e ,  brick, s t one , t erra c o t t a ,  concre t e ,  s t ucco and mortar 

Rel:ommended 

Repair ing or replac ing , where 
nec es sary , d e t e r iorated ma t e r ia l  
with new ma t e r ia l  t hat dupl i c a t es 
the old as closely as po s s i b l e .  

Replacing miss ing s ignif icant 
architec tural features , such as 
cornice s ,  bracke t s ,  railing s ,  
and shutter s .  

Re taining the or iginal o r  early 
color and t ex ture o f  masonry 
surfac es , inc lud ing early s ignaee 
wherever po s s i b le . Brick or 
s tone sur fac e s  may have been ?a inted 
or whit ewashed for prac tical and 
aes thetic reasons . 

No t Rel:ommended 

Applying new material which is inap
propriate or was unavailable when the 
b u i ld ing was const ruc ted , such as 
a r t i f ic ial brick s id ing , ar t i f ic i a l  
cast s tone or brick veneer . 

Removing arc h i t e c t u r a l  features suc h 
�s corni ces , bracket s ,  r a i l ings , 
s hu t t e r s , window arc h i t r aves , and 
d o o rway ped imen t s .  

Removing paint from masonry surfaces 
ind iscrimina t e l y .  This may s u b j e c t  
t he b u i l d ing t o  damage and change 
its appearan c e .  

Wood : Clapb oard , weather board , shingles and o t he r  wood en s id i ng 

Rel:ommended 

Retaining and preserving 
s i g n i f icant archi tec tural 
featur e s , wherever pos s ib le . 

Repairing o� r eplac ing , where 
nece s sar y ,  d e t e r io r a t ed material 
tha t duplicates in s iz e ,  shape , 
and texture t he o l d  as c l o s ely as 
possible . 

No t Rel:ommended 

Removing a r c h i t ec t ural features suc h 
as s id ing , cornic es , bracke t s ,  window 
archit raves , and d oo rway ped imen t s .  
These are , i n  most case s ,  an e s s e n t ial 
part o f  a b u i ld ing ' s  c har ac t er and 
appearance that i l l u s t r a t e  t he cont in
uity o f  growth and change . 

Re sur fac ing frame build ings w i t h  new 
ma t e r ial that is inappropriate or was 
unavailable when the b u i ld i ng was 
cons truc t ed such as a r t i f i c i a l  s tone , 
b r i c k  veneer , a s b e s t o s  or aspha l t  
shingle s , and p l a s t i c  or alum i num 
s id ing . Suc h ma terial can � l so 
c o n t r ibute t o  t h e  d e t e r iorat ion o f  the 
s t ruc ture from mois ture and insec t s .  

Architec tura l Meta l s : Cast i r o n ,  stee l ,  pressed tin, aluminum and z i nc 

Rel:ommended Not Rel:ommended 

Reta ining o r igina l  ma t e r ia l , when
ever possible . 

Remov ing arc h i tec tural f ea t ur e s  that 
are a n  essential pa r t  of a bu i ld ing ' s  
charac t e r  and ap pearance , i l l u s t rat ing 
the cont inui t y  of growth and c hange . 
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BUILDING : EXTERIOR FEATURES--cont inued 

Architectural Metals : Cas t iron, s t e e l ,  pres sed t in ,  aluminum and z inc 

Recorrvnended 

Cleaning when nec essary with t he 
appropriate method . Metals should 
b e  c leaned b y  method s that do not 
abrade the sur fac e .  

Roo f s  and Roo f ing 

Recorrmended 

Preserving t he o r i ginal roof shap e .  

Retaining the or iginal r o o f ing 
materia l , whenever p o s s i b le .  

Providing adequate roo f drainage 
and insuring that the roo f ing 
ma terials pr ovide a weathert ight 
covering for t he s tructure . 

Rep lacing deteriorated r o o f  
cover ings with new ma terial that 
matches the o ld in compo s i t ion , 
size , shape , color , and textur e .  

Preserving o r  replac ing where 
nece ssar y ,  all archi tec tural 
features that g ive t he roof i t s  
essen t ia l  charac ter , such a s  
dormer windows , cupolas , cornic e s ,  
bracke t s ,  c h imneys , cre s t ing , and 
weather vanes .  

Windows and Doors 

Recorrvnended '" 

Retaining amd repa ir ing window and 
door opening s ,  frame s , sash , glas s ,  
door s ,  l intels , s i lls , pedimen t s , 
archi traves , hardware , awnings and 
shu t t e r s  where they contr ibute to t he 
archi te c tur�l and h i s t or ic c harac ter 
o f  the build ing . 

Not Recorrvnended 

Exposing metals which were intended t o  
be protected from t he environmen t . Do 
not use c leaning me t hods which a l t er 
the colo r , texture , and t one of the 
met a l .  

Not Recorrvnended 

Changing the essential char ac ter o f  
t he roof by adding inap p r o p r ia t e  
features such as dormer windows , vent s ,  
or skyl i gh t s .  

Applying new roof ing m a t� r ial that i s  
inappropr iate t o  the s t yle and per iod 
of t he building and ne ighborhood . 

Replacing d e t e r iora ted roof cover ing s 
with new mater ials that d i f f er to such 
an extent from t he o ld in compo s i tion , 
s i z e , shape , co lor , and texture t ha t  t he 
appearance of t he building is a l t ered . 

S t r ipp ing the roof of architectural 
features impor tant t o  i t s  charac t er .  

Not Recorrvnended 

Introducing or changing the locat ion 
or s iz e  o f  windows , door s ,  and o t her 
openings that a l ter t he archi tec t u ral 
and historic character o f  the build ing . 
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BUILDING : EXTERIOR FEATURES --cont inued 
Windows and Doors 

Reaommended* 

Improving t he thermal perfo rmance 
of exi s ting windows and doors 
through adding or replac ing weather
str ipp ing and add ing s t o rm  windows 
and doors which ar. compatible with 
the c harac ter of the building and 
which do no t damage window or door 
frame s .  

Rep lacing m i s s ing o r  irreparable 
windows on s i gn i f icant facades with 
new windows that match the o r i ginal 
in mater ial , size , general mun tin 
and mul l ion proport ion and con
figura tion , and ref lec t ive qua l i t ies 
o f  t he g la s s .  

Not Reaommended 

Replacing window and door features on 
s ignif icant facades with historically 
and architecturally incompatible 
materials such a s  anodized aluminum, 
mirrored or t inted glas s .  

Removing window and door features that 
can be repaired where such features 
con t r ibute t o  the his toric anJ archi
tec tural charac ter of the build ing . 

Changing t he size or arrangement o f  
window panes , mun t ins , and rails where 
t hey contribute to t he archi tectural 
and historic character o f  the build ing . 

Ins tall ing on s igni f icant facades 
shut ter s , screens , b l ind s ,  secur i t y  
grill s ,  and awnings which a r e  h i s tori
cally inap propr iate and which d e tract 
from the c harac ter o f  the build ing . 

Installing new exterior s torm windows 
and doors which are inapp rop r ia t e  in 
s ize or color , which are inoper able , 
or which require removal of o r i g inal 
windows and doors . 

Ins t a l l ing interior s t orm windows t ha t  
allow mo i s ture t o  accumulate and damage 
the window . 

Replacing sash whic h contribute to t he 
charac t e r  of a building with those that 
are incompat ible in s iz e ,  conf igura t io n ,  
and reflective qual i t ies o r  vhich a l t er 
the setback relat ionship be tween window 
and wal l .  

*For more informat ion consult Preservation Brie f s : 3 :  "Conserving Energy in 
Historic Buildings" (Wa shington , D . C .  Heritage Conserva t ion and Recreation 
Servic e ,  1 9 7 8 ) . I t  is ava ilable from t he Government Pr int ing O f f ice o r  
State Historic Preserva t ion O f f icers. 
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BUILD ING : EXTERIOR FEATURES--c ont inued 

Windows and Doors 

Re"CIITVTlended 

Storefronts 

Recommended 

Retaining and repair ing ex i s t ing 
s torefronts including window s ,  sas h ,  
doors , t ransoms , s ignage , and 
decorative featur es where such 
features contribute to the archi
tectural and his toric charac ter o f  
the build ing . 

Where o riginal or early s t o refronts 
no longer ex ist or are too d e t er ior
ated t o  save , r e t aining t he commerc ial 
character of t he build ing t hrough 
1 )  contempor ary des ign which is com
patible wi th the scale , des ign , 
material s , color , and t exture of the 
his toric building s ;  or 2) an accurate 
res toration o f  the s t orefront based 
on historical research and physical 
evidenc e .  

En t rance s ,  porche s ,  and steps 

RecoTmlended 

Retaining porches and s t e p s  that 
are appropr iate to the building and 
its deve lopmen t .  Porches or 
addit ions reflecting later archi
tectural s t y les are o f ten important 
to the building ' s historical 
integr i ty and , wherever po s s ible , 
should be retained . 

Not Recommended 

Ins tall ing heating / air cond i t ioning 
uni t s  in the window fra:mes when t he 
sash and frames may be damaged . 
Window installat ions shou ld be c o n
sidered only when all o t her viable 
heating / cooling systems would result 
in signif icant damage t o  his t o r ic 
materials . 

Not Recorrmended 

Intr oducing a s t ore front or new d e s i gn 
element on the gr ound f loor , suc h as 
an arcade . which alters the archi tec t u r a l  
and h i s t o r i c  charac ter o f  t h e  building 
and its relationship with t he s tr e e t  o r  
i t s  sett ing o r  which causes des t ruct ion 
o f  significant his toric fab r ic . 

Using materials which d e t ract from t he 
historic or architectural character o f  
the build ing , such as mirrored glass . 

Altering the entrance through a signi
ficant s t orefron t .  

Not RecOTmlended 

Removing o r  altering porches and s t e p s  
t h a t  a r e  appropr iate to t h e  building ' s 
development and s tyle . 
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BUILD ING : EXTERIOR FEATURES--continued 

Entranc e s ,  porc h e s ,  and s t eps 

Recorrrnended 

Repairing or replacing , where 
necessary , deterio rated archi t ec 
tural features o f  wood , iron , cast 
iron, terra c o t t a ,  tile , and brick. 

Exterior Finishes 

RecOTmlended 

Discover ing the historic paint 
colors and f in i s he s  o f  the 
s tructure and repainting w i t h  
those c o l o r s  t o  illus trate t he 
d is t inct ive character o f  the 
propert y .  

Not Recorrvnended 

S t r ip p ing porches and s t e p s  or o r ig i nal 
ma t e rial and architec tural f eature s ,  
suc h a s  hand rai ls , balu s t e r s ,  c o l�ns , 
bracke t s , and roof d ecoration of wood , 
iron , cast iron , terra c o t t a ,  t i le and 
b r ick. 

Enc lo s ing po rches and s t eps in a manner 
that d e s troys t heir intended ap pearance . 

Not Recommended 

Removing paint and f inishes d own to 
the bare sur fac e ;  s t rong paint 
s t rippers whether chemical or 
mechanical can perman t e n t l y  d amage 
the surface . Al s o , s tr ipping 
o b l i te r a t e s  evidence of the h i s t o r ical 
paint f inishe s . 

Repainting with colors that canno t be 
do cumented through research and inves
t igation to b e  appropriate to t he 
bui lding and neighbor hood . 

BUILDING : INTERIOR FEATURES 

Recorrvnended 

Retaining o r i ginal mat e r ia l , 
archi tec tural features , and 
hardware , whenever p o s s i b l e , 
such as stairs , elevato r s ,  hand 
rails , baluster s ,  o rnamental 
columns , cornice s ,  baseboard s ,  
door s ,  doorwa y s , windows , man t e l  
piece s ,  paneling , ligh t ing 
fixtur e s ,  parque t o r  mo saic 
f looring. 

Repairing or replac ing , where 
necessary , d e ter iorated ma t er ia l  
with new material t h a t  dupl icates 
the old as closely as pos s i b l e .  

Not Recorrvnended 

Removing o r i g inal ma t e r ial , archi tec
tural featur e s , and hardwar e ,  ex c e p t  
where essential f o r  s a f e t y  o r  e f f i cienc y .  

Replacing in terior d o o r s  and transoms 
without inve s t iga t ing a l t e rnat ive f i r e  
protec t ion measures o r  p o s s i b l e  c od e  
variance s .  

Installing new decorat ive mater ial and 
pane l�lg wh ich d e s t r o y s  s i gni f icant 
archi �ectura l  fea t u r e s  o r  was unavailable 
when the b u i ld i ng was const ruc t ed , such 
as vinyl plastic or imitation wood wa l l  
and f l o o r  cov e r ing s , e x c e p t  i n  u t i l i ty 
areas such as bat hrooms and ki tc hens . 
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BUILDING : INTERIOR F EATURES--c ont inued 

Reaorrunended 

Ret a ining o r i ginal plas t er , when
I!ver po s s ib le . 

D i s covering and re taining o r iginal 
paint c o lors , wa llpapers and o t he r  
decorative mo t i f s  o r ,  where neces
sar y ,  r e p lac ing t hem with colo r s ,  
wal l pa p e r s  o r  decorat ive mo t i f s  
based o n  the original . 

Where requ ired b y  cod e ,  enclosing 
an importan t  interior s ta irway in 
such a way as t o  retain i t s  
charac ter . In many c a s e s  glazed 
f i r e  rated walls may b e  used . 

Re taining t he basic p lan o f  a 
build ing , the rela t ionsh ip and 
size o f  rooms , corrido r s ,  and 
o t her spac e s .  

NEW CONSTRUCTION 

Reaorrunended 

Keeping new add it ions and ad j ac e n t  
new construct ion to a minimum , 
making t hem compatible in sca l e ,  
building mat e r ia ls , and textur e .  

Des igning n e w  work t o  b e  compat i b le 
in ma t er ia l s , s iz e ,  c o lo r ,  and 
texture with t he earlier build ing 
a� t he neighborhood . 

Not Reaorrunended 

Removing p laster to expose b r ick to 
give the wall an app earance i t  never 
had . 

Changing t he texture and pat ina o f  
expo sed wooden arc hitec tural features 
( including struc tural membe r s )  and 
masonry surfac e s  through sand b l a s t ing 
or use o f  o t her abras ive t ec hniques t o  
remove pain t , d i s c o l ora t io n  and plas t er , 
exc ept in certain indus t r ia l  or ware
house buildings where t he in t er i o r  
ma s o n r y  or p las t er s u r f a c e s  do n o t  have 
s ignificant d e sign , d e tai ling , t o o l ing , 
or f in i s h ; and where wooden arc h i t ec 
tural features are n o t  f in i s hed , molded , 
b eaded , or worked by hand . 

Enc l o s ing impor tant s ta irways w i t h  
ordinary f i re r a t e d  cons t ruct ion 
which d e s t r o ys t h e  architectural 
charac ter o f  t he s ta ir and t h e  spac e .  

Al t ering t h e  basic p lan o f  a b uilding 
b y  d emo l ish ing pr inc ipal wall s , par t i
t i ons , and stairways .  

Not Reaorrmended 

D e s i gning new wo r k  which is incomp a t i b l e  
w i t h  t he ear l ier b u ild ing and t he neigh
borhood in ma t e r ia l s , s i z e , scale , and 
texture . 
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NEW CONSTRUCTION--c ont inued 

Recommended 
Using contemporary des igns compa t 
i b l e  with the charac ter and mood of 
the build ing or the neighborhood . 

Protect ing ar chi tec tural details 
and features that contribute t o  
t h e  charac ter o f  t h e  building . 

Placing telev i sion ant ennae and 
mechanica l  equipment , suc h as 
air cond i t ioner s ,  in an incon
sp icuous location. 

Not Recommended 
Imi tating an earlier s tyle or period 
o f  architec ture in new add i t ions , 
except in rare cases where a con tempo
rary design would detract from the 
architectural uni ty of an ensemble or 
group . Especially avoid imitat ing an 
earlier style o f  architec ture in new 
add it ions that have a comp letely 
contemporary func t ion such as a dr ive
in bank or garag e .  

Ad d ing new height to t h e  building that 
changes the scale and c harac t er of t he 
building . Add i t ions in height s hould 
no t be visible when viewing t he pr in
cipal facad e s .  

Adding new f loors or removing ex i s ting 
floo r s  that destroy important architec
tural detail s ,  features and spaces of 
the build ing . 

Placing television antennae and 
mechanical equipment , suc h as air 
cond i t ioners , where they can be seen 
from the s tre e t .  

MECHANICAL SYSTEMS : HEATING , AIR COND ITIONING , ELECTRICAL, PLUMBING , 
FIRE PROTECTION 

Recommended Not Recommended 

Installing necessary mechanical 
systems in area s and spaces that 
vill require the least p o s s ible 
alterat ion to t he s t ruc t ural 
integr ity and physical appearance 
of the build ing . 

Utilizing early mechanical systems , 
including p lumbing and early 
lighting f ixtures , where possible. 

Caus ing unnece ssary damage to the p lan , 
ma t er ial s ,  and appearance of the 
build ing when ins talling mechanical 
sys tems . 

At taching ex t erior elec t r ical and tele
phone cab les t o  the p rinc i pal eleva t ions 
o f  the build ing . 
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MECHANICAL SYSTEMS : HEAT ING , AIR CONDITIONI NG ,  ELECTRICAL, PLUMB ING , 
FIRE PROTECTION--cont inued 

Recommended Not Recommended 

Installing the ve r t ic a l  runs o f  
duc t s ,  p ip e s ,  and cables i n  clo s e t s , 
service r o om s , and wall c av i t i e s .  

Insuring adequate ventilat ion o f  
a t t ic s ,  c r awlspac e s ,  and c ellar s 
to preven t mois ture p r o b lems . 

Ins talling thermal insu la t ion in 
a t t i c s  and in unhea t e d  c ellars 
and crawl spaces to cons erve ene r g y .  

Ins talling v e r t i cal r u n s  o f  d uc t s ,  
p i p e s , and cables in places wher e 
they will be a v i sual intrus ion . 

Concealing or "making inv i s ib l e "  
mechanical equipment in h i s t o r i c  wa lls 
or c ei l ing s .  F r equently thi s c o nc eal
ment r e quires the removal of h i s t o r i c  
fabric . 

Install ing "dr o p p ed "  acoust ical c e i lings 
to hide mechanical equ ipment . T h i s  
d e s troys t he p r o p o r t ions and character 
o f  the room s .  

Install ing f oam , gla s s  f i ber , o r  c e llu
lose insula t io n  into wall c a v i t i e s  o f  
e i ther wooden o r  maso n r y  cons truc t io n .  
This h a s  been found t o  cause m o i � tu r e  
prob lems when there is n o  adequate 
mo isture b� r r ier . 

SAF ETY AND CODE REQUIREMENTS 

Recommended 

Complying with c od e  requiremen t s  
i n  s u c h  a manner that the es sential 
character o f  a building is preserved 
intac t .  

Working with local c od e  o f f icials 
to inve s t i gate a l t ernat ive l i f e  
safety measures t h a t  p r e serve the 
architectural integrity of the 
build ing . 

Inve s t igat ing var ianc e s  f o r  h i s t o r i c  
pro perties all owed under s o m e  local 
c od e s .  

Not Recommended 
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SAFETY AND CODE REQUIREMENTS--continued 

Recorrmended 

Installing adequa te fire prevention 
equipment in a manner that d o e s  
minimal d ama g e  to t h e  appearance or 
fabric of a proper t y .  

Adding new stairways and eleva tors 
that do no t alter existing exit 
facilities or other impor tant archi
tectural features and spaces o f  the 
building . 

Not Recorrmended 

Ad d ing new s tairways and elevator s 
that alter exi s t ing exit facilities 
or important architec tural features 
and spaces of the building . 

Heritage Conservation and Recreation Service 
U . S .  Department o f  the Interior 
Washington, D . C .  20243 

January 1980 (rev. ) 
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STANDARD 

PRESERVATION COVENANTS 

The p remis es above des c ribed a re hereby conveyed s ubj ect to 
the conditions , res trictions , and limita tions hereina fter s e t  
fo rth , which shall be cons idered a s  covenants running w i t h  the 
p rope rty , which the grantee , his heirs , and a s s igns covenant and 
a gree , in the event that p remi s e s  a re sold or othe rwi s e  dispo sed 
o f ,  will b e  inserted in the conveyance o r  other instrument 
disposing of the p remises . 

1 .  That with respect to the ext e rio r ( a nd architecturally 
and/ o r  historica lly s i gnificant inte rior feature s )  o f  the 
s t ructures no phys ical o r  s t ructural change and no change in the 
c o l o r  or surfacing sha l l  be made o r  changed or altered without 
the written approva l of the State His toric Pre serva tion Office r .  

2 .  In the event o f  a vio lation o f  the a bove restrictions , 
the Agenc:'/State Historic Preservation Officer may institute a 
suit to enj o in such violation or for dama ges by rea s on o f  any 
b reach there o f .  

3 .  The above res trictions sha ll be b inding o n  the p a rties 
hereto , their he irs , succes s o rs , and a s s igns , in perpetuity/ [ fo r  
�� __________ � __ years ] but the S tate Historic Pre servatio n  
Officer may , for good caus e , modify or cancel any o r  all of the 
fore go ing restrictions upon app lication o f  the grantee , his heirs 
and a s s igns . 

The a cceptance of the delivery of thi s ( de ed/title) shall 
const itute conclus ive evidence o f  the agreement o f  the grantee to 
b e  bound by the conditions , restrictions , and limitations and to 
perfo rm the obligations herein set forth . 
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Uni ted States Department of the In terior 
HERITAGE CONSERVATION AND RECREATION SERVICE 

WASH [:>;CTON, D.C. 20243 

J �  RE.PLY RE1Ut TO : 436 
Mr. John F .  Pearson , J r .  
Department of Energy 
Oak Ridge Operations 
Oak Ridge � Tennessee 37830 

Dear Mr. Pearson : 

Thank you for your letter requesting a determination of eligibility for inclusion in 
the N ational R egister pursuant to Executive Order 1 1 5 9 3  or the N ational H istoric 
Preservation Act of 1 9 6 6 ,  as am ended. Our determination appears on the enclosed 
m;, t erial. 

As you understand, your request for our professional judgm ent consti tutes a part 
of t he Federal planning process. We urge tt:e.t t his infor mation be integrated into 
t he N at ional Environmental Policy Act analysis in order to bring about the best 
possible p rogram decisions. This determination does not serve in any m anner as a 
veto to uses of property, with or without Federal participation or assistance. Any 
decision on the property in question and the responsibility for program planning 
concerning such properties lie with the agency or block grant recipient after the 
Adv isory Council on H istoric Preservation has had an opportunity to com m ent. 

W e are pleased to be of assistance in the consideration of historic resources in the 
planning process. 

Enclosure 

NOT E :  Letter dated January 1 3 ,  1 98 1 . 

u';;' 
Jerry L. Rogers 
Acting K eeper of the 
N ational R egister 
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DETERMINATION OF ELIGIBILITY 

NOTIFICATION DISTRIBUTION 

ce O' State H.1storlc P�eservatioll Officer: Mr .  Clarence E .  �oran 

rederal Representative : Mrs . Ruth Clusen 

Bureau Uason: Mr _ Raymond Berube 

Adviso rr Council. 011 Historlc P�eservatioll: Washington , D . C .  

DCC: RCRS Reg1Dnal. Office: Northeast 

Intuagenc:y Archeological. Services: Atlanta office � REGISTER. j'oECR-Gieseclte· 
FHB.: W. R.. Luce : jrb : 343-6401 : 1'-5-81 

BASI.C FILE RE'!AIlmD IN NATIONAL REGtSTElt 
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DETERMINATION OF EUGIBIUlY NOTIACATION 
National Register of Historic Places 

Heritage Conservation and Recreation Service 

N a m e  o f  p roperty: Fort Martin School 

location: Monongalia County State: wv 

R e q u est s u b m iHed by: DOE/John F .  Pearson , Jr . 

D ate receive d: 8-18-80 A d d itio n a l  i n fo r m ation rece iv e d :  9-16-80 

O p inion of the State H istoric Preservation O fficer: 

KJ E l i g ib l e  O N ot Eligible O N o R esponse 

C o m m e n ts: 

The S e cretary of the Inte rior has d ete r m i n e d  th at th is property is: 

EJ E l i g ib le A p p l i c ab le criteria: A , C  O N ot E l ig ib le  

C o m m en ts: .See typed sheet 

o D ocu m en tation insu ffic ient  
(P lease s e e  a cco m p a nying sh eet e x p l a i n ing a d d iti o n a l  m ateria l s  req u ired) 

� K e e p e r  of th e N a tio n a l  R eg ister 

_ 8-265 2/79 Date: ________________________ ___ 
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DETERMINATION OF EUGIBIUTY NOTIACATION 
National Register of Historic Places 

Heritage Conservation and Recreation Service 

N a m e  o f  property: Fort Martin Church 

locati o n: Mononaglia County 

R e qu est sub.., itted by: DOE/John F .  Pearso n ,  .o Jr . 

Sta te: fIN 

D ate received: 8-18-80 A d d itio n a l  i n formation receiv ed: 9-16-80 

O p inion of the State Historic Preservation O fficer: 

O El i g ib le � N ot E l ig ible o No R esponse 

C o m m e n ts: 

- - - - - ----- - - - - ---

Th e S ecretary o f  the Interior h a s  d eterm i n e d  th at th is  property is: 

o E l i g ib le A pp li c a b le criteria: Kl Not E lig ible 

C o m m ents: *See typed sheet 

o Docu m entation insu ffjc ient  
(P l ease see accom p a nying sheet e x p l a i n i n g  a d d ition a l  m ateriall  requ ire d) 

l010 K eeper o f  the N atio n a l  R eg ister 

D a te: ________________________ __ 
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Eoil)l@OO 
DETERMINATION OF EUGIBIUlY NOTIACATION 
National Register of Historic Places 

Heritage Conservation and Recreation Service 

N a m e  o f  p roperty: Gingrich House 

Location: Mononga lia County State: 

R e q u est  s u bm itted by: DOE/John F .  Pearson , Jr . 

D ate re ceive d: 8-18-80 Add i tio n a l i n form ation re ceived:  9-16-80 

O p inion of the State H istoric Preservation O fficer: 

IiU E l i g  ible O N ot E lig ib le o N o  R esponse 

C o m m  ents: 

Th e Secretary of the Interior has d ete rm i n e d  th at th is - property is: 

0 El i g ib le A p p lic a b le criteria: C o N ot E l ig i ble 

C o m ments: * See typed sheet 

o D ocu m entation ins u fficie n t  
(P l e a s e  s e e  acco m p a nying sheet  e x p l a i n i n g  a d d itio n a l  m a te rials  required)  

' :::: ,\ 
::- K e e p e r  o f  t h e  N atio n a l  R eg ister 

FJ-tR 8-265 2/79 D ate: ________________________ ___ 



U-66 

Please Note : 

The Fort Martin .School is eligible both as a well preserved example of a once 
common building type--the one room schoo l ,  and for its impor�ance in the education 
of area children . The building ha s been slightly modified by the addition of a 
kitchen/bathroom wing. The new wing is small , distinct from the original building , 
and does not impa ir the building ' s  integrity . 

Altho'lgh the F t .  Martin Methodist Church .is a very historic congregation , the 
current building does not appear to qualify for the National Register either for 
architectural significance or historical associations . A building can qualify for 
the National Register for historical a s sociations only on the ba sis of events 
associated with that building , not with earlier structures . 

The Gingrich House is eligible for the National Register as a vernacular house 
combining several late nineteenth century elemen � s .  The house which utilizes 
Italianate , Queen Anne and Second Empire elements also conta ins significant 
interior woodwork . 



Department of Energy 
Oak Ridge Operations 
P. O. Box E 
Oak Ridge, Tennessee 37830 
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AUG 1 2  1980 

Keeper of the National Register 
Herit age Con servation & Recreation Service 
Department of the Interior 
440 G Street NW 
Washington , D . C .  20243 

Gentl e m e n :  

R EQUESTS FOR D E T E R M I NA T I ONS OF E L IG I B I L I TY ;  H I S TOR ICAL AND 
ARCHAEOLOGICAL RESOURCES AT DOE ' S  SRC I I  SITE; MORGANTOWN , 
WEST V I RG I N I A  

Enclosed you .... i l l  find several reports describing t h e  follo .... i n g  
cultural resources at DOE ' s  p roposed SRC I I  Plant Site : 

1 .  Belldina ' s  Bottom Archaeological Site 

Draft Report on Phase 1 and I I  I nvestigations by GAl 
Consultants ( Enclosure 1 . ) 

2 .  Van Voorh is Farm Archaeologic al Site 

Draft Report by Mid-Atlantic Archaeological Research , I nc .  
( Enc!osure 2 )  

3 .  Fort Martin Churc h ,  Fort Martin School and Gingrich House 
Historical Sues • 
Draft Report of Additional Historical Data by Stearns-Roger 
( Enclosure 3 - includes photographs of Gingrich House 
interior) 

This letter and information supplements our submittal of J uly 22 , 
1980 relative to the Fort Martin Historical/Archaeological site and 
other resources. Although these reports are considered drafts , .... e 
believe they contain accurate information in sufficient detail for 
eligibility determinations . Please note GAl ' s  most recent .... eekly 
report inserted in their draft report for the Belldin a '  s Lo .... er 
Terrace . 

COpy 
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Keeper of the Register - 2 - AUG 1 2  1980 

Please contact u s  promptly if you believe any additional informa
tion is needed for the required determination s .  We have p rovided a 
complete copy of this submittal to the West Virginia State' Historical 
P reservation Officer ,  along ..... ith a request that he provide formal 
..... ritten concurrence to you as soon a s  pos sible . This should allo ..... 
the Department of I n terior to exercise the lO-day, determin ation 
option specified under Title 36 , Section 63. 3 .  

J ake Alex ander, ..... i t h  ORO ' s  Environmental P rotection Branch , 
should be contacted if you have questions or need additi onal 
i nformation reg arding these matters , at FTS 626-0849 , or 
commercial : Area Code 615/576-0849 . We appreciate' your' cooperat1oh--· --

iJL_herptng::m-{"oresolve-- any potential conflicts bet ..... een the SRC I I  
project and these important cultural resource s .  

MS-331 :JKA 

Enclosurec: 

CC : 

/" ; c:ihcerelY , ",' /:r .' 
j /  .1 / (.-- ;' . b/: / .

. . . /' , r 'i{;,-.-.-. ' ,. \ �c;"! :!' ! ..... .  /,......... .  \. ' ) 
"John F .  Pearson , Jr:  "-

Assis tant Manager for 
Solvent Refined Coal P rojects 

Clarence )doran , WV/SHPO , Charleston 
Mr.  Tannebaum, Advisory Council 

on Historical P reservation , DC 



f • 

S e p t ember 10, 1980 
Mrs . Carol D .  Shull 
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DEPARTM ENT OF CULTURE AND HISTORY 
STATE OF WEST VIRG INIA 

JOHN D. R,OCKEFELLER IV, GOVERNOR 
Norman l. Fagan, Commissioner 

HISTORIC PRESERVATION UNIT Oarence E. MOrin. AlA, Director 

Acting Keeper of the Na tional Regi s t er 
HeRS , Department of t he Int erior 
440 G S tr e e t ,  N.W. 

Wa shing ton, D . C ,  20243 
RE: Determination of Eligibility 

Dear Hs .  Carol : 

Van Voorhis Farm (46 Mg 77) , 
Be1ldina ' s  Bo t tom (46 Mg 75) , '  
Gingrich Hous e ,  Fort }2rtin School 
and Fort �!artin Church 

Please' refer to the l etter dated August 12', 1980 from J . F .  Pearson, Jr . ,  
Oak Ridge Operat ions , Department of Energy , to you, and the reports "Draft Re
por ts on Phase I and Phase II Archeological Investigat ion at Site 46 Mg 75 
(Belldina ' s  Bo t tom) ", "Van Voorhis Farm Site (4 6 Mg 77) Archeological Inves ti
ga t ion", and "Addi tional His torical Da ta" . In our opinion, Van Voorhis Farm ,  
Belldina ' s  Bo t tom, and the Gingrich Ho use a s  described a r e  eligible f o r  inclusion ' 
in the Na tional Regis te r ;  we do no t believe the Fort �!artin Church is eligible. 
In regard to the Fort Martin Scho o l ,  we have no o pinion at this t im e ,  pending 
more data on o ther one-room schools. in Nonongalia County that are , extant . 

Sincerely: 

Clarence E. ��ran, AIA 
State His toric Preservation Officer 

\ 
CEN/kf s ; IV  

. ' . l'  r�' -'":,-=- �'�:-:--:��, ;:-:7\ ",': < .� 
I 
. "" -� <;' ,-- '  ' �: '-;-.- --;. ': � 

,- �-. 

THE CULTURAL CENTER CAPITOL COMPLEX CHARLESTON, WEST VIRGINIA I 2 5305 I 304 -348 -0240 
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Appen d i x  V . l 

THE EXPORT BASE AND SELECTED S ECTORAL 
I NCOME AND EMPLOYMENT MULT I P L I ERS 





2 . 5 . 4  The Export Base and Selected Sectoral 
Income and Employment Multipliers 

2 . 5 . 4. 1 The Export Base Multiplier 

The export base multiplier is a highly aggregated e s timate of 

the numbe r of "service" or supportive local jobs that will be created 

in a given area as the result of an expansion of IIbasic I '  or "export" 

employment. *' It is an analytical tec hnique which has been widely 

used, and widely criticized. The ba.sic as sumption is that there is 
a stable relationship between the numbe r of jobs in export activiti e s ,  

and the nu.m.be r  o f  j O ? S  in local activities which suppo r t  the basic 

sectors. 

This is a weak a s s um.ption. First, there is the major difficulty 

of distinguishing between export and local service activiti e s .  But 

even if this difficulty could be overcome, the basic .. s e rvice ratio .. ... 

from which the export base multiplier (Xk) is calculated __ would be 

stable only if industry and product mixes remained constant, and if 

there were no technological or s tructural chang e s  in the area und e r  

*Export b a s e  terminolo6'Y is f a r  from consis tent. This report 
will use the terms "export ! !  and "basic l l  to denote jobs in activities 
that sell in national and international markets as opposed to those 
which are "local" or supportive of the r'basic" jobs. For a dis cussion 
of this issue, see Richard B .  Andrews, "Mechanics of the U rban 
Economic B a s e :  The Problem of Te rminology, " in Ralph W. Pfouts 
(ed. ), The Te chniaues of U rban Economic AnalYSi S ,  New Y o rk, 
Chandler- Davis ,  1 96 0 ,  
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conside ration. These as sumptions are s o  stringent one might wonde r 

why anyone would trouble to go through the lengthy and tedious �roce s s  

involved in calculating Xk. T h e  only jurisdiction that c a n  be offe red 

is that the export base multiplier e s tablishes an upper limit to the 

employment iInpact of new a c tivities in a given area. Data collected 

for this analysis also give a concise d e s c ri�tion of the e c onomic struc .. 

ture of the study area. 

The reason the export base multiplier overs tate s the employment 

impact of a new activity in an area i s  the implicit as sumption that all 

local employment is dependent, directly or indirectly, on exports. 

A s  the late Charles Tiebout pointed out, in a now classic debate with 

Douglas North, the validity of this as sumption depends on the s ize of 

the area being analyzed. The world as a whole has expe rienced sub-

s tantial e conomic growth with no exports. In a modern industrial 

society, howeve r ,  the individual household " expo r t s l l  everything it 

contributes to the e conomy. Between the s e  extreme s ,  the relative 

importance of exports can vary widely from city to city, from s tate 

to s tate, and from region to region. 

The details behind the export base multipli e r  for the SRC II 

area are given in Table 2 - 13. * The first step in e s timating the 

*These are the swnmary details . Data for the five counties 
were aggregated to obtain Table 2 - 1 3 .  Comparable national and state 
data were needed to calculate some of the figures given in this table� 
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export base of the area, as of 1976,  was to calculate location quotients 

for each sector from the relation: 

LQi 

employment in s ector i in SR C II area 
total employment in SRC II area 
employment in se ctor i in nation 

total national employment 

The LOs are used to help identify sectors that produce for export. The 

assumption behind the use of LQs is that is an area is self ... suificient 

in a given activity, local production will equal local consumption and 

the LO 1 .  An LO le s s  than one is supposed to indicate i.nl.ports of 

goods and s e rvices in that sector; Similarly, an LO greater than one 

indicates that the sector produces for export. 

But how much does it imPJrt and how much does it export ? LOs 

really cannot answer thi6 question. This is the point at which the 

objective nature of eXPJrt .. base analysis breaks down. Estimates of 

how each exporting se ctor exports are made on a purely subjective 

basis. * The e stimates for the SRC 11 area are given in column 6 of 

Table 2 .. 13. Some of the s e  require a few words of explanation. 

The s e cond largest employer in the area is the coal industry. 

Table 2 .. 13 s hows that it exports all of its output. How can this be ? 

*There are some methods, such as the minimum requirements 
technique s ,  which appear to provide completely objective e s timates of 
sectoral export8, but the se methods are no more free of subjective 
elements than the one used he re. 
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Is none of the coal produced in the area used locally ? A.ctually, ye s .  

Some of i t  i s  sold to local utili ti e s .  But the utilities export much of 

the electricity they produce - - much more than the 10 percent e s timate 

for the trans portation- public utilities s e c tor. But des pite the large 

LO for mining, the area also imports some coal and ele ctricity from 

surrounding counti e s .  An impre s sion of greater accuracy might have 

been given if we had e s timated mining exports at, say, 98 percent. 

But this would have been entirely spurious accuracy. The e s timates 

in column 6 represent the best judgments of analysts familiar with the 

structure of this local e c onomy_ Furthermor e ,  slight chang es in the se 

percentages would have no appreciable effect on the export base multi-

plie r. 

The multiplier itself - - s hown at the bottom of the table _ _  is 

calculated in two siInple steps. First, the export - s e rvice ratio is 

calculated as s hown; then the numerator of this ratio is divided into 

the denominator to obtain the multiplier. The multiplier of 2. 247 indio. 

cates that for every 1 ,  000 new jobs in export sectors, 2, 2 4 7  supporting 

jobs will be created in the area. Des pite the rather generous e s timates 

of export employment in some sectors -- including a few with LOs le s s  

� _ .. this value i s  too high to b e  regarded as a realistic " equi-

librium solution" or final impact of the expansion of a given export 

activity in the area. But it is far from a u s e l e s s  exercise to calculate 
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this multiplier. It can be considered as a first approxiInation of the 

employment impact on an entire area due to the expansion of a major 

export activity. 

2 . 5. 4. 2  Industry-Specific Multiplie r s 

Conce ptually, there i s  no diffe rence between industry- spe cific 

multiplie rs and the export base multiplier. They are interpreted in 

the same way_ But accurate e s timates of industry - s pe c ific multipliers 

require far more data than the export base multiplier. Indeed, the 

only known method to calculate highly a ccurate industry- spe cific multi-

pliers for a region is to construct an input-output table for that area. * 

No such table exists for the S R C  II s tudy area, but the latest West 

Virginia input-output table has been used, in conjunction with a tech-

nique developed in the Regional E conomic Analysis Division of the 

U. S. De partment of Corn.m.e rce,  to calculate the multiplie r s s hown 

*An input-output table is a highly dis aggregated table which 
s hows purcha s e s  and sales among all s e ctors within the study area, 
a s  well as purchases of primary inputs plus imports, and sales to 
final consume r s  (including exports ) .  T here i s  a 1 97 5  table for V{est 
Virginia which has been used to e s timate s e ctoral employment and 
income multipliers for the study area. T he Vole st Virginia input
output data are from Anthony Loviscek, !.! �. ,  The 1 9 75 We st 
Virginia Input- Output Study, Morgantown, We st Virginia University 
Library, forthcoming ; and from William H. Mie rnyk, et al. , Sim.u
lating Re gional Economic Development, Lexington, Ma7s�hu�, 
D. C. Heath and Company, 1 970, pp. 1 93 - 1 9 5. For a general di s 
cussion o f  multiplier s ,  both export base and se c toral, s e e  \V'illiam 
H. Mie rnyk, et al. , Impact of the Space Prog ram on a Local Econ
..£!!!Y, Morgantc;''\�, \V'est  Virginia Unive r s ity Library, 1 96 7 .  
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in Table 2 ... 14. The relevant West Virginia multipliers are also 

included to indicate the contrast between statewide and smaller area 

multiplie rs. 
In 1 977,  the Regional Economic Analysis Division prepared a 

set of g r o s s  output multiplie rs for 1 73 BE...A. e conomic areas by adjus t-

ing national input .. output coefficients to refle ct  diffe rences in e conomic 

structure arn.ong the BEA areas. * The BEA area clo s e s t  to the SRC II 
area i3 area number 065 centered in Clarksburg, We s t  Virginia. It 

includes the three 'I.j\{est Vi rginia counties in the SRC II area, but not 

Fayette and Greene Countie s in Pennsylvania. It also includes seve ral 

other West Virginia counties. 

Difference between the two geographic areas are not too impor .. 

tant since the U. S. Department of Commerce multiplie rs - - knov.rn as 

RI1vfS (Regional Indus trial Multiplier System) multipliers -- were used 

for one purpose only ; namely, to adjust the \\{e s t  Virginia input-output 

multipliers to a set that would more logically apply both to BE...A. area 

065 and the SRC II area. 

*The method is much too lengthy to attempt even a su..m.mary 
description here. The complete method and a map of all BEA areas 
are given in Guideline 5 Regional Multiplie r s ,  Was hington, D. C • •  

Goverrunent Printing Office, January, 1 977. This report was pre
pared for the United States Water Resources Council by the Regional 
Economic Analysis Division, Bureau of Economic Analysis , U. S. 
Depart:n1ent of Comme rce. 
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TABLE 2 ... 1 4 :  Sectoral Employtnent and Income Multipliersa 

( 1 )  (Z ) --l ( 3 )  
Employtnent 'I Income 
Multiplier Multi lier 

Sector WV I SRC WV I SRC 

Mining 1 . 8 3  1. 76 1 . 69 I. 5() l 
Apparel and textile s b 1 . 1 9  1 . 1 9  1 . 37 1 . 37 

Lumber and wood products 1 . 59 1. 43 Z. 1 1  Z .  1 1  c 

Fabricated metals 1 . 41 I. 13 1 . 5 5  1. 34 

All othe r manufacturing 1 . 43 1 . 1 9  1 . 69 1 . 66 

Retail trade I .  43 1 . 0 7 1 . 46 1 . I Z  

Contract construction Z . 67 Z . 04 Z . 1 7  1 . 53 

Petroleum and coal productsa 
Based on BEA 064 4. 1 Z . 38 Z . 6 1 . 5 1 

Based on BEA 066 4. I Z. 76 Z. 6 1 . 1 8  

aFor the six export s e cto r s ,  a s  dete rmined b y  LQ analy sis,  plus 
contract construction and petroleum-coal products. 

bCalculated SRC k < 1. WVk used a s  best e s timate. 
c Calculated SRC k > VrVk. \\'"Vk used as b e s t  es timate. 
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L"1 our view7 mo st of the RLV...s m.ultipliers are much too high. 

They more nearly resemble the export base multiplier discussed above 

than the s e c toral multiplie rs in Table 2 - 1 4. The reason is that the 

Rllv1S multiplie rs do not adequately allow for 1I1eakage s "  from small 

areas. We used them, however, to " s cale " down the Vlest Virginia 

employtnent a.nd income multipliers.  This was done by calculating 

an adjustInent factor (a) using the relation: 

where: 

a 

G O  

(WYGOl; (WVki ) 
RIMS065GOi 

gros s output, 

k the employment or income multiplie r, 

the appropriate sector. 

The adjusttnent factor was then used to scale down the s tate multiplie rs 

to the SRC II area multiplie rs by the relation 2.\VVki = SRCki. * 
The same formula was applied to both employment and income 

multiplie r s  to obtain the results given in Table 2 - 14. \Vhere the cal-

culated multiplier was either le s s  than 1 (an e conomic impossibility) 

or g reater than the v,·e s t  Vi rginia multiplie r ,  as happened in two of the 

smaller s e c to r s ,  the West Vi rginia unadjusted multiplie rs were used. 

*The employment multiplier for mining , for example , was calcu-
lated by: ( 1 . 3) ( 1 . 83)  ; 0. 96 

2 . 46 8  
' 

and (0. 9 6 )  I I .  8 3 )  ; 1 . 6 5 .  

2 - 9 5  

7':l.e 'Cwo s e c t o r s  of critical impo rtance t o  the S R C  I !  ? r o } e c t  are 

contract construction and petrolewn a.nd coal flToducts. As Table 2 - 1 3  
shows, the construction se ctor in the S R C  II area was an ilnpo rte r in 

1 96 5  -- as measured by its LQ - - and there was no petrolewn- coal 

products sector in the area. There was no petroleum-coal ?roducts 

3 e ctor in BE...4.. area 065 eithe r. Thus, the RHvLS :nulti plie r s  for two 

adjoining BEA a r e as (Columbus and Pittsburgh) were used to obtain 

the two e stimates for this s ector in Table 2 - 14. 
The multiplie rs in Table 2 ... 14 a r e  Type II multiplie r s ;  that is,  

they include di rect, indirect, and induced (or consumption) effe c ts.  

Type II multi?lie rs are calculated from input-output tables which 

include households as another "industry, " that is, they are included 

,\vlthin the table from which the technical (or input) coeificients are 

calculated. Thus, they can be regarded as the final "equilibrium ' 

results of an inj e c tion of new inve stInent funds in the area. <: 
I '" 

The employment multiplie r  ior contract construction :'n the 

SRC II area suggests that for each direct job on the proj e c t  there will 

be one other job created somewhere in the a rea. This include s .i o b s 

in supplying busine s s  e s tablishments , and It also includes :obs that 

'Nill be created by increased household s pending in the area. 'Nhile it 

might seem high, .!. .E..ti.2..ti., it is smaller than the unad justed RL.,\-1S 

multi plier of 2 . 247,  and the latter does not include :-:'ouse r.old s !?e nding 
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V . 2  REGI ONAL I NDUSTRIAL MULT I P L I ER SYSTEM 

V . 2 . 1  I ntroduction  

The total e conomi c effect o f  a project is  s u bstanti al l y  g reater than  the  di rect cost  of b u i l d i n g  
a n d  operati ng the faci l i ty because the tota l i ncl udes secondary e conomi c effects a s  we l l a s  the 
i n i t i al i nvestment . The addi tional , or secondary ,  effect i s  esti mated through a mul t i p l i e r  
re l at i ons h i p :  the rati o between the tota l i nc rease i n  economi c acti v i ty a s  a resu l t of a project 
and the i n i t i a l  proj ect i nvestment . The i n i ti al effect ,  known as the f ina l -demand change , repre 
sents the change i ntroduced i nto t h e  economy by the project i tsel f .  The secondary effect i s  
the s um o f  the addi ti onal economi c acti v i ty generated i n  the reg i on by the i n i t i a l  effect . The 
anal yses a re parti cul arly i mportant because econom i c  st imu l a t i on and new j obs  created are often 
the key benefits  of the construction  or operati ons phases of a project , and l ost  jobs  a re a 
maj or source of controversy when an ongoi ng proj ect must be termi nated . 

Duri ng construc tion  of a new power-generating  fac i l i ty ,  for exampl e ,  the i n i t i a l  economic  effect 
i s  rep resented by expendi tures for ( 1 ) equi pment and materi a l s purchased from l ocal manufacturers 
and di stri butors and ( 2 )  l abor . The l ocal  di rect supp l i ers in turn purchase goods and servi ces 
from secondary supp l i ers ( e . g . ,  who l es a l e rs ) .  The secondary suppl i ers i n  turn re l y  on other 
suppl i ers farther  removed from the project .  These success i ve rounds of i nteri ndustry purchases 
and s a l e s  are the secondary econom i c  effects of  the proj ect .  

The  s i ze of the reg i onal mul ti pl i er depends on  the  p roport i on of d i rect and  i nd i rect i nput requ i re
ments that  can be suppl i ed by the  reg i on ' s  economy ,  wh i ch in  turn depends on the  spec i fi c  needs of 
the p roject and the ab i l i ty of  the reg i onal  economy to supply the i nputs . Conceptual l y ,  there
fore , the mu l ti p l i er i s  d i fferent for every spec i fi c  combi nati on of i ndustry and s i te in the 
nati on . 

V . 2 . 2  Al ternati ve methodol ogi es 

Economi sts have devel oped several  a l ternati ve means for estimati ng the total economi c effect , 
g i ven the i n i t i al effect .  The three ma i n  approac hes are the econom i c  base mode l , the econometri c 
mode l , and the i np ut/output ( I / O )  model . 

The economic  base model p rovi des  the s i mp l est approach to est imat i ng total economi c effect . Thi s 
model d i v i des  the reg i onal  economy i nto two sectors , the export , or basi c ,  sector , wh i ch pro
duces goods and serv i ces for export to other reg i ons , and the res i dent i a ry ,  or nonbas i c ,  secto r ,  
wh i ch p roduces goods a n d  serv i ces for l ocal  consumpti on . The i ncome earned (or  empl oymen t )  i n  
the i mpact analys i s  req u i res  i denti fyi ng the i n i ti a l  change i n  the export secto r .  The product 
of  th i s  i n i ti al change and the mu l t i p l i e r  i s  the tota l change i n  i ncome ( empl oyment ) .  

I n  the econometri c model , the economy i s  represented by a set of i nterre l ated equati ons descri b i ng 
the i nteracti ons  among econom i c  components . T ime-series  data are as sembl ed for the vari abl es 
of  the mode l , and reg ress i on anal ys i s  i s  used to esti mate coeffi c i ents of  the equati ons . The 
economi c i mpact analysi s u s ua l l y  i nvol ves i ntroduci ng the i n i t i al change i n  the appropri ate 
equat i on of the model and recal cu l ati ng the other equations  to obta i n  the total impact . 

The I /O model descri bes the f l ows of goods and servi ces to markets and between i ndustries i n  a 
reg i on .  Each i ndus try i n  the economy has a parti c u l a r  set of i nputs requ i red to produce i ts 
output ; these req u i rements genera l l y  d i ffer from those of other i ndustri es . The I /O model 
des cri bes the structure of  the economy and may be used to ana l yze the i mpl i cati ons of the changes 
in one port i on of the economic  effects that are set off by the f ina l -demand change . Impl i c i t  
i n  th i s  process i s  a mu l ti pl i er that rel ates tota l change to a s pec i fi c  i n i t i a l change . 

Each  app roach has advantages and d i s advantages . The economic  base model i s  s i mpl e to app l y ,  but 
it fa i l s  to provi de res u l ts ta i l ored to the spec i fi c  project be i ng anal yzed . Equa l i n i ti a l  
changes , whether i n  agri cu l ture o r  energy supply , wi l l  produce equal  total changes . The econo
metri c mode l offers res u l ts that are moderatel y  sens i ti ve to d i fferences i n  the nature of the 
proj ect , but  the data requ i rements for a l ong t ime series  for al l vari a b l e s  and the t ime req u i red 
to as semb l e  and est imate the model genera l l y  ru l e  out  i ts use , part icu l arly for a reas sma l l er 
than a state . The I /O model general ly provi des more u sefu l i ndustri al  deta i l  than the other two . 
But , even though i t  does not req u i re t i me-seri es  data , an I /O mode l i s  usua l ly cost ly to con
struct , and appl i cati ons i nvo l v i ng reg i ons sma l l er than a state are d i ff icu l t ,  aga i n  because of 
data l i mi tati ons . 
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V . 2 . 3  R I MS m u l t i pl i e r  

HDR-Sci ences u s e s  a vari at ion  o f  t h e  I/O  approach known as t h e  Reg i onal  I ndustri a l  Mu l t i p l i er 
System ( R I MS ) . * Th i s  system was devel oped to overcome the cost and/or sma l l -area data l i mi tat ions  
as soci ated wi th tradi ti onal  approaches and to  pro v i de both geog raph i c  and  i ndustri a l  fl ex i b i l i ty .  
I t  i s  a system o f  i nterrel ated data fi l es and computer prog rams desi gned to estimate I/O-type 
reg i onal mul t i p l i ers for any of the i ndustries  spec i f i ed i n  the Bureau of Economi c Ana l ys i s  ( BEA) 
nati onal  I/O model and for any reg i on that can be defi ned as one or more counti e s  in the Un i ted 
States . 

The system comb i nes severa l advantages of the economi c base and I / O  approaches to reg i onal  impact 
analys i s  to produce reg i onal mul t i p l i ers that are conceptual l y  s i mi l ar to I/O mu l ti p l i e rs .  R I MS 
rel i e s  on secondary data sources ; i t  i s  sens i t i ve to d i fferences between i ndustri es ; i t  operates 
at a deta i l ed i ndustr i a l  l evel ; and it i s  rel at ive ly  i nexpen s i ve to app l y .  

The reg i onal mu l t i p l i er estimates the port i on o f  succeed i ng waves o f  expendi tures that occur 
wi th i n  a defi ned reg i on ,  thus prov i d i ng a measure of the i ncreased econom i c  acti v i ty w i th i n  the 
reg i o n .  R I MS esti mates proj ect-spec i fi c  mu l t i p l i ers needed to estimate changes in  reg i onal  g ross  
output , reg ional  emp l oyment , and  reg i onal earn i ngs  by fi rst computi ng the  study i ndustry ' s  
dependence on other reg i onal  i ndu stri es . 

The re l at ionsh ip  i s  u sed to est imate the mu l t i p l i e r  effect of an i ncrease i n  fi nal  demand i n  a 
g i ven i ndus try on the reg i onal  gross output . Earn i ngs-to-gros s-output rat i os are then used to 
trans l ate the output i ncrease i nto i n creases i n  earn i ngs . For any g i ven reg i on , the rat i o  of 
empl oyment  to earn i ngs  i s  used to obta i n  an estimate of the tota l i ncreased emp l oyment  wi th i n  
the reg i o n .  

Each i ndu stry requ i res  i nputs that are converted to a n  output ,  wh i c h  serves a s  i nput to other 
i ndustri e s .  For exampl e ,  the manufacture o f  e l ectric moto rs req u i res , a s  some o f  i ts i nputs , 
coppe r ,  e l ectri c i ty ,  l abor ,  and transportation . When the e l ectri c motors are compl eted ( and 
become an output)  they are purchased by ( and become i nputs to ) the copper i ndustry ,  the e l ectri c 
appl i ance i ndustry , and others . Some of these suppl i ers and some cons umers a re l ocated i n  the 
reg i on of i ntere s t ;  others are not . An I / O  model  ord i nari l y  req u i res the devel opment of an 
ent i re I / O  matri x to account for th i s i n terdependence . Whi l e  reta i n i ng many of the anal yti cal  
opportu n i t i e s  of the I / O  framework , R I MS avo i ds the need for th i s  costl y process by v i ewi ng 
the gross output mu l t i p l i e r  as conta i n i ng four e l ements : i n i ti a l -change , di rect effect , i n d i rect 
effe c t ,  and i nduced effect .  

The i n i ti a l -change component i n  the mu l ti p l i e r  represents project expendi tures that wi l l  occur 
in the study reg i o n .  Because th i s  i n i ti a l change is exactl y equal  to project expendi tures , it i s  
a l ways represented i n  the mul t i p l i er by u n i ty ( 1 . 000) . The rema i n i ng components , the secondary 
econom i c  effects , are added to the i n i ti a l  economic  effect to pro v i de total economic  effect .  

The d i rect-effect component accounts for ( 1 )  i ndustry i nput req u i rements and ( 2 )  the a bi l i ty of 
the area to meet them . The former i s  o bta i ned from the nati onal I / O  model ; the l atter i s  
derived from data rel ati ng to the study reg i on ( e . g . , U . S .  Bureau of the Census , County B u s i ness 
Patterns Program) . I nputs requ i red by the study i ndus try but  not produced i n  the reg i on ( o r  
produced i n  i nsuff i c i ent quanti ty)  must b e  i mported by t h e  reg i on ,  t h u s  reduc i ng t h e  d i rect 
effect component of the reg i onal  mu l t i p l i er .  

The i nput req u i rements are i denti fi ed i n  the B E A  nati onal I / O  model . The fi rst step i n  
reg i ona l i za t i on i s  t h e  eval uati on of th i s  s e t  o f  requ i rements i n  l i ght  o f  what i s  known about 
the proj ect or spec i fi c  i ndustry . The s u i tabi l i ty of the national  model i ndus try for the 
project analys i s  i s  asses sed , and project- spec i f i c  adj ustments are made i n  the nati onal model 
i nput requi rements on the bas i s  of avai l ab l e  proj ect descri pti ons or engi neer ing  i n formati on .  

In put req u i rements that resu l t  from th i s fi rst step represent the techn i cal  req u i rements of the 
i ndu stry .  The second step in reg i onal i zation  reconc i l es the tech n i ca l  requ i rements of the 
i ndu stry wi th the capa c i ty of the reg ion  to supp ly  the req u i red i nputs . The techni cal  req u i re
ments are repl aced by reg ional  d i rect coeffi c i ents refl ecti ng the actual purchases of i np uts 
from suppl i ers wi th i n  the study reg i o n .  T h i s  step i s  accompl i shed wi th the use o f  the l ocation 
quoti ent , wh i ch is  a doub l e  rati o  of the form : 

* The R I MS system was devel oped i n  the Reg i onal Economi c Ana l ys i s  D i v i s i on of the Bureau of 
Economi c Ana l ys i s , U . S .  Department of Commerce . The HDR vers i on of R I MS has been refi ned and 
updated by staff to meet cl ient  and government requ i rements . 
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• i ndustry empl oyment  i n  the study reg i on/total emp l oyment  i n  the study reg i on , and 

• i ndustry empl oyment i n  the nati on/total empl oyment  i n  the nat i on . 

County Bus i ne s s  Patterns data are used to estimate these l ocati on q uoti ents . I f  the l ocati on 
quotient  for a g i ven i nput i s  zero , no production  is carri ed on in the reg i on . Thus , al l the 
req ui red i nput must  be  i mported , and the reg i onal  d i rect effect i s  zero . I f  the l ocat i on 
quotient  i s  equal  to or g reater than one , producti on i n  the reg i on i s  assumed to be suffi c i ent  
to  s upply the study i ndustry ,  and  the  reg i onal  d i rect effect is  equal  to the  nat iona l  d i rect 
requ i rement .  I n  cases where the l ocation  quoti ent i s  greater than zero but l ess  than one , the 
regi on is ass umed to s upply some of  the i nput requ i rement ,  the proporti on being equal  to the 
va l ue of the l ocation  quot i en t .  

T h e  l ocati on quot ient  test i s  appl i ed t o  each reg i onal  i ndus try that potent i a l l y  suppl i es i n puts 
to the study i ndustry . The s um of a l l res u l t ing  reg i onal i zed coeffi c i ents i s  the d i rect 
component of  the reg i ona l  mul t i p l i er .  

The i nd i rect component and the i nduced component  are computed a s  a s i ng l e comb i ned val ue i n  R IMS .  
The  i nd i rect- i nduced effects are those res u l ti ng from expan s i on of  s uppl i er and  servi ce i ndustri es  
to  meet the  needs of the  d i rectly affected i ndustry ,  as wel l as  changes in  l oca l  cons umpti on 
expendi tures . The  i nd i rect i nteracti ons measure add i t i onal rounds of expendi tures and production  
that  res u l t from the  i n i ti a l st imu l us .  Local  cons umer ' s  i ncomes are i nc reased by di rect and  
i nd i rect effects , and  some part of the  i ncome i ncreases wi l l  be s pent in  the  reg i on , s t i mu l at i ng 
addi t i onal economi c acti vi ty .  Th i s effect of i ncreased i n comes to l ocal  consume rs i s  the i nduced 
effect and i s  an extens i on of the i nd i rect componen t .  Estima t i on of t h e  i nd i rect-i nduced com
ponent i s  poss i b l e  through the fi ndi ng tha t ,  i n  an I / O  model under emp i ri cal l y  common condi t i ons , 
the i ndi rect-i nduced component can be estimated as a l i near homogeneous  functi on of the d i rect
component . A sampl e of  1 7  I/O model s conta i n i ng 500 observations  was used to devel op the 
re l at i onsh i p .  

V . 2 . 4 Updated R IMS program 

Impl ementati on of the R IMS methodol ogy requ i res the arti cu l ati on of severa l  data bases . Nat i ona l  
i n p ut-output data provi ded by the  B u reau of Economi c Analys i s  must  be coordi nated wi th county 
bus i ness  pattern emp l oyment  f i gures furn i shed by the Census Bureau . 

I n  contrast to the 1 96 7  tabl es , the l ates t  ( 1 97 2 )  nati onal i nput-output tab l es d i d  not produce 
i nteri ndustry d i rect requ i rement coeffi c i ents . Such coeff i c i ents must now be generated through 
appropri ate combi nation  of publ i shed " u s e "  and "make " tabl es . 

Each row of a use  tab l e s hows sal es to ( 1 ) each i ndustry and ( 2 )  fi nal  users of the output of the 
c ommodi ty named at the beg i n n i n g  of the row . Each col umn s hows the val ue of the i nput of com
mod i t i es and the va l ue added that i s  generated in producti on of the i ndus try named at the head 
of  the col umn . Each row of a make tab l e  revea l s the val ue of each of the commodi t ies  produced 
by the i ndustry n amed at the beg i nn i ng of the row . The col umns of a make tab l e  show the total  
output of each commodi ty produced in  each  i ndustry .  

Each i ndustry i s  assumed t o  have i ts own technol ogy , wh i ch i s  determi ned by i ts pr i nci pal 
product ; in other words , a l l  commodi ti es , whether pri nc i pal or  subs i di ary , produced in one 
i ndus try a re made by the s ame process and therefore requ i re the same i nput structure . Thi s i s  
referred to a s  the assumpt i on o f  a n  i ndustry technol ogy . (The assumpt i on o f  a commodi ty tech
no l o gy ,  though perhaps p referabl e from a theoretica l  v i ewpo i n t , can  yi e l d negat i ve coeffi c i ents 
and i s  not con s i dered s u i tabl e for i mpact analysi s . )  Under th i s  assumpti on , an i nput-output 
coeffi c i ent matri x (A) can be o btai ned as a matri x product of appropri ate l y  scal ed vers i ons  of the 
use  ( U )  and make ( V )  tabl es . A = B D , where U = B9 and V = Dq . The vector 9 i s  a di agonal 
matri x wi th i ndustry outputs i n  the d i agona l , and q i s  a d i a gona l matri x wi th commodi ty outputs 
in the di agona l . The i ndus try technol ogy was empl oyed to compute an i nd ustry coeff i c i ents tab l e ;  
the most  d i saggregated use  and make tab l es ( 5 1 1  i ndustr i es ) avai l abl e from the Bureau of 
Economi c Ana lys i s  were used . Househo l d coeffi c i ents were cal cu l ated as val ue added di v i ded 
by tota l i nputs . To extract emp l oyee compensati on from val ue added - whi ch con s i sts of emp l oyee 
compens ati on , i nd i rect b u s i ness  taxes , and property-type i ncome - val ue added was mul ti pl i ed by 
the proporti on of empl oyee compensation i n  val ue added at the broad i ndustri al  d i v i s i on l evel . 

To generate reg i onal l ocation  quoti ents , the re l ati ve proporti ons of emp l oyment i n  speci fi c 
i ndustries  i n  the reg i on to be i nvest i gated to those i n  the nati on must be known because the 
i n put-output data are nati onal i n  nature . Emp l oyment  esti mates for four-d i g i t  Standard I nd ustri a l  
Code ( S I C )  i ndustr i es were obtai ned from county bus i ness  pattern publ i cations  f o r  t h e  l atest  
ava i l ab l e  year , 1 976 . Beca use many f i g ures are  not revea l ed , due  to  d i s c l osure ru l e s , a recon
c i l i at i on procedure was i mpl emented to est imate empl oyment for nonreported i ndustri es . Th i s  
procedure requ i red emp l oyment esti mates at one l evel o f  i ndustri a l  c l as s i fi cat ion  that conformed 
h i erarchi cal l y  to empl oyment  esti mates at the next broader l evel . Because fi ve l evel s  of 
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i ndustri a l  cl ass i fi cati on exi s t ,  a computer s�brouti ne was wri tten to match any of fou r  g i ven 
l evel s with the l evel irrmed i ate l y  a bove i t .  

Becau s e  the i ndustr i a l  cl ass i f ications  empl oyed by the Bureau o f  Econom i c  Ana l ys i s  and the Census  
Bureau are  d i sparate , a bri dge program was wri tten so  that  l ocat i on quoti ents cou l d be computed 
for each of the I /O i ndustr i e s .  Th i s  was accompl i shed by tak i ng the pub l i s hed bri dge and 
rearrang i ng ( sort i n g )  i t  so that S I C  i ndustries  - as opposed to I / O  i ndustries  - were i n  
ascend ing  order . Th i s  fac i l i tated the a s s i gnment of county bus i ness  pattern empl oyment estimates 
to the appropri ate I/O i ndustri es a s  data were read in from magneti c  tape , in order of ascendi n g  
S I C  codes . 

Once I / O  i ndustry reg ional  empl oyment estimates are obtai ned i n  thi s fas h i on , reg ional  l ocati on 
quoti ents ( LQ s )  - the rat i o s  of reg i onal to nati onal i ndustria l  concentrati ons - are computed . 
These LQs are then appl i ed to the national  i nput-output coeffi c i ents , generated under the 
i ndustry technol ogy assumpt i on , to cal c u l ate reg i onal d i rect mu l t i p l i ers . 

Th i s  procedure can be s ummari zed i n  the fol l owing  fou r  equati ons . [The dot ( . )  refers to summ i ng 
across  that s u bscr i pt . ]  

where 

r Ai j  

ECr 

C � 
· J 

M � 
· J 

r A i j  

Ri 
n Ai j  
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P I 

P2 

S 

( Ri ) ( A� j ) 

g ( P I ' P 2 , S )  , 

F ( A  � ,  ECr ) . J 

A � + C � + . J . J 

esti mated reg i onal d i rect coeffi c i en t ,  

reg i ona l i z i ng factor for i ndustry i ,  

nati onal d i rect I / O  coeffi c i e n t ,  

factor descri b i ng t h e  econom i c  characteri st ics  of t h e  reg i on ,  

agri c u l ture proporti on of tota l nongovernment earn i ngs , 

= manufacturing  proporti on of tota l nongovernment earn i ngs , 

= reg i onal  nongovernment  earn i ngs  d i v i ded by national  nongovernment earn i ng s  - a 
measure of t he economic  s i ze of the reg i on , 

C � estimated i nd i rect-i nduced component of the mu l ti p l i e r  for i ndustry j ,  . J 
A � estimated d i rect component of the mu l t i p l i e r  for i ndus try j ,  . J 
M � estimated tota l mu l t i p l i e r  for i ndustry j .  

· J 

( V . l  ) 

( V . 2 ) 

( V . 3 ) 

( V . 4 )  

Equat i on ( V . l )  shows empl oyment edi t i ng of the nati onal tab l e  and further reg i onal i zati on by 
l ocation  quoti ents . Equation ( V . 3 )  i nd i cates that the i nd i rect- i nduced component of the 
mu l t i p l i e r  i s  estimated as a functi on of both the d i rect component and reg iona l  economic  char
acteri st ics , wh i c h  are spec i fi ed in Eq . ( V . 2 ) . Equation ( V . 4 )  i s  the mul t i p l i e r  i denti ty .  
One overa l l mul t i p l i e r ,  ( M  j ) , i s  estimated for each col umn i ndustry .  T h e  mu l t i p l i e r  rep resents 
the effect of a change in Tl nal  demand for each col umn i ndustry ' s  output on the tota l reg i onal  
output of goods  and serv i ces , a s  we l l  a s  a change in  the  associ ated effects on reg i onal earn i ng s .  
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Table V.1. Baseline population, average household size, and number of households (forecasts rounded to nearest hundred) 

County Item 1 960 1 910 1 91 5  1 916 1 980 1 985 1 990 1 995 ZOOO 

Fayette, PA PopulAtion 169, HOb 1 5�, t67b 1 56, 601- 1 55, 1 1 1a 1 51, 500f 1 57, 7001 1 58, 0001 16Z, 0001 165, 3001 
Ave r age Houlehold Size 3. 1 5  Z. 981 Z. 98 Z. 961 Z. 871 Z. 7<1 Z. 771 Z. 751 
Hou.!I eholda H, I 08d 5Z. bOO 52, 100 53, ZOO 5", 900 56, 800 58. 500 60. 1 00 

Greene, PA Population 39. �Z�b 36, 090b 38. 558" 38, 3 3 1a "2, "OOf "5, 800f �9, 1 00I 5Z, 1 001 55. 1 001 
A v e rd.ge Houaehold Size 3. 1 0  3. 061 3. O� z. 961 Z. 9 1 1  Z. 871 Z. 841 Z. 81 1 Huus ehohl s 1 1 , 6750] I Z.  (.00 1 2 , 600 I�. 300 1 5, 700 17, 1 00 1 8. 300 19. (.00 

M a r ion. WV Popu lation 63, 7 1 7c 6 1 , 356c 6Z, 805a 63, 6ZZ" 65. 600h 61, 800h 69, 500h 7 I , 300h 13, 1 00h 
A v e rot.l;e Houaehold Size Z. 96 Z. 9Z Z. 9 1  Z. 87 Z. 83 Z. 78g Z. 78 Z . 78 
Ilousebolda ZO. 727" Z I , 500 Z I , 900 ZZ, 900 Z�. 000 25, 000 Z5, 600 lb, 300 

Monongalia, wv Pupulot.tion 55, 6 1 7c 63, 1 Uc 67. 1 1 6a 67. 84�· 7 1 . 900h 76, �OOh 80, I 00h 83, 900h 87. 900h 
Average Houaehold Size 3. Z� 3. ZO 3. 1 9  3. 1 5  3 .  I I  3. 06B 3. 06 3. 06 
Households 1 9. 687" Z I , OOO 2 1 , 300 22, 80U Z�, 600 Z6, ZOO n. �oo Z8. 700 

Pre. ton, WV Pu..,�lalion 21, 233c 25, " 5Sc Z6. 8��" 21, 603a Z8, 600h Z9. 900h 3 1 , OOOh n, 300h 33. 600h 
Average HOU !lehold Size 3. n 3. Z7 3. Z6 3. ZZ 3. 1 7  3. I ZB 3. I Z  3. I Z  
Housel.,,),I:. 1, 661 c 8. ZOO 8, 500 8. 900 9, �Oo 9, 900 1 0. �oo 10. 800 

Study Region Population 355, 3 3 1  3 4 1 . 26Z 3 5 1 . 930 352, 5 1 1  366. 000 377,600 388. ZOO 4 0 1 . 600 4 1 5, 000 
Average Hou s e hold Size 3. 1 3  3. 0� 3. 03 3. 00 Z. 94 Z. 88 Z . 86 Z. 85 
Hous ehoLds 1 09, O(,� 1 1 5. 900 1 1 6, �OO 122, 100 1 28, 600 1 35, 000 140. ZOO 1 45, 500 

a " popu la hon Estimates and Projection s "  
b l 9 78 Pennsylvania S���!J\.t,st J·ac!, Table ". p. 1 6  (Census). 
cWest \,i rginHl Statistical Handb�)ok. Table 1 . 2 ,  "Areas, Total Popu lation, and Selected Population Statistics of West Vi rginia Counties, 1 960 and 1 970. " 

1974. p. 5. 
. 

d Ocla i led !lOUS inG Chdractc r i :;. h c s ,  P(;nnsylvania, Table 60, "Occupancy, Utilization. and Plumbing Cha racteristic!? (or Countie s. " 
e Uo\,sing Ch".racte r i s t i c s  for �tatc8 t....f_�tit!S, and Countie s, W c s t  V i rginia, Table 60. "Occupancy, Utilization. and Plumbing Cha ra cte ril5 tics (or Counties. II 

fThese po pul ation es timates are revisions of forecast9 madt!: by the Southwest Pennsylvania Re sional Plot.nning Commission in Janua ry . 1 979. The revisions 
retain (:xpect�d c?unty popula tion growth rates and use the same ratios of letal population to total number of house holds. However, Current Populat ion 
� e stimate s  fur 1 916 w..: re us cd iJl:Jtcad of the e s timates made by the planning commis si on. Estimates for subse quent years renect thi s diHerence. 

kThe R egiona l Comprehen�ive Plan - Housin� and Land Use f�lement!l, Region VI, Table .. , "Population Forecasts by County ilnd Region. " and Table 1 9, 
"lIousehold. by County ot.nd Region, 1 9 70 - 1 990. " 

hThese population estimot.tes ot. re revisions of the forecasts made by Region VI, The R egional Comprehenaive Plan _ HOUSing and Lot.nd U s e  Elements. The 
revhions retain the county popUlation growth rot.tes implied in Table .. , "Population Forecaats by County and Region. " Theae g rowth rates were ot.pplied 
to the most recent Current Population Report e s timates for 1916. The 1 985 to 1 990 g ro wth rates were uaed to e.timate populations in 1 995 and ZOOO. 
Source: FR, Vol 2, Baseline socioeconomic survey, Table 2.4. 
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Table V.2. Location quotients, nonagricultural, private sectors, 1970 

Ma rion Monongalia Pre s ton 
Occ upation U . S .  WV U. S.  WV U . S .  W V  

Profe s s ional, technical and kind red worke r s  0 . 6 3  0 . 74 1 . 5 5 1 . 82 0. 6 3  0 . 74 
Manage r s  and admini s trato r s  (nonfa rm) 0. 6 7  0 . 9 2  0 . 7 6  1 . 0 5  0. 5 4  0. 7 5  
Sale s worke r s  0 . 97 1 . 00 0 . 8 1  0. 8 3  0. 5 3  0. 5 5  
Cle rical and kind red worke r s  0 . 75 0 . 94 0 . 86 1 .  09 0. 56 0 . 7 0  
Craftsmen, fo remen, a n d  kind red worke r s  1 .  4 7  1 . 0 9 1 . 0 1 0. 7 5  1 . 4 3 1 . 06 
Ope rative s (except trans portation) 1 .  86 1 . 45 1 . 02 0. 7 8  1 . 5 3 1 . 1 7  
T rans po r tation equipment ope rative s 1 . 2 8 0. 9 3  1 .  0 3  0. 74 1 . 92 1 . 39 
Labo r e r s  (no nfa rm) I .  1 5  0 . 9 0  0. 9 6  0. 7 5  1 .  87 1 . 49 
Fa rme r :>  and farm manage r s  0 . 1 0  0 . 2 2  0. 1 4  0 . 3 3  1 . 0 5 2 . 44 
Farm fo remen and labo r e r s  0 . 06 0. 1 3  0 . 2 4  0. 5 0  0 . 88 1 . 8 7 
Se rvice worke r s  (nonhouse hold) 0 . 8 5  0. 9 0  1 . 1 1  1 .  1 7  1 . 0 8 1 . 1 4  
P r ivate hou s e hold wo rke r s  1 . 1 1  1 .  1 8  1 .  1 1  1 . 1 8 0 . 6 1  0. 6 5  

Source : ER, Vol 2 ,  Baseline socioeconomic survey,  Table 2 . 1 0 .  

F a  e Ue 

U . S .  WV 

0 . 7 0  0. 7 3  
0 . 5 9  0 . 9 1  
0. 9 8  0 . 88 
0 . 6 7  0. 6 8  
1 . 43 1 . 2 3 
1 . 6 5 1 .  1 6  
1 . 56 1 . 49 
1 .  4 8  1 . 5 1 
0 . 2 4  0 . 6 3  
0 . 35 1.  00 
0 . 9 0  0 . 96 
0 . 7 8  1 . 27 

G re e ne 

U. S. WV 

0. 74 0 . 78 
0. 6 4  0. 99 
0. 8 2  0 . 7 4  
0 . 6 0  0 . 6 0  
1 . 60 1 . 3 8 
1 . 59 1 .  1 2  
1 . 2 8 1 .  2 2  
1 . 2 7 1 . 2 9  
0. 86 2 . 2 5  
0. 82 2 . 3 3  
0. 87 0 . 94 
0 . 8 9  1 .  4 5  

-� 

S R C  

I I  
A re a  

U . S. 

0. 86 
0. 6 3  
0. 8 9  
0. 7 1  
1 . 3 7 
1 .  5 9  
1 .  3 6  
1 .  3 1  
0 . 3 3  
0. 35 
0. 94 
0. 6 1  
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Table V.3. R IMS multiplier leakage factors 

(percentage ) 

Employee 
Travelers b 

nontravelers8 

Export of net income 
from 70 mile region 1 0  4 5  

Social security taxes 6 6 

Federal income taxes 20 20 
State income taxes 2 2 
Personal savings 

Total income leakage 45 80 
from 70 mile region 

a local residents and persons moving household to with in 70 mi les 
of the SRC·I I site. 

bSRC.I  I employees who l ive only part·time with in 70 mi les of the 
SRC·I I site, most notably construction workers who reside near the job 
site du r ing the week but return to their  household residence on weekends, 
or less frequently . 



Table V.4. Estimated demand for construction labor for coal conversion demonstration plant 
Year and Quarter 

Work Force 1 9 80 1 9 8 1  1 9 82 
and OccuI>3 t i on 4 th 1 s t  2 nd )rd 4th 1 s t  2n d 3rd 4th l e t  

G� n e r a l  and 
Admi n i s t r a t i ve 

COll s t r u c t ion Managers 0 0 3 ) ) ) 3 ) ) ) 
Supe r i n t enden t s  0 0 1 5  1 5  1 5  1 5  1 5  1 5  1 5  1 5  
f i e  I d  t:n r, i n e e r a  0 0 20 20 20 20 2 0  20 20 20 
S Y 9 t rms Personnel 0 0 1 5  1 5  1 5  1 5  1 5  1 5  1 5  1 5  
I n ' pe c t o r s  0 0 15 15 15  1 5  1 5  1 5  1 5  1 5  
S e c re t a r i e s  0 0 20 20 20 20 20 20 20 20 
Purch a s i n g  Age n t s  0 0 1 5  1 5  1 5  1 5  1 5  1 5  1 5  1 5  
Accoun t a n t s  0 0 2 0  20 20 20 20 2 0  20 20 

�o t a 1  0 0 1 2 )  1 2 3  1 2 )  1 2 3  1 2 3  1 2 )  1 2 )  1 2 3  

Con s t rlJ c t i on Crafts 
C a r p e n t e r s 0 1 3  )9 1 34 1 70 1 70 1 70 2 2 1  2 2 1  207 
Op'? r a t o r s  )5 51 51 61, 1 1 8  1 4 1  1 89 2 1 8 2 1 3  1 9 2  
Con c r � t �  F i n i shers 0 0 0 8 I )  1 6  )0 )6 54 50 
E l e c t r i c i a n !  0 1 5  4 )  0 2 7  6 7  1 ) 1  2 6 8  4 8 2  554 
P a i n t e rs 0 0 0 II, 14 )6 )6 44 86 1 6 5  
P i pe f i t t � r o  0 1 5  I, ) 100 100 1 76 ) 2 7  6 2 9  9 1 8  9 1 8  
I ronIJor k e r s  0 0 0 1 32 1 79 208 2 80 2 80 2 80 2 2 7  
B o i  l e rm a k c r a  0 0 0 80 1 5 1  1 5 1  1 5 1  360 )60 )0 7 
H i 1 hH i eh t .  0 0 0 8 8 2 3  2 3  4 2  4 2  7 7  
I n s u l a t o r s  0 0 0 0 0 0 0 0 4 1  1 8 7  

T� ams t '! r B  1 )  1 6  1 6  3 2  5 5  5 5  6 9  7 8  7 4  62 
Laborers 0 1 3  1 3  1 1 1  2 1 6  2 1 6  2 6 1  2 6 1  2 6 1  2 2 )  

Sub t o t a l  4 6  1 2 3  206 681 1 , 052 1 , 2 6 2  1 , 670 2 , 1, ) 7  ) ,0 3 1  ) , 1 6 8  

To t a l  for G6A and Cro f t • 4 8  1 2 3  )29 806 1 , 1 7 5  1 , ) 85 1 , 79 3  2 , 560 ) , 1 54 ) , 2 9 1  

. -

·,igure. arc qu ar t er l y  averagee and m4y obscure peaks and val ley. occur r i ng in pft rt icular month s .  

Source: FR, Vol 2, Table 2 . 1 9 ,  p 2-1 23. 

198) 
2 nd 3rd 

3 ) 
1 5  1 5  
20 2 0  
1 5  1 5  
1 5  1 5  
20 20 
15 15 
20 20 

1 2 3  1 2 3  

1 8 2  1 0 9  
1 4 5  84 

24 1 8  
5 54 4 1 1  
2 1 7  20 1 
9 1 6  704 
1 89 86 
1 8 5  1 5 1  

7 7  6 1  
) 1 8  296 

5 2  4 2  
206 1 4 4  

3 , 06 7 2 ,  )06 

3 , 190 2 ,4 3 1  

4 t h  

3 
1 5  
20 
IS 
1 5  
20 
I S  
20 

1 2 3  

59 
56 

6 
2 1 2  
1 6 7  
2 7 7 

)8 
7 5  
2 1  

2 5 3  
2 1  I 
9 1  , I 

1 , 281 

1 ,4 10 
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Table V.S. Estimated demand for operations labor for coal conversion demonstration plant 

Genera l and 
Adm i n i s tr at i vea P l ant O�erators M a i n tenance C r aftsmenb 

Man agers 5 G rade A 13 I n s trument F i tters 
S up er v i sors  25 Grade B 67 P i p ef i t ters 
Admi n i st ra tors 40 G r a de C 70 E l ec tr i c i an s  
Profe s s i on a l s 5 We l de r s  
Eng i n eers 40 M i  1 1 wr i gh ts 
S c i e n t i s t s  1 5 Mach i n i s t s  
Techn i c i  ans 20 Carpenters 
C l erk s/typ i s ts 30 I n s u l a tors 
Sec retari  es  1 0  Ope ra t i n g  Engi neers 
Others 1 0  S o  i l  ermakers 

I ronwork ers 
P a i n ters 
R i ggers 
L aborers 
Teamster s  

S ub total  200 S ub total  1 50 S ubtotal  

aApprox imate occup a t i o n a l  b re ak down of funct i o n a l  req u i rements s ummar i zed i n  Tab l e  2 - 2 3 .  
S uperv i sors i nc l u de 20 eng i neers and 5 c ra f t sm en . Adm i n i s t rators i nc l u de p ers onnel w i th 

degrees an d/or tr a i n i n g  i n  b u s i nes s ,  eng i neer i n g  or arts and s c i ence s .  Profes s i on a l s  are 
med i ca l  p ersonne l . 

bContract m a i n tenance wi l l  req u i re an add i t i o n a l  1 00 or so craft sme n .  

Source: E R, Vol 2, Table 2 . 2 2 ,  p 2 - 1 33. 

Craft 

I nsulators 

Boilermakers 

Carpenters 

Concrete f in ishers 

Electricians 

I ronworkers 

Laborers 

M i l lwrights 

Table V.6. Estimated peak year construction - labor 

requirementsa and availabil ity level by craft 
(90·minute (la-mile) lone, 1 983) 

Estimated peak 
Estimated 

construction 
employmentb 

demand 

821 480 

760 229 

9325 8907 

2048 1 967 

4244 3572 

1 656 1 1 36 

54 16 4913  

328 229 

Operating engineers 3841 3431 

Pa i nters 2074 1 8 1 5  

Pipe fitters/plumbers 4380 3 1 86 

Teamsters 1 697 1 546 

Demand as a 
percentage of 
employment 

1 7 1  

332 

1 05 

1 04 

1 1 9  

146 

1 1 0  

1 43 

1 1 2  

1 1 4 

1 37 

1 1 0  

aTotal zone demand is the sum of basel ine SRC-I I and other large project demands. 
b1 979 estimated employment assumed to grow at two percent per year. 

Source: ORAU Table 1 -5 ,  p .  1 9 . 

1 2  
12  
6 

1 2  
1 8 
4 
2 
2 
4 
8 
2 
2 
4 

1 8  
4 

1 1 0  



Table V.7. Average annual payrolls per employee, private nonagricultural sector, 1 976 

Ind u s t ry G roup 

Mining 

Contract construc tion 

A ppa r e l  and othe r texti l e s  

Lumb e r  and wood products 

Printing and publis hing 

Stone , clay and g l a s s  

Primary m e ta l s  

Fabric ated metals 

M a c hinery (exc e pt elec) 

All other manufa c tur ing 

T r an s por tation and publi c 

utiliti e s  

Whole s ale trade 

R e tail trade 
Financ e ,  ins . , r e al e s tate 

S e r vi c e s  

NEC 

Annual Average 

1 

M a rion 

S 1 6 , 1 33 
1 2 , 6 2 0  

- -

- -

1 0 , 2 04 
- -

1 2 , 2 2 5  
- -

1 1 , 1 82 
1 2 , 4 3 1  

1 2 , 7 6 2  
9 , 8 8 9  
6 , 044 
7 , 6 1 8  
6 , 742 
9, 3 3 3  

$ 1 0, 500 

2 

Monong a l ia 

$1 5, 5 7 7  
1 0 , 5 2 6  

- -

- -

- -

8 , 1 87 
- -

- -

1 1 , 3 9 3  
9 , 045 

1 2 , 090 
1 0 , 0 6 0  

5 , 8 7 5  
8, 064 
6 , 3 6 5  

1 2 , 1 39 

$9, 6 0 9  

Source : ER, Vol 2 ,  Baseline socioeconomic survey, Table 2.9 , p 2-73. 

3 

County 

Pre s ton 

$ 1 6 , 2 1 5  
1 0 ,  1 76 

- -

8 , 6 36 
- -

- -

- -

- -

- -

8 , 004 

1 1 , 7 58 
1 3 , 6 99 

6 , 3 46 
1 0 , 649 

5, 4 2 0  
6 , 000 

$9, 9 52 

4 

Fayette 

$ 1 6 , 2 8 9  
1 3 , 2 5 0  

6 , 0 2 8  
8, 3 6 1  
8, 805 

- -

1 1 , 9 7 3  
1 2 , 6 7 9  
1 2 , 1 9 1  
1 1 , 9 2 9  

1 0, 8 8 0  
1 0 , 7 7 9  

5 , 7 3 5  
8 , 7 0 0  
6 , 6 4 1  
7 , 7 5 5 

$ 8, 948 

5 

G re e ne 

$1 6 , 2 6 4  

8 , 484 
- -

5 , 6 9 9  
- -

- -

- -

- -

- -

6 , 947 

1 0, 589 
7 , 7 6 8  
5, 9 3 5  
7, 8 0 4  
6 , 1 2 8  
7, 2 00 

$ 1 1 , 482 

6 

5-County 

Area 

$ 1 6 , 0 2 7  
1 2 , 0 8 3  

6 , 0 2 8  
8, 1 22 
9 , 400 
8, 1 87 

1 2 , 1 3 3 
1 2 , 6 7 9  
1 1 , 3 33 
1 0, 966 

1 1 , 5 8 5  
1 0 , 5 8 3  

5, 891 
8, 3 2 1  
6 , 493 
8, 6 0 3  

$ 9 , 7 8 9  
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Table V.S. Per capita income, 1969 and 1975 

Per Ca oita Income Pe rcent 
1 96 9  1 97 5  Change 

Percent Pe rcent 1 96 9-
County Dollar s  o f  U . S. Dollar s of U . S. 1 97 5  

Marion 2 , 46 5  7 9  4, 1 6 3  82 6 8 . 9 

Monongalia 2 , 46 5  7 9  4, 1 9 6  8 3  7 0 . 5 

Pres ton 1 , 824 5 9  3 , 4 9 5  6 9  9 1 . 6 

Fayette 2 , 1 6 4  7 0  3 , 6 7 6  72 6 9. 9 

G reene 2 ,  1 8 5  7 0  3 , 8 1 7  7 5  74. 7 

United States 3 , 1 1 1  1 0 0  5 , 0 7 7  1 0 0  6 3 . 0 

Sou rce: ER, Vol 2, Socioeconomic baseline su rvey , Table 2 . 1 2 ,  p 2.83 . 

Table V.9. Total annual salary estimates for SRC·" noncraft 

construction personnel, 1 98 1  through 1 983a 

Personnel 
1 981 

required 
1 982 1 983 

Construction managers 3 1 20 1 74 1 89 

Superintendents 1 5  5 1 3  745 8 1 2  

Field engineers 20 570 828 902 

Systems personnel 1 5  342 497 541 

Inspectors 1 5  342 497 541 

Secretaries 20 228 33 1 361 

Purchasing agents 1 5  342 497 541 

Accountants 20 456 662 722 

Total 2 ,9 1 0  4,230 4 ,6 1 0  

a l n  thousands o f  dol lars .  

Sou rce : P i ttsburg and M idway Coal M in ing  Co. ,  Denver, August 1 980. 
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Table V . 1  O. Total annual wage estimates for SRC· I I  craft 

construction personnel, 1 980 through 1 986a 

1 980 1 98 1  1 982 1 983 1 984 1 985 1 986 Total 

Boilermakers 25 322 408 7 ,095 2 ,405 267 26 1 0,547 

Carpenters 32 631 4,766 4,695 1 ,993 375 37 1 4 ,395 

Finishers 8 1 25 1 , 1 83 406 22 6 1  1 ,805 

Ironworkers 5 1  684 6,547 1 4 ,067 1 ,040 492 54 22,935 

Laborers 59 1 ,246 8,766 8,661 2,943 642 55 2 2 ,372 

Mi l lwrights 8 1 30 1 1 3 2,846 935 96 1 3  4 , 1 4 2  

Operators 54 1 , 1 20 7,081 9 ,6 1 0  2,932 528 49 2 1 ,373 

Pipefitters 1 44 1 ,603 4 ,998 24,342 20,449 1 ,451 1 33 53,1 20 

Teamsters 1 9  3 1 0  1 ,843 3,692 1 ,445 227 20 7,556 

Electricians 27 292 757 3,320 5,730 338 28 1 0,491 

Insulators 8 1 06 47 286 3,922 277 1 3  4,660 

Painters 1 6  1 74 94 386 4,206 1 , 1 1 5  1 3  6,005 

Total for year 456 6,837 37,3 1 2  80,105 48,3 1 9  5,926 446 1 79,401 

a l n  thousands of dollars. 

Source: P ittsburg and Midway Coal M i n i n g  Co., Denver, August 1 980. 

Table V , 1 1 .  Preliminary estimates of recruitment and m igration patterns for the coal conversion 
project construction and operations work forces 

Movi ng Zone 
Work Force � � 
C o n s tr u c t i on 
Non-m a n u a l s d  75 68 
Craftsmen ? ? 

Oper a t i o n s  
G & A Personnel 1 30 65 
Opera tors 1 00  67 
Craft smen ? ? 

Workers R ecrui ted from E ach M i grat i on 
Trave l i ng Zone 

R � 

0 0 
? ? 

0 0 
0 0 
? ? 

Comnut i ng R 

35 
? 

70 
50 

? 

Zone 
� 

32 
? 

35 
33 

? 

a1 5  Superv i s i ng craftsmen are recl as s i f i ed and i n c l uded i n  the construct i on craftsmen category . 

Source: E R, Vol 2, Socioeconomic impact ana lys is, Table 2.25, p 2- 1 47.  
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Table V.1 2. Total annual salary estimates for SRC·" plant maintenance 

craftsmen, 1 984 through 1 987a 

Personnel 
required 

1 984 1 985 1 986 1 987 

Instrument fitters 1 2  470 5 1 3  554 609 

Pipefitters 1 2  470 5 1 3  559 609 

Electricians 6 246 268 292 3 1 9  

Welders 1 2  470 5 1 3  554 609 

M i llwrights 1 8  680 742 808 88 1 

Mach inists 4 1 64 1 79 1 86 203 

Carpenters!i nsu lators 4 1 50 1 64 1 79 1 95 

Operators 4 1 42 1 57 1 7 1  1 86 

Boilermakers 8 304 331 361 393 

Ironworkers 2 79 86 94 1 02 

Painters 2 76 83 9 1  98 

Riggers 4 1 58 1 7 2  1 88 205 

Laborers 1 8  490 535 582 635 

Teamsters 4 1 1 9 130 1 4 1  1 54 

Total 4,022 4,385 4,770 5,200 

a l n  thousands of dollars. 

Source: P ittsburg and M idway Coal M in ing  Co., Denver, August 1 980. 

Table V.1 3. Total annual salary estimates for 
plant operational personnela 

Personnel 
required 

1 984 1 985 1 986 1 987 

Grade A 1 3  470 5 1 2  558 608 

Grade B 67 2,275 2,480 2,704 2,947 

Grade C 70 2,201 2,398 2 ,6 1 5  2,880 

Total 4,946 5,390 5,877 6,435 

Tota l ,  maintenance 
and operations 8,968 9,775 1 0,648 1 1 ,635 

a l n  thousands of dollars. 

Source: Pittsburg and M idway Coal M i n ing Co., Denver, August 1 980. 
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I .  INTRODUCTION 

The Monongalia County area of �les t  Virginia is a prime site 

for energy development activities that will be undertaken to 

meet this country ' s  future energy need s . Among the ma jor 

factors that will contribute . to the City of Morgantown ' s  and 

Monongalia County ' s  emergence as a ma j or energy research and 

development center are:  

o The extensive coal mining operations in the 
area which present a variety of industrial 
opportunities , such as the construction and 
operation of coke manufacturing plants . 

o The construction of the country ' s  ma jor coal 
liquefaction demonstration plant (the SRC-II 
plant) at a site j ust north of Morgan town . 

o The location of the Department of Energy ' s  
Energy Research Technology Center in Morgan
town . 

o The location of the Appalachian Laboratory 
for Occupational Safety and Health lALOSH) in 
Morgantown . 

o The various energy research programs conducted 
at West Virginia University in Morgantown . 

Because of the concentration of these activities in the 

Morgantown area and because of the increased reliance that 

will be p laced on coal resources to meet our future energy 

requiremen t s ,  it is considered likely that a number of other 

industries and activities that support and complement these 

basic activities will also consider a future Morgantown 

location . 

The City of Morgantown and Monongalia County are thus in a 

position to bene fit from activities that wi l l  be undertaken 

to meet this country ' s  future energy need s .  Howeve r ,  acti

vities associated with the development of energy resources 

(or any other rapid growth-inducing industries ) can also 

negatively impact an area i f  not properly anticipated and 

planned for . The impact on housing is one such area of 

concern . 

Because of the concern over housing avai lability , the Region 

VI Planning and Development Council headquartered in Fairmont, 

West Virginia has initiated this study to assess both the 

short-term and long-term impacts on housing demand and supply 

which could result if energy-related developments occur as 

is presently anticipated . A general locational map of the 

Mononga lia County project study area is shown in Figure 1 .  

Chapter I I  o f  this report presents a summary o f  available 

information on the existing housing supply within Mononga lia 

County . Chapter I I I  presents in formation related to the 

demand for both temporary and permanent housing during the 

period between 1980 and 19 8 5 .  Chapter IV presents an analysis 

of the factors affecting the meeting of the projected demand . 

Finally , in Chapter V recommendations concerning organiza

tional responsibilities for the development of future housing 

within Mononga lia County are presented and discussed . 

<: I 
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Figure 1 

MONONGALIA COUNTY STUDY AREA 

I I .  MONONGALIA COUNTY HOUSING INVENTORY 

A .  Development of the Housing Inventory 

When this s tudy was initiated in June , preliminary 1980 

census information was not yet available . Consequently , 

an initial attemp t was made to develop a current inve.ntory 

of housing within Monongalia County through the collection 

of secondary data ( i . e . , not through a comprehensive 

field survey ) .  

Subsequent to the completion of this inventory , pre

liminary census information on housing within Mononga lia 

County was released . Although still subject to revision 

and not yet detailed, this 1980 census data was used , as 

appropriate , to revise the 1980 housing stock estimates 

whi ch were based on the available secondary data. 

The following sections describe the approaches used to 

develop the housing inventory . 

1 .  Development of Base Year Data 

The 1970 census reported housing data by small sta

tistical areas , including : the number of owner

occupied , renter-occupied and vacant uni ts ; the age 

of the hous ing stock; housing unit size in terms of 

number of rooms ; and whether the housing was standard 

or subs tandard . In 1978 the Region VI Planning and 

Development Council publ ished a report titled 

Region VI Comprehensive Plan : Housing, which updated 

the 1970 housing census information through 19 7 5 . 

As part of this effort, the Region VI Council staff 

conducted a field survey of approximately 17 percent 

of the housing stock in Monongalia County in order 

to develop es timates needed to classify housing as 

either standard , subs tandard but rehabilitabl e ,  or 

subs tandard and not rehabi litable . 
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An attempt was made as part of this study to update 

the 1975 Region VI housing inventory to 1 9 8 0  with 

information avai lable from a variety of sources on 

both new housing starts and housing unit demolitions . 

The various sources for this data are discussed in 

Sections A2 and A3 of this chapter . 

However , based on the preliminary 1980 census infor

mation , it appears that the Region VI housing study 

significantly underestimated the number of housing 

units within Mononga lia County in 197 5 .  This 

as sumption is based on the following : 

o The Region VI housing study estimated 
that an average of 5 6 2  new units per 
year were added to the County 1 s  stock 
between 1970 and 197 5 .  I n  contra s t ,  
detailed data available from the 
Monongahela Power Company on new housing 
stock additions between 1976 and 1 9 7 9  
indicates that a n  average of 8 4 5  units 
per year were added to the County ' s  
stock. ( It should be noted that detailed 
breakdowns on new housing additions 
within Monongalia County prior to 1 9 7 6  
are not readily available from Mononga
hela Power . )  

o The Region VI s tudy estimated that an 
average of 3 7 0  housing units were lost 
from the County ' s  housing stock by actions 
such as demolition during the period 
between 1970 to 1 9 7 5 .  In contrast ,  a 
loss of only about 20 units per year for 
the period from 1 9 7 6  to 1980 has been 
estimated based on limited available data . 

In the Region VI study , the estimated net annual 

increase in the Monongalia County housing stock 

between 1970 and 1975 was 192 . In contras t ,  the 

estimated net annual increase between 1 9 7 6  and 1 9 7 9  

based primarily o n  Monongahela Power Company data 

was 8 2 5 .  Other factors that could have contributed 

�discrepancies between the preliminary 1 9 8 0  

census data and the 1 9 8 0  es timates based o n  secondary 

data sources include possible inaccuracies in the 

5 

1 9 7 0  and/or 1980 census housing counts . 

Because the prelimdnary housing census estimates are 

based on primary data and because this data consti

tutes the officially recognized baseline conditions ,  

the preliminary 1980 census data was used a s  the 

base from which othe� housing es timates were derived . 

The preliminary 1980 census indicates that there 

were 2 9 , 1 9 2  housing units in Monongalia County as of 

April 1980 (as compared to 2 1 , 0 0 4  units in 1 9 7 0 )  and 

that 2 7 , 17 4  of these units were occupied . 

2 .  Data on New Housing Starts 

The avai lability of accurate data on new housing 

starts is important for two reason s :  i t  enables 

census information to be updated on a continuous 

basis 1 and such data is essential to the analysis 

of development and housing market trends . 

A number of data sources were reviewed and evaluated 

in order to determine the quality of information 

available on new housing stock addi tions within this 

County . These sources include: 

o The City of Morgantown Building Inspector 
for information on housing starts and 
demolitions . (Monongalia County does 
not operate a building permit program . )  

o The Monongalia County Health Department 
for information on septic tank permits 
that have been issued . 

o The Monongalia County Planning Department 
for information available from aerial 
photography . 

o The Monongahela Power Company for infor
mation on new utility extensions and 
housing tie-on s .  

Information available from the Monongahela Power Com

pany is easily the best source of information on new 

housing starts within Monongalia County . The utility 

maintains monthly records of new utility connections 
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for the fol lowing classifications : single family 

detached ; multi-family attached ( broken down by 

duplexe s , apartments , townhouses and condominiums ) ; 

and mobile home s .  Table 1 summarizes the data avail

able from the Monongahela Power Company on new housing 

connections for the period January, 1976 - May , 198 0 .  

This data i s  useful in evaluating trends i n  the type 

of hous ing being constructed. 

TABLE 1 

New Housing Units Provided Electrical Service Since 1 9 7 5  

Y!aI.: 
1976 

1977 

1978 

1979 

1980 

TOTAL 

Sourc e :  

Sing;!.!! Famnx MulJ;!-FamUx Mob�l.!! Homes T.2.U1 
3 5 1  6 6  2 3 6  6 5 3  

3 9 7  2 2 2  3 7 5  9 9 4  

4 4 0  277 268 9 8 5  

307 2 1 5  2 2 6  7 4 8  

-1Ql ..22. -..!!. -111 
1 , 5 9 8  8 7 5  1 , 186 3 , 6 5 9  

Monongahela Power Company 

Information available from the Monongalia Health De

partment is useful only for single family starts in 

areas wi thout public sewers .  Even this information 

is considered to be of somewhat questionable value 

s ince Health Department officials bel ieve that septic 

tanks are frequently constructed in unincorporated 

portions of the County without obtaining the required 

permits . 

Ae�ial photographs of the County, f lown in March. 

1 9 7 7 , are available . Based on interpretation of thls 

photography , there were 1 1 , 0 88 housing units in the 

County outside' the City of Morgantown as of this 

date . However ,  it i s  not possible from the photo

graphy to es timate the number of units available in 

multi-family structures, which make up approximately 

one-quarter of the total County housing stock . 

About 90 percent of the housing constructed within 

Monongalia County during the past decade has occurred 

in unincorpora ted portions of the County . Conse

quently, available building permit information is 

useful only in developing a breakdown of new housing 

inside and outside the City of Morgantown . 

Because of the reasons discussed above , data avail

able from the Monongahela Power Company should be 

used as the prime source for continua lly updating 

1980 census data rela ted to the Monongalia County 

housing stock. A recommended process for keeping 

the housing inventory current has been presented 

in a separate working paper. 

3 .  County Housing Stock Estimates 

Based on a review of 1970 census data , 1 9 7 5  Region 

VI housing data on owner-occupied and rental units , 

and preliminary 1980 census data , it was estimated 

that approximately 37 percent of the housing units 

in the County are rental units and the remaini� 

6 3  percent are units which are either owner-occupied , 

vacant and available for sale or vacant and non

habitable (dilapidated ) . It was further assumed, 

based on available data , that approximately 8 0  

percent of single family houses and mobile homes ,  

and approximately 1 0  percent o f  multi-family unit 

within Monongalia County are owner-occupied. 

(NOTE : multi-family units include duplexes and town

houses . )  Conversely , it was assumed that 20 percent 

8 

<: I 
W 
(J'\ 



of all single fami ly structures and mobile homes and 

90 percent of the multi-family units are available 

for renter occupancy . Table 2 depicts the results 

of applying these assumptions to the 1 9 8 0  housing 

stock estimates . 

TABLE 2 

1 9 8 0  Es timates of Housing 

Non-Rental Rental 
Units* � � 

Single Family 1 3 , 8 2 6  3 , 6 7 4  1 7 , 5 0 0  

Multi-Family 677 6 , 4 6 8  7 , 1 4 5  

Mobile Homes 3 , 5 9 2  � ....!2..12 
TOTAL 1 8 , 095 1 1 , 0 9 7  2 9 , 1 9 2  

. 
It should be noted that non-rental units are 
always potentially avai lable for rental purposes . 

4 .  Housing Availability 

Date 

June 1979 

June 1980 

4 . Non- Rental Housing Units 

In formation on the availability of non-rental 

housing units was obtained from two sources :  

from the Multiple Listing Service (MLS ) ; and 

through telephone interviews with representa

tives of the firms that do not participate in 

the MLS system. 

Summaries of the June 1980 and June 1 9 7 9  MLS 

listings are shown below. The June 1 9 7 9  listings 

were reviewed in order to examine changes in the 

owner-occupied housing market over the past year . 

TABLE 

Number of MLS Listings by Price Range 

Below $ 4 0 , 0 0 0  $ 4 0 , 000- $ 6 0 , 0 0 0  Above $ 6 0 , 0 0 0  Total 

4 5  ( 2 0 %  ) 87 ( 3 8 % )  9 7  ( 4 2 %  ) 2 2 9  

5 4  ( 2 3 % )  8 5  ( 3 7 % ) 9 3  ( 4 0 % ) 2 3 2  

9 

Information available from non-participating 

realtors is not available in the same degree of 

detail as with MLS . Realtors estimated that the 

number of units that have exclusive listings or 

that are being sold directly by owners presently 

fluctuates between 1 5 0  and 200 , and generally 

falls within the following price categories : 

Below S 4 0 , 0 0 0  20% 

S 4 0 , 0 0 0 - S 6 0 , 0 0 0  - 4 0 %  

Above S 6 0 , 00 0  4 0 %  

These estimates are consistent with information 

obtained from the MLS . �aSed on available information , it appears that 

approximately 3 percent of Monongalia County ' s  

owner-occupied single family and multi-family 

units are presently available for sale • �f it is assumed that 3 percent ( 5 1 4  units)  of 

the owner-occupied housing stock in the County 

is presently available for sale and that about 

50 percent of these are vacan t ,  the number of 

cant units would be about 2 5 7 .  

b .  Rental Units 

A telephone survey was conducted of the County ' s  

apartment managers in order to obtain information 

on the number of units available and on present 

and normal vacancy rates � The managers of almost 

2 5  percent of the rental units in Monongalia 

County were contacted through the survey_ 

Additiona lly, privately conducted surveys taken 

over the past three years were reviewed and 

uti l i zed in the analys is . 

Based on the surveys conducted , it can be concludec 

that vacancy rates in Monongalia County vary 

10 
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c .  

� 

7' 

significantly throughout the year. This i s  

primarily attributable t o  changes i n  enrollment 

at West Virginia University and to changes in 

s tudent l iving patterns that occur over the 

course of an academic year. Vacancy rates for 

rental units are extremely low during the fall 

when enrollment is highest and gradua lly rise 

over the academic year until the summe� when 

vacancy rates are over 10 percen t .  

Based o n  the information develope d ,  i t  h a s  been 

assumed that rental vacancies within the County 

generally fol low the pattern shown be low . 

Sept-Nov 

2 \  

Vacancy Rate 

� 
3-5\ 

Mar-May 

5-7\ 

June-Sept 

10+% 

Based on these vacancy rate estimates and the 

telephone survey , it was estimated that about 

6 0 3  rental units were vacant in Apr i l  1 9 8 0  at 

the time the census was taken (this estimate 

was developed by uti l i z ing a 6 percent vacancy 

rate ) . 

Non-habitable Vacant Units 

It has been estimated that 2 8 , 0 3 4 of the 29 , 1 9 2  

dwel ling units in the County i n  April 1 9 8 0  were 

habitable (this i8 based On vacancy rate 

assumptions described above ) .  This means that 

approximately 4 . 1  percent of the total housing 

stock ( 1 , 158 units ) were vacant but not habit

ab l e .  This 4 percent estimate is consistent 

with both 1970 census data and with data derived 

through the 1975 Region VI housing stock field 

survey. 

d. Motels and Hotels 

A telephone survey of all Monongalia County hotel 

11 

and motel operators w a s  conducted t o  determine 

the number of rental rooms within the County . 

Approximately 8 0 0  such rooms are presently 

ava i lable . 

5 .  Housing Structural Conditions 

In the 1970 Census of Monongalia County ,  7 9  percent of 

the housinq units were identified as being in standard 

condition and 21 percent of the housinq units were 

identified as beinq structura l l y  deficient or sub

standard . 

In 1 9 7 5 ,  the Reqion VI Planninq Council conducted a 

sample survey of 17 percent of the housinq units withi� 

Mononqalia County� I n  this survey, hOllsinq units were 

classified as fol lows : 

o Standard : No observable exterior problems or only 
minor problems that could be easily corrected � 

o Substandard-Rehabilitable : The housing was deterio
rated and major repairs were needed to one of the 
primary components of the building (roof . wa l l s .  
sid1nq o r  foundation) , o r  o n  secondary components 
( doors , windows , stairs, chimneys , porches ,  etc . )  

in order to bring the unit up t o  standard condition . 

o Substandard-Dilapidated : The housing was 
beyond repair . Major and minor components were 
deteriorated to a point beyond economic repair ,  
indicating demolition to be more economi cally 
feasible than rehabi litation . 

There is no way of updating this data in the absence 

of a detailed field survey. Consequentl y ,  i t  was 

as sumed that the additions to the housing stock 

between 1 9 7 6  and 1980 have raised the percentage of 

s tandard housing to about 80 percent .  It was 

--� assumed that about 75 percent of the total sub

s tandard units are rehabilitabl e .  

1 2  
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.'l'.!ar. 
1977 

1978 
1979 

1980 

Based on these as sumptions 9 S  to 96 percent of the 
housing stock within Monongalia County is either 

presently suitable or potentially suitable for 

occupancy _ 

6 .  Rental Rates 

Rental unit cost surveys are periodically conducted 

for major apartment projects in the Morgantown area . 
Results from the latest survey are shown in Table 4 

below. 

TABLE 4 

Typical Monongalia County Rental Unit Rates 
by Type of Unit 

.lJR 
1 7 4  

1 9 7  
220 

2 4 5  

2 BR/I B 2 BR/I-112 B 2 BR/2 B l..M .Lrul 
2 2 1  2 9 5  3 0 0  2 7 8  
2 5 1  2 9 5  3 1 0  2 8 5  
2 8 1  300 325 325 
312 3 0 3  3 S 0  3 3 1  3 46 

The above data is useful only in making rough 

estimates of what typical rental rates are in the 
Morgantown area . It should be used with caution , 
since no attempt has been made to account for the 

various factors that a f fect the comparative costs o f  
similarly s i zed units . These factors relate pri
marily to whether the units are furnished or unfur
nished , whether utilities are included in the basic 

rent, the length and terms o f  the leas e ,  the age of 
the units and the amenities offered. 

7. Housing Location 
1 9 7 0  census information on Monongalia County is 
available for 34 enumeration districts . A detailed 
breakdown of 1 9 8 0  housing information by these 

1 3  

enumeration districts i s  not yet available . However , 
this level of detail is not really needed for this 

analys i s ,  whose major objective is to contrast 

existing regional housing supply with future demand. 
Consequently, only the breakdown o f  housing between 
the City of Morgantown and for the area of Monongalia 

County outs ide the Morgantown corporate limits was 

analyzed. 

Preliminary 1 9 8 0  cnesus in formation indicates that 

approximately 3S percent of the Monongalia County 
housing stock is located within the City of Morgantown 

� About 47 percent of the County ' s  rental unit stock 

� and about 27 percent of its non-rental stock are 

located within the City . About 90 percent of new 
construction is occurring in unincorporated areas o f  
the County. 

8 .  University Housing 

Students at West Virginia University meet their hous
ing needs in a variety of ways . A summary of pre
sently available university housing and private dormi
tories reserved for university students is shown 

below. 

TABLE 5 

Summary of Student Housing Availability 

University Housing 
S i ngle Student Housing 
Married Student , Faculty 

and Staff Housing 

Sororities and Fraternities 

Private Dormitories 
Carlyle Hall 
Glenn 10ck Hall 
Pierpont House 
Summit Hall 
West ches ter Hall 

TOT;'.L 

1 4  

3 , 566 

3 6 1  3 , 9 2 7  

7 6 5  

1 1 4  
1 2 0  
540 
585 

� � 
6 , 3 1 7  
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B. SUMMARY OF KEY FINDINGS 

1 .  It i s  es timated that· in April 198 0 ,  there were 

approximately 2 9 , 19 2  housing units located in 

Monongalia County . Of these , 2 7 , 17 4  units were 

occup ied , 860 units were vacant and habitable , and 

1 , 1 5 8  units were vacant and not habitabl e .  

2 .  There were 3 , 6 5 9  housing units added t o  the Monongalia 

County housing .tock in the period between 1976 and 

May 1 9 8 0  ( an average of over 800 units per year ) , as 

shown below. 

S ingle Family 

Multi -Family 

Mobile Homes 

Units Added 

1 , 59 8  

8 7 5  

1. 186 
3 , 6 59 

Percent of 1 9 76-1980 
Increase 

44 

24 

3 2  

3 .  Mobile homes are becoming a n  increasingly important 

source of housing for the residents of Monongalia 

County as is shown below . 

S i ngle Family 

Multi-Family 

Mobile Homes 

Percent of Total 

ll1.Q. llll 
70 6 3  

2 2  2 4  

8 1 3  

Stock 
.l.llQ. 

60 

24 

1 6  

4 .  ApprOXimately 8 8  percent o f  the new housing constructed 

in Monongalia County in the period of between 1 9 7 6 and 

1 9 8 0  was constructed outside the City of Morgantown . 

5 .  Despite the relatively old age o f  the County ' s  housing 

stock, housing stock los. is est imated as being very 

low between 1976 and 198 0--only about 20 to 25 un i ts 

per year . 

1 5  

6 .  Approximately one-third of the housing in Mononga lia 

County is utilized for rental purposes . The other 

two-thirds is owner-occupied, vacant and for sale or 

vacant but not habitable.  

7 .  Based on sales figures from 1 9 7 9  and 1 9 8 0 ,  single family 

housing s tock appears to fall within the following 

price ranges . 

Price 

Below S 4 0 , 0 0 0  

S 4 0 , 0 0 0  - S 6 0 , 0 00 

Above S 6 0 , 0 0 0  

Percentage of Stock 

2 0  

4 0  

40 

8 .  Approximately ) percent o f  the County ' s  single family 

stock in May , 1 9 8 0  was available for sale (over 5 0 0  

units ) .  

9 .  The vacancy rate for rental units varies throughout 

the year from about 2 percent in the fall when West 

Virginia University enrol lment is highest , to between 

5 and 7 percent in the spring , and to over 10 percent 

in the summer. 

1 0 .  Approximately 6 , ) 1 7  WVU students , o r  only about 40 

percent of full-time enrollment , can be accommodated 

in university housing or in university-approved 

dormi torie s .  

16 
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I I I .  HOUSING DEMAND WITHIN MONONGALIA COUNTY 

A. Approach for Estimating Demand 

The future demand for housing within Monongalia County 

is principally dependent upon two factors :  

o Employment growth within the County; and 

o West Virginia University enrollment leve l s .  

Consequently,  the analysis of projected housing demand 
was based on : an analysis of baseline employment growth 
(essentially "norma l "  growth that would be expected to 

occur within Monongalia County based on past growth 

trends and overall State of West Virginia economic 

growth ) ;  an analysis of large employment generators , 
such as the SRC- I I  demons tration plant, that might be 

developed over the next few years , but which should be 

considered in addition to the basel ine employment pro

jections ; and enrollment trends and projections for 
West Virginia University. 

Once adequate data related to Monongalia County growth 

was col lected , the next step was to convert the proj ected 
employment and university growth into additional demands 

for both temporary and permanent housing . 

B. Baseline Employment Proj ections 

Detailed information on Monongalia County employment 

through 1 9 7 8  is available from data published by the 
U . S .  Department of Commerce ' s  Bureau of Economic Analysis 

(BEA ) . Summary totals of Monongalis County employment for 
the years 1 9 7 1  through 1 9 7 8  are presented in Table 6 .  

A detailed categorical breakdown of 1978 employment i s  
contained in the Appendix. 

Based on information summarized in Table 6 ,  the annual 

employment growth rate for this period was about 2 . 8  

perce n t .  

17 

Year 

1 9 7 1  

1 9 7 2  

1 9 7 3  

1 9 7 4  

1975 

1976 

1 9 7 7  

1 9 7 8  

TABLE 6 

Monongalia County Employment 

1 9 7 1-1978 

Total Employment Within 
Monongalia County 

25 , 5 8 2  

2 7 , 835 

2 7 , 74 7  

2 7 , 9 3 8  

2 8 , 5 4 9  

3 0 , 194 

3 0 , 6 3 6  

3 1 , 6 5 8  

A n  analysis of projected employment growth within the 
County was recently conducted for the Mononga lia County 
Department of Planning. This analysis was based on BEA 

data and on a special analysis of Monongalia County ' s  
share o f  total projected State o f  Wes t  Virginia employment 

growth over the period 1 9 7 9-1985 . The results of this 
analysis are presented in Table 7 .  Detailed proj ections 

are shown in the Appendix. 

If these employment pro j ections prove to be correct , 

Monongalia County would experience a baseline employment 
growth of 6 , 2 35 ( approximately 18 . 7  percent )  during the 
period 1 9 8 0- 19 8 5 .  This growth does not include that 

attributable to large-scale construction proj ects , such 
as the SRC- I I  plant or the Round Bottom coke plan t ,  that 
have been proposed for the County . 

1 8  
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TABLE 7 

Monongalia County Employment 
Estimates and Projections 

1979- 1 9 8 5  

Estimated/Projected 
Year EmEl0r!!!ent 

1979 32 , 2 12 

1980 3 3 , 2 9 3  

1 9 8 1  3 4 , 427 

1982 3 5 , 6 1 3  

1 9 8 3  36 , 8 5 7  

1984 3 8 , 16 1  

1985 3 9 , 5 2 8  

Baseline Housing Demand 

The 1 9 7 0  census estimated that there were 19 , 6 8 7  occupied 

housing units within Monongalia County _ There were a l so 
approximately 2 4 , 9 0 0  jobs in the County at that time . 

This produces a ratio of about 1 . 2 5  jobs per household 
in 1 9 7 0 � Based on preliminary 1980 census data , there 
were 2 7 , 174 occupied housing units within the County on 

April 1 ,  198 0 .  Consequently, the number of jobs per 
occupied housing unit dropped to 1 . 2 2 5 .  Norma l ly , the 
housing needs in any given year between 1 9 8 0  and 1985 

could be es timated by dividing the pro jected number of 
jobs in that year by 1 . 2 2 5 .  However , the location of 
West Virginia University in Morgantown precludes this 

approach .  The increase i n  rental unit housing supply 
during the 1 9 7 0 ' s  can be attributed almost solely to 
WVU enrol lment increases (a 4 , 5 00 increase in full-time , 

on-campus enrollment) and related University growth. 

Since University enrollment is expected to either 
decrease or remain fairly constant through the mid 19 8 0 ' s ,  

it was necessary to ad just the jobs/housing unit factor 

19 

so that 1 9 7 0 - 1 9 8 0  WVU growth would not skew the 1980-

1985 projection s .  Based on these adjustments , th e  j obs 

to housing units ratio used in making the 1980-1985 pro
j ections was 1 . 3 2 .  

Table 8 depicts the results o f  applying the 1 . 3 2 ratio 

to the 1 9 8 3  and 1 9 8 5  employment projections . 1 9 8 3  is 
used because that is the year that cons truction employ
ment will likely peak . 1985 is used because the major 

energy construction pro j ects are due to be completed by 

that year and 1985 demand will therefore represent "norma l "  
demand . 

Year 

1 9 8 3  

1 9 8 5  

TABLE 8 

Estimated Baseline Housing Demand 

Projected 
Employment Increase 

3 , 564 

6 , 2 3 5  

Estimated Increase 
in Housing Demand 

2 , 7 0 0  

4 , 7 2 3  

To meet projected housing demand associated with base
line economic growth , between 900 and 950 additional 

housing units per year would have to be available for 
occupancy between 1980 and 1 9 8 5 .  

C .  EmEloyment Es timates for Individual Projects 
In addition to examining baseline employment growth , it 

was also necessary to examine other potentially large 
employment generators to dete�ine if any are o f  such 
magni tude that they should be considered in addition to 

the baseline projection s .  Based o n  information provided 

by representatives of the Study Steering Committee , six 
proj ects were inves t i ga ted : 

2 0  
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o The SRC - I I  Coal Liquefaction plant ; 
o A proposed coke plant at Round Bottom; 

o A proposed coke plant at Fairmont ;  

o Expansion of the U . S .  Department o f  Energy ' s  
Energy Research Technology Center in Morgantown ; 

o The expansion of the Appalachian Laboratory 
for occupational Safety and Health (ALOSH) ;  and 

o The deve lopment of industrial park s , including 
the Mason-Dixon Industrial Park and the Morgan
town Ordnance Work s .  

Available employment in formation associated with these pro
jects is described in the sections that follow. 

1 .  SRC-II Coal Liquefaction Plant 

On July 31, 1 9 8 0 , Pres ident Carter signed an agreement 
with West Germany and Japan to jointly finance the 

development of a pilot plant to demonstrate the com
mercial feasibility of a process that converts high 
sul fur coal to solvent refined coal (SRC ) , a clean 

burning liquid . 

The demonstration plant is proposed to be built at a 

site in Monongalia County , north of the City of 

Morgantown . The plant will convert 6 , 0 0 0  tons of coal 

per day into the equivalent of 2 0 , 0 0 0  barrels of oil . 
If demonstrated to be a commercially feasible proce s s ,  

the demonstration plant could b e  converted t o  a 

3 0 , 0 0 0  tons of coal per day commercial plant. 

A draft Environmental Impact Statement (EI S )  has been 
prepared for this SRC-II plant. As part of this pro
ces s ,  a socia-economic impact analysis was conducted 

by the CONSAD Research Corporation of Pittsburgh , 
Pennsylvania . That analysis contains a detailed 
assessment of employment growth related to both the 
construction and operation of the plan t .  Table 9 
summari zes the employment impacts of the SRC-II plant 
derived from in formation contained in the draft EIS . 

2 1  

TABLE 9 

SRC- I I  Labor Force Summary 

Construction Phase 

Year-Quarter 

1 9 8 1- I I  
- I I I  
-IV 

1 9 8 2 - 1  
- I I  
- I I I  
- IV  

1 9 8 3-1 
- I I  
- I I I  
- IV  

1 9 8 4 - 1  
- I I  

Demonstration Phase 

� 

Total Employees 

4 8  
1 2 3  
3 2 9  

8 0 6  
1 , 17 5  
1 , 3 8 5  
1 , 7 8 3  

2 , 5 6 0  
3 , 15 4  
3 , 29 1  
3 , 19 0  

2 , 4 3 1  
1 , 4 10 

Total Employees 

1981- 1 1 1  through 1987 4 6 0  

I n  addition t o  the direct employment impacts , it was 
estimated that the SRC- I I  plant would have secondary 

employment impacts of the approximate magnitudes shown 
below. ( S econdary employment consists of j obs created 

to support the needs o f ,  or provide services to , plant 

employees who either move to or set up temporary resi

dences in the Monongalia County area . )  

TABLE 10 

SRC-II Secondary Employment Impacts 

!lli: 
1981 
1982 
1983 

1 9 8 4 - 1 9 8 5  

22 

Employment 

117 
3 1 7  
5 1 9  
4 6 5  
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The U . S .  Department of Energy recently contracted with 

Oak Ridge Associated Universities to conduct another 

analysis ot the employment associated with the SRC-II 

facility. One of the ground rules of the Oak Ridge study 

was that employment proj ections should be based on a 4 0  

hour work-week rather than o n  the 45 hour work-week used 

in the CONSAD study. Consequently , employment projections 

shown in the Oak Ridge s tudy are higher than in the E I S .  

However , o n e  conclusion of the Oak Ridge study was that 

under conditions of strong labor demand in Pit tsburgh and 

other employment centers , it would be unlikely that SRC - I I  

would be able t o  attract many skilled workers from 

those employment centers within commuting distance unless 

substantial incentives, such as overtime, were offered. 

Consequently , the 4 5  hour work-week assumption used in 

the CONSAD analysis appears reasonable, and employment 

projections in the EIS that were based on this assumption 

have been used in developing this report. 

Projected SRC-II Housing Demand 

The draft EIS contains es timates of housing demand which 

are based on the fol lowing assumptions :  

a .  7 5 '  of the construction work force would commute 

to the site and the other 2 5 '  would either move to 

the area or stay at the site during the week and 

travel to and from their permanent residences only 

on weekends . 

b. 1 0 '  of the secondary employment associated with SRC-I I  

would consist o f  in-migrants to th e  area . 

c. Approximately 8 3 '  of the total in-migrant population 

(movers and weekend travelers) would locate in 

Monongalia County . 

Based on the above a s s umptions and the SP.C - I I  construc

tion schedule , i t  was es timated that the maximum demand 

2 3  

for temporary construction worker housing i n  Mononga lia 

County will peak a t  506 in 198 3 .  During the operations 

phas e ,  the total demand would be 310 housing units . The 

EIS estimated that the peak demand would likely be satis

fied as follows . 

Type of Units 

Purchased houses 
Rented houses 
Apartments 
Hotels/motels 
Mobile homes 

Number of Units 

46 
46 

1 2 0  
4 5  

2 4 9  506 

The Oak Ridge Associated Univers ities ' study did not 

address housing issues . 

2 .  Coke Plant Construction 

Coke is one of the basic ingredients in steel production. 

In 19 7 8 ,  domestic coke production fell below 500 mil lion 

tons for the first time in over 40 years, and the U . S .  

was forced to import over 10' o f  its domestic coke need s .  

This has resulted i n  increased interest i n  domestic coke 

production. The construction of two coke plants has been 

proposed for the Monongalia County/r1arion County area . 

One plant would be located at Round Bottom to the south 

of Morgantown and the other at Fairmont. Available infor

mation on these proj ects is discussed below. 

a .  Round Bottom Plant 

On November 7 ,  1979 , Governor Rocke feller and Al la

Ohio Valley Coa l s ,  Inc . announced that a coke plant 

would be constructed at Round Bottom, a 3 7 3- acre site 

located south of Morgantown off Route 2 7 3 .  

The .initial announcement stated that the plant would 

consist of 48 coke ovens and would convert approxi

mately 1 million tons of coal to 7 0 ��ns of coke per 

2 4  
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year. However , because of the increased costs of 

required pollution control measures it presently 

appears that it viII be more economically feasible 

to increase the size of the plant to about 110 oven s .  
A plant o f  this size would produce approximately 1 . 5  
million tons o f  coke from 2 million tons o f  coal 

annually . 

The Round Bottom Plant must still obtain operating 

permits from the 0 . 5 .  Environmental Protection Agency 
and from the State of West Virgin i a .  I f  these permits 

are successfully obtained, the mos t  likely date for 
groundbreaking presently appears to be in late spring, 

1 9 8 1 .  A 2 4-month construction period would be followed 
by an l8 -month start-up period. 

Current es timates are that the construction work force 
would be about 1500 and the permanent work force 
would be in the range of 5 0 0  to 6 0 0 . A detailed 
breakdown of work force needs during the 2 4 -month 

construction period is not available .  However , the 
fol lowing assumptions can be made . 

o In the early stages of the pro j e c t ,  the 
emphasis will be On ordinary construction 
related to site preparation and foundation 
work .  

o The ma j or trade employed during the con
struction period will be bricklayers . 
The sophisticated fire-bricklaying that 
wi l l  be required could require significant 
in-migration . 

o A significant number of pipefitters will 
be needed in order to develop systems for 
collecting gaseous by-products . (Pipefi tters 
are one of the trades where shortages have 
been identified in the SRC-II E IS ) . 

2 5  

Projected Housing Demand 

Because of the potential need to import fire-bricklayers 
and pipefitters , and because of other possible labor 
shortages resulting from the simultaneous construction 

of the SRC-II plan t ,  it is assumed that up to 2 S  percent 
of construction force workers might in-migrate to the 

area. Using the same as sumptions regarding family 

status , persons per uni t ,  etc . ,  as in the SRC-II E1S , 

this would result in an additional demand of up to 2 3 3  
housing units i n  Monongalia County during the construc

tion phase . Permanent demand for housing is difficult 
to assess at this time because of the uncertainty 

associated with the Fairmont coke plan t .  If the coke 
plant at Fairmont is not bui l t ,  a large number of 

experienced coke plant workers would likely commute 
from Fairmont and Marion County . 

b. Fairmont Coke Plant 
The Salem Corporation has announced plans to construct 

a coke plant in Fairmont at the site of the abandoned 

coke plant previously operated by Sharon Steel . The 
proposed plant would convert 8 5 0 , 0 0 0  tons of coal to 
5 5 0 , 0 0 0  tons of coke annually. 

Needed permits for the Fairmont Plant have not yet been 

applied for . It is estimated that a t  the earlies t ,  the 
3 0-month construction period would begin next spring 
or summer . In order to get the project off the ground , 
two things are needed in addition to the required 

permits : a contract to sell the coke ( this is highly 

dependent on conditions in the steel industry which are 

presently depressed ) ; and a price for coal that the 
Salem Corporation considers advantageous . 

The construction work force for the Fairmont P lant 

has been announced at about 300 and would cons i s t  

2 6  
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primarily of bricklayers , pipefitters , ironworkers , elec

tricians and laborers . A detailed breakdown of the work 

force during the construction period is not now available . 

A permanen t ,  operational work force of about 1 7 5  i s  

anticipated. 

Projected Housing Demand 

The status of the Fairmont coke plant is still uncertain. 
Additionally, it is considered likely that i f  construction 

occurs during the same period as it does for the SRC-II plant 

and the Round Bottom coke plant, the tight housing si tuation 

in Monongalia County would force most construction phase 

movers and travelers of the relatively small construction 

work force to locate in Marion County . 

If it is also assumed that the permanent work force will 

consist primarily of former Sharon Steel workers , the 

housing impacts on Monongalia County from this project are 

likely to be minimal . 

3 .  Department of Energy ' s  Energy Research Technology Center 

The Energy Research Technology Center operates a variety 
of research programs generally related to the conversion of 

coal to oil and gas . The Center presently has about 2 6 5  

permanent employees . This number has remained fairly constan 
over the past five years due to federal employment ceilings . 

There is currently a construction work force of about 1 0 0  
working at the Cente� and about 4 0  non-federal researchers 

are working on various grant programs . 

The Energy Technology Center has plans for expand�.!g its 

present facilities . However , employment growth associated 

with this expansion is not presently anticipated . 

PrOjected Housing Demand 

Physical expansion of the Center is not expected 

to have any impact on housing. Any growth that does occur 

is likely to be relatively small and should be considered 
a s  a component of County basel ine employment growth . 

2 7  

4 .  Appalachian Laborator 
Health (ALOSH) 

and 

The Appalachian Laboratory for Occupational Safety and 

Health (ALOSH) conducts programs related to respiratory 

and safety factors associated with mining activities . 

ALOSH is planning a $ 2 5  million dollar expansion to 
its facilities in Morgantown . 

Project construction is scheduled to start in June , 1 9 8 1  

and b e  completed i n  May, 1 9 8 3  ( a  construction period 

that coincides with the anticipated SRC-II and Round 

Bottom Coke Plant construction schedules ) .  

A construction work force o f  3 0 0  will consist o f  

representatives of the building construction trades . 

No specialized trade skills that would require in
migration to the area are anticipated . The construc

tion work force is expected to be available from the 

Morgantown areA . 

The ALaSH expanSion wi ll result in an increase of 3 1 3  

employees i n  the permanent ALOSH work force. ALOSH 

administrators anticipate that all technical , clerical 

and support staff as well as 50\ of  the professional 

staff are currently available in the Morgantown area 

( this means that approximately 78 employers will 

relocate to Morgantown ) .  ALOSH anticipates that the 

secondary employment impacts will be one job for each 

professional employee who relocates to the Morgantown 
area (about 7 8 ) . 

Projected Housing Demand 

Hecause of the nature of the proj ec t ,  it is as sumed 

that the construction work force will cons ist primarily 

of workers who commute to the project s i te .  

2 8  
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An environmental Impact Statement prepared for the 

ALOSH expansion by Robert and Company Associates esti

mates that the expansion will result in 1 5 7  new house

holds in the Morgantown area. Because o f  the nature 

of this expansion and its relatively small size , it 

is felt that permanent housing needs should be considered 

as a component o f  the baseline employment and housing 

need projections . 

5 .  Industrial Park Development 

a .  Mason-Dixon Industrial Park 
The Mononga lia County Industrial Development Authorit: 
has previously proposed the development of the 

Mason-Dixon Industrial Park on a 1 3 0  acre tract 

located near Core off Route 3 9 .  Development o f  the 

park is dependent upon receipt of a Title 1 grant 
from the u . S .  Economic Development Administration 

(EDA ) . Receipt of this grant has been delayed 
pending the completion of an archeological survey 

of the tract to determine its signi ficance as the 

location of an ancient Indian burial ground . It 
is assumed that if historical significance i s  

determined , that the EDA grant wi ll not b e  forth
coming . 

The only industrial expansion that would be accom

modated at the Park that was previously announced 
was that of Mylan Pharmaceuticals , Inc . My lan had 

announced its intention to build two plants at the 

Park. The plants would employ 20 professional , 

80 skilled and 50 non-skilled employees . 

The Monongalia County Industrial Authority estimates 

that when totally built out , the Mason-Dixon 
Industrial Park would employ about 8 0 0 .  

2 9  

Projected Housing Demand 

The Mason-Dixon Indus trial Park mus t be considered 

as a very uncertain project at this time . If the pro

ject does move forward, employment would best be con
sidered as a part of the County ' s  total baseline employ
ment growth rather than. as an additional component .  

b .  Morgantown Ordnance Works 

Princess Coals , Inc. is developing a 25 0-acre tract 

on the site of the former Morgantown Ordnance Works 
as an industrial park . 

There are about 3 0 0 - 3 5 0  people employed by companies 

located at the Ordnance Work s .  Sterling Faucet i s  the 

Park ' s  ma j or tenant. Additionally, the commercial 

dock which provides loading and unloading facilities 
from the Monongahela River to rail and truck connec

tions is now in operation . 

Princess Coa l s  is considering a number of prospects 

that could result in an employment increase o f  about 
100 over the next few years . 

Proj ected Housing Demand 

Any employment growth at the Morgantown Ordnance Works 
should be considered as part of the County ' s  total 
baseline employment growth . 

6 .  Other Projects 

The only other ma j or development project in the County 

that could coincide with SRC- I I  and other energy project 

construction that was identified is the cons truction by 
the Allegheney Power Service Corporation o f  precipita

tors for the Monongahela Power Company plant at For t 
Martin. The project employs about 100 workers from 

3 0  
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the general Morgantown area . Construction was started 

in November 1979 and is scheduled to be completed by 

November 198 1 .  This schedule would overlap only slightly 

with those of the other ma j or construction projects planned 

for the County. The November 1 9 8 1  completion date must be 

met in order for Mononqahela Power to meet a consent order 

from the u . s .  Environmental Protection Agency (EPA ) . 

Projected Housing Demand 

No additional projects that would have any signi ficant impacts 

on housing demand within Monongalia County have been identi

fied. 

D .  West Virginia University Enrollment 

During the 1970 ' s  West Virginia University enrollment in

creased by about 4 0 \ .  However ,  published es timates indicate 

that enrollment will decrease by about 1 2 \  by 1985 . 

Enrollment at WVU over the next five years is difficult to 

assess with any certainty . For example , Table 11 depicts 

the official WVU enrollment projections developed in 1 9 7 7  

and 19 8 0 .  

TABLE 1 1  

WVU Total Enrollment Projections 

� 1977 Projections 1980 Projections 
. 

1979-1980 2 3 , 7 2 5  2 1 , 289 
1980-1981 24 , 13 5  20 , 6 44 
1 9 8 1-1982 24 , 0 8 3  2 0 , 163 
1982-1983 2 4 , 0 7 5  19 , 3 3 6  
198 3-1984 2 3 , 8 8 7  1 9 , 2 3 7  
1984-1985 2 3 , 728 18 , 7 5 7  

. 
Actual enrollment 9/79 

31 

As can be seen , the estimates have changed signi ficantly 

over a 3-year period. It is difficult to project enro ll

ment with any real certainty because the proj ections are 

based on a computer program derived from state high school 

enrol lment data, but the actual enrollment can be controlled 

by administrative policies. Examples of such policies are : 

o Lowering or raising admission s tandards ;  

o Setting o f  tuition rates ; 

o Control of total enrollment among all State 
supported universities and colleges ; and 

o Out-of-state s tudent admission policies . 

It is our conclusion that a signi ficant decline in WVU 
enrollment should not be anticipated regardless of what 

the present projections indicate, since such proj ections 

do not reflect official �NU policy . 

Projected University Housing Demand 

WVU enrollment is extremely important to the private housing 

market in the Morgantown area since the private sector must 

absorb any increases and decreases in demand (as suming 

dormitory enrollment will remain relatively constant ) .  Our 

best estimate is that while there wil l  not be any enroll

ment increase at WVU, a decline of 1 2  percent over the next 

five years is unlikely and that policies will be adopted 

over the next five years with the obj ective of seeing that 

enrol lment remains fairly constant . If enrol lment does 

remain relatively constant,  there should not be any signi

ficant changes in s tudent housing demand� In contrast , if 

enrollment declines by 1 2  percent, the student demand for 

housing could decrease by up to 1 , 2 0 0  units by 1 9 8 5 .  
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E .  Summary of the Housing Problem 

1. The Existing S i tuation 

Preliminary 1 9 8 0  census information indicates that there 

were 2 7 , 174 occupied housing units in Monongalia County 

at the time the census was taken in Apri l ,  1 9 8 0 . Based 

on information summarized in Chapter I I ,  it has been 

assumed that approximately 37 percent of these were 

rental units ( 1 0 , 054 units ) and that 63 percent ( 17 , 12 0  

units ) were owner-occupied . 

West Virginia University (WVU) has the capacity to meet 

the housing needs of only about 4 0  percent of its 

students . WVU relies on the private sector to meet the 

remainder of its student housing needs . This creates 

a si tuation where vacancy rates for rental units are 

extremely low during the fall when enrollment is highest 

and gradually rise over the academic year until the 

summer when vacancy rates are over 10 percent. Various 

surveys have es timated tho rental unit vacancy rate at 

about 2 percent for the past three years ( 1 9 7 7-1980 ) ,  

but this rate has undoubtedly been higher in the spring 

of each yea r .  I t  is as sumed that rental vacancies in 

the County generally follow the pattern shown below. 

Sept-Nov 

2 %  

Vacancy Rate 

� 
3-5% 

Mar-May 

5-7\ 

June-Sept 

10+% 

Based on a 6 percent vacancy rate , there were about 6 0 3  

vacant rental units i n  the spring a t  the time the 

census was taken . Likewise , if it is assumed that 3 

percent of the habitable non-rental housing stock 

( 5 1 4  uni ts ) in the County were available for sale and 

that 50 percent of these unit� were vacant , the number 

of vacant units was about 257 . Thus , the estimated 
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number of habitable dwelling units in Monongalia County 

in April 1980 was 2 8 , 0 3 4 .  Of thes e ,  about 3 percent 

( 8 6 0  units ) were vacant. 

Because vacancy rates are so cyclical , the private 

ho"using secto,: is naturally reluctant to provide housing 

significantly in excess of what it cons iders to be the 

need during its peak demand period ( the fall ) .  This 

situation could make rental housing availability extremely 

tight if any other significant additional demands for 

this housing, such as for use by cons truction workers ,  

occur during peak demand periods . 

2 .  Housing Demand 

Proj ections of housing demand for the period from 1980 

to 1 9 8 5  are based on the fol lowing assumptions ! 

o That baseline employment growth projections 
will prove to be relatively accurate ; 

o That the SRC-II facility will develop as pro
j ected and scheduled, and that only the SRC-II 
plant and the Round Bottom coke plant should be 
considered in addition to tho baseline projections ; 

o That the possible development of a coke plant 
at Fairmont will have no significant impact on 
housing within Mononga lia County; 

o That West Virginia University enrol lment will 
remain relatively constant; and 

o That a 2 percent peak period vacancy rate in the 
future is desirable for rental units (recog
nizing that this will increase each year according 
to the pattern shown on p. 3 3 ) , and that 1 oercent 
of habitable non-rental units will be both

· 

available for sale and vacant at any given time . 

Based on these assumptions , projected baseline employ

ment growth within the County will increase the County ' s  

housing needs by 2 , 2 4 9  units by 1 9 8 3  ( 7 5 0  units per 

year) and by another 2 , 0 5 1  units by 1 9 8 5  (1 , 0 2 5  units 

per year ) . This represents a total increase of 4 , 3 0 0  

housing un its over the 5-year period ( the average 
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annual increase would be a 6 0 } . This is consistent with 

recent trends - about 8 5 0  units per year added to the 

County ' s  housing s tock during the period from 1976 to 

19 7 9 .  If WVU enrollment actually declines by 12 percent , 
the demand for additional units will decrease by 2 4 0  to 

about 6 2 0  units per year � If the Round Bottom coke plant 

is not constructed , it is estimated that permanent demand 

will decrease by an additional 100 un its . 

The demand for temporary construction worker housing 

during the period 1981 to 1 9 8 3  is a significant component 

of the total housing demand that must be considered in 

addition to permanent long-term demand . 

Monongalia County has been announced as the location of 

a number of energy related projects . These include : 

the SRC-II Coal Liquefaction plant; a proposed coke plant 

at Round Bottom; and the expansion of the Appalachian 

Laboratory for Occupational Safety and Health (ALOSH ) .  

Each of these projects has a likely construction start 

date of spring 1981 and a two to three year construction 

period . The estimated construction work forces for these 

projects are shown below : 

Project 

SRC-II (peak ) 
Round Bottom 
ALOSH 

Total 

Construction Work Force 

3 , 2 9 1  
1 , 5 0 0  

3 0 0  
5,09T 

Based on experiences of similar construction projects , 

the Draft EIS prepared for the SRC-II project estimated 

that about 25 percent of the construction work force 

would seek local temporary housing . If this is correct 

and if a similar 25 percent rate is assumed for the 

other projects , between 1 , 2 0 0  and 1 , 3 0 0  construction 

workers could be seeking temporary housing in and around 

Monongalia County during the period between 1 9 8 1  and 19 8 3 .  

3 5  

This would result i n  a demand for between 6 0 0  and 1 , 0 0 0  

housing units , primarily rental uni ts . 

Table 12 summarizes the demand for additional housing 

units that is expected. 

TABLE 12 

Summary of Projec ted Housing Demand 

Number of occupied uni ts , 1980 2 7 , 17 4  
Number o f  vacant habitable units , 1 9 8 0  � 
Total number of habitable units , 1980 2 8 , 0 3 4  

Number o f  additional units needed 
1980-1983 to meet baseline demand 

Number of additional units needed 
1983-1985 to meet baseline demand 

Total number of additions needed 
1980-1985 to meet base line demand 

Number of units needed to meet peak 
construction worker demand 1 9 8 3  

3 .  The Problem 

2 , 2 4 9  

2 , 0 5 1  

4 , 3 0 0  (8 6 0  p e r  year 

6 0 0-1 , 0 0 0  

Meeting the proj ected increase baseline demand for 

additional housing will not present significant prob
lems if the local building industry is able to maintain 

the level of new construction experienced for the past 

five years (about 8 5 0  new units per year ) . However , 

energy development activities in Monongalia County 

during the next three years will probably create an 

increased demand for rental housing by temporary con

struction workers that cannot be met through utilization 

of the existing housing stock . Moreover , a number of  

factors are inhibiting the construction of new rental 

housing that could help meet this increased demand . 

These factors include : 

1 .  High interest rates and shortages i n  private 
funds for housing construction and mort
gage financing . 
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2 .  Uncertainty over future West Virginia 
University enrollmen t .  

3 .  The questionable economic feasibility 
of temporary housing projects . 

4 .  Deficiencies in infrastructure (primarily 
sewer , water and Access roads ) . 

These factors are discussed in detail in Chapter IV .  
The result o f  significantly increasing demand without 

a corresponding increase in supply will be most detri

mental to West Virginia University students and to the 

elderly and low and moderate income residents of 

Mononga lia County who rely on reasonably priced rental 

units to meet their housing needs , but who are not in a 

posi tion to compete for such housing if serious supply 

shortages and escalating rental prices occur. 

IV.  FACTORS INHIBITING THE MEETING OF SHORT-TERM DEMAND 

A .  Availab i l i ty of Financing 

The housing industry nationally and in Monongalia County 

has been in a recession attributable to shortages of 

both construction financing and mortgage f inancing . 

Monongalia County housing starts in 1 9 8 0  are only approxi

mately half of the annual average starts during the period 

from 1 9 7 5  to 1 9 7 9 .  While this presents no immediate 

housing shortage problems because of a relatively large 

number of available units that are presently on the 

market , new construction will have to pick up over the 

next year in order to meet even the projected growth 

in baseline housing demand . Otherwis e ,  significant 

shortages can be anticipated i f  employment growth continue, 

as projected and if construction is initiated simul
taneously on the SRC- I I ,  Round Bottom and ALOSH projects 

during 1 9 8 1 .  

I n  order t o  ascertain the effects of high interest rates 

and a tight money supply on the local housing industry , 

interviews were conducted with representatives of local 

financial institutions , the local home building industry 

and local governmental officials . The fol lowing 

findings and assumptions are based on those interviews : 

1 .  The availability o f  adequate funds for 
construction and mortgage financing i s  largely 
beyond the control of local financial insti
tutions . Monetary policies established and 
implemented by the Federal Reserve Board are 
the predominant factors in determining the 
amount of money available for these purposes . 

2 .  Local f inancial institutions and builders 
generally feel that they are in , or will be i n,  
a position to meet the demand f or additional 
housing that future permanent growth . . within 
the County will generate . Construction 
f inancing was not viewed as a potential 
problem as long as a pro j ect appears to be 
well conceived and a market demand can be 
demonstrated . However , continuing high interest 
rates could create problems. 

37 38 

<: I (J1 



3 .  I n  1 9 7 9 , the Monongalia County Commi ssion 
issued tax exempt mortgage bonds that per
mitted participating local lenders to provide 
mortgage financing at rates below prevailing 
private interest rates . The County Com
mission has recently announced its intention 
to sell up to an additional $ 12 0  million in 
tax exempt mortgage revenue bonds in three 
installments . The first installment of $ 2 0  
t o  $ 4 0  million would b e  used over a 1 2  t o  1 8  
month period. Proceeds from the sale of the 
bonds would provide a mortgage pool for loans 
for both existing and new housing purchases . 
Income cei lings would be set in the $ 3 5 , 000-
$ 4 5 , 0 0 0  range, which would make about 9 7 %  of 
the families in the County eligible to parti
cipate in the program. Such a program would 
alleviate shortages in mortgage financing . 

4 .  The provision o f  temporary construction worker 
housing has not yet received significant 
attention. There is considerable concern 
about the financial feasibility of any housing 
project constructed primarily to meet what is 
perceived to be only a temporary demand . At this 
time , the availability of private financing for 
such proj ects mus t  be considered very questionable . 

Conclusion: An assessment o f  the future availability 

of construction funding is based on the perceptions and 

opinions of local financial officials about future 

national fiscal policies that are largely beyond their 

contro l .  The prevailing opinion i s  that adequate 

construction funding to meet permanent housing needs will 

be available. The availability of mortgage financing 

should not present a problem if the planned Monongalia 

County Commission mortgage bond program is implemented . 

Consequently , the ma j or housing financing problem that 

must be addressed locally is the financing of a program 

to provide temporary housing. The prevailing opinion 

is that such an investment would not be financ ially 

feasible without some form of subsidy . 

B .  West Virginia University Enrollment Uncertainty 

WVU enrollment is extremely important to the private 

housing sector in the Morgantown area w There is an 
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informal agreement between the University and local 

builders that the private sector will meet student housing 

needs . This means that the private sector must absorb 

any increases and decreases in demand (assuming dormi

tory enrollment remains relatively constant ) . Conse

quently , the projected 12% decline in University enroll

ment over the next five years has essentially stopped 

the development of new rental unit projects . This would 

probably be the case even if adequate construction 

financing were availab l e .  

It now appears that the predicted 12% enrollment decline 

is probably unlikely ( 19 8 0  enrol lment is about equal 

to 1 9 7 9  enrollmen t )  and that University poliCies will 

probably be established over the next few years with the 

Objective of ensuring that enrollment remains relatively 

constant. 

However, the continuing uncertainty concerning enroll

ment has created a reluctance on the part of developers 

to build additional rental units in Monongalia County 

becanse the development of new rental projects can 

historically be directly correlated with WVU growth . 

If �NU enrollment does not decline , the combination of 

large construction work forces in search of rental housing , 
increased baseline demand , and a possible increase in 

demand for rental housi ng due to decreased housing 

starts would make the rental housing market extremely 
tight and probably create shortages .  

Conclusion: If West Virginia University i s  to continue 

to rely on the private sector to meet student housing 

needs , it must end the present uncertainty over future 

enrollment by clearly stating its policy objectives with 

respect to enrollment. The private housing sector is 
not likely to act wi thout such University action . I f  
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Depending on land costs , it now costs between 

S 6 , 0 0 0  and S7 , 000 per space to develop a mobile home 

park ( S 4 , 000-S5 , 000 excluding land costs ) . These 

costs include the provision of paved roads , under

ground utilities and curb and gutter, but not basic 

infrastructure improvements such as the construction 

of a water trunk line or the construction of a pack

age sewage treatment plant. An investment of this 

maqnitude cannot be amortized over the two to three 

year energy project construction period . Conse

quently, a long-term commitment for use of the park 

would be necessary to make such an investment attrac

tive and feasible . .Such commitments do not now 

appear to be a realistic possibility .  

Conclusion : The mobile home industry in Monongalia 

County is likely to meet a portion of the demand for 

temporary construction housing through infill (the 

placement of mobile homes on vacant lots ) . However , 

based on interviews with representatives of the local 

mobile home indUStry , it is unlikely that a new 

mobile home park for the use of construction workers 

will be developed wi thout either ( a )  a long-term 

commitment for its use or (b) government or developer 

subsidies . 

2 .  Lease o f  Temporary Facilities by Project Developers 

There are a number of companies in the business of 

designing , planning, installing , managing and dis

mantl ing (when the project is completed) temporary 

housing facilities for field construction personne l .  

Such facilities are primarily found a t  remote con

struction sites where it is not possible to utilize 

existing housing stock , and where 'there is no market 

for more permanent type housing beyond the construc

tion period . 

4 3  

A firm would b e  selected to install modular housing 

units , a cafeteria , and all kitchen and recreational 

equipment .  The energy project developer or a public 

agency would be responsible for land acquisi tion and 
infrastructure improvement s .  

Temporary modular housing units can vary singificantly 

in - quality . At one extreme i s  the dormitory type 

project with two men to a room and no individual 

baths . Of higher quality are the developments that 

provide single rooms with baths (the rooms are 

approximately II ' x IS ' ) .  This latter type of facility 

would probably be required in Monongalia County in 

order to make such a project attractive to construc

tion workers in comparison to other avai lable rental 

housing within the County . 

Modular housing parks are typically built with six 

rooms per module and four modules per cluster, with 

the clusters surrounding a centralized community 

center. Such a center could include a cafeteria, 

registration desk, laundry facilities and a recreation 
area/lounge . 

Management services are also provided for a fee . 

These services can include : food service , house

keeping, security, and maintenance . Food service 

typically includes breakfast and dinner service 

and the provision of a box lunch . 

Modular housing developments of this type require a 

minimum of about 100 workers to locate at the fac i l ity . 

However , for an efficient and cost ef fective operation , 

at least 250 to 3 0 0  project residents are needed . 

Modular housing developments can be either purchased 

or leased . Leasing offers a number of advantages :  

� t  e l iminates the need for a la rge , front-end 
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capital inves tmen t ;  it fixes the costs by setting a 

monthly fee for the life of the contrac t l  and it 

eliminates problems associated with the di sposal of 

facilities and equipment upon the completion of the 

project. 

Rough cost es timates as sociated with both the pur

chase and lease o f  facilities to house 2 5 0  and 5 0 0  

construction workers are shown below. Detailed costs 

would have to be negotiated based on specific facility 

needs . 

No . of Workers 

2 5 0  

5 0 0  

Facility Costs 

Purchase 

S l . 5-$2 . 5  mil lion 

S 3 . 0-$4 . 0  mi llion 

� 
(About S 3 0 , 0 0 0  per 
month for every 
$1 million worth of 
facilities leased . ) 

Management services would cost between S 14 and S 2 1  

per day per ma n  ( $ 1 6  to S 1 7  per day i s  typical ) .  The 

energy project developer would be billed one lump 

sum per week for all management services and would , 

in turn , establish a daily use rate for workers 

utilizing the faci lities . This could then be 

deducted from weekly paychecks . In most proj ects 

of this type , daily charges to workers are sub

sidi zed by the energy project developers . 

Conc lusion : There are a number of potential problems 

associated with this approach to providing temporary 

housing: it is expensive: in the Wes t ,  workers have 

little housing choice and the developers have a 

captive market--in Mononga lia County there would be 

other options available to workers and the developers 

would be in a position of having to commit themselves 

to a project without any guarantees that it would be 

used; and there is no obvious institution anxious to 

s tep forward and a s s ume the financial respon s i b i li t�· 
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for such a proj ect--in the Wes t ,  the energy project 

developer frequen tly has to sponsor such a project 

in order to attract a skil led work force , but this 

would probably not be the case in Monongalia County . 

3 .  A Dual-Purpose Housing Project 

In addition to the temporary housing needs associated 

primarily with short-term construction pro j ects , 

Mononga lia County is also faced with another continuing 

housing prob lem that must be addressed--the provision 

of adequate housing for the elderly and for low and 

moderate income families . 

Various studies On Mononga lia County conducted by 

the Region VI Planning and Development Council and 

the West Virginia Housing Development Fund have docu

mented the housing needs of the elderly and of low 

and moderate income families . The problem is 

essentially two-fold : On a short-term bas i s ,  these 

families cannot compete with relatively high paid 

construction workers for rental housing in a tight 

market situation : and in the longer term , the private 

sector is building housing that is af fordable only 

by higher income families which makes it increasingly 

difficult for low income families to obtain afford

able standard housing. The West Virginia Housing 

Development Fund estimates a need of 6 , 2 9 9  housing 

units for low and moderate· income fami lies in the 

County by 1 9 8 5  (approximately 2 2 \  of this need is 

for adequate housing for the elderly ) . 

One potential solution to both of these housing 

problems is the development of a housing project 

that could initially be used to meet the temporary 

needs of energy project construction workers and 

then be converted to low and moderate income hous ing 

that would help meet the broader housing �eeds o �  

Mononga l i a  County . 

4 6  
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Conclusion : A project of this type would of fer a 

number of advantages :  

1 .  I t  would help solve the temporary construc
tion housing shortages that the County will 
inevitably be faced with. 

2 .  By providing the housing that will be needed 
by construction workers during the period 
19 8 1-19 8 4 , it would not place WVU s tudents 
and the low and moderate income res idents 
of Monongalia County , who are reliant on low 
cost rental housing , at a competitive dis
advantage in securing existing rental housing. 

3 .  I t  would contribute to satisfying the pre
viously documented longer term needs for 
appropriately priced, standard housing for 
the low and moderate income families of the 
County . 

4 .  I t  would be potentially eligible for a 
number of federal and state financial assis
tance programs . As such, it would meet 
needs not presently being met or anticipated 
to be met by the private housing sector . 

It would be possible to develop a project of this type 

either as an apartment project or as a mobile home park . 

D .  Required Infrastructure Improvements 

Based on 1 9 7 0  and preliminary 1 9 8 0  census in formation , 

well over 90 percent of the growth within Monongalia 

County occurred outside the C i ty of Morgantown . This 

trend can be expected to continue . The rapid growth 

proj ected for the County in the period 1 9 8 0  to 1 9 8 5  

will require that many infrastructure improvements 

(water , sewer and acce s s )  and other increased services 

be provided within the County . This will significantly 

increase the financia l ,  technical and operational 

demands that are placed on local governments within 

the County . 

The following sections review the need for basic infra

structure improvements associated with a temporary 
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housing development . I t i s  assumed that such develop

ment ( s )  would be located in the north central portion 

of the County on the western side of the Monongal i a 

River within easy commuting distance of the SRC-II 

project site . 

1. Water Service 

The City of Morgantown is the primary supplier of 

water throughout Monongalia County_ The City ' s  new 

16 mil lion gallon per day (MGD ) treatment facility 

has adequate capacity to accommodate proj ected 

residential development in the County . 

A new water trunk line extending to the north from 

Morgantown has the capacity to provide service in 

the immediate vicinity of the SRC-I I  proj ect site. 

2. Sewer Service 

A Section 2 0 1  regional wastewater facilities plan 

for the City of Morgantown and unincorporated areas 
of Mononga lia County has been completed . Because of 

drainage basin configurations , the proposed facilities 

will not serve the SRC- I I  site area . This means that 

a package sewage treatment plant would be required 

in order to provide sewerage service to any housing 

developments in the immediate vicinity of the plant. 

3. � 
Access from the City of Morgantown north to the 
SRC-II site is not good . Existing roads are not 

capable of handling proj ected traffic loads . New 

or improved feeder routes from the interstate 

highways to the SRC - I I  site will be required. 

The West Virginia Department of Kighways i s  

conducting a study of  the road improvements that 

will be made in the general vicinity of the SRC - I I  

s i t e .  I t  i s  assumed that future housing deve lop1.lent o:: 
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in the area will be located o f f  the selected feeder 

routes . Consequently, access both to the site and 

to services available in the City of Morgantown 

should not present any significant problems . 

An additional problem concerning the provision of needed 

facilities and services is of an institutional nature. 

The SRC-II s i te is not located within the boundaries of 

an establi shed public service district. Therefore ,  at 

this time there is no institution to deal with increased 

service demands as the area develops . 

A Consolidated Countywide Public Service District was 

recommended in the 2 0 1  facility plan . Such an institu

tion would of fer a number of advantages , including : 

o Increased financial soundness in comparison 
to small local public service districts-
this should be reflected in better bond 
ratings and more predictable cash flows . 

o Profess ional administration--because of their 
small s i z e ,  public service. districts must 
place heavy reliance on voluntary efforts . 

o Cost savings due to economics of scale 
related to purchasing , administration and 
contracting for services . 

o Increased ability to attract better trained 
and. qualified employees with speciali zed 
skills . 

Of particular importance with respect to future residentia 

and industrial development in unincorporated areas o f  the 

County is that a Consolidated County Public Service 

District would of fer the potential for programming 

needed service improvements in a systematic way rather 
than in the present piecemeal fashion which is typical 

where many j urisdictions possess similar responsibi l ities . 

Conclusion: A site for temporary construction housing 

should be selec ted based on proximity to the trunk water 

l i n e  and a new feeder road or an acces s road prograrrmed 

4 9  

for upgrading .  Assuming this occur s ,  the main infra

structure improvements required would be normal on-site 

improvements . A package sewage treatment plant wi ll also 

be required. In order to improve the prospects for the 
systematic programming of improvements to achieve sound 

development objectives , the creation of a Consolidated 

Public Service District for the unincorporated areas of 

the County should be supported. 
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v .  RECOMMENDATIONS 

A .  Development of a Project to Provide Temporary Housing 

It appears that the private housing sector within 

Monongalia County will only meet a portion of 

the temporary housing needs created by the proposed 

energy related developments . Unsubsidized new develop

ments are unlikely because the private sector will 

provide permanent housing only to meet needs it expects 

to exist beyond the three year cons truction period . 

Some of the need for temporary housing will probably be 

met through the provision of addi tional mobile homes . 

However , such units wi ll not be reserved for the exclusive 

use of construction workers . Consequently , unless 

additional actions are taken to meet the housing needs 

of energy project construction workers , serious rental 
housing problems could occur for residents of Monongalia 

County who rely on such housing. 

Three options for meeting the housing needs of a temporary 

construction work force have been identi fied . Ideally , 
it would be preferable for the local private housing 

industry to meet these needs .  Unfortunately , it does 
not appear that this will happen , and concerned 

local officials cannot risk waiting for the private 

sector to act since construction start-up is only about 

nine months away . 

The second option--to provide temporary modular housing-

has some major d:r.'sadvantages associa ted with i t :  it is 

rela tively expensive in comparison to other options ; 

there is no readily apparent private project developer 

willing to sponsor such a project and accept the costs 

and risks that go with it; and such a project would not 

address the longer term needs for additional low and 

moderate income housing within Mononga lia County . 
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A t  the present time , the best alternative appears 

to be to continue to investigate a dual purpose project 

that could be used in its initial years to satisfy the 

housing needs of energy project construction workers , 

and then be converted to a subsidized rental housing 

development . Such a project could be developed as a 

mobile home park or as an apartment projec t .  

The immediate need i s  to prepare a detailed feasibility 

analysis for a housing project of this type . Such a 

feasibility analysis would have three major components 

as described below. 

1 .  Locational Analisis . This would cons i s t  of 
the select�on 0 a site that provides a 
sui table location for both temporary con
struction housing and for permanent elderly or 
low and moderate income housing . Factors that 
would be cons idered are : access to the 
SRC - I I  site; access to services required by 
the residents of such a development; land avail
ability; and the avai lability o f  other needed 
public facilities , primarily water and 
sewer service . 

2 .  Insti tutional Analys i s .  For a project of 
this type , It would be necessary to identify 
what agency or organization can best �onstruct 
the pro j ec t ,  operate and manage i t during 
its different stages , provide the necessary 
services , and most importantly, finance the 
projec t .  Organizations that could 
potentially be involved in the implementation 
of a project of this type are discussed in 
Section B, which follows . 

As part of the institutional assessment , the 
potential role of each possible project 
participant would be analyzed . Discussions 
would then be held with each organization 
whose support is needed . Organizational 
respons ibilities would then be recommended . 
An important component of the institutional 
analysis would be to outline the steps 
necessary to make the transition from a project 
that satisfies temporary construction housing 
needs to housing for the elderly or for sub
sidized low and moderate income hous ing . 

5 2  
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3 .  Financial Feasibi lity. A detailed analysis 
of the econo�c and market feasibility of 
the project would be condpcted. Based on 
this analysi s ,  a recommended financial 
management plan would be prepared . 

The . feasibility analysis should be prepared as a 

decision making tool which would provide the basis 

for negotiating both public and private participation 

in the project. 

B. Potential Organi zational Responsibilities 

The development of a housing project of the type 

described in this report will require the active coopera

tion and support of both private organizations and govern

mental agencies . Appropriate organizations must be 

selected to assume the following roles and responsibilities 

o The development and operation of programs to 
encourage commuting by construction workers . 

o The financing and construction of the housing 
pro j ec t . 

o Site development and the provision of 
required services . 

o Management of the project for construc
tion worker housing. 

a Purchase and management of a project as a 
permanent housing project for the elderly or 
for low and �derate income families . 

A discussion of the potential ways of filling each o f  

these roles is contained i n  the sections that follow. 

In some cases there is l i ttle choice with respect to the 
agency or organization that should as sume certain responsi

bili ties . With others , there are organizational alterna
tives . Regardless , much negotiation lies ahead before 

agencies wi ll readily assume these various respons ibili

ties . Final decisions will �robably be dependent upon the 

comp letion of a detailed pro ject feasibility analys is . 

S 3  

1 .  The Encouragement of Commuting by Construction Workers 
Construction worker commuting rather than relocation 

is desirable for a number of  reasons . It would : 

reduce the demand for temporary housing; minimi ze 

other negative community impac t s ;  and alleviate local 

fiscal impacts associated with the provision of 

services (the tax returns to local governments rarely 

equal their service expenditures during the construc

tion phase of large scale development projects ) .  

While the encouragement of commuting i s  desirable , 

concern has been expressed that a number of factors 

could discourage such commuting and , therefore , 

increase the demand for temporary construction housing 

beyond levels that are now anticipated. These factors 

inc lude : the relatively long-distance commuting 

(up to 90 minutes each way ) that wi ll probably be 

necessary to secure the skil led work force that wi l l  

be needed; uncertainty regarding gasoline availability; 

and rising gasoline price s .  The impacts of these 

factors are difficult to predict with any degree o f  

certainty. However ,  steps can b e  taken t o  make 

commuting more attractive. In fact, the Oak Ridge 

Associated Universities labor study of the SRC - I I  

work force identified the need t o  develop commuter 

incentives as a major priority . One example of the 

type of incentive that could be provided is direct 

subsidized bus or van service to and from a central 

point in major employment centers (e . g . , Pittsburgh) 

to the project site. 

There are a number of  reasons why the various energy 

project developers (Gulf Oil Corporation, the U . S .  

Department o f  Energy , prime proj ect contractors ,  

etc . )  should take the lead in developing commuter 

incentive program s .  Among these are : 

S 4  
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o The project developers must maintain 
good will in the communities where they 
are located . If significant potential 
community impacts are identified but 
are not addressed , resulting community 
relations problems could cause signif icant 
project delay s .  

o The developer i s  responsible for seeing 
the project is completed on schedule. 
Therefore , he must make long distance 
commuting more acceptable and must also 
help provide adequate hous ing for non
commuters if he is to attract the skilled 
workers needed to maintain a stable work 
force . 

o Experience with similar projects has shown 
that long tedious commuting and inadequate 
local housing lead to recruitment problems , 
heavy turnover rates, increased absenteeism , 
declining productivity and declining 
employee morale . 

Because the SRC-II plant is being developed as a 

federal demonstration project and the owner will 
be the U . S .  Department of Energy , it is probably 

unrealistic to expect the private project developers 

to take the financial lead in attempting to reso lve 

such problems as they do with other energy develop

ment projects where the private sector is putting 

major revenue producing facilities into production. 

DOE should consider assuming the lead role in 

developing subsidized commuter incentive programs . 

2 .  Housing Project Development 

The West Virginia Industrial Development and Com

mercial Development Bond Act appears well suited for 

use in constructing a dual purpose housing project 

such as the one recommended in this repor t .  

o The A c t  allows counties and cities to 
construct commercial projects , includinq 
residential developments . 

o Under State law, the government body which 
issues the bonds holds title to the 
facilities involved and can lease those 
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facilities t o  a private ooerator provided 
that the proceeds from the lease are 
sufficient to amortize the bond s .  A 
housing project could thus he constructed 
and leased to an energy developer or prime 
contractor to manage and operate during the 
construction period. 

o The Act permits the project to be sold and 
also contains a redemption provision that 
permits the governmental body to redeem the 
bonds at any time--this means at the end 
of the construction period (e . g . , 1 9 8 4 )  
the project could b e  sold b y  prearranged 
agreement to a non-profit housing sponsor 
or to a private investor with the proceeds 
from the sale used to redeem the bonds . 

Three public entities--the Monongalia County Com

mission, the Monongalia County Development Authority 

and the City of Morgantown (a city can issue bonds 

for a project in the unincorporated portion of the 

county in which it is located) --have the legal 
authority and the necessary management capability 

to issue commercial development bonds that could be 

used to finance a housing pro j ec t  in the unincorpo

rated areas of the County . One of these entities 

would issue the bonds and then contract with private 
builders to develop the project. The Monongalia 

County Commission would be the most logical agency 

to assume this responsibility because of the nature 

and potential location of the projec t .  

3 .  Site DevelOpment and the Provision of Needed 
Infrastructure 

The public entity that owns and develops the housing 

project should also assume responsibility for s i te 

development and the provision of needed infrastruc

ture. However, such activities are eligible for a 

variety of state and federal funding assistance . 

In fact , 1 0 0 \  non-local financing of such activities 
would appear to be both appropriate and desirable . 
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Among the potential state and federal funding sources 

for site development assistance are: 

o State of West Virginia. Under the Wes t  
Vlrg1nla Business and Occupational Tax 
program, a tax of $ 2 . 2 0  per $ 1 0 0  of gross 
contract value is levied on construction 
work performed within the State by private 
contractors . It has been estimated that 
the SRC-II project alone could generate 
up to $ 1 1  million in tax revenues . 

Unincorporated areas are not empowered to 
enact their own business and occupational 
tax (as are incorporated municipal ities ) . 
Consequently, counties such as Monongalia 
County do not necessarily benefit directly 
from this tax. Additionally, there are 
currently no provisions for returning a 
specific percentage of these tax revenues 
to local jurisdictions in which the con
struction projects are located . 

It is recommended that the State earmark 
sufficient revenue from the various energy 
development proj ects for activities 
des igned to minimize adverse impacts that 
have been identified. At a minimum , 
funds should be provided for needed road 
improvements and for the provi sion of one 
or more package treatment plants at the 
site of the construction housing project s .  

o Farmers Home Administration . The Farmers 
Home Admin1strat10n admin1sters the Section 
6 0 1  Energy Impact Area Development Assistance 
Program . This program has been designed 
specifically to meet the type of energy 
impact needs that are described in this 
report . Under the provisions of the 6 0 1  
program, the Farmers Home Administration 
can fund up to 7 5 \  of the actual costs of 
acquiring and/or developing sites for 
housing. Site development costs can include 
grading , the provision of water and sewer 
lines and access roads . Actual housing con
struction is not an eligible activity , 

o Appalachian Regional Commi ssion. The 
Appalachian Regional Comm1ssion administers 
a housing assistance program that can be 
used to fund up to 10\ of site development 
costs . Legislation is pending to raise 
this limit to 2 5 \ ,  
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I n  order t o  provide the services required for this 

proj ect and also to support industrial and residential 
growth in other unincorporated areas of Monongalia 
County , other actions are desirable . These include : 

o The establi shment of a consolidated county
wide public service district which would 
enable a s ingle· agency to systematicallY 
program needed improvements that will be 
required by proj ected growth in unincorporated 
portions of the County. 

o The establishment of county development 
controls. Monongalia County is experiencing 
signi ficant growth which is expected to be 
sustained with its continued emergence as 
an energy development center . Well over 
90\ of this growth is occurring in unincorpo
rated areas of the County . To service 
this proj ected growth , it will be necessary 
to make major infrastructure investments . 
To protect such investments , the County 
should consider initiating some basic controls 
over where and when development occurs within 
the unincorporated portions o f  the County . 

4 .  Operation of the Project for Construction Worker 
Hous1ng 
Once construction is completed, the local government 
owner should lease the project to one of the energy 
project developers for use by construction workers 

during the 1981-1984 construction period. As the 
owner of the SRC-II demonstration project, the Depart

ment of Energy would be the most likely lessee. The 
lease must guarantee sufficient revenue to amortize 
the commercial development bonds . DOE could then 

contract with a private firm to manage the project. 

5 .  Purchase or Lease of the Project for Low and Moderate 
Income Housing 
Once the need for temporary construction worker housing 
has passed , the owner would have the option of leasing 
or sel ling the project to a non-profit organi2ation , 
such as the Human Resources Development Foundation 
Inc . , or to a private investor who provides 
subsidized housing for the elderly or for low and 
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moderate income fami lies . It is as sumed that sale 

of the project and redemption of the bonds would be 

preferabl e ,  although as long as the lease is 

guaranteed for the period required to amortize the 

bond s ,  ei ther approach is potentially acceptable . 

Federal and state agency assistance would be essential 

in order to make a successful transition to a sub

sidized elderly or low and moderate income housing 

proj ect. The prime federal agency whose assistanc� 

would be required would be the U . S .  Department of 

Housing and Urban Development (HOD) . HOD administers 

an array of assistance programs that could be used 

to assist in the purchase of such a project or to 

provide rental assistance to future residents of 

the project. 

The West Virginia Housing Development Fund should 

also be explored as a funding source for converting 

the temporary construction housing to rental assis

tance housing for low and moderate income families . 

6 .  General Project Assistance 

The U . S .  Department of Energy (DOE) will be the owner 

of the SRC-II facility during its demonstration phase . 

Because it is a national demonstration project, DOE 

should be prepared to assume the responsibility 

for mitigating adverse project impacts j ust as any 

private project developer would be required to do . 

Speci fically , DOE should provide financial assi stance 

a8 needed to develop the dual purpose housing project 

recommended in this report. 

The mechanisms for providing DOE financial support 

are already available . Because DOE will own the 

project during both the construction and demonstration 

phases , the project will be exempt from local property 
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taxe s .  The Federal Government has the option o f  

making payments to the County i n  lieu o f  such taxes .  

The specific terms o f  such a n  agreement would have 

to be negotiated. As a guiding principl e ,  payments 

in lieu of taxes should be the mechanism for financing 

the provision of any special services that the 

project requires and also for helping to alleviate 

adverse community impacts that are identified. 
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APPENDIX 

MONONGALIA COUNTY BASELINE EHPLOYMENT PROJECTIONS 

1978 
(Actual )  !.2!.Q. !2!l !ll2. 

Total Employment 3 1 , 6 5 8  3 3 , 2 9 3  3 6 , 857 3 9 , 5 2 8  
No . of ProErietors 2 , 1 1 7  2 , 1 16 2 , 184 2 , 2 3 2  

Farm Proprietors 5 2 7  5 1 2  4 9 7  4 8 7  

Non-Farm Proprietor3 1 , 5 9 0  1 , 6 0 4  1 , 6 8 7  1 , 7 4 5  

Wa�e & Sa1aEX �lo�ent 2 9 , 5 4 1  3 1 , 17 7  34 , 6 7 3  37 , 296 

Farm Employment 4 9  28 2 2  1 8  

Non-Farm Employment 29 , 4 9 2  3 1 , 149 3 4 , 6 5 1  3 7 , 2 7 8  
Private 19 , 2 1 1  2 0 , 4 3 2  2 2 , 9 9 8  2 4 , 9 4 7  

Mining 3 , 4 8 3  3 , 74 9  4 , 0 8 9  4 , 3 3 3  

Construction 1 , 7 8 3  1 , 8 1 5  2 , 18 5  2 , 4 7 2  

Manufacturing 2 , 9 2 6  2 , 9 28 3 , 0 0 3  3 , 0 5 5  

Non-Durable Goods 9 2 7  8 7 0  8 5 5  8 4 5  

Durable Goods 1 , 9 9 9  2 , 0 5 8  2 , 14 8  2 , 2 10 

Transportation and 
Public Utilities 9 0 5  8 4 8  8 2 4  8 0 8  

Wholesale Trade 7 8 1  9 16 1 , 1 1 1  1 , 2 6 3  

Retail Trade 4 , 19 2  4 , 4 5 5  5 , 0 92 5 , 566 <: 
Finance , Insurance , I rn 

and Real Es tate 1 , 0 12 1 , 2 6 4  1 , 6 5 8  1 , 9 8 7  w 
Services 4 , 12 9  4 , 4 5 7  5 , 0 3 6  5 , 4 6 3  

Government and 
�ovt .  Enterl2rise 10 , 2 8 1  1 0 , 7 17 1 1 , 6 5 3  12 , 3 3 1  

Federal Civi lian 1 , 0 2 3  1 , 3 4 0  1 , 5 30 1 , 6 7 1  

Federal Mi litary 2 9 5  2 6 1  2 2 6  2 0 5  

State and Local 8 , 9 6 3  9 , 1 1 6  9 , 8 9 7  10 , 4 5 5  

Source : U . S .  Department o f  Commerc e ,  Bureau of Economic Analysis 
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Mo n o n ga l i a  C o u n ty Ho u s i n g I m p l ementa t i o n  P l a n  

A rece n t l y comp l eted Ho u s i n g  Ana l ys i s  fo r t h e  Monon g a l  i a  Cou n ty 

a rea o f  W e s t  V i r g i n i a  e s t i ma t es t h a t  t he n u m b e r  o f  u n i t s n e e d e d  to m e e t  pe a k  

c o n s t ru c t i o n  wo r k e r  dema n d  w i l l  b e  between 600 - 1 , 000 u n i t s .  Th i s  d e m a n d  

w i l l b e  c re a t e d  p r i n c i pa l l y  b e c a u s e  o f  t h e  c o n s t r u c t i o n  o f  t h e  SRC I I  fa c i l i ty 

a n d  o t h e r  e n e r gy r e l a t ed projec ts . 

I t  i s  a n t i c i pa t ed t ha t  t h e  p r i va te s ec t o r  w i l l  meet a po r t i o n  o f  t h e  

expected dema n d . I t  i s  the pos i t i o n  o f  t h i s  Ta s k  Fo r c e  t h a t  t he p u b l i c  s ecto r 

s ho u l d  n o t  compete w i t h  the p r i v a t e  s e c t o r  but , w h e r e  a n d  w h e n  n e c e s s a ry ,  pro

v i d e  s u p po rt w i t h a d e q u a t e  p u b l i c  s e r v i c e s  o r  a dd i t i o n a l  ho u s i n g  u n i t s i f  

wa r r a n t e d . 

I n  o r d e r  to meet t h e  dema n d  w h i c h  t h e  p r i va te s e c tor c a n n o t  m e e t , t h e  

fo l l ow i n g  recommen da t i o n s  a r e  be i n g  m a d e  b y  a Ta s k  Fo r c e  repres en t i n g  v a r i o u s  

commun i ty i n t e r es t s . The p r o v i s i o n  o f  a d e q u a te hou s i n g i n  Mo n o n ga l i a  C o u n ty 

d u r i n g  the c o n s tru c t i o n  o f  t h e  S . R . C .  I I  fa c i l i ty w i l l  s e r v e  a d u a l  p u r po s e . 

Fi r s t ,  a n  a c c e p ta b l e hou s i n g c ho i c e  w i l l  p ro v i d e t he Depa rtm e n t  o f  E n e r gy/ 

Gul f O i l  w i t h  t h e  s k i l l e d wo r k e r s  n e c e s s a ry to ma i n ta i n  a s t a b l e wo r k  fo rce 

and s e co n d , t h e  ex i s t i n g  r e s i d e n t s  of t h e  Co u n ty w i l l  n o t  be n e ga t i v e l y  

a ffec ted by t h e  i n fl ux o f  c o n s t ru c t i o n  wo r k s . 

1 .  Loca t i o n a l  An a l ys i s  

ThE Ta s k  ro r"c. e  , . '  • � • _ _ .L I.- _ .I ut: J I t:: v e.) 1. 1 IQ ;" ,  
o f  a d d i t i o na l hou s i n g u n i t s o n  ex i s t i n g p u b l  i c  fac i l  i t i e s - wa ter , sewer s ,  

s c ho o l s ,  roa d s , e tc . - a n d  s e r v i c e s  c a n  be k e p t  a t  a m i n i mum . The l oc a t i o n a l  

a n a l y s i s  wo u l d c o n s i s t  o f  t h e  s e l ect i on o f  s i t e s  wh i c h  wo u l d be s u i ta b l e  fo r 

mo b i l e  homes a n d  fo r bo t h  tempo r a ry c o n s t ru c t i o n  hou s i n g a n d  fo r perma n e n t  

e l d e r l y o r  l ow a n d  m o d e r a t e  i n come ho u s i n g .  Fa c t o r s  wh i c h  wou l d  b e  co n s i d e r e d  

a r e : a c c e s s  "to t h e  S R C  I I  s i te t o  m i n i m i z e  t ra f f i c  c o n g e s t i o n  o n  s e c o n d a ry 

roa d s ; a c c e s s  to s e r v i c e s  re q u i red by t h e  r e s i d e n t s  o f  s u c h  a d e v el o pm e n t ;  

l a nd a va i l a b i l i ty ;  a n d  the a va i l a b i l i ty o f  o t h e r  n e ed ed p u b l i c  fa c i l i t i e s _ 

p r i ma r i l y  wa t e r  a n d  s e w e r  s e rv i c e .  
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I t  i s  q u i te a p p a r e n t  that a few ' i te s  c a n  m e e t  t h e  s e l e c t i o n  c r i te r i a  

w i t h  m i n i m a l  p u b l i c  i nv e s tmen t . T h e  Mo rga n town Ord i n a n c e  Wo r k s  a n d  l oc a t i o n s  

a l o n g  Green B a g  Ro a d  a s  wel l a s  t h e  Ma r i on C o u n t y  P o o r  Farm a r e  wel l s u i ted 

fo r s i n g l e a n d  m u l t i - fam i l y  ho u s i n g .  Area s near U . S .  19 N o r t h  and G r e e n  

C o u n ty Penn syl v a n i a  m a y  be s u i ta bl e  f o r  m o b i l e  h o m e  c o u rt s . 

The Department o f  En ergy s ho u l d  prov i d e t h e  f i n a n c i a l  r e s o u r c e s  

n e c e s s a ry to a s s e s s  t he a v a i l a b i l i ty a nd a c c e pta b i l i ty o f  hou s i n g s i te s  

w i t h i n  Mon o n g a l i a  C o u n ty . 

2 .  .Lo c a l  Co n s t r u c t i on Capa b i l  i Si.  

The homebu i l d e r s  o f  Mo n o n ga l i a  C o u n ty , i n  c o n j u n c t i o n  wi t h  t h e  S t a t e  

Homebu i l d e r s  A s s o c i a t i o n , s ho u l d  d e v e l o p  t h e  a dm i n i s t ra t i v e  framewo r k  wh i c h  

w i l l  p e rm i t  j o i n t v e n t u r e s  amo n g  t h e  many sma l l  a n d  med i um s i z e d  bu i l d e r s  

i n  t h e  c o u n ty . A j o i n t  v e n t u r e  woul d e n a b l e t h e  homebu i l d e r s  t o  po s s e s s  

t h e  f i n a nc i a l , m a n a g eme n t  a n d  man power r e s o u r c e s  n e c e s s a ry to a s s i s t i n  t h e  

c o n stru c t i o n  o f  t h e  d u p l ex/ town ho u s e  ty pe o f  ren t a l  u n i t s a s  o u t l i ned i n  

r e c omme n da t i o n  fou r .  The j o i n t  v e ntu re wo u l d e na b l e t h e  homebu i l d e r s  to 

com p l e t e  a r e l a t i v e l y  l a r g e  u n d e r t a k i n g  i n  a s h o r t  p e r i o d  of t i me - an 

i m p o rta nt c o n s i d era t i o n  when a t tempt i n g to m e e t  the n e ed s of the SRC I I  

c o n s t ru c t i o n  wo r k  forc e .  The s t r u c tu re s ho u l d be p a t t ern ed a fter t h e  B u i l d e r s  

Eme r g e n cy Ho u s i n g Coun c i l . 

3 .  Mo b i l e  Home Spa c e s  

T h e  Ta s k  Fo rce r e c omme n d s  t ha t ,  ba s e d  o n  t h e  l o c a t i o n a l  a n a l y s i s ,  

o n e  o r  more mo b i l e home pa r k s , w i t h  a total  c a pa c i ty o f  1 5 0  u n i t s ,  be c o n 

s t r u c t ed w i t h  e a sy a c c e s s  t o  t he S R C  I I  fa c i l  i ty .  T h e  s i te ( s ) s hou l d  b e  

l o ca ted i n  t h e  we s t ern e n d  o f  Mo n o n g a l i a o r  s o u t h e r n  G r e e n  Co u n ty a n d  be 

s e r v i c ed by a p u b l i c  w a t e r  s u p p l y a nd be c a pa bl e  o f  be i n g s e r v i c e d  by a 

p a c k a g e  sewe r a g e  fa c i l i ty .  

W h i l e  t h e r e  a r e  mo b i l e  home s pa c e s  a v a i l a bl e  a t  t he p r e s e n t  t i me , 

t h e  a n t i c i pa t ed demand w i l l fa r o u t s t r i p  a v a i l a b l e s i t e s .  I n  o rd e r  t o  i n su r e  
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tha t the pro posed s i t e s  do not hamper t h e  f i l l i n g of ex i st i n g s pa c e s , t h e  

proposed s i t e ( s )  s ho u l d n o t  be a v a i l a bl e  u n t i l  t h e  i n i t i a t i on o f  con s t r u c t i o n . 

One yea r  a ft e r  t h e  i n i t i a t i o n  o f  co n s tru c t i on i s  when t he g r e a t e s t  i n fl u x  o f  

po ten t i a l  mo v e r s  i n  the s k i l l ed t r a d e s  ( p i pe f i t t e r s , bo i l erma kers , i n s u l a to r s , 

i ronwo r ke r s ) w i l l  beg i n .  

Des i g n o f  s a i d  fac i l  i ty wou l d be o f  s u c h  a n a t u r e  t ha t ,  when con s tru c t i o n  

o f  t h e  S R C  I I  fa c i l i ty i s  c o m p l eted , i t  wou l d  b e  c o n v e r t ed i n to s i t e s  fo r s i n g l e 

fa m i l y  dwel l i n g s .  W i t h a n  a pp ro p r i a t e  d e s l gn , two mo b i l e  home s p a c e s  wou l d  

re s u l t i n  a s i n g l e c on v en t i o n a l  bu i l t  hou s i n g l ot .  S i nc e  wa t e r , s ewer a n d  

r o a d s  wo u l d be i n  p i a c e a t  t h e  mo b i l e  home pa r k ,  a m i n i m d l  amo u n t  o f  f i n a n c i a l  

r e s o u r c e s  wo u l d b e  n e c e s s a ry t o  c o n v ert t he s i t e t o  s i n g l e fa m i l y  l ot s .  

The c o n v e r s i o n o f  t he mo b i l e  home pa r k  wi l l  s e r v e  a two fo l d  p u r po s e . 

F i r s t , i t  w i l l  n o t  be compet i n g w i t h  ex i s t i n g  m o b i l e  ho�e pa r k s  o n c e  c o n 

s t r u c t i o n  o n  t h e  S . R . C .  I I  fac i l i ty i s  compl ete d . Sec o n d , t h e  a v a i l a b i l i ty 

o f  mode ra t e l y p r i c ed s i n g l e fami l y  l ot s  i n  t h e  we s te r n  e n d  o f  M o n o n ga l i a  

Co u n ty a nd i n  G r e e n  C o u n ty i s  i n  s ho r t  s u p p l y .  

Fun d i n g  fo r a p r o j ect o f  t h i s  s c o pe c ou l d  be m a d e  a v a i l a bl e  t h ro u g h  

t h e  Farmers Home Adm i n i s tr a t i o n 6 0 1  progra m ,  t h e  A p pa l a c h i a n  R e g i o n a l  Com

m i s s i o n ,  the D e p a r tment of Hou s i n g a nd U r ba n  D e v e l o pm e n t s  Commun i ty Dev e l opment 

B l o c k  Gra nt Pro g ra m  o r  t h rou g h  t h e  Departm e n t  o f  Ene rgy . 

The mo s t  a p pro p r i a t e  v e h i c l e s  fo r a c compl i s h i n g  t h i s o bj e c t i v e  wou l d  

be a n o n - pro f i t  a rm o f  t he home bu i l d e r s  a s s o c i a t i o n , t h e  W e s t  V i rg i n i a  Ho u s i n g 

Devel o pment Fu n d , t he Mo n o n ga l i a  County Comm i s s i on o r  t h e  D e p a r tm e n t  o f  En ergy . 

4 .  Du a l - P u rpo s e  Ho u s i ng Proj ect 

B a s e d  o n  t h e l oc a t i o n  a na l ys i s  o u t l i n ed in  recommenda t i on n u m b e r  o n e , 

u p  to two h u n� red ( 2 00 ) r e n t a l  u n i t s o f  t he d u p l ex /town ho u s e  v a r i ety s hou l d 

be c o n s t ru c ted fo r o c c u pa n cy by t he SRC I I  c o n s t ru c t i o n  wo r k  fo rce . 
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A project  of t h i s type woul d o ffer a number of a d v a n ta ges . 

A .  It  wo u l d h e l p s o l v e  the tempora ry c o n s t ru c t i o n  hou s i n g  
s hortages  t h a t  the  Co u n ty w i l l i n ev i ta bl y  b e  fa c ed w i t h . 

B .  By prov i d i n g  the  hou s i ng t h a t  w i l l  be n ee d ed by co n s truct i on 
wo r kers  d u r i ng t he  p e r i od 1 98 1 - 1 984 , i t  wou l d  n o t  pl a c e  WVU 
s t u d e n t s  and the  l ow and mod e r a t e  i ncome r e s i d e n t s  of Mon o n 
g a l i a  Co u n ty ,  who a r e  re l i an t  o n  l ow c o s t  r e n t a l  hou s i n g ,  a t  
a compet i t i v e  d i s a d v a n ta ge i n  s e c u r i n g  ex i s t i n g  renta l  hou s i n g .  

C .  I t  wou l d  contr i bute  t o  s a t i s fy i n g  t he  p rev i o u s l y documented  
l o n ger term needs  for a p propr i ate l y p r i ced , s ta n d a rd hou s i n g 
fo r t he  l ow a n d  mo d e r a t e  i ncome fami l i e s  o f  t h e  County.  

D .  The structures  cou l d be  p l a c ed o n  more t han  o n e  s i te wh i c h  
wou l d m i n i m i z e  the i rlpa c t  o n  ex i s t i ng p u bl i c  fa c i l i t i es and  
serv i c e s , i . e . , po l i c e ,  f i re , road s ,  s c ho o l  s ,  wa ter  a nd s ewer 
sys tem s . 

E .  I t  c ou l d  ena bl e the  hom e bu i l d e r s  i n  t h e  c o u n ty ,  ba sed  o n  t he 
o u t l i n e i n  recommenda t i o n  n umber two , to become a n  act i ve 
p a rt i c i pa n t  i n  the  c o n struct i o n . 

Owners h i p  o f  sa i d  s i tes  cou l d  res i d e i n  a n on - pro f i t  corpo ra t i on or  

t h e  We s t  V i r g i n i a  Hou s i n g Dev e l o pment  Fund . S i te d eve l o pment  costs  cou l d  be  

o ffset  by  the  Farmers  Home  601 program , t he Appa l a c h i a n  Reg i on a l  Comm i s s i o n  

o r  t h e  De partment  o f  Hou s i ng a n d  U r ba n  Dev el o pm en t . 

Co n s truc t i on f i n a nc i n g  wou l d  be made  a va i l a b l e  thro u � h  e i ther  t h e  

Depa r tment  o f  E n e r gy o r  G u l  f O i l ,  w i t h i n  whom own e r s h i p  wou l d  r e s i d e .  

Once  con struc t i o n o n  t h e  S R C  I I  fa c i l  i ty were compl e t e ,  t he u n i ts 

\-,ou l d  be p u r c hJ s ed and  a dm i !! � s t e r c J  a s  O i l  ex i s t i t-1 9 1a.( � 1 i t.Y fO ro. u s e  by 1 0w 

a n d  moderate  i ncome fam i l i e s  w i t h  mor t g a ge f i n a nc i n� a n d  rent s u b s i dy pro

v i ded  by the  De pa rtme nt of  Ho u s i ng and  Urba n  Deve l o pmen t .  H . U . D . s hou l d  

ma k e  t h e s e  u n i t s a va i l a bl e t hrou g h  t he Sec r e t a ry ' s O i s c ret i o n tl ry Fund , 

r a t h e r  than  thro u g h  the  Sta te o f  t!e s t  V i r' � i n i a ' s  a n n u a l  R l l o c a t i ons . 

The  He s t  V i rg i n i a  Hou s i ng Dev e l o pmen t Fund e st i ma t e s  a n eed for 

a ppro x i ma t e l y  4 , 800 hou s i n g  u n i t s  fo r l ow and  mod era te i ncome fam i l i e s  i n  

Mo nonga l i a  Co u n ty by 1 98 5 .  
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5 .  Ma k i ng Ex i s t i ng Hou s i ng Ava i l a bl e 

T h e  Depa rtment o f  Ho u s i n g  a nd Urban Devel o pm e n t  s ho u l d m a k e  a v a i l a bl e ,  

from t h e  Sec r e t a ry ' s D i s c r e t i o n a ry Fu n d , u p  t o  2 00 u n i t s o f  s u b s i d i z ed hou s i n g 

fo r t he el d erl y i n  Mon o n ga l i a  C o u n t y .  B ec a u s e  pro j ec t s  o f  t h i s type frequ en t l y  

t a k e  u p  t o  t h i rty- s i x  ( 3 6 )  m o n t h s  t o  compl e t e , t h e  pro c e s s  s ho u l d b e  i m p l eme n t ed 

i mmed i a t e l y .  The prov i s i o n o f  t h e s e  u n i ts wo u l d m a k e  a v a i l a bl e  fo r r e n t  o r  

p u rc h a s e  t h e  ma n y  l a r g e  o l d  s i n g l e fam i l y  u n i ts n o w  o c c u p i ed by t he e l derl y 

wh i c h a r e  mo re e c o n om i c a l l y  s u i ted fo r fami l i e s .  T h e s e  u n i t s  wou l d  be a va i l 

a bl e  d u r i n g  t he pea k o f  c o n s t r u c t i o n  o n  t h e  S R C  I I  fa c i l i ty .  

Fi n a nc i n g  a nd r e n t  s u bs i dy wo u l d b e  p ro v i d ed t h ro u g h  H . U . D . w i t h  

o w n er s h i p  b y  a n o n - pro f i t  c o rpora t i o n  o r  a p r i v a t e  d e v e l o pe r . 

I t  i s  i m portant to n o t e  t h a t  o f  t he 4 , 042 u n i t s  o cc u p i ed by t he 

e l d er l y  i n  M o n o n ga l i a  C o u n t y  i n  1 97 0 ,  3 , 134 , or 77 p erc e n t  o f  t h e  u n i ts , a r e  

o w n e r  o c cu p i ed .  Howev e r ,  m a n y  o f  t h e  el d e r l y wo u l d r a t h e r  l i v e  i n  hou s i n g 

s u c h  a s  U n i ty M a n o r  wh i c h  i s  e v i d e n c ed by tpe l i s t  o f  o v er 500 el derl y d e s i r i n g  

o c c u pa n cy i n  t h a t  fa c i l i ty .  T h e  W e s t  V i rg i n i a  Hou s i n g Devel o pmen t Fu n d  e s t i m

a t e s  tha t t h ere w i l l be a n eed for 1 , 800 e l d erl y s u bs i d i z ed u n i t s i n  Mo n o n g a l i a  

Cou n ty by 1 98 5 .  

6 .  I n fo rma t i o n E x c h a nge 

T ho s e  r e s p o n s i bl e  for ma i nta i n i ng the em p l oym e n t  rec o r d s  of the c o n 

s t ru c t i o n  w o r k  fo rce s ho u l d  m a k e  a v a i l a bl e  to t h e  Mo n o n g a l i a  Cou n ty B o a rd o f  

Edu c a t i o n ,  Mo n o n g a l i a Co u n ty Commi s s i o n , C i ty o f  M o r g a n town a n d  t he Chamber 

of  Comme r c e  t he fol l ow i n g  i n fo rma t i o n :  

A .  Name o f  empl oyee 

B .  L o c a l  a d d r e s s  

C .  Number o f  p e o p l e r e s i d i n g  a n d  l o c a l  a d d r e s s  

D .  Ages  a nd s e x  o f  r e s i d e n t s  
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Bec a u s e  t he SRC II  is  s e rv e d  by s ec o n d a ry r o a d s  ev e ry effort s ho u l d 

be made to m i n i m i ze t he number o f  v e h i c l e s  u s i n g  t h e  s t a t e  roa d  netwo r k .  

Va n ,  c a r  pool i n g  a n d  p r i v a te b u s  s erv i c e  s ho u l d b e  c a r e fu l l y  a n a l yzed . 

8 .  Impl emen t a t i o n  

I n  o rd e r  t o  i m p l eme n t  t h e  a bo v e  i n  a t i mel y m a nn e r ,  t h e  t a s k  fo rce 

bel i ev e s  t ha t  t he Depa rtment o f  Energy o r  t he State of  We s t  V i r g i n i a  s hou l d  

ma ke a v a i l a bl e  o n e  o f  i t s s t a ff p e o p l e to i m p l eme n t  t h e  recomm e n da t i o n s . 

The Ta s k  Fo r c e  bel i ev e s  t h a t  t h i s  i n d i v i d u a l  s h o u l d be p hys i ca l l y  l o c a ted 

i n  M o n o n ga l i a  County,  be re s po n s i bl e  to t he Exec u t i v e  Comm i ttee o f  the Ta s k  

Fo r c e  a n d  b e  a va i l a bl e a s  soon a s  po s s i bl e . Howev er , i f  t h i s  i s  n o t  a n  

a c c e p ta bl e a l t e r n a t i v e ,  D . O . E . o r  t he S t a t e  o f  We s t  V i r g i n i a  s h ou l d  p ro v i d e 

t h e  fund i ng n e c e s s a ry to i m p l emen t  t he p l a n . 
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Append ix  V . 5  

FEDERAL  ASS I STANCE PROGRAMS 

Thi s l i st of Federal a ss i stance programs i s  d i v i ded i nto funct i on area s such  as hou s i ng and 
educat i o n .  The Offi ce o f  Management and Budget ( OMB ) number i s  g i ven to i dent i fy eac h program ; 
i t  can be u sed to l ocate the program i n  the cata l og of Federal Domest ic  Assi stance . Mononga l i a  
County and the c i ty of Morgantown are j udged to be e l i g i bl e  for these programs . 

V . 5 . 1  GEN ERAL FUNDS 

The Energy Impacted Area Devel opment Assi stance Program 601  Admi n i stered by FmHA.  

Secti on 601 of  the Powerp l ant  and I ndu stri a l  Fuel Act of  1 978 authori zes the  Farmer ' s  Home 
Admi n i stra t i on ( FmHA) of the U . S .  Department of Ag r i c u l ture ( US DA) to pro v i de assi stance to 
areas  affected by coal or u ran i um devel opment acti v i ti e s . It a l so prov i des for d i rect l and 
acq u i s i t i on by FmHA through  purchase , trade , or condemnati on , a l though it is ant i c i pated that 
the l atter provi s i on wi l l  be sel dom used . 

The State of West  V i rg i n i a  has recei ved $5 mi l l i on of FmHA Secti on 601  funds i n  1 980 to hel p 
a l l ev i ate energy i mpact probl ems . 

V . 5 . 2  EDUCAT I ON 

V . 5 . 2 . 1  Construct ion and equ i pment 

Offi ce of Education  
HEW OMB : 1 3  . 477 

Th i s program pro v i des  project grants ( d i stri buted on a formu l a  bas i s ) to hel p bu i l d  and equ i p  
schoo l s .  I t  i s  espec i al l y  i ntended for use  i n  areas  that have recentl y experi enced o r  are 
experi enci ng a rap i d  i nc rease i n  school enrol l ment due to i ncreased Federa l act i v i ty i n  the 
area . 

V . 5 . 2 . 2  Ma i n tenance and operati on 

Off ice  of Educati on 
HEW OMB : 1 3 . 478 

Local  educati onal agenc i e s  may app ly  for the se formu l a  grants desi gned to hel p amel i orate the 
impact on l oca l  schoo l s caused by su bstanti a l  Federa l act i v i ty i n  the a rea . Th i s  prog ram appl i es 
parti c u l arly to a reas  where Federal acqu i s i t i on of rea l property has reduced the d i stri ct ' s  tax 
base and has cau sed an i ncrease in schoo l  attendance . 

V . 5 . 3  HEALTH 

Hea l th Resources Adm i n i strat i on ,  Pub l i c  Heal th Serv i ce 
HEW OMB : 1 3 . 253 

Thi s program i s  i n tended to a s s i st in the p l anni ng and prOV 1 S l on of  mental hea l th fac i l i ti es i n  
areas o f  rap i d  pop u l ati on g rowth . Any ent i ty wi th bondi ng authori ty i s  e l i g i bl e  to app l y  for 
d i rect l oans . Pri vate nonprofi t agenc i e s  may app ly  for l oan guarantees . 

Al cohol , Drug Abuse , and Menta l Hea l th Adm i n i stration  
HEW OMB : 1 3  . 242 

Th i s  prog ram provi des funds for proj ect grants ( up to fi ve years ' durat ion )  ava i l a bl e to pub l i c  
o r  pr i vate nonprofi t  agenc i es , state , l oca l , and reg i ona l governments , hos p i ta l s ,  and i nsti tu t i ons  
o f  h i g her educa t i on for  research projects des i gned to  deve l op new knowl edge and  approaches to al l 
aspects of menta l hea l t h  care . 



Off i ce of the As s i stant Secretary for Heal th 
HEW 
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OMB : 1 3  . 22 6  

States , the i r  pol i t i ca l  subd i v i s i ons , town s ,  u n i vers i t i e s , hospi ta l s ,  a n d  nonprofi t organ i zati ons 
are el i g i b l e  to appl y for project grants and research  contracts under th i s program . Funds may be 
u sed fo r the d i rect costs i nvol ved i n  a parti cu l a r  p roject a s  we l l  a s  some i nd i rect costs . 
Pri or ity i s  g i ven to projects that wi l l  i mprove the qua l i ty and avai l ab i l i ty of heal th serv i ces . 

Center for D i sease Control 
HEW OMB : 1 3 . 26 2  

T h i s  prog ram provi des  project grants t o  pub l i c  or pri vate nonprofi t organ i zat i ons capabl e of con
ducti ng the appropri ate research to fund d i rect research cost s .  The researc h  must  be d i rected 
toward understandi ng the c ha racteri st i c s  of occupati onal  safety and hea l th probl ems and the i r  
sol ut i ons . 

Funds are d i sbursed accord i ng to establ i shed pol i c i es of the Pub l i c  Hea l th Serv i ce .  

Hea l th Services Admi n i stration  
H EW OMB : 1 3  . 2 58 

Under thi s program , serv i ce personnel a re d i s bu rsed to areas des i g nated a s  having  cr it i cal  hea l th 
manpower s hortages .  

Center for D i sease Control 
H EW OMB : 1 3 . 263 

Any publ i c  or  pri vate nonprofi t organ i zati on that tra i n s  at a techn i cal , profess i onal , or g raduate 
l evel  may apply for project grant funds to deve l op personne l speci a l i zed in occupati onal  med i c i ne , 
nurs i ng , i ndustri a l  hyg i ene , and safety . 

V . 5 . 4  HOUS I NG 

Offi ce of Hou s i ng 
HUD  OMB : 1 4 . 1 33 

Thi s prog ram prov i de s  Federa l mortgage i nsurance to fi nance ownershi p of i nd i v i dua l  un i ts i n  
mul t i fami l y  hou s i ng projects .  H U D  i ns u res  mortgages made by pri vate l en d i ng i nsti tutions  for 
the purchase of i nd i v i dual  fami l y  un i ts i n  mul ti fami l y  hou s i n g  projects under Secti on 234( c ) . 
Sponsors may a l so obta i n  FHA- i nsured mortgages to fi nance the construct i on or rehabi l i tati on of 
hou s i ng projects that they i ntend to sel l a s  i nd i v i dual  condomi n i um u n i t s  under Secti on 234 ( d ) . 

Off ice  of Hou s i ng 
HUD  OMB : 1 4 . 220 

D i rect Federal l oans  fi nance reha bi l i ta t i on of re s i denti a l , mi xed-us e ,  and nonre s i dent i a l  proper
ties in the Fede ra l l y  a i ded Commun i ty Devel opment B l oc k  Gran t ,  Urban Homesteadi ng ( Secti on 8 1 0 ) , 
Urban Renewa l , and Code Enforcement a reas that have been cert i f i ed by the l oca l  government . By 
fi nanci ng re ha bi l i tati on to br ing  the property up to appl i cab l e code , project , or p l ant standards , 
the l oans  prevent u n necessary demol i ti on of bas i ca l l y  sound structures . 

V . 5 . 5  MORTGAGE I N SURANCE - LAND DEVELOPMENT (Ti tl e X )  

Offi ce o f  Hou s i ng 
HUD  OMB : 1 4 . 1 25 

Prospecti ve devel opers a re e l i g i bl e  to apply for i nsured l oans  to he l p  deve l op s u bdi v i s i on s .  The 
l oans  may al so be used for water and sewer sys tem i nstal l at i on .  

V . 5 . 6  WATER AND S EWAGE 

Farmers Home Adm i n i stra t i on ( FmHA) 
DOA OMB : 1 0 . 4 1 1 

Thi s prog ram provi des  funds for s i te acqu i s i t i on and devel opment , new water and sewer faci l i t i e s , 
engi neeri ng , l egal  fees , and l andsca p i n g  requ i red for the deve l opment of rural  s u bd i v i s i on s  to be 
sol d on a nonprofi t basi s to l ow- and modera te - i ncome fami l i es , cooperati ves , and nonprofi t rural 
renta l hou s i ng appl i cants . 
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E PA OMB : 6 6 . 4 1 8  

Any mun i c i pal , state , o r  i nterstate agency o r  I nd i an tri be respon s i b l e  for waste d i sposa l i s  
e l i g i bl e  to appl y for project grants . The funds may be used to construct or u pgrade mun i c i pa l  
sewage treatment works that have t o  meet Federal a n d  state water qual i ty cri teri a .  Thi s program 
emphas i zes treatment of i ndustri a l  waste s .  

Offi ce of P l ann i ng and Management 
E PA OMB : 6 6 . 603 

Thi s prog ram i s  desi gned to a s s i st state and i nterstate agenc i e s , mun i c i pa l i ti es , or i ntermu n i c i pal 
agenc i e s  and to serve as an i ncentive  i n  construction  of mun i c i pal  sewage treatment works that 
are requ i red to meet state and Federal qua l i ty standard s .  I t  i s  a l so desi gned to ensure that 
i na bi l i ty to borrow neces sary funds from other sources on reasona bl e terms does not prevent the 
constructi on of any wastewater treatment works for whi ch a grant has been , or wi l l  be , awarded . 

V . 5 . 7  SPEC IAL P ROGRAMS 

Commun i ty Deve l opment B l oc k  Grants , Smal l C i t i e s  Program , Admi n i stered by HUD  

HUD  award s " bl oc k "  grants to  l ocal  governments to  fund a wi de range of commun i ty devel opment 
acti v i t i e s  to promote sound commun i ty deve l opment .  I n  a s i ng l e ,  fl exi bl e ,  mu l t i purpose prog ram , 
b l ock grants fi nance acti v i ti e s  prev i ou s l y  e l i g i bl e  under separate categori a l  grant programs : 
Urban Renewa l ; Nei g hborhood Devel opment Grants ; Model Ci ti es ; Water and Sewer Grants ; Ne i g h bor
hood Faci l i t i e s  Grants ; Publ i c  Faci l i t i e s  Loans ; Rehabi l i tation  Loans ; and Open Space , Urban 
Beauti ficat i o n ,  and Hi stori c Preservation  Grants . 

Spend i ng pri ori t ies  are determi ned at the l ocal  l evel , but the l aw enumerates genera l  objectives  
that  the  bl ock grants are  des i gned to  fu l fi l l .  These i ncl ude adequate hou s i ng , a su i tabl e l i v i ng 
envi ronment , and expanded econom i c  opportu n i t i es for l ower-i ncome groups . Spec i fica l l y ,  rec i p i ents 
are requ i red to estimate the i r  l ower-i ncome hou s i ng needs and address  them in  the overal l commun i ty 
devel opment p l an they s u bmi t when app l yi ng for a grant .  

Metropol i tan c i ti e s  and  qua l i fi ed urban counti es  are guaranteed an amount ca l l ed "en t i t l ement . "  
I t  i s  based on need , o bj ect ive ly  c a l c u l ated by a formu l a  that ta kes i nto account popu l ati on , 
poverty , overc rowded hous i ng ,  age of hou s i n g ,  and growth l ag .  

Sma l l er c i t i e s  compete for the Sma l l C i t i e s  Prog ram funds . However , l ocal  governments that 
part i c i pated i n  certa i n  g rant prog rams but do not q ua l i fy for an equ i val ent bl ock grant are 
" he l d  harm l e s s "  for three years ( i  . e . , they are funded at the same average l evel i n  order to 
comp l ete projects a l ready under way) . After the three years , they are he l d  harml ess  over the 
formu l a  amount for one year a nd then g i ven one-thi rd of the excess  for the next year .  

The  authori zation  for f i scal years 1 97 8-80 i s  $1 0 . 95 b i l l i o n .  The  prog ram ha s been fu l l y funded 
each yea r .  

V . 5 . 8  I NTERGOVE RNMENTAL PERSONNEL ACT 

Office  of Personnel Management 

V . 5 . 8 . 1 Techn ica l  ass i stance 

The purpose of the I PA tec hni ca l  ass i stance program is to prov i de a ss i stance , pr i n c i pa l l y  on a 
reimbursabl e ba s i s ,  to state , genera l  purpose , l ocal , and I nd i a n  tri bai governments i n  the areas 
of personnel  and genera l management.  Thi s assi stance can be provi ded by the Office  of Personnel 
Management or certa i n  state I PA programs . 

V . 5 . 8 . 2 Grants 

The purpose of the I PA grant prog ram is to provi de f i nanc i a l  a s s i stance on a matchi ng fund basi s 
for personne l , genera l management ,  and tra i n i ng projects so that smal l j u r i sd i ctions  wi l l  have 
managers who have sk i l l s  and expert i se i n  these area s .  
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Appendi x V . 6  

B I BL IOGRAPHY 

For more i n format i on about the soci oeconomic  aspects of the SRC- I I  project ,  consu l t :  

1 .  P i ttsburg & Mi dway Coal M i n i ng Company , SRC-II Demonstration Project Environmental Analysis 
Report, Appendix Volume II, prepared for the U . S .  Department of Energy under contract 
DE-AC05-780r03055 , Denver ,  Co l o . , September 1 97 9 .  

2 .  The documen ts l i sted i n  the b i bl i ograph ies  l i sted a t  the end o f  Sects . 2 . 8  and 2 . 9  i n  the 
Environmental Report, and 

3 .  Oak Ri dge Associ ated Univers i ti e s ,  Construction Labor Assessment for SRC-II at Phase Zero, 
Oak Ri dge , Tenn . ,  1 98 0 .  
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W . l I NTRODUCT I ON 

The proposed SRC- I I  p l an t  (Shown i n  F i gs . 2 . 2  and  2 . 3 )  i s  to be l ocated about 6 km ( 4  mi l e s )  
north of Marti nsburg , West V i rg i n i a .  The p l ant  and fre i ght-handl i n g  area wou l d  b e  between the 
Monongahe l a  Ri ver and H i g hway 5 3 , wi th the s l ag d i sposal  a rea to be west of the h i ghway. Th i s  
Append ix  reports a study o f  probab l e  no i se prob l ems i n  the a rea a s  a res u l t o f  construct ion and 
operati on of the p l ant .  

W . l . l  No i se 

No i se i s  defi ned as unde s i rabl e sound produced when an obj ect that i s  i n  contact w ith  a i r  v i b rates , 
thus produ c i ng l ocal  vari a t i ons  i n  atmos pheri c press u re .  The s i ze of th i s  d i s turbance i s  defi ned 
as the sound press ure , and the s ummati on of the number of these va r i a t i ons  occurri ng  per second 
is defi ned as the freq uency. 

Sound pressure is meas ured i n  very smal l uni ts cal l ed mi cropasca l s ( ).IPa ) .  The ord i na ry range 
of val ues i s  from 20 to 1 00 mi l l i on ).IPa . For conven i ence th i s  un i t  has been conve rted l ogar ithm i 
ca l l y t o  a w i de l y  used un i t  ca l l ed the dec i be l  ( dB ) .  Fi g ure W . l  shows the effect of th i s  sca l e 
by re l at i n g  deci be l  changes to perce i ved sound changes . For compar i s on ,  0 d B  equa l s  20 ).IPa and 
1 30 dB equa l s  about 6 , 200 , 000 ).I Pa . 

The h uman ear does not hear a l l sound freq uenc ies  equa l l y .  To make the re l ati onsh i p  between what 
we hear and measurements c l oser,  a fi l ter  known as the A-we i ghti ng  network is often u sed to 
d i scrimi nate between l ow and very h i gh freq uenci es . The res ul tant measurement  is referred to as 
the A-we i ghted sound l eve l in un i ts des i gned as dBAs . Tab l e  W . l  s hows the dBA rat i n g  for common 
noi ses . 

The three noi se measurement notati ons used most i n  th i s  report a re Leq , Ldn , and Lnp . Harri s l  
defi nes these measurements as 

equi val ent conti nuous sound l evel ( Leq ) :  the level  of a steady sound that , in a sta ted 
t ime per i od at a sta ted l ocati on , has the same A-we i ghted sound energy as the t ime- vary i n g  
sound , 

day-night average s ound l evel ( Ldn ) :  the 24-h eq u i val ent conti n uous sound l eve l , that i s ,  
the t i me-averaged A-wei g hted sound l evel , i n  deci bel s ,  from m idn i ght  to m i dn i gh t ,  obta i ned 
after the add i t i on of 1 0  dB  to sound l eve l s  from m i d n i ght  to 7 : 00 AM and from 1 0 : 00 PM 
to m idn i ght ,  and 

n o i se pol l ut i on l eve l ( Lnp ) :  a noi se rat i ng that takes i n to account the equ i va l ent  
conti nuous sound  l eve l and the  magni tude of the  t i me vari ati ons in  the  sound  l evel  ( the 
u s ua l  abbrevi at i on is  NPL ) .  

I n  th i s  SRC- I I  s i tuati on the area i s  exposed to mu l ti p l e  noi se sources . Under these con d i t i ons  
the  comb i ned effect of a l l  sources is  determi ned by add i n g  l ogari thmi cal l y  the sound  contri buti on 
from each source to obta i n  Leq . S im i l ar l y ,  Ldn i s  obta i ned  by add i ng l ogari thmi ca l l y  the Leq for 
1 5  dayti me hours and Leq p l us 1 0  dBA for 9 n i ghtt i me hours . More deta i l ed computati onal methods , 
i ncl u d i n g  equa t i ons , are found i n  Sect . W . 7 . 2 .  

W . l . 2 No i se regul ati ons 

Perti nent regu l ations  for the construct i on and operati on of the SRC- I I  p l ant i nc l ude the fo l l ow i n g .  

The Department of Energy ( DOE ) h a s  accepted the Env i ronmental Protecti on Agency ( EPA ) g u i de l i nes 2 
a s  be i ng regu l atory for the proposed SRC- I I  pl ant .  The g u i de l i nes i denti fied an Ldn of  55 dBA 
ou tdoors to protect aga i nst  act i v i ty i n terference and annoyance in res iden t i a l  a reas . W i th the 
p l ant opera t i n g  day and n i gh t ,  an Lcq of 48 . 6 dBA shou l d  be ach i eved at res i denti a l  rece ptor s i tes 
to compensate for the 10 dB " pena l ty" between 10 PM and 7 AM . 

The E PA3 q uotes the Department of Heal th and H uman Serv i ces ( HH S )  g u i de l i nes for constructi on 
noi se . The g u i de l i nes p l ace the h i ghest acceptabl e NPL for a communi ty at about 74 dB  ( Fi g .  W . 2 ) .  

The De partment of Labor Occ upati onal Safety and Heal th Admi n i stra t i on (OSHA ) standards4 l im i t  
expos ure t o  impul s i ve no i se (e . g . , b l asti n g )  to a sound pressure l eve l o f  1 40 dB . 

The EPAs defines permi s s i b l e  tra i n  no i se l eve l s  a s  shown i n  Tabl e W . 2 .  

The Federal H i ghway Admi n i stration  standards 6 l i mi t traffi c no i se i n  res i denti a l  areas to a n  Leq of  
6 7  dBA . 
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APPA RENT LOUDNESS 

F i g .  W . l .  Apparen t l oudness as a func t i on of dec i be l  c hange . 

W . 2  CONSTRUCT I ON NOISE  

2555-A 

Construc t i on of the p l ant  wi l l  be carri ed out i n  severa l  reasonab l y  d i s c rete s teps , each of 
wh i ch has i ts own mix of equ i pment and , consequentl y ,  i ts own noi se cha racteri s t i cs . Assumi ng 
a l l construct i on on the s i te wi l l  be duri ng dayl i g h t  hours , amb i en t  noi se l evel s wi l l  be unchanged 
at n i g h t .  The phases of construct i on ( some of whi ch can be subd i v i ded ) a re ( 1 )  c l earing , 
( 2 ) excava t i on , ( 3 )  foundat i ons , ( 4 )  erec t i on , and ( 5 )  fi n i s h i ng and cl ean u p .  

Defi n i ng t h e  construction  phases as above a l l ows u s  t o  account  for the vari a t i on i n  s i te no i se 
output  wi th t i me .  By i nventoryi ng the eq u i pment found a t  the s i te i n  each phase , we can deri ve 
a representat i ve source l evel  for each phase by the process descri bed bel ow. 
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Table W.1.  Common noise levels 

dBA' Common noise levels 

1 30 Threshold of pain 
1 20 Ch ipping of metal 
1 1 0 Rock band 
1 00 Jackhammer 

Jet takeoff ('12 m ile) 
90 Threshold of hearing damage 

Motorcycle ( u rban res identia l )  
80 

Busy freeway 
70 Ice-cream truck with music ( u rban res idential) 

Power lawn mower ( u rban residential)  
Ch ildren p laying ( u rban residential )  

60 N o rmal conversat ion 
50 Radio playing m us ic (urban residential)  

B i rd ( normal subu rban area) 
40 Suburban neighbo rhood (d istance traffic) 
30 
20 Qu iet rural area (no traffic)  
1 0  

o T h reshold of audib i l ity 

"dBA. A-weig hted decibels. 

101 . 2 . 1  Equ i pment noi se charac teri st ics  

Despi te the  vari ety i n  type and  s i ze of constructi on equ i pment , s imi l ari t ies  i n  the domi nant 
noi se sources and in patterns of  operation  pe rmi t one to ass i gn a l l equ i pment to a very l im i ted 
n umber of categories . These categories  a re i nd i cated i n  F i g .  101 . 3 ,  together w ith  correspon d i n g  
no i se l evel data . The data s hewn are for an observer w i t h i n  1 5  m ( 50 ft ) of t h e  equi pment .  

101 . 2 . 2  Construction s i te no i se characte r i s t i c s  

T o  characte r i ze the no i s i ness  ( i . e . , the average no i se annoyance potenti a l ) of the vari ous types 
of construct ion s i tes dur ing  each phase of construction , an NPL  i s  u sua l l y  cal cu l ated for eac h 
type of s i te and each construction  phase . The NPL  ( i n  dBA ) i s  defi ned as the s um of the 
A-wei ghted average sound pressure l evel and 2 . 56 ti mes the standard dev i ation  of the A-we i ghted 
sound pressure l evel ; thU S ,  NPL accounts for the effect of the steady n o i se , p l us  the annoyance 
as a resu l t of fl uctuat i ons . 

On the bas i s  of an eva l uation  of domesti c  and forei gn  soc i al s urveys and phys i acous t i c  stud i es , 
the HHS has adopted a set of " g u i de l i ne c ri teri a "  for outdoor noi se  l evel s i n  res i denti al  areas 
as shown in F i g .  101 . 2 .  Accord i n g  to thi s chart , the commun i ty noi se s i tuati on i s  eval uated by 
compari ng  a measured d i stri bution  of A-we i ghted l evel s wi th the cri te r i a  curves . The s i tuati on 
i s  categori zed by the reg i on of l east des i rab i l i ty penetrated by the actual  noi se d i s tri bution . 
Because th i s  cr iter ion i s  based on sound- l evel d i stri buti ons , the boundaries  between reg i ons  
of acceptabi l i ty may be defi ned i n  terms of the  NPL .  Thus , the  fol l owi ng descri ptors of NPL  
val ues may be u sed i n terpreti ng the  s i te NPLs . 

1 .  C l early acceptab l e - The noi se exposure i s  such that both the i ndoor and outdoor envi ron
men ts a re p l easan t :  NPL l ess  than 62 dBA. 

2 .  Norma l l y  acceptab l e - The noi se exposure i s  great enough to be of some COncern , but common 
bu i l d i n g  construct ions  wi l l  make the i ndoor envi ronment acceptabl e ,  even for s l ee p i n g  
quarters , a n d  t h e  outdoor envi ronment wi l l  be reasona b l y  p l easant f o r  recreati on a n d  p l ay :  
NPL  between 62 and 74 dBA . 

3 .  Norma l l y  unacceptab l e - The n o i s e  exposure i s  s i gn i f icantly more severe so that unusua l  and 
costl y bu i l d i ng construct ions  are necessary to ensure some tranq u l i ty i n doors , and barri ers 
must be erected between the s i te and promi nent noi se sources to make the outdoor envi ronment 
tol erab l e :  NPL  between 74 and 88 dBA.  
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F i g .  W . 2 .  Gu i de l i ne cri ter ia  re l at ing  no i se  pol l ution  l evel to commun i ty 
no i se accepta bi l i ty .  Source : U . S . Envi ronmental Protecti on Agency , 1 97 5 .  

4 .  C l early unacceptab l e  - The n o i se exposure a t  the s i te i s  so  severe that the constructi on 
costs to make the i ndoor envi ronment acceptab l e  wou l d  be  proh i b i t i ve and the outdoor envi ron
ment wou l d  st i l l  be unaccepta bl e :  N P L  greater than 88 d BA .  

We must emphas i ze that these cri teri a have not been offi c i a l l y  o r  unoffi c i al l y  adopted by HHS 
o r  a ny other government agency .  They are presented h ere s o l e l y  to enab l e  the reader to i nterpret 
NPL va l ue s  computed in th i s  report . 

The averages of no i se annoyance potenti a l  were ca l c u l ated on the bas i s  of i nformation  obtai ned  
on ( 1 ) the number of each  i tem of equ i pment typ i ca l l y  present at a s i te ( i n  a gi ven phase ) , 
( 2 )  the l ength of the duty cycl e s  of th i s  equ i pment , and ( 3 )  the a verage n o i s e  l evel s during  
opera t i on . 

For purposes of s i te characteri zat i on , the noi s i est  pi ece of equ i pment was assumed to be l ocated 
1 5  m ( 50 ft ) from an observe r ,  and a l l  other equ i pment was assumed to be l ocated 60 m ( 200 ft ) 
from the observer. Ambi ent  n o i se ( l evel s depending  on the s u rroundi ngs of the s i t e )  was taken 
to be present in add i t i on to the equ i pment noi s e .  T h e  construction  no i se mode l may be expected 
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Table W.2. Permissible train noise (dBA) 

Best maintenance p ractice standards 

Existing 

At speeds of 20 m/s (45 mph) or less 88 
At speeds of more than 20 m/s (45 mph ) 93 

Locomotives· 

Stationary 
At idle 
At other throttle settings 

Moving 

Switch yard retardersb 

Car-coupl ing operationsb 

" 1 00 ft from source. 
bM aximum l evel at receptor site. 

73 
93 
96 
83 

92c 

New 
(after 1 979) 

70 
87 
90 

c Exception: where 92 dBA previously exceeded coupl ing,  speed cannot 
exceed 4 m/s (8 m p h ) .  

to y i e l d  a t  l east a re l ati ve measure of  the no i se annoyance assoc i a ted wi th each type of  s i te 
and phase for the most adverse cond i t i ons l i ke l y  to be associ ated w i th each phase . 

Tab l e  W . 3 shows NPLs  ca l cu l ated for each of f i ve phases of constructi on perta i n i ng to the re l a
t i ve l y  q u i e t  ( 50 dBA )  ambi en t  condi t i ons found  i n  suburban envi ronmen ts . 

The NPL val ues shown i n  Tab l e  W . 3 obv i ou s l y  depend on the prev i o u s l y  descri bed model of the 
s i te .  For th i s  mode l , the average sound press u re l evel depends stron g l y  on the one o r  two 
no i s i est pi eces of equ i pment ,  whe reas the standard devi at i on depends l arge l y  on the n umbers and 
duty cyc l es of the l es s  noi sy equi pment and on the amb i en t  noi se l evel . 

The attenuation  of cri t i ca l  NPL  l evel s w ith  d i stance from sources i s  s hown i n  Tab l e  W . 4 .  Most 
o f  the construct i on wi l l  occur at l ocati ons  fa r enough from receptors to expose them to 
acceptabl e N P L  l eve l s .  

W . 2 . 3  B l ast i ng noi se prob l ems 

No i se i s  an undes i rab l e by- product of b l a s ti n g .  A i r  vi brati ons a re generated by the b l ast  and 
a re propagated outwa rd throug h  the a i r  under the i nfl uence of the exi st i ng topogra ph i c  and 
atmo s pheri c cond i t i ons . Three mechan i sms a re u s ua l ly respon s i b l e  for the generati on of a i r b l ast  
vi brat i ons : the ven t i n g  of gases to the a tmos phere from b l own-out unconfi ned exp l o s i ve charges , 
rel ease of gases to the atmosphere from an exposed detonati n g  fuse , and g round mot i on s  res u l t i ng 
from the b l a s t .  Uns temmed exp l os i ve charges i n  open boreho l es a l l ow ven ti n g , of the gases to the 
a tmosphere .  However ,  parti a l  confi nement a l l ows usefu l work to be done and res u l ts i n  reducti on 
of  the ampl i tude of  the a i r  b l ast  over an open a i r  exp l os i on .  Further confi nemen t  of  the b l ast  
in  the  borehol es by  the  add i t i on of stemm i n g  reduces the  a i r  b l ast  through a l l ow i n g  a more 
gradual  re l ease of the gases by pus h i n g  out the stemm i n g  and through the broken burden . The a i r  
v i brations  generated by g round moti on res u l t i n g  from the b l ast  are sma l l .  The s u rface acts as 
a pi ston , movi ng the a i r  above the poi nt of detonati on . Thus , the qua l i ty of a i r  d i s p l aced by 
the g round mot i on i s  sma l l  compared w i th the vo l ume of gas re l eased dur ing  a b l a s t .  

Beca use the greatest amount  o f  noi se i s  genera ted by vent i n g  gases , the u s e  o f  stemmed charges 
w ith  a b u r i ed detonati n g  fuse i s  a l og i ca l  procedure to fo l l ow to reduce b l ast  noi s e .  

The u s e  of  a b l as t i n g  mat over a boreho l e  further reduces a i r  v i brat ions  to reasonab l e  l evel s .  
The OSHA s tandards s pec i fy a l imi t o f  1 40 dBA for construction workers i n  a b l a s t i n g  a rea . Th i s  
l eve l wou l d  norma l l y  a ttenuate to about 80 dBA a t  a d i stance o f  305 m ( 1 000 ft ) .  

Howe ver ,  the rap i d  r i se of  gases manag i n g  to escape the boreho l e  make b l as t i n g  n o i s e  especi al l y  
s u scepti b l e  to meteorol og i ca l  condi ti ons . The propagati on ve l oc i ty may i n crease w i t h  a l t i tude 
as a res u l t of  the exi stence of a temperature i nvers i on or  of  i n creased wind ve l oc i ty at h i gher 
a l t i tude , cau s i n g  the b l ast  waves to be refracted downwi n d  to focal  areas some d i s tance from 
the b l a st . 7 
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F i g .  W . 3 .  Constructi on equ i pment noi se  ranges . Source : U . S .  Envi ronmental 
Protecti on Agency , Decembe r ,  1 97 5 .  

Leg i t imate damage c l a ims may res u l t  when personal  o r  property damage i s  caused by se i sm ic  o r  a i r  
b l ast  waves from b l asts . The advances i n  b l ast ing  techno l o gy d u r i n g  the past 2 5  years , i nc l udi ng  
b l ast i n g  procedure s ,  damage cri teri a ,  knowl edge o f  se i sm ic  wave propagat i on , mon i tori ng  i nstru
mentation , and a more knowl edgeab l e b l asti ng profess i on , have m i n imi zed c l a i ms res ul t i ng from 
real structura l  damage . More and more b l a sti ng operators i nstrument the i r  own b l asts or sub
scri be to  a cons u l t i ng servi ce to  i n s ure v i bration  l evel s bel ow those  neces sary to cause damage . 
The occas i onal  l eg i t imate damage c l a i m  can res u l t from many unknown causes , the best perhaps 
bei ng that any damage c r i te r i on i s  a proba bi l i ty-type cri teri on . 

V i brati on l eve l s  that are comp lete l y  safe for structures can be annoyi ng and even uncomfortab l e  
for peop l e .  Predomi nant frequenci es generated by b l ast ing  are commonly  i n  the range o f  6 to 
40 cyc l e s  per second (cps ) . I f  a bu i l d i n g  i s  be i ng v i brated to a parti c l e  ve l oc i ty of 1 . 0 i n . /s , 
the b u i l i ng i s  con s i dered safe , but the vi bra t i on l evel  as v i ewed s ubjecti ve l y  by peop l e i s  
i ntol erabl e .  At a part i c l e  ve l oc i ty o f  0 . 2  i n . /s ,  the probab i l i ty o f  damage to a b u i l d i ng i s  
n i l ,  yet the v i brati on l evel i s  vi ewed a s  q u i te unpl easant o r  annoy i ng by some peopl e .  
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Table W.3. Typical ranges of noise levels at public works construction sites 
with a 50-dBA ambient typical of suburban residential areas 

G round 
Excavation Foundations E rections 

clearing 

1 8  l i b 1 8  l i b 1 8  l i b 1 8  

Energy average dBA 84 84 88 78 88 88 79 
Standard deviation 8 8 7 3 8 8 9 
Noise pol lution level 1 03 1 04 1 06 86 1 08 1 08 1 03 

8A I I  pert inent equ ipment p resent at site. 
bM in imum requ ired equipment p resent at Site. 

N PL8 
(dBA) 

1 20 
1 1 0 
1 00 

Table W.4. Attenuation of noise pollution 
level with distance 

D istance [m (ft)) 

To NPL = 74 dBA 

56 ( 1 85) 
1 8  (60) 

6 ( 20) 

To NPL = 62 dBA 

225 (740) 
72 (235) 
23 (75) 

8No ise pollution level. 

l ib 

84 
1 1  

1 08 

F in ishing 

18  l i b 

84 84 
7 8 

1 01 1 04 

A s i mi l ar re l at ions h i p  exi sts with the noi se as soci ated wi th a i r  b l ast pressures . The a i r  b l ast 
pressure from most b l asts is  consi dered l es s  than that wh i ch causes glass damage . However , the 
sound l evel  near a bl ast is  compara b l e  to the maxi mum sound in  a bo i l er shop or the sound l evel 
1 . 2 m (4  ft ) from a l arge pneumatic ri veter .  The sound l evel at 1 52 m ( 500 ft ) compares with 
the sound generated at a d i s tance of 1 m ( 3  ft ) from a trumpet , auto horn , or an automati c punch 
press . I t  i s  comp l ete ly unders tanda b l e  that the publ i c  reacts to bl asting  operati ons . No 
amount of objecti ve data wi l l  convi nce a person who "fee l s "  strong v i b rations that the v i bration 
l evel as meas ured was barely percepti b l e  - a s imi lar  s i tuati on exi sts wi th noi ses and a i r  bl asts . 
Pe rsonal  contact and strong efforts i n  pub l i c  rel ati ons hel p to a l l evi ate the probl em but con
vi nce few. The on l y  sol uti on poss i b l e  i s  to keep vi bration l evel s and a i r  b l ast pressures wel l 
bel ow the safe vi brati on cri teri a and concentrate on no i se abatement .  

W . 2 . 4  M i t i gati ons 

The typ i cal range of constructi on noi se has a maxi mum NPL of l es s  than 1 1 0  dBA (Tab l e  W . 3 ) . Th i s  
l evel attenuates to a normal ly  acceptab l e  l evel o f  74 dBA at a d i s tance o f  1 8  m (60  ft ) and a 
cl earl y accepta b l e  l evel of 62 dBA wi thi n 72 m (235  ft ) .  Most of  the constructi on wi l l  be done 
far enough from receptors to expose them to normal ly  accepta b l e  N PL l eve l s , but temporary 
barri ers may be des i rabl e i n  a few cases . 

Bl asti ng operati ons i n  the area requi re advance publ i c i ty .  A reputabl e  profess i onal b l asting  
contractor should  be  used,  and the  speci fi cati ons shoul d i ncl ude the  case  of bl asting  mats . 

W . 3  OPERATIONAL NOISE  

The proposed p l ant  l ayout ( F i g .  W . 4 )  conta i n s  several areas hav i ng mul ti p l e  noi se sources i n  
each . The i nd i v i dual  noi se components from speci f ic  p i eces of equi pment and the i r  compos i te noi se  
l evel s  for  each area are g i ven in  Tab l e  W . 5 .  Th i s  tab l e  i s  based on  deS i gn data furn i shed by 
P&M/ET-78-C-01 -3055/C-21 500 , Tabl e 1 - "Noi se , "  and i n terpreted by Dr.  Pugs l ey and checked wi th 
Dr . Bradshaw of Stearns-Roger. As a conservati ve move , the h i ghest val ue was used for vari abl e 
l evel  n o i s e  sources .  The compos i te noi se  l eve l s  are rounded to the nearest who l e  number.  Val ues 
shown wi th an asteri sk in the tabl e were esti mated to operate 1 0% of the time , s i nce no spec i f i c  
i nformati on was avai l abl e ;  the Leq computations for the area are based o n  th i s  as sumpt i on . 
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48 . 6  dBA and Ldn 55 dBA .  

E S  - 5585 

The contou r  i n  Fi g .  W . 4  i s  an approxi mate boundary of the a rea exposed to noi se  l evel s greater 
than the mandated l i m i t  of  Lon = 55 dBA . Estimated no i se l evel s at the b u i l d i n g  i nd i cated by 
n umbered ci rc l es  are ( i n  dBA) 

� Ldn � Ldn 

1 Stone C i rcl e 49 55 5 G i ngri ch house 56 62 
2 Fort Mart i n  49 55  6 Fort Mart i n  Church  55 6 1  
3 Garl ow farm 5 1  57  7 Fort Mart i n  School 51 57 
4 Garl ow house 54 60 

The l oudest no i se source in the coal stockpi l e  area wi l l  be a front l oader b u l l dozer est imated 
at 95 dBA . No i se l evel s of 48 . 6  dBA wi l l  extend about 59 m ( 1 95 ft) from the area boundary 
when the b u l l dozer i s  operati ng a l ong the peri mete r .  

W . 3 . 2  P i pe c l eanout no i se 

Before the p l ant becomes operati onal , there wi l l  be a s i ng l e-event no i se from a steam b l ast to 
c l ean out the p i pes i n  the p l ant . The no i se l evel i s  expected to be 1 05 dBA at 305 m ( 1 000 ft) 
and l ast  2 . 5  mi n .  Thi s l evel wi l l  decrease to 99 dBA at 6 1 0  m ( 2000 ft) and 90 dBA at 1 . 6 km 
( 1  mi l e ) . 
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Table W.S. Composite noise levels from plant a reas 

Noise level 
M ap 

Un i t  
N u mber of of each Area 

area 
numbera 

U ni t  name p ieces of piece of L eq 
numbe r a  equipment equ ipment (dSA) 

(dSA)  

1 1  D issolver p lant  2 93 1 04 
6b 95 
1 100 
2b 105 

2 1 2  Hydrogen treating and 8 93 1 02 
recovery 

4 2 1  G asifier 3 93 1 1 8 
2 100 
1 b 1 28 
2 b 104 

5 22 S h ift conversion 1 b 102  c 
6 23 H ydrogen pu rification 3 93 1 06 

and compression 1 b 1 1 5  
7 24 Syngas pu rification 1 b 105 c 
8 25 M ethanation 1 b 98 c 
9 31  Low-p ressure gas  treating 1 93 93 

1 0  32 P roduct gas 3 93 99 
1 1  33 S u Ife r recovery 2 93 98 
1 5 44 Oxygen p roduction, etc. 3 93 99 

1 b 98 
2 b 102  

1 6  51  S team generation 3 93 1 07 
1 7  52 W ater supply, treating 93 93 

and i ntake 
1 8  53 Water reclamation 9 93 1 03 
1 9  54 C ool ing tower systems 5 93 101  

a F rom F ig .  2 .2 .  
bValves that w i l l  operate a n  estimated 1 0%  of the t ime. 
C U sed in calcu lation fo r L eq = 50 contour. 

W . 3 . 3  M i t igations  

I t  may be fea s i b l e  in  the  fi nal  des i gn to pro v i de sound  barriers  near  the  components produc i n g  
the h i ghest sound l evel s .  Mov i ng the l ouder funct ions to another part of the area wou l d change 
the c r i t i ca l  no i se contou r .  

There i s  no apparent m i t i gating  measure for the s i ngl e-event p i pe cl eanout noi se . Pub l i c  
educat ion shoul d mi n i mi ze compl a i nts . A brief evacuat i on from the area w i t h i n  1 . 6 km ( 1  mi l e )  
shou l d  b e  recommended . 

W . 4  TRAFF I C  NOISE  

The  traffic  in  the  pl ant area wi l l  cons i st of :  

1 .  P l ant trucks hau l i n g  s l ag across h i g hway 53 : about 200 one-way trips  per day or e i ght 
per hour  is ass umed as a worst case ( Appendi x  C ,  Sect .  C . 4 . 1 . 9 ) . 

2 .  Commuter cars : 550 one-way tri p s  per day . As sum i ng 40% of the work force On the day 
s h i ft and 30% On each of the other s h i fts , the morn i ng and even i ng pea k hours wou l d  have 
385 cars eac h .  

3 .  Del i very trucks amounting  t o  a n  added 8% o f  commuter traffic  per day or  1 %  per hour 
duri ng  the norma l work day : about e i ght trucks per pea k  hour .  

4 .  P roduct sh i pment trucks estimated a t  50 per day o r  two per hour ( see Sect .  2 ) . 
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Th i s  traffic  amounts to a pea k hour vol ume of 400 vehi c l es composed of 3 to 4% heavy trucks , 
depend ing on prox i m i ty to the s l ag-hau l i ng traffic  ( 1 . above ) . Est imat ing  t h i s  traffic  to 
average 1 8  m/s ( 4 0  mph ) , the resu l t ing  Leq wou l d  be about 63 dBA at 30 m ( 1 00 ft) and 6 5  dBA 
at 1 5  m ( 50 ft) from the h i ghway . 8 

W . 4 . 1 M i t i gati ons 

Al though these n o i s e  l evel s meet the Federa l H i g hway Admi n i strati on standards , 6 i t  is des i rabl e 
to reduce the l evel s by any practicab l e  means . Lowering  the speed l imi t to 9 m/s ( 20 mph ) wou l d  
decrease sound l evel s about 5 dBA . Schedu l i ng heavy truc k traffic  to avo i d  peak hour vol ume 
wou l d  l ower pea k hour sound l evel s 1 to 3 dBA . 9  

W . 5  RAI LROAD NO ISE  

No i se i s  generated by ra i l road operati ons in  two bas i c  l ocati ons : i n  yards and  on l i nes . I n  
ra i l road yards , tra i ns a r e  bro ken down and assemb l ed and mai ntenance i s  performed . L i ne  opera
t i ons  i nvol ve the susta i ned motion  of l ocomoti ves pul l i ng a string of cars over trac k s .  

W . 5 . 1  Marshal l i ng yard noi se 

The hump yard is an effi c i ent sys tem for d i senga g i ng cars from i ncoming tra i n s  and assemb l i ng 
them i n to appropriate outgo i n g  tra i ns . A l ocomoti ve pushes a s tri ng of cars up a sma l l h i l l ,  
known as a hump , a l l ow i ng each car to rol l i nd i v i dua l l y  down the other s i de through a series of 
swi tches onto the appropri ate track , where a tra i n  i s  be ing  assemb l e d .  As each car rol l s  down 
the hump , it i s  fi rst s l owed by the master retarder . 

The s l owi n g ,  or retard i ng , i s  accompl i s hed by metal beams that squeeze the wheel of the ra i l  
car .  After the cars l eave the master reta rde r ,  they coast i nto a swi tc h i ng area that conta i n s  
many tracks . A s  each car  i s  swi tched onto a part i c u l a r  trac k ,  i t  i s  s l owed by a g roup  retarder .  
After a car moves out of  a g roup  retarder , it  i s  swi tched onto one of many tracks  in  the 
c l ass i fi cation  area , where the car col l i des  with  another car . 

The col l i s i on causes the cars to coupl e ,  form i ng a tra i n .  I n  some yards , the f i rst  car that 
moves i nto the c l ass i f icat ion  a rea a l ong a part i c u l ar trac k is stopped by an i nert retarder , 
so-ca l l ed because the reta i n i ng beam i s  spr ing - l oaded and req u i res no external  operation . I n ert 
retarders d i ffer from the mas ter  and g roup retarders , wh i c h  are control l ed conti nuou s l y  by an 
operator or  automat i ca l l y  by a computer . 

Al l three of the retard i ng processes desc ri bed produce no i s e .  When the beam of a master or  
group  retarder rubs  aga inst  the  wheel s ,  a l oud sq ueal i s  often generate d .  T h e  most s i g n i fi cant 
n o i s e  generated by i nert retarders occurs when a string  of cars i s  pu l l ed through . I f  the i nert 
retarders are short and exert sma l l forces , they may generate noi se that i s  negl i g i bl e compared 
wi th the no i se generated by the g roup retarders . Some yards are eq u i pped wi th i nert retarders 
that can be manua l l y or  automati ca l l y  re l eased when a string  of cars i s  pu l l ed through them , 
thereby preventi ng retarder squea l . There are no i nert retarders i n  some yards so that an 
i n d i v i dual bra keman must r i de some cars and brake them manua l l y .  

Noi se  i s  a l so produced when cars coup l e  i n  the cl as s i fi cation  a rea o f  the yard . The impact 
po i nts , and thus the ori g i ns of the no i s e ,  are scattered over the c l as s i fi cation  yard . The 
noi se i s  impu l s i ve and i s  sometimes fol l owed by a thunder- l i ke rumb l e  audi b l e for several seconds 
after the impac t .  

Locomotive  eng i nes generate noi se a s  t h e  l ocomoti ves move a round or p a s s  through yards . When 
the l ocomoti ves a re not in use , the i r  eng i nes a re often al l owed to i d l e  conti nuous l y  ( even over
n i ght ) , wh i c h  a l so res u l ts in s i gn i fi cant noi se . When the l ocomoti ves a re in moti on , the i r  
horns , wh i stl es , and bel l s  may produce n o i s e  for warn i n g  purposes . 

Retarders generate no i s e  rang i ng from 80 to 1 25 dBA at a d i stance of 1 5  m ( 50 ft) . The max imum 
impu l se noi se ( l a st i ng a few tenths of a second) from coupl i ng operations  vari es  from 1 22 to 
1 28 dBA at a d i stance of 3 m ( 1 0  ft) . l O Reg u l at ions5  req u i re l evel s of 83 to 92  dBA at receptor 
s i te s .  The fo l l ow i ng tab l e  s hows the d i stances req u i red for attenuation  to these sound l evel s .  
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Retarder D i stance to Coupl i ng D i s tance to 
no i se l evel 83 dBA n o i se l evel 93  dBA 

(dBA} [m ( ftn ( dBA} [m ( ft)] 

90 2 ( 8 )  1 22 9 ( 30 )  
1 00 8 ( 26 )  1 24 1 1  ( 37 )  
1 1 0  2 5  ( 83 )  1 26 1 4  ( 47 )  
1 20 80 ( 26 3 )  1 28 1 8  ( 59 )  
1 25 1 43 (468)  

The  EPAl l has  proposed new regu l at i ons  for no i se l evel s at the  property l i ne of marshal l i ng yards , 
wh i c h  a re to be publ i shed about 1 98 1 . The proposal  be i ng con s i dered i s  for Leq = 70 dBA for a l l 
fac i l i t i es and equ i pment after January 1 ,  1 982 , and Leq = 65 dBA for hump yard fac i l i ti es and 
equ i pment on ly  after January 1 ,  1 985 . 

W . 5 . 2  Tra i n  noi se al ong rai l road l i nes 

L i ne , or ways i de ,  noi se - the noi se in commun i ti e s  from pas s i n g  tra i n s  - is produced by many 
h i g h-no i se sources . The l ocomoti ve engi ne and i ts components , such a s  exhaust systems and 
coo l i n g  fans , and i nteraction  of ra i l road car wheel s with ra i l s  resu l ts in s i gn i f i cant no i se .  

Wheel / ra i l  noi se i s  cau sed pri nc i pa l l y  by impact a t  ra i l  j o i nts , g i v i ng r i se to the fam i l i a r  
c l i ckety-c l ac k ,  a n d  by smal l - sca l e wheel a n d  ra i l  roughness . A severe form of  wheel roughness 
that generates high no i se l evel s is  caused by fl at spots deve l oped dur i n g  hard bra k i n g .  Al so , 
wheel s squeal  on sharp curves and generate no i se by fl ange-rub b i n g  on moderate curves . The 
operation  of such  auxi l i ar ies  as refri geration  equi pment a l so contri butes to the overal l no i se 
l evel . Horns or wh i st l es a re sounded at cro s s i n g s  and a re s i gn i fi cantly l ouder than other 
ways i de no i ses . I n  add i tion , some cross i ngs  are equ i pped wi th stationary bel l s  that sound before 
and dur ing  the pas sage of tra i n s .  

Regu l ations  l imi t the noi se from l ocomoti ves to 9 6  o r  90  dBA for u n i ts manufactured after 1 97 9 .  
Ra i l way cars are l i mi ted to 8 8  dBA at speeds o f  20  m/s ( 45 mps ) o r  l es s  and to 93  dBA at h i g her 
speeds . s  

The addi tional  frei ght generated by u n i t  tra i n  sh i pment of products from the pl ant i s  estimated a t  
l ess than 1 00 , 000 ton s .  Th i s  wou l d  amount to about 1 3% more frei ght traffic  a l ong the Monogahe l a  
Ra i l  raod . 1 2 

W . 5 . 3  M i tigations  

No i s e  a batement i n  yards can  be  effected by 

1 .  park i ng i d l i ng l ocomoti ves i n  the center of  yards , away from res i dences , 

2 .  retarder l ubri cati on , 

3 .  u se of ducti l e  i ron wheel shoes , 

4 .  use  o f  rel easabl e i nert retarders , 

5 .  retarder control by computers , and 

6 .  use o f  barri ers for noi se contro l . 

Ra i l road l i ne noi se can be abated by 

1 .  speed reduct ion , 

2 .  ban o n  n i ght  operation , 

3 .  use o f  l arger l ocomotives  a t  l ower throttl e ,  

4 .  eng i ne s h i e l d i ng and muffl i ng ,  and 

5 .  ra i l  we l d i ng . 
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W . 6  SUMMARY 

Construction  of the pl ant wi l l  resu l t i n  i ncreased noi se l evel s i n  the area . The i nc reased 
l evel s wi l l  be i n  the norma l l y acceptabl e rang e ,  except where con struction  i s  w i t h i n  1 8  m 
( 6 0  ft) of a sens i t i ve recepto r .  M i t i gat ions  appear feas i b l e  i n  these areas ( Sect .  W . 2 . 4 ) . 

P l ant  operation  wi l l  ra i se no i se l evel s above EPA g u i del i nes . Receptors depi cted i n  F i g .  2 . 2  
by c i rc l es numbered 3 ,  4 ,  6 ,  7 ,  and 8 wi l l  be exposed to l evel s g reater than Ldn = 55 . Some 
m i t i gation may be poss i b l e i n  the f i nal pl ant des i g n  stage ( Sect . W . 3 ) .  

W . 7 COMPUTATI ONAL METHODS AND RESULTS 

The computational  methods used most i n  th i s  append i x  a re descri bed i n  W . 7 . 1 . The resu l ts of  
vari ous  no i se l evel s are  depi cted in  W . 7 . 2 . 

W . 7 . 1  Computational  methods 

The computation of  Leg from mu l ti p l e  sources in the s ame area req u i res  the use of spec i a l  ru l es . 1 
The noi se  l evel from two equal  sources of 50 dBA each i s  not 1 00 dBA but 53 dBA . W ith  one source 
of 50 dBA and one of 55 dBA the comb i na t i on produces 56 . 2  dBA . The correction factor to be added 
to the l oudest source i s  taken from the equation 

Correct i on ( dB )  = 1 0  1 09 [1 + 1 / 1 00 . 1  ( L l - L2 ) 1 ' 

wi th Ll and L2 i n  deci be l s .  

As another exampl e ,  con s i de r  the Leq resu l t i ng from fi ve sources emi tt i ng 1 00 ,  98 , 98 , 93 , and 
93 dBA each . Here Leq can be obta i ned by use  of the fo l l owing  procedure : 

1 00 
1 02 . 1  
1 03 . 5  
1 03 . 8 

- 98 = 2 
98 = 4 . 1  
93 1 0 . 5  
93 = 1 0 . 8  

1 00 + 2 . 1  = 

1 02 . 1 + 1 . 4  
1 03 . 5  + 0 . 3  
1 03 . 8  + 0 . 3  

1 02 . 1  
1 03 . 5  
1 03 . 8  
1 04 . 1  

I n  those areas where some no i se sources wi l l  be i ntermi tten t ,  the fo l l owing  equation was used 
to cal cu l ate Leq . 

[ n L . / 1 0 J Leq = 1 0  l og l /n r 1 0  1 • 

riere n i s  the number of time un i ts w i t h i n  whi ch each sound l eve l ( L i ) i s  p resent .  

As an exampl e ,  s ix  val ves at 95 dBA and two at 1 05 dBA operate 1 0% of the  t ime or  6 min/h . The i r  
combi ned Li = 1 09 . 2  dBA . I n  the same area two p i eces of equ i pment operate a l ong 54 min/h  at 
93 dBA each and one p i ece at 1 00 dBA.  The i r  comb i ned L i = 1 01 . 5 .  The combi nation  produces 
1 09 . 9  dBA dur ing  6 m i n  each hou r .  Then 

[ 6 ( 1 01 0 . 99 ) + 54 ( 1 0 1 0 . 1 5 ) ] Leq 1 0  1 og .::....>...:'--"--------'-,6'""'0---=-:�"-----..L 

Leq 1 03 . 5  dBA . 

The resu l t i n g  Leq for each a rea i n  F i g .  W . 4  was u sed to the nearest dec i b l e .  

For Ldn = 5 5 ,  use  the same procedure wi th 1 5  h a t  L i = 48 . 6  dBA and 9 h a t  Li = 58 . 6  dBA.  Th i s  
compensates for the 1 0  d B  " pena l ty" between 1 0  PM and 7 AM . 

To compute the attenuation  wi th d i stance , cons i der the sound i n  an a rea a s  emanating  from a s i ng l e 
source . For s impl i c i ty ,  assume no refl ecti ve or absorpti ve surfaces so that the s pherical  waves 
are undi stu rbed . Th i s  i s  a reasonab l e assumption  for SRC- I I  after the s i te i s  graded for con
struct i on . L i tt l e ,  i f  any , absorption  or refl ection  w i t h i n  the s i te wi l l  affect no i se l evel s 
emanat i ng to the outs i de commu n i ty .  S i nce the s phere rad i i  and c i rcumferences i ncrease wi th 
d i s tance , the sound l evel decreases . The resu l t i s  descri bed by the equati on 
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To f i nd the di stance to a poi nt where L = 5 0  dBA , when Lo 1 1 1  dBA , 

l og d 1 1 0  - 50 . 6  
20 

d 1 047 feet . 

3 . 02 , 

The contour i n  F i g .  W . 4 ,  where Leq = 48 . 6  dBA and Ldn = 55 dBA,  was pl aced at d i stances where 
the sound l evel from a s i ng l e  source i s  attenuated by d i stance from the source to 48 . 6  dBA . The 
predomi nant noi se comes from the g as i fi e r  compl e x ,  so the contour i s  about 838 m ( 2 750 ft ) from 
the center of th i s  a rea . Attenuated noi se  l evel s from other areas were wel l  bel ow 48 . 6  dBA at 
poi nts a l ong the contour so that no s i g n i f i cant correcti on factors needed to be added . Th i s  
contour dep i cts the c enterl i n e  o f  a rather d i ffuse  no i se zone rather than a sharp l i ne of 
d i sconti n u i ty between h i gher  and l ower sound l evel s .  

W . 7 . 2  Res u l ts of no i se probl ems 

Some general i zed resu l ts  of n o i s e  l evel probl ems in a typ i ca l  commun i ty a re shown in Fi gs . W . 5  
through W . 7 .  

W . 8  CONTACTS AND REFERENCES 

Persons contacted for i nformat i on needed duri ng th i s  analys i s  i nc l ude : 

Robert DeVau l t ,  Oak Ri dge Nati onal Laboratory ;  
Ray Moxl ey , P i ttsburg & Mi dway Coal M i n i ng Company ; 
D r .  E .  B .  Pugs l ey ,  Stearns-Roge r ;  and 
Dr .  W.  N .  Bradshaw , Stearns-Roger . 
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Honorable Doug las M. Cos t l e  
Administrator 
United States Environmental 

Prot e c t ion Agency 
�ashington . D . C .  20406 

Dear Hr. Cos t l e :  

THE SECR ETARY OF ENERGY 
WASHINGTON. D.C. 20585 

September 17 . 1980 

I w a n t  to extend my ap p r ec ia t io n  for your exp re s s ion o f  t h e  Environmental 
PrQt ec t ion Agency ' s  coop erat ion and support for the Department of Energy ' s  
synthe t i c  fuel demons tr a t ion p r ogram. We encourage and welcoce the Environ
mental Protect ion Agency ' s  e f f o r t s  to exp edite environme nt a l  guidance . 
revi ews . and p ermi t s . The deve lopment and commercial i z a t i o n  of synthe tic 
f uel t echnologies wi l l  nece s s i t ate a cOnt inued c l o s e  and e f f e c t ive working 
relat ionship between the Envi ronmental Protect ion Agency and the Department 
o f  Ene rgy . 

I am advised that intera c t ions between the Environmental Prot e c t ion Agency 
and the Depar tment of Energy have begun in connection wi th the development 
of generic environmental guidance documents for synth e t i c  f u e l  t echnologies . 
�e view this proce s s  as extremely critica l  since the s e  gu i d ance documents 
wi l l  p l ay a maj or role in shap ing environmental comp liance requ irement s  f o r  
f ut ur e  commercial syn the t ic f u e l  facilities . �e b e l ieve that environment al 
guidance for synthetic f ue l  t echnologies should r e f l ect a range of best 
available control sys t ems and concep t s  rather than one p a r t icular sys tem or 
concep t that may not be universally cost-e f f e c t ive o r  t e chnically app l i cable 
for ind ividual facili ties . 

In your letter you exp ressed concern about the coordina t ion of environment a l  
review and regulatory requirements with the development o f  t h e  proposed 
SRC-II p roject in Morgantown .  �est Virginia . As you know . this proj e c t  has 
maj or importance to the Presid ent ' s  synthe t i c  fuel p rogra m .  It is exp ected 
to res o lve many of the remaining uncertainties with regard to the technical 
f easib i l ity . envi ronmental accep tability and economic comp e t i t iveness of 
the s o lvent-refined coal techno logy . 

Concep tual design of the SRC-I I p roj ect is virtua l ly comp le t e .  Deta iled 
final design of the facil ity should commence on a f u l l-s c a le b a s is in the 
near future and is scheduled f o r  comp l e t ion by March 1 9 8 3 .  As is common in 
the process indust ries . facility cons truct ion wi l l  not awa i t  comp l et ion of 
f inal faci l i ty d esign and is scheduled to begin in the s p r ing of 1 9 8 1  with 
an e s t ima ted completion date of Augus t  1 9 84 . Th is proce s s  shoul d  permit 
the design of appropriate environmental cont rols t o  proceed concurrently 
with f in a l .  deta iled des ign of the overall proj ect and to be incorporated 
in a t imely manner into the construction sched u l e .  �e look forward t o  
working closely with the Environmental Prot ec t ion Agency in the design o f  
such controls and to exp e d i t e  requi s i t e  environmental p e rmi t s .  

X - 3  
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With respect to our s tra t egy for comp l iance with the requirements of the 
Nat ional Envi ronmental Po l icy Act (NEPA ) . we p lan to issue a f inal environ
mental impact s tatement with the bes t ava i l ab le information prior to any 
d ecis ion to proceed with ma j or detailed design efforts and to commence 
construct ion of the SRC-II f a c i l i t y .  In our view. i t  is appropriate t o  
comple t e  this f inal envi ronmental imp a c t  s t atement prior t o  any sign i f i
cant f inancial commi tments to the SRC-II p roj e c t .  such as would be incurred 
by the complet ion of f inal des ign . proj ected to cost approximately $200 
million. Utilizing a t i e ring approach . we wo uld . of cours e .  perform sup
plemen tary HEPA revi ews a s  necessary . t o  address significant environmental 
i mpacts not within the s cope of the f inal environment a l  imp act s tatement . 
For examp l e .  further NEPA review would be required if environmen tally 
s ign i f icant new informa t ion re levant to the s e l e c t ion of envi ronmental 
control equipment arises as a result of f u r ther des ign e f f or t s . In 
addition .  as new informa t ion becomes available which we bel ieve would b e  
o f  int eres t to EPA . we w i l l  promp t ly share i t  with you . 

In addition. in accordance with the t e rms  of the cos t-shared contract . the 
Department of Energy will prepare appropriate NEPA documentat ion prior t o  
any t ra nsfer of the demonstrat ion f a c i l i t y  to the industrial partner . 

It is my intent ion that Department of Energy s t a f f  continue to work closely 
wi th the Environmental Pro t ec t ion Agency Headquarters and Regional rep r e s en
t a t ives on resolving environmental i s s ues concerning the synthetic fuels 
technology area generally and the proposed SRC-II proj ect specifically . 

Thank you again for your exp res s io�_of cooperat ion and support • 

. c.r).� : 
ohn C .  Sawhill 
eputy Secre tary \ \ 
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MEMORANDUM 

Mee t i n g  Between the Department of Ene rgy 
and the 

E nv i ronmental Protection Agency 
on S RC- I I  

MEE TI NG RE PORT : OOE/EPA-S RC- I I E I S  

DATE : September 1 5 , 1 980 

PLACE : Room 4E- 096 DOE , Fo rrestal B u i l di ng 

T I ME : 2 : 00 p . m .  - 3 : 30 p . m .  

ATTENDEES : S e e  attached 

Over the past s everal weeks  E PA ' s  comments on the S RC- I I  d raft EIS have 
generated much co ncern on the part of DOE offi c i a l s .  Therefo re , Key 
offi c i a l s of both agenc i e s  met to addre s s  outstand i ng i s sues . I t  wa s 
made c l ear from the outset that both a genc i e s  are strongl y commi tted to 
the deve l o pment of a synthe t i c  fue l s i ndustry i n  an e nv i ronmenta l l y  

SEP 1 7  1980 

sound manne r .  W i t h  respect to t he i ssues ra i sed on S R C- I I ,  the fo l l owi n g  
agreement wa s made . 

AGREEMENT 

1 .  Rega rd i ng E PA/DOE cl oser coord i n a t i on 

DOE i nv i ted E PA to wo rk cl osel y wi th �OE ' s  Fos s i l  Energy Envi ronmental 
Ta s k  Force wh i c h  is currentl y coord i nati ng fi ve synthet i c  fuel 
demonstrati on projects . E PA accepted this  i nv i tati o n . 

2 .  Rega rd i ng appl yi ng NEPA to the d e s i gn stage s of the proj ect 

E PA s upports �OE ' s  NEPA s trategy as outl i ned i n  the a ttached l etter 
from Jo hn Sawhi l l  to Dougl a s  Costl e and be l i eves that the i nformati on 
gaps E PA i denti fied i n  commenti ng on the OE I S  wi l l  be reme d i ed 
by the FE I S  and s u ppl emental repo rts whi c h  DOE wi l l  ma ke ava i l a bl e 
to the publ i c .  E PA does not bel i eve that DOE needs to i ss u e  
a revi sed OE I S  before i t  i ssues  the FE I S .  

3 .  Rega rdi ng e ffect i v e  moni tori ng 

The accuracy of analyses and effecti ven e s s  of mi t i gati ng measures 
must be te s te d  by a compre hen s i ve mo n i tori ng program throughout 
cons truction and operati o n  of the demonstrati on project . DOE 
and the i ndustr i a l  partners are commi tted to such a prograrr. and 
wi l l  a ssure that EPA and the publ i c  are ful l y  appri s ed of i t s  
resul ts . 
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4 .  Regardi ng appl yi ng NEPA at the commerc i a l i zation stage of the project 

DOE ha s s i gned a cost-s hared agreement with the i ndustri a l  
partners wh i c h  now as sures that DOE wi l l  prepare appropriate 
NEPA documen tat i o n  prior to any tra ns fer of the demonstrati on 
fac i l i ty to t he i ndustr i a l  partner s .  EPA agrees that the a bo ve 
commitment sati sfactori l y  addresses one of the major concerns EPA 
expre s s ed when comment i n g  on the DE I S .  

George Fum i c h l' J r .  
� s i stant Secretary 

fo �>'Fo s s l l  Ene rgy , DOE 
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for Env i ronment . DOE 
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/ i ' 
" , ( , /' >r./{ , .. .  I ( .. �\ .! '�."".' . � . "  ··, J , f  . 1  

W i l l i am N.  Hedeman , Jr.  
Oi  rector 
Offi ce of Envi ronmental Rev i ew 
E n v i ronme ntal Protection Agency 
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FOREWORD 

Thi s document describes a deta i l  ed p l an to ai  d devel opment of an envi ron
menta l l y  acceptabl e  solvent re fi ned coal ( SRC- I I )  conver s i on process. Most o f  
t h e  document w a s  prepared b y  the staff o f  the Paci f i c  Northwest Laboratory 
( PNL) under the di  rect i on of the Coal Li  que fact i on Envi ronmenta 1 Research 
Program (CLERP) office. Other organizations that contr i b uted i n c l ude: 

Envi ronmental Research and Technol ogy , Inc. 
pp. 9-23 SRC- II Process , ( excerpted from .. So 1 vent Refi ned Coal 

( SRC- I I )  Technol ogy: Mater i a l s  for Envi ronmental and 
Hea 1 th Characteri zat i on. " Envi ronmenta 1 Research and 
Technology, I nc . , July 1 980. 

P i ttsburg & Mi dway Coal M i n i ng Co.  
p .  59 Eye Irritation, Dermal Sens i ti zati o n ,  Aspi ration Hazard 

pp. 60-63 I ndustrial Hygiene, Phase I 

pp. 83-84 I ndustri al  Hygiene , Phases I I - I V  

i i i  
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EXECUTIVE SUMMARY: SOLVENT REFINED COAL- I I  ( SRC- I I )  
DETAILED ENVI RONMENTAL PLAN 

Thi s document descri bes envi ronmental research which wi l l :  

a i d  i n  the devel opment of a n  envi ronmenta 1 1  y acceptabl e  SRC- I I  
proce s s ,  and 

provide data for envi ronmental assessment of the proces s .  

The document provides a management plan  whi c h  i nvolves the cognizant offices 
of the Department of E nergy (Assi stant Secretary for the Envi ronment and 
Assi stant Sec retary for Foss i l  Energy (ASFE ) , Oak Ri dge Operations office ) ,  
the devel opers o f  the SRC- I I  proces s ,  and envi ronmental research groups. The 
SRC- I I  process i s  de scribed,  cri teri a for s e l ection of samples  to undergo 
envi ronmenta 1 ana lyses are g; ven,  and approxi mate time 1 i nes are presented for 
obta i n i ng pertinent samp l e s .  

A t  thi s time , the SRC- I I  process i s  at t h e  p i l ot-pl ant stage o f  devel op
ment and a demons trat i on faci 1 i ty is scheduled  to begi n ope rat i on i n  1984. 
S i nce des i gn cri teri a may change , the envi ronmenta 1 research descri bed i n  thi s 
document is organized i n  four phases whi c h  correlate wi th and wi l l  provide 
i nformation early in process devel opment. 

Phase I research ( screeni ng) eva 1 uates samp les from exi st i ng SRC- I I  
fac i l i t i es (pi l ot ,  process demonstration unit  [PDUl , bench) which may bracket 
potent i a l  demonstration/commerc i a l  practice i n  terms of physical and chemical 
c"i teri a .  The samp l es are bei ng subjected to a battery of short-term bi omed
i cal and eco l ogical assays.  Chemical fractionation and analys i s  are be i ng 
performed to determine compounds and compound cl asses of potential  concern. 
I n  some cases , chemical fracti onation/mani pul ation is requi red to provide 
materi a l s  amenable  to b i o l og i cal  and eco l ogical  testing. Phase I research 
provides a f i rst estimate of potent i a l  envi ronmental properti es of SRC- I I  
mater i a l s .  A s  such , Phase I a i ds i n :  

sett i ng research pri orities  for the second phase of work which  
i nvol ves l onger-term , more-extens i ve b i omedical  and eco l ogi cal  
as says and chemical analyses ; 

prov i d i ng i n i ti a l  data on mater i a l s  and chemical enti ties that may 
require ame l i orative action duri ng process devel opment;  

prov i di ng f i rst,  qua l i ti tative analyses for assess i ng envi ronmental 
ri sk to be expected from depl oyment of the SRC - I I  process. 

Phase II (basel i n e )  research wi l l  eval uate SRC- I I  material s which are 
consi dered most representative of potential demonstrati on/connerc i al practi ce .  
These materi a l  s wi l l  be subjected t o  l onger- term ,  more-extens i ve b i o l ogical  
and eco l ogical  analyses rel ative to effects and envi ronmental fate. Chemical 
fractionation and analyses wi l l  aga i n  be used to: 1) provide mater i a l s  amen
able to b i oassay, and 2)  determ i ne compounds and compound c l asses of concern. 
Res ul ts from this research phase wi l l  provide: 

xi  

a reasonable estimate of whi ch materi a l s  of concern may requ i re 
regul ation ; 

corre l ation analyses between short-term, i nexpens i ve ,  in v i tro and 
s e l ected i n  vi vo assays ( Phase I )  and l onger-term, more expensi v e ,  
i n  vi  v o  as says a n d  e c o  l og ;  ca 1 s tudi es ( Phase I I ) ;  

a bas i s  for devel opment o f  control technologies  and management 
procedures which may ame l i orate envi ronmental r i s k ;  

a second and more quanti tat i ve assessment o f  potent i a  1 e n v i  ronmenta 1 
ri sk. 

Phase I II research wi 1 1  exami ne effects of process modi fi cat ion, contro 1 
techno logi  es and changi ng ope rat i ona 1 condi t i ons on potenti a 1 envi ronmenta 1 
properti e s of SRC - I I  mater i al s .  Short-term b i o l ogical and ecolog i cal  analyses 
( Phase I ) ,  whi ch have been shown to correl ate wi th l onger-term ana lyses ( Phase 
I l ) , wi l l  be used in Phase I I I .  I ntegrated chemical fractionation and an-
a lys i s methods ( sel ected i n  Phase I ) ,  wi 1 1  be used to determi ne compounds and 
compound cl asses of envi ronmental concern. Data from Phase I I I  wi l l  prov i de:  

a bas i s  for determi ni ng effectiveness of contro 1 techno l o gy ,  process 
modi fi cati on , etc. rel ative to decrea s i ng potential envi ronmental 
effect, 

a thi rd analys i s  of envi ronmental r i s k  which wou l d  cons i der effects 
of al tered pl ant operations. 

Phase IV research ( on s i te moni tori ng) wi 11 deve l op methods and i nit i ate 
envi ronmental moni tori ng for effects at the SRC- I I  demons trat i on faci 1 i ty and 
potenti al  commerc i a l  s i te s .  Data from Phases I ,  II and I I I  may provide i ndi
cators of bi  0 1 ogica 1 and eco 1 ogi  ca 1 effects , and a bas  is  for  assays for  poten
tial l y  harmful chemical enti ties whi c h  shoul d  be moni tored in the work-pl ace 
and 1 oca 1 envi ronments.  Phase IV research efforts wi 1 1  i ncl ude i ntens i ve 
studies of envi ronmental fate and transport for SRC- I I  materi a l s .  Data from 
demonstration faci l i ty mon i tori ng sho u l d  a l l ow: 

devel opment of more-effecti ve env i ronmenta 1 management procedures i n  
the areas o f  waste di sposal and i ndustr i a l  hygi ene , for both the 
demonstration and commerc i a l SRC- I I  fac i l i t i e s ;  

quanti tative envi ronmental r i s k  assessment which i s  more appropri ate 
to a commerc i a l  SRC- I I  process. 

Thi s document a 1 so descri bes i ndustri a 1 hygi ene programs whi ch mus t occur 
throughout SRC-I I process devel opment. Present studi es concerni ng potent i a 1 
end-use of SRC- I I  materi a l s  are al so d i scussed. S i nce end-use of SRC - I J  
products i s  sti l l  under cons i deration , envi ronmental effects rel evant to 
end-use wi l l  be consi dered i n  l ater versions of thi s envi ronmental program. 
It is ant i c i pated that research on end-use,  espec i a l l y  that i nvol v i ng uti l i 
zat i o n  o f  SRC- I I  materi a 1 s a s  refi nery and petrochemi c a  1 feedstocks , >Ii  1 1  
proceed i n  phases s i mi l ar to those a l ready described. Efforts to assess 
control techno log i e s  wi l l  be described in a separate document. 

xi i 
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Summari es are provi ded of ongoing efforts and res u l t s  to date on research 
in Phases I ,  II and I I I .  The current program is defined most spec i fical ly  i n  
Phase I ,  wi th decreasing l evel s o f  spec i f i c  descri pti on i n  Phase I I ,  and 
l i ttl e spec i f i c i ty in Phases I I I  and IV. Phases I I I  and IV are conti ngent on 
process devel opment and resul ts of Phases I and II. Therefo re , the p l an wi l l  
be routine l y  updated to more spec i f i  c a  l ly defi ne 1 ater-phase research efforts. 
Stud i e s  suggested i n  the p l an are consonant wi th the Envi ronmental Concerns 
and Requi rements stated in the Envi ronmental Devel opment P l an for Coal Lique
faction and i n  the Program Envi ronmental P l an for SRC processes.  

x i i i  
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INTRODUCTION 

Three coal 1 i quefact i on processes are bei ng deve l oped by i ndustry , .. i th 
the aid o f  the U. S .  Department of Energy (DOE ) ,  and may be ready for convner
c i a l i zation by the 1 9905.  These i nc l ude the Sol vent Refined Coal - I I  ( SRC- I I ) , 
H-coal , and donor sol vent processes. Another SRC process ( SRC- J ) , .. h i c h  pro
duces a l ow" sul fur, low-ash , sol i d  fuel for use in el ectric power production,  
is  a l so expected to undergo commerc i a l i zation .. i th i n  the same time frame. 

SRC-I and - I I  are currently in a more advanced stage of devel opment than 
are the H-coal or donor s o l vent proces ses.  Demonstration fac i l i ty desi gns are 
be i ng prepared for both SRC opti ons , and construction of demonstration faci l
i ti e s  .. i l l  be i ni t i ated by 1 981 . Both process options are bei ng studied at a 
50-ton/day, p i l ot p l ant i n  Ft. Le .. i s ,  WA. The SRC-I process i s  a l s o  bei ng 
eval uated at a 6-ton/day p i l ot pl ant i n  Wi l sonv i l l e ,  AL. H-coal and donor 
sol vent p i l ot pl ants .. ere schedu l ed for operat i on in 1 979-1 980 and 1 980-82 , 
respective l y ,  and large- sca l e  process demonstration unit ( PDU)/pi l ot pl ants 
for these processes recentl· became avai l a b l e  for research on potential  envi
ronmenta 1 effects. 

In the spri ng of 1 978,  the Envi ronmental Coordi nating Convnittee for Coal 
Li quefaction of the Office of the Ass i s tant Secretary for the Envi ronment 
(ASEV) asked the Paci f i c  North .. est Laboratory ( PN L )  to prepare envi ronmental 
research pl ans for the solvent refined coal processes (SRC- I and I I ) .  In the 
fal l  of 1 978 , di scussi ons .. ere held .. i t h  Assi stant Secretary for Energy Tech
no l ogy (ASEl) personnel and per sonne 1 representing operators (the Pi t tsburg & 
M i d  .. ay Coal M i n i ng Co. [P&M] and Gul f Mi neral Resources Co. ) of the SRC pi l ot 
pl ant. These compan i es may a l s o  be respons i b l e  for operation of the SRC- I I  
demonstration fac i l i ty.  Through a series o f  meeti ngs and further d i scus s i ons , 
a joi  nt effort .. as begun among personnel represent i ng process developers and 
PNL to i n i ti ate envi ronmenta l research and i ntegrate process i nformati on .. i th 
the envi ronmental research program. Thi s document i s  a result  of these j o i nt 
efforts and of research experience on the SRC- I I  proces s .  
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PROGRAM ORGANIZATION AND MANAGEMENT 

The current program represents research in progress at PNl, under the 
aeg i s  of ASEV/DOE ;  P&M efforts at the s i te of the potential  SRC- I I  demonstra
t i on fac i l i ty ;  and P&M ' s  work relative to SRC- I I  research and devel opment at 
the Ft. lew i s  p i l ot p l ant and the Merriam, KS PDU. The l atter p rograms are 
a 1 so sponsored by ASFEIDOE under program off i ces for demonstration faci l it i es 
and research and devel opment, respecti vely.  

The organi zation of SRC coal 1 i quefact i on envi ronmenta 1 programs at PNl 
is  shown in  F i gure 1 .  The SRC- I I  program is  adm i n i stered through PNl ' s  Coal 
li  quefact i on Envi ronmental Research Program ( ClERP ) .  Personnel report admi n
i strati vely to Drs. H .  Drucker and S. Marks of the PNl-DOE Program Office.  
Drs .  Drucker and Marks provide adm i n i strative support i n  the organi zation-wide 
effort required for i mpl ementati o n  of this plan .  Dr.  Drucker serves as man
ager of coal l i quefaction research at PNL,  and wi l l  be a i ded in h i s  act i v i ties 
by an associ ate manager, Dr. R .  H .  Gray. Thi s coordi nati ng group wi l l  serve 
to i n tegrate research and reporti ng acti v i ti e s  for the research tasks that 
presently comprise  the PNl SRC p rogram and other coal l i quefaction envi ron
mental acti v i t i e s .  The group wi l l  a l so function as l i ai son for program/taskl 
project devel opment with cognizant offi ces of DOE. 

Three tasks in the PNl p rogram (chemical characteri zation and moni tori ng , 
b i omedical eva l uation , and eco l ogical  eval uati on) , wh ich are defi ned by pres
ent DOE-ASEV fundi ng documents , wi l l  be performed at PNl. One task (bi omed
i cal and envi ronmental assessment) i s  not expected to receive funding unt i l  FY 
1981. T h i s  task wi l l  i nvol ve i nput from the three PNl departments presently 
part i c i pati ng in the p rogram ( B i o l ogy, Ecol ogical Science s ,  and Phy s i cal 
Sc i ences ) ,  and two other PNl departments (Atmospheri c Sc i ences , and Water and 
land Resource s ) .  PNl wi l l  prov i de source-term data for determ i n i ng dose and 
effects to ecosystems and dose to occupat i ona l ly and envi ronmenta l ly exposed 
human populations.  Eval uation of the SRC- I I  process rel evant to r i s k  analyses 
wi l l  be provi ded by Envi ronmental Research and Technology, Inc. ( E RT ) ,  con
tracti ng to the Fos s i l Energy D i v i s i on of DOE. Sci ence Research Systems , I nc .  
wi l l  a i d  i n  extrapol ati ng dose-effect relat i onships to man , as measured i n  ex
perimenta 1 systems . PNl wi 11 have primary techni ca 1 and manageri al res pons i 
bi l i ty for the SRC- I I  envi ronmenta I assessment. 

Task l eaders representi ng key program el ements wi l l  develop p rograms 
appl i cable to determi nation of envi ronmental effects of demonstration and 
commerci a 1 SRC- II faci l  it i e s .  Research wi 1 1  provi de data rel evant to the 
envi ronmenta 1 Concerns and Requi rements stated in the Coal l i quefact ion Envi
ronmental Devel opment Plan and in the SRC- I I  Program Envi ronmental Plan.  

A technical adv i sory committee (TAC) w i l l  be establ i shed to a i d  in tech
n i ca l  review and i n  setting research prior i t i es for envi ronmental stud i e s .  
T h e  TAC wi l l  i ncl ude sen i or P N l  sci enti s ts from programs other than coal 
l i quefacti on , and consul tants drawn from outside PNl. T h i s  committee wi l l  
meet twice yearly to provide i ndependent rev i ew of techn i cal progres s ,  qual
i ty ,  and prioriti es .  

A major b i  omedi ca  1 lenvi  ronmenta 1 research program, funded by ASF E ,  i s  
a l so be i ng conducted o n  SRC- I I  under the P&M p i l ot-pl ant contract. The PNl 

BATTEllE-DOE PROGRAM 
OFFICE 

S .  Marks 

PNl COAl UQUEFACTION ENVIRONMENTAL 

RESEARCH PROGRAM 

Manager: H .  Drucker 
Associate Manager: R.H .  Gray 

r-------tl - - - - - - - - , 

SUBCONTRACT 
PUBLIC RHA liONS 
TECHNICAL WRITING 

I 

F i gllre I .  SllC Organ i z a t i on at Pac i f i c  Northwe s t  laboralory (PNl) 

-< I 
W 



and P&M programs were des i gned to compl ement each other and to avo i d  dupl i 
cat i o n  o f  effort. 

PNL research at the SRC- I I  demonstrati on faci l i ty wi l l  be coordi nated 
w i th the P&M Demonstration Project and the office of Dr. J. Reafsnyder, Oak 
R i dge Operations (ORO, the DOE f i e l d  office with overview respons i b i l i t i e s  for 
SRC operati ons ) .  The research wi 1 1  a l s o  i nvo 1 ve co 1 1  aborati on wi th personnel 
of Stearns-Roger, I nc. , Consul t i ng Engi neers , act i ng for the P&M Demonstrat i o n  
Project, a n d  personnel of O a k  Ri dge Nati o n a  1 Laboratori es (ORNL) ,  acti ng as 
consul tants to ORO. 

The PNL program requi res extens i ve engi neeri ng analyses of SRC- II demon
stration faci l i ty des i gn s ,  and of sma l l er-scale fac i l i ti es to develop opera
ti onal cond i t i ons for smal l - scale units which mi ght y i e l d  samp l e s  relevant to 
demonstrat i on and commerci a 1 practi ce. Engi neeri ng ana lyses wi 1 1  be performed 
by P&M and ERT personne l .  PNL staff wi l l  part i c i pate i n  these efforts i n  
order to obtain representat i ve samp l e s  and estab l i sh research pri orities.  

Prov i s i on is  made by the organization outl i ned in  Fi gure 2 for:  1)  i n
tegrati on of envi ronmental research performed through the major program e l e
ments ( PN L ,  P&M p i l ot-plant operations and P&M demonstration project) ,  and 
2) communi cation  among DOE personnel respon s i b l e  for project management and 
these e l ements .  

A n  SRC- I I  Envi ronmental Program Team ( EPT) , was establ i s hed t o  a i d  i n  
deve l op i ng and maintai n i ng a coordi nated research effort ( see organizational 
scheme, F i 9ure 2) on the envi ronmenta 1 acceptabi 1 i ty of the SRC- II process. 
The EPT is composed of managers representing major program e l ements. Commit
tee chai rmen are representatives of ASFE and ASEV. The committee wi l l  a l so 
have permanent representatives from ORO and the technology deve l opers. Sug
gested respons i b i l i t i e s  of the ad hoc committee are to: 

a i d  i n  i ntegrating SRC- I I  process devel opment with envi ronmental 
research ; 

ma i ntain ongoing overview of SRC- I I  envi ronmental research and 
mi nimi ze unde s i rab l e  dup l i cation of effort; 

serve as an i nformal sci enti f i c  and peer review mechani sm for re
ports and communi cations on SRC work. ( Note: The committee wi 1 1  be 
advi sory and i nformational , not a c l earance or approval mechani sm. ) ;  

i nform DOE-ORO of study results and future p l ans , and a i d  i n  provid
i ng i nformati on for use in the permi tti ng , l i cens i ng ,  and regul atory 
processes for devel opment of the SRC- I I  demonstration program; 

aid the DOE Envi ronmental Coordi nati ng Committee and the DOE Coal 
Liquefaction Commerc i a l i zation Task Force in analyzing avai l ab l e  
i nformati on; 

advi se on the need fo ..  and arrange i nformational meetings among 
scienti sts working 0 . .  SRC- I I  programs , both on a regularly scheduled 
and as-requi red bas i s .  
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Reports generated by the research p rograms and requi red under the terms of 
contractua 1 ob 1 i gat i ons to DOE wi l l  be submi tted i n  draft form to the commi t
tee for i nformation and comment. 

To assure that perti nent i nformation i s  received in a time l y  fashion by 
a l l  program partici pants , the fol l owi ng report/meeting schedu l e  i s  suggested: 

l .  short, monthly,  hi ghl i ght reports to al l pertinent part i c i pants i n  
the program, emphas i z i ng s i g n i f i cant research resu l ts ; 

2 .  quarterly reports on program performance , i nc l ud i ng research status 
and i nformation rel evant to task comp l etion and proposed timel i nes 
(to be submi tted as pub 1 i c documents ) ;  

3 .  semiannual meetings i nvol v i ng key sci enti sts i n  the program. These 
meet i ngs shou l d  be he l d  under the aeg i s  of the EPT to provide for 
conti nui ng,  i nformal , cri t i cal  rev i ew of work in progress. 

The schedule described is in addi ti on to reports and meeti ngs required 
under terms of contracts between DOE and e l ements of the research program. 
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SRC- I I  PROCESS 

The SRC - I I  process is des i gned to produce primari ly l ow- s u l fur , l ow-ash 
fuel o i l s  from the l i quefaction  of h i gh-sul fur b i tuminous coa l s .  Pri ncipal  
products (other than fuel  o i l s )  i nc l ude synthetic natural gas , 1 i que fied 
propane I mixed-butanes I and naphtha. Byproducts recovered from process waters 
and aci d gases i nc l ude anhydrous ammonia  and tar ac ids , and e l emental sul fur,  
respect i ve ly.  The process has been tested at bench- , PDU- and pil  ot p l ant 
scal e ,  and the deta i l ed demonstration faci l i ty des i gn is bei ng deve l oped. 

PROCESS DESCRI PTION 

The SRC- I I  process , shown schemati cal l y  i n  Fi gure 3, i nvol ves noncatalyti c ,  
di rect hydrogenation coal l i quefacti on .  The "Phase Zerou demonstrati on-fac i 1 i ty 
design prepared by P&M is the bas i s  for the fol l owi ng di scus s i on .  However, 
process options being consi dered during detai l ed demonstrati on-fac i l i ty desi gn 
are a l so d i scussed as they relate to i denti fication of materi a l s  for bi omedical 
and ecological  testi ng.  

COAL LIQUEFACTION 

The SRC- I I  demonstration fac i l i ty is desi gned to process 6000 tons per 
day of hi gh- sul fur b i tuminous coal . Pul verized and dried coal is mixed with 
recyc l ed ,  process-derived hydrocarbon sol vent and mi neral-rich  sl urry. The 
feed s l urry i s  pumped to the system pressure of �2000 psi , mi xed with hydrogen
rich gas , and heated in a fue l - f i red preheater before entering the d i ssol ver 
reactor. Coal di ssol ution and depolymeri zation reac t i ons mostly occur i n  the 
preheater. Hydrocracki ng o f  heavy coal l i qu i ds and fi nal convers i on to pro
ducts occur in the d i ssol ver. Portions o f  coal -bound H, 5, and 0 are con
verted to NH3 , H2S , and H20 , respecti ve l y .  Sma l l er amounts of HCN, COS ,  and 
CS2 are a l so produced. Unreacted coal mi neral matte r ,  l i qu i d  and �aseous 
products , and gaseous contaminants exit from the di ssolver at �860 F and 
proceed to coo 1 i ng and phase se�arat i on. 

D i s s o l ver effl uent is parti a l l y  quenched wi th a process-derived mi ddl e
boi l i ng-range o i l  from the hi gh-pressure separation section.  Noncondensab l e  
gases contai ni  n g  u n  reacted hydrogen ,  carbon o x i  des , 1 i ght hydrocarbons and 
acid gases are removed through the h i gh-pressure section of the system and 
proceed to gas puri f i  cat i on. The mi nera l - r i  ch hydrocarbon s l urry is removed 
through the l ow-pressure secti on of the system. A s i gn i f i cant fraction o f  the 
s l urry is combi ned wi th hydrocarbon so 1 vent and recycl ed to prepare the feed 
coal s l urry. The remainder of the s l urry is sent to vacuum di sti l l ation.  
Three i ntermedi ate hydrocarbon 1 i qui d 5 treams 1 eave the system and proceed to 
atmospheric fractionation. Sour waters , from both hi gh- and l ow-pressure 
systems , proceed to wastewater treatment for byproduct recovery. 

The fract i onat i on system separates 1 i qui d products from other coa 1 -
deri ved hydrocarbons and the m i  nera l - ri c h  hydrocarbon s l urry. Hi  gh-bo i l  i ng
range d i sti l l ate i s  removed from the mi nera l - r i c h  hydrocarbon s l urry i n  a 
two-stage vacuum d i st i l l at i on system. An atmospheric disti l l at i on system 
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produces 1 i ght and heavy fuel oi l s ,  and separates butane and 1 i ghter hydro
carbons from the raw naphtha. Raw naphtha is subsequently hydrodes ul furi zed 
ons ; te .  

HYDROGEN PROOUCTION 

A source o f  hydrogen is required for coal l i quefacti on and naphtha hydro
treat i ng.  Hydrogen i s  most economi cal l y  obtained by gas i f i cation of the mi n
eral res i due s l urry. Molten re s i due , steam and oxygen are fed at high pressure 
to the propri etary Texaco part i a 1 oxi dat i on gas ifi er.  Heavy hydrocarbons i n  
the m i ne ra l  resi due s l urry are gas i f i ed a t  h i gh temperature and res i dual coal 
mi neral matter is converted to molten s l ag .  Synthes i s  gas is parti a l l y  quenched 
and molten slag is sol i di f i ed in the l ower portion o f  the gas i f i e r .  Synthes i s  
gas i s  catalyt i ca l ly converted to hydrogen v i a  the water-gas s h i ft react i o n .  
Excess synthe s i s  g a s  i s  used f o r  p l ant fue l .  Sol i d i f i ed s l ag i s  s l ui ced from 
the base of the gas i f i er for subsequent dewatering and di sposal . 

ENVIRONMENTAL CONTROL SYSTEMS 

Gas Pur; fi cat i on 

Ac i d  gases are generated duri ng l i quefaction and gasi f i cation proces s i ng 
and must be recovered and treated prior to reuse or vent i ng of process-derived 
gaseous streams. Aci d  gases are recovered from hydrogen-ri ch recyc l e  gas I 
synthe s i s  gas and make-up hydrogen from gas i f icati o n ,  and l o  .... pressure l i ght 
hydrocarbon gases from fract; onat i on I us i ng e i ther aqueous di ethano 1 ami ne 
(DEA) sol ution or Benfi e l d  ( i . e . , aqueous potassium carbonate so l ution)  sys
tems . The Benfi e l d  system is used exc l us i vely on gas i f i er-derived gas streams. 
E l emental sul fur is recovered from acid gases , i nc l ud i ng streams from raw 
naphtha hydrodes u l  fur; zat ion  and sour water ammon ;  a recovery , us; ng the C l aus 
process in conjuncti on with a She l l  Super-SCOT ta i l  gas c l eanup system. SCOT 
un i t  tai l gas i s  i nc i nerated and vented to the atmosphere. 

Wastewater Treatment 

The design for wastewater treatment in the SRC- I I  demonstrati on p l ant 
speci f i e s  zero d i scharge. Thi s  is achi eved by col l ecting and treating al l 
waste waters from the p l ant area ( i .  e . , those which are process-derived, and 
run-off from storage and process areas) for reuse in the process. By-product 
amoni a and tar aci ds are recovered from 1 i quefact i on waste waters . Al l p l ant 
waste waters undergo varyi ng 1 eve 1 s of phys i ca 1 and/or chemi ca 1 treatment 
( e . g. , pH neutral i zati on,  sol i ds/organics  removal ) prior to evaporat i o n ,  f o l 
l owed b y  i n c i  nerat i on o f  treatment s l udges a n d  evaporator bri nes . Evaporator 
di sti l l ate is processed through a wet cool i ng-tower system p r i or to reuse. 
Sol i d  i nc i nerator res i dues are di sposed on s i te ;  i nci nerator offgas is vented 
to the atmosphere. 

1 1  

Sol i d  Waste Handl i ng 

Sol i d  wastes generated by the SRC- I I  demonstration fac i l  i ty are currently 
s l ated for di sposal in a secure , on- s i te l andfi l l .  The l argest amount of 
sol i d  waste is ... SOO tons per day o f  s l a g ,  generated during gas i fi cati on o f  
mi nera 1 res i d u e  s l urry. I n c i  nerat i on o f  wastewater treatment s l udges and 
bri nes produces about 1 00 times l es s  sol i d  than the s l ag. 

f.RQQl1ill 
Major products from the SRC- I I  demonstration faci l i ty are fuel o i l s  

suitabl e for use by the e l ectr i c  uti l i ty i ndustry. Both l i ght ( i . e. , ... 350°
to 550°-boi l  i ng-range hydrocarbons ) and heavy ( i .  e . , "'550°- to 9000F-boi 1 i ng
range hydrocarbons) fuel o i l s  are produced i n d i v i dual ly from fracti onati o n ,  
a n d  c a n  be bl ended on s i te t o  produce a ful l boi l i ng range fuel . Fuel o i l s  
wi l l  b e  stored o n  s i te and s h i pped i n  bul k by rai l .  

Product naphtha ( i . e . , C. to 3500F-bo i l i ng-range hydrocarbons )  i s  pro
duced for use i n-pl ant and/or as a refi nery feedstock. Raw naphtha from frac
ti onation is hydrotreated for stabl l i ty agai ns t  oxi dation and to remove sul fur 
as H2S. Naphtha wi 1 1  be shi pped by tank truck. 

The fi  na 1 set o f  products i nc 1 udes syntheti c  natural gas (SNG) , 1 i quefi ed 
propane and mi xed butanes. These are derived from the gas puri fi cati on sec-
t i on o f  the demonstration fac i l  i ty. Butane and 1 i ghter hydrocarbons , re
covered from product fract ionati on and recyc 1 e hydrogen upgradi ng, are frac-
t i onated to produce 1 i quefi ed gases.  Synthes i s  gas in excess o f  that requi red 
to ful f i l l  pl ant fuel requi rements is puri f i ed and catalyt i ca l l y  methanated. 
Ethane and 1 i ghter hydrocarbons from recyc 1 e hydrogen upgradi ng and 1 i quefi ed 
product fracti onation  are a l so processed by methanation.  SNG is shi pped by 
p i pe l i n e ;  l i quefi ed gases , by tank truck. 

SUPPORT SYSTEMS 

Numerous systems are required to ma i nta i n  operation of the demonstration 
fac i l i ty ,  i nc l ud i ng coal storage and handl i ng ,  steam :Jeneration,  an oxygen 
source and raw make-up water treatment. El ectri c power wi l l  be supp l i ed by 
the l ocal uti l i ty .  An e l evated f l are system is a l so requi red for combustion 
o f  hydrocarbon materi a 1 s duri ng emergenci e s .  However,  due to the comp 1 ex 
nature o f  coa l - deri ved hydrocarbons , a contro 11 ed combustor system i s  spec i 
f i  ed to ensure comp 1 ete combustion o f  emergency releases.  

1 2  
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SOURCES, AVAILABI LITY, AND RELEVANCE OF MATERIALS 

SRC- I I  materi a l s  to be used for i n i ti a l  b i omed i ca l  and eco l og i ca l  assay 
must currently be obtained from sma l l ,  sub-commerc i a l - scale  faci l i ties  and be 
representative o f  mate r i a l s  antici pated from l arger- scale fac i l i t i e s .  The 
re 1 at i onship of pre-demonstrat i on- sca 1 e materi a 1 5  to those projected for the 
demonstrat i o n  fac i l i ty var i e s .  In some cases , representat i ve mater i a l s  can be 
d i rectly i denti f i ed. In other i nstances , whi l e demonstrati on- scale  ana l ogs 
cannot be r i gorously i dent i f ied,  they can be reasonably s imul ated. S i m i l ar
i t i es in phys i cal pl ant confi gurati on or chemi cal characteristics  of mater i a l s  
from ex i st i ng fac i l i t i es c a n  b e  exp l o i ted. Sometimes i t  i s  not pos s i b l e  to 
generate an anal ogous mater i a l . Regardl ess  of the source, the rel evance of 
each material  to projected demonstration faci l i ty operati ons must be asses sed 
to accurate l y  i nterpret the bi omedi ca 1 and eco 1 ogi ca 1 database that is generated. 

Sources , ava i l a b i l i ty ,  and relevance of pre-demonstrat i on- scale  materi a l s  
for b i omedi ca l  and eco l ogical  testi ng are shown i n  Tab l e  1 .  Correspondence of 
these mate r i a l s  w i th characteri stics  of projected demonstrat ion  faci l i ty 
materi a l s  i s  d i scussed with  respect to the "Phase Zeroll de s i gn and opti ons for 
the deta i l ed demonstration-fac i l i ty design.  

SOURCES OF MATERIALS 

B i omedical and ecological test i ng programs wi l l  uti l i ze rel evant mater
i a l s  from PDU- , p i l ot- and eventua l ly demonstrati on- scale uni ts .  Thus , needs 
for envi ronmental control can be defi ned early in process dEvel opment and max
i mum and effective control can be i mp 1 emented before des i gn reaches commerci a 1 
scale .  

Three major fac i l i ti es are currently ava i l ab l e  to pro v i de materi a l s  for 
b i omedi cal and eco l og i ca l  testing,  i nc l ud i ng:  

1 .  SRC- I I  P i l o t  Plant - 30-ton-per-day coal l i quefaction faci l i ty ,  
l ocated i n  Fort Lewi s ,  WA; operated b y  P&M. 

2 .  P99 - l - ton-per-day coal l i quefaction DDU , l ocated i n  Harmar
vi 1 1  e, PA; operated by G u l f  Research and Deve 1 opment Company. 

3 .  Texaco P i l ot P l ant - 1 2 - ton-per- day partial  oxi dati on gas i f i e r ,  
l ocated i n  Montebe l l o ,  C A ;  operated by Texaco Deve 1 opment 
Corporat i on .  

Addi ti onal PDU- a n d  p i l ot-sca l e  fac i l  i ti e s  a r e  needed ,  a n d  shou l d  be made 
avai l ab l e  for generati ng rel evant SRC- I I  materi a l s .  These i nc l ude uni ts for 
hydrotreating,  refi nery upgradi ng ,  by-product recovery , wastewater treatment 
and end-use app l i cati ons.  By-product recovery uni ts shou l d  be ava i l ab l e  fol
l ow i ng defi n i t i ve choice o f  options for the demonstration faci l i ty .  Waste
water treatment cou l d  i nc l ude evaporator/ i n c i nerator, phys i ca l /chemical treat
ment and b i o l og i ca l  treatment system s ,  and i s  parti a l l y  dependent upon opti ons 
purs ued in detai l ed demonstration fac i l i ty des i gn .  
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TABLE 1 .  (conti nued) 

Pre-Demonstrat i on-Fac i 1 i ty T es t ing 
Source Haterl a l s  

Texaco pp(d) 

Byproduct 
Recovery P i 
l o t  Uni ts 

SRC- l l  PP 

Biotreatment 
Bench Units 

Texaco PP 

Process Waters 

Treated Waters 
Absorber So 1 u
tions 

Stretford Solu
tion 

Treated Process 
Waters 

Gas i fier Slag 

Y-1 9 

Rel ation to DellOnstration
Fac i l i ty Hater i a l s  and Configuration 

Correspondence between p i l ot- and dellOn
stration-fac i l i ty systells cannot be 
identi fied here due to proprietary nature 
of demonstration p l ant des ign.  

ENVIRONMENTAL CONTROL SYSTEH MATERIALS 

Aa.onia and tar ac i d  recovery systems to 
be f i na l i zed for deta i l ed dellOnstration
p l ant

' 
des ign. 

Potential  uti l i zation i n  delllOnstration 
p l ant not s iai l ar to pi lot p l ant, ap
p l ication not spec i fica l ly defined. 

Biological  trea laent systeJ11 not spec i f i ed 
in Phase Zero de.onstration p l ant des ign, 
but retained as option. 

Al l s ignificant delIO- re lated sour-water 
streams not ava i lable  frOll existing pi lot 
and PDU fac i l i t ies.  

SOLID WASTES 

Correspondence between p i l ot and demon
stration p l ant sys telRs not identi f ied 
here due to proprietary nature of demon
stration p l ant des ign. 

Kentucky 9/14 coal not currently p l anned 
for use in the demonstration p l ant. 

( d) Texaco PP: 1 2 - ton-per-ddY Texaco p i lot  p l ant  gas i f i er i n  Hontebe l l o ,  CA 

TABLE 1 .  (continued) 

Pre-Oemonstrat ion-Fac i l  i ty T es ti ng 
Source Hater! a I s  

Process Water 

Coal S l urry 
Recycle S l urry 

Raw N�phtha 
400°F D i s ti l l ate 
Vacuum Bottoms 

50°F Boi l i ng 
Fractions 

Process Water 

Re lat ion to Demonstration-
Faci l i ty Hateri a l s  and Configuration 

Process water recycled as a di ssol ver ef
f l uent quench wh ich is different from 
demons tration-fac i l  i ty configuration and 
May affect compos ition .  

S l u rry compos i t ion may di ffer due to  con
trasts with demonstrat ion-p lant  vapor/ 
l i quid/sl urry separation system confi gur
at i on. Hi nera 1 o i l  used as s l urry pump 
seal fl ush. 

Fractionation corresponds better to demo 
system than_to p i l ot p l �nt , but provides 
only ",4000F and "'400°F disti l l ates . 

Vaccum f l ash system operation f l ex i b l e ,  
can a�hieve u p  to "' I OOOoF endpo i nt on 
400°F d i sti l l ate. 

Reactor configuration ( i .  e . , diameter, 
length/diameter ratio) variab l e ,  can in
vestigate effects on product yields .  

Prepared by  contro l l ed fractionation of  
400 to  975°F d i sti l l ate i nto 50°F bo i l i ng 
cuts. 

Water quench corresponds better than p i 
lot p l ant w i t h  demonstration fac i l i ty 
confi gurat ion . can vary use of fresh 
makeup water. 

(c)
P99: l - ton-per-day SRC- l l  P99 PDU i n  Harmarv i l l e ,  PA 

Hater i a l  
Avai l ab i l  i ty 

lQ 1 980 

Hateri a l s  are current ly 
unavai l ab l e .  

4 Q  1 9BO and l ater. 

Bench unit tests must 
be defined. 

S l ag frail gas i fi cat ion 
of Kentucky 9/ 14 coa l 
derived vacuUlll bottoms 
produced lQ 197B.  

S l ag frail gas i f i cation 
of Powhatan #5 coa l 
derived vacuum bottoms 
produced lQ 1980. 

Hateria 1 
Avai l a b i l  i ty 

Al l materi a l s ,  4Q 1980 
and 1 a ter. 

3Q 1 980 

4Q 1 980 and 1 ater. 



TABLE 1 .  (conti nued) 

Pre- Demonstrat ion-F ac i l  i ty Test i n9 
Soul'ce Mate r i a l s  

SRC- I I PP 

1'99 

Bo i l e r ,  Co .. -
bus tal' . T ur
b i ne PDUs 

Hydrotreat-
i ng P i l ot 
Units 

Ref i ne,'y Up-
g,'ad i ng P i -
l o t  Un i t s  

M i ddle/Heavy D i s
t i l l ate B l end 

Fuel Oi 1 

Combus t i o n  Par
ticul ate and Off
gases 

Upgraded Fuel 
O i l  

Refi ned Fuel 
O i  1 s 

TABLE 1 .  (conti nued) 

Pre-Demons trati on-Faci l i ty Test i n9 
Source Ha ten a 1 s 

Evaporator/ 
Inci nerator 
PDUs 

B i otreatment 
Rench U n i ts 

Byproduct 
Recovery P i 
l ot Units 

SRC- I I  PP 

Upgrad i ng 
P i l o t  U n i ts 

Inci nerator 
Sol ids 

B i otreatment 
S l udge 

Ammoni a 
Tar Ac ids  

Stretford Sul fur 

lIydrotreated 
Naphtha 

Y-20 

Rel at i on to  Oemonstration
Fac i l i ty Mate r i a l s  and Configuration 

B l end based on p i l ot-plant product y i e l ds 
di fferent fro .. b l end de f i ned to achieve 
demonstrati on-faci l i ty l i quid product 
spec i f i cations.  

Consi sts of 400oF
+ 

boi l i ng disti l l ate 
representative of P99-produced product. 

END-USE MATERIALS 

Perfonllance and env i ronmental character
i s tics in end-use testing systeMs are 
sat i s factory to date. 

Performance of s l urri es . d i sti l l ates and 
vacuum bottoms i n  a contro l l ed combustor 
syste" ( i . e . , part of demonstration
fac i l i ty ellergency f l are system) needs to 
be i dent i f  ied. 

Hydrotreat i ng of product fuel oi l s  not 
pl anned for demonstration fac i l i ty .  

Extensive u s e  of demo-produced f u e l  o i l s  
a s  refi nery feedstocks not p l anned, but 
to be i nvestigated fOl' potential  end use 
of convnerc i a l ly produced materi a l s .  

Re l a tion t o  Oemonstrat ion
Fac i l i ty Materi a l s  and Configuration 

A l l  s i g n i f icant raw and treated demo
re l ated sour-water streams not ava i l ab l e  
from existing p i lot and PDU fac i l i t i e s .  

B i o l ogical  treatment system not speci fied 
in Phase Zero de s i gn but i s  an option for 
the commerc i a l  faci l i ty .  

A l l  s i g n i f icant sour-water streoams n o t  
cUl'rently from existing p i l ot p l ants and 
PDUs. 

BYPRODUCTS 

Ammonia and tar acid recovery systems to 
be f i na l i zed for detai l ed demonstration 
faci l i ty design. 

Potent i a l  uti l i zation i n  demonstration 
fac i l i ty not s i mi l a r  to p i l ot p l ant , 
app l i cation not spec i f i c a l l y  defi ned. 

Raw naphtha boi Ii ng ranges for SRC- I I  
p i l ot pl ant and PDU variab l e  with re
spect to demonstration fac i l ity ( L e . , 
Cs-350o F .  

Hydrotreating l eve l s  typ ical  o f  demon
stration p l ant must be i denti f i ed .  

Material  
Avai l ab i l i ty 

� i sti l l ates avai l a b l e  
f o r  b l ending 2 Q  1980. 

4Q 1 980 and l ater. 

Add i t i onal  end-use 
test i ng stud ies must be 
defi ned. 

Fue l-oi  1 b l end tested 
by UOP , 1 979.  

Further fue l -o i l hydro
treating stud ies be i ng 
i nvestigated. 

Fue l -o i l  upgrad i ng 
stud ies be i ng i nvest i 
gated. 

Mate r i a l  
Avai l ab i  1 i ty 

Inci nerator testing 
stud ies must be de
f i ned.  

Bench unit  test must be 
defi ned. 

Studies must be defined. 

4Q 1 980 and l a ter. 

Hydrotreatment stud ies  
must be de fi ned . 



PROCESS I NTERMEDIATES 

Certa i n  i ntermedi ate process materi a l s  can be obtained di rectly from 
op�rating SRC- l I  fac i l i ti e s .  Coa l s  representative o f  those s l ated for use i n  
the demonstrati on fac i l i ty can a l so b e  obtained. Coal s l urry, recyc l o  s l ur
r i e s , mi neral resi due s l urry ( i . e . , vacuum bottoms) and raw naphtha can be 
obtained from both the SRC- I I  p i l ot p l ant and P99. 

Intermedi ate hydrocarbon streams in the demonstrat ion fac i l i ty that l ack 
di rect pre-demonstration ana l ogs i nc l ude d i s s o l ver effl uent , 1 010- and hi gh
pressure hydrocarbo.ns ( i . e . , three streams ) ,  effl uent separator quenc h ,  re
cyc l e  solvent, fractionator recycl e  ( i . e . , s l urry p ump seal f lush ) , and l ean 
and r i ch scrubber oi l s  ( i . e . , for removal o f  hydrocarbons from recyc l e  hydro
gen ) .  Al though the chemical and phy s i ca l  nature of each stream is not pre
c i sely  represented , raw naphtha , middle  di sti l l ates and heavy di sti l l ates from 
the SRC- I l  p i lot  p l ant can represent the boi l i ng range and chemi cal  compos i 
t i on o f  these demonstration fac i l i ty mater i a l s .  Preci se boi l i ng-range frac
ti ons+( i . e . , in 50°F i ncrements ) of raw naphtha and d i s t i l l ates prepared from 
400°F d i sti l l ate from the P99 can be characteri zed. These materi a l s  were 
prepared to eva 1 uate chemi ca 1 ,  phys i ca 1 and thermodynami c propert i e s ,  and are 
currently ava i l ab l e  for b i omed i ca l  and ecol og i ca l  testi ng. 

Process waters analogous to SRC- II demonstrat i on fac i l  i ty operations can 
be generated only to a 1 imited extent. Al though sour waters from coal 1 i que
faction can be obtai ned from the SRC- l I  p i l ot p l ant and P99 , they may not be 
representative of demonstration faci l i ty operations.  Analogs of gas i f i er sour 
waters can be obtained from the Texaco pi l ot p l ant. 

Mater i a l s  fro.m the SRC- l I  p i l o.t pl ant may d i ffer fro.m demons tration 
fac i l i ty streams for three reasons: 

1 .  D i s so l ver confi guratio.n - D i mensio.nal di fferences ( i . e . , di am
eter, l ength/di ameter rat i o )  between p i l ot- and demonstration
faci l i ty d i s s o l ver reactors may affect y i e l ds o.f spec i f i c  
coa l - deri ved chemi ca 1 components . 

2. Vapo�/l i q u i d/sl urry separation - Because the phys ical  config
uratio.n and o.peratio.n o.f p i l o.t and demonstratio.n fac i l  i ty sys' 
tems di ffer , they may affect the co.mpo s i t i o.ns of both recyc l e  
s l urry (and therefore , co.al s l urry) and pro.cess water. 

3. Fractionation ' Inef f i c i encies in o.peration o f  the p i l ot p l ant ' s  
vacuum f l ash system resu l t  i n  a po.rtio.n o. f  heavy d i s t i l l ate go.
i ng to the vacuum botto.ms . Typ i ca l l y ,  naphtha and di sti l l ate 
bo.i l i ng ranges do. not co.rrespo.nd exactly i n  p i l ot and demo.nstra
tio.n fac i l i t i e s .  

The di fferences l i sted above a r e  important i f  they al ter t h e  chemi cal , b i omed
i ca l  or eco l ogical  properties of spec i f i c  materi a l s .  Materi a l s  have been 
obtained from the SRC- l I  p i l ot p l ant during the fi rst quarter o f  1 978 and the 
second quarter of 1 980. Addi t  i ona 1 mater i a l s generated us i ng vari ous coa l s  at 
d i fferent process condi t i ons wi l l  be ava i l  ab 1 e for characteri zat i on throughout 
demonstrati on faci l i ty construction.  
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D i fferences between P99 and demonstration-fac i l i ty materi a l s  may a l so re
s u l t  from di fferences i n  separation and fract i onat i on sys tems. In part icul  ar,  
use of mi neral oi l as the s l urry pump seal f l ush affects coal  s l urry compo s i 
t i o n .  Al though t h e  water quench system corresponds more c l osely wi th that for 
the demonstration fac i l  i ty ,  compo s i t i onal d i fferences may occur due to l ack of 
spec i f i c  wastewater streams ( e . g . , from fractionat i on ,  hydrodes u l furi zat i on ) .  
The fracti onation system I s  l imi ted I n+that only two boi l i ng- range fracti ons 
are separated ( i . e . , naphtha and 400°F boi l i ng-range di sti l l ate ) .  However, 
the vacuum f lash  system is suffi c i ently f l ex i b l e  to produce v i rtua l ly any 
heavy dI sti l l ate wi th an endpoint < l OOOo F .  The P99 i s  genera l ly sui ted for 
performing contro l l ed stud i e s  to eval uate effects of coal typ e ,  reaction con
d i t i ons , reactor configuration and di sti l l ate endpo i nt.  Materi a l s  for env i 
ronmental and hea l th testing w i l l  be ava i l a b l e .  f�om l ate 1 980 through a t  l east 
1 983. The 50°F boi l i ng-range fractions o f  400°F d i sti l l ate are currently 
avai l ab l e from the Harmarv i l l e ,  PA fac i l i ty .  

Proces s waters , produced d u r i  n g  g a s  i f i  c a t  i on o f  vacuum bottoms d e r i  ved 
from Powhatan No. 5 coal ( i . e . , produced from the SRC- l I  p i l ot p l ant) in the 
Texaco gas i f i e r ,  were recently characteri zed by Hydrosci enc e ,  Inc. The pro
pri etary nature o f  the Texaco process precl udes di scus s i on o f  the p i l ot- p l ant 
samp l e s ' rel evance. Spec i fi c  p l ans for further tes t i ng o f  vacuum bottoms i n  
the Texaco gas i fi e r  have not been defi ned. 

ENVI RONMENTAL CONTROL SYSTEM MATERIALS 

By-product recovery systems , i ncl udi ng ammon i  a and tar ac i d recovery from 
1 ;  quefact i on process waters and e 1 ementa 1 sul fur from aci d gases , are sources 
o f  envi ronmental control system materi a l s .  I n  general , materi a l s  i nc l ude 
treated process waters and absorption so 1 ut i ons for wh i ch pre-demonstrat i on
sca l e  anal ogs can be i dent i fi ed. Envi ronmental i s sues i nc l ude not only system 
performanc e ,  but removal and/or bu i l dup o f  trace contaminants ( i . e. , meta l s ,  
organics , i norganics)  from coa l - l i quefaction-derived acid  gases and waste
waters. In the cases o f  phys ical /chemical  treatment,  comp l etely ana l ogous 
effl uent , evaporator d i s t i l l ate , o i l  wash and ac i d  gas recovery sol utions are 
di fficu l t ,  if not impos s i b l e ,  to obta i n .  I f  a Stretford system i s  spec i fied 
fo.r sul fur recovery, an analogous system i s  currently i n  operati on at the 
SRC- I I  p i l  o.t p l ant. 

Re l evance o.f these mater i a l s  depends o.n ava i l abi l i ty o.f pro.cess ,.aters 
fo.r treating and the defini tio.n o.f spec i fi c  treatment methods for the demon
stration fac i l i ty .  Typ i c a l l y ,  not a l l  major contri buti ng process streams are 
avai l ab l e  for i n tegrated treatment system testing ( i .  e . , byproduct recovery, 
phys ical /chemical  separat i o n ,  evaporat i on ) .  Howeve r ,  sel ected process waste
waters are ava i l ab l e  from the SRC- I I  p i l ot p l ant, P99 , and the Texaco gas i f i e r  
f o r  treatment i n  rel evant demonstration fac i l i ty systems. Process wastewater 
should be avai l ab l e  from l ate 1 980 through demonstration fac i l i ty construction.  

Treatment methods to be defi  ned duri ng  detai l ed demonstrat i on fac i l i ty 
des i gn i nc 1 ude byproduct r�covery systems and spec i fi c wastewater treatment 
schemes. Al though Chem Pro and Phosam II were spec i f i ed in the conceptual 
des i g n ,  final  choice of the spec i f i c  process has not been made. Se l exol i s  
bei ng cons i dered a s  an a l ternative to the Benfi e l d  system for ac i d  gas re
covery in hydrogen production.  B i o l ogical  treatment, which was not i ncl uded 
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i n  the conceptual des i g n ,  i s  now bei n g  consi dered in the detai l ed design.  
Bench- sca l e  test uni ts are ava i l able  for p.rforming th.se studies.  Testing of 
evaporation systems wi 1 1  b. n.c.ssary wh.n sp.c i f i c  i nput waste waters have 
been defi n.d. Materi a l s  for b i omedical  and eco l ogical  testing wi l l  probably 
be ava i l able  betw.en 1 981  and 1 983 , and wi l l  d.pend on choice of tr.atment. 

Fl are And Control l ed Combustion 

The demonstration faci l i ty f l are system is of part i c u l ar interest from a 
biomedical and .col ogical standpoi nt .  A re l i able  f l are system must be avai l 
a b l e  t o  i nsure complete combusti on o f  comp lex,  coal-derived hydrocarbons 
( i . e. , gaseous , l i qu i d  and s l urry str.ams ) ,  and to mi n i mi ze potent i a l  emer
gency re l .ases.  S i nce a control l ed combustor system i s  speci f i ed for the 
demonstration fac i l i ty ,  the performance characteri stics of the ful l  rang. of 
coal-derived materi a l s ( i . e . , naphtha , d i s ti l l ates , s l urri.s)  must be i denti
fied. Thi s  may be parti cularly important i n  the case of the combusti on of 
s l urri.s conta i n i ng s i gn i fi cant l evel s of so l i d s .  Conventional and trace 
pol l utant emi s s i ons from these syst.ms must be quanti f i ed.  Combustor systems 
are avai l ab l e  for test i n g ,  and studies must be defined. 

SOLID WASTES 

Th. major sol i d  waste expect.d from the demonstration faci l i ty ( i . e . , 98
+ 

percent of the total ) i s  s l ag from gas i f i cation  of mi neral resi due s l urry. 
This materi a l  has been obtained from the Texaco p i l ot p l ant on two occasions:  
1 )  dur i ng the f i rst quarter of 1 978 from gas i f i cation of Kentucky No. 9/14 
coal-derived vacuum bottoms , and 2) duri ng the f i rst quarter of 1 980 from 
gasi f i cation of Powhatan No . S coal-derived vacuum bottoms.  Extens i ve l each 
testing has been performed by ORNL on the former mat.ri a l s .  Resul ts suggested 
the material i s  nontoxic according to Resource Cons.rvation and Recovery Act 
(RCRA) cri t.ri a .  If true, and results are s i mi l ar for the Powhatan coa l 
d.riv.d s l ag ,  waste di sposal cou l d  b e  substanti a l ly s i mp l i fi ed.  However ,  
add i t i onal biomedical a n d  eco l ogical  testing i s  sti l l  necessary, a n d  can 
co ..... nc. as soon as propri etary rights agr.ements are execut.d w i th Texaco 
D.ve 1 opment Corporati on. 

So 1 i ds are g.nerated duri ng i nci nerati on of wastewater treatment s l  udges 
and evaporator bri n.s , and may a l s o  be g.n.rated duri ng potenti a l  bi  01 ogi ca 1 
treatment. Evaporator/i nci n.rator and b i o  1 ogi ca 1 tr.atment system testing i s  
not currently sch.duled. R.presentative wastewater streams and deta i l ed 
d.s i g n  bases for the demonstration fac i l i ty are needed to des i gn treatment 
studi.s for gen.rati on of r.levant sol i d-waste materi a l s  ( i . e . , i norgan i c  
s a l t s  and/or b i ol ogi cal tr.atment s l udge ) .  Toxic properti e s  of sol i d  wastes 
s l ated for di sposal must be i denti f i ed prior to d.l1Ionstration faci l i ty oper
ation.  

BY- PRODUCTS 

Pre-demonstrati on- sca l e  anal ogs of ammoni a  and tar acid  byproducts are 
not currently avai l ab l e .  Defi n i t i on of spec i f i c  systems wi l l  occur dur i ng the 
early stages of detai l ed des i gn .  The demonstration faci l i ty ' s  sul fur recovery 
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syst.m may b .  changed from C l  a u s  t o  Stret ford. If so, e 1 em.nta 1 sul fur "i 1 1  
b. avai l ab l .  for testing from the SRC- I I  p i l ot p l ant. 

PRODUCTS 

Di sti l l ate fuel o i l s  and raw naphtha can be obtai ned for b i om.d i ca l  and 
eco l og i cal  testi ng. Li ght and heavy fu. l - o i l anal ogs i nc l ud. m i dd l e  and heavy 
d i sti l l ates , r.spectiv. l y ,  from the SRC- I l  pi l ot pl ant. These materi a l s  were 
obtained in the fi rst quarter of 1 978 for b i omed i c a l  and eco l ogical  screening 
studies.  More-representative mater i a l s  ( i . e . , coal feedstock and pi l ot- p l ant 
process condi t i on s )  were obtai ned in the fi rst quarter of 1 980 and are being 
analyzed. The rel evance of these mater i a l s  hi nges on whether they correspond 
w i th f i na l  demonstrat i on-fac i l i ty materi a l  spec i f i cations ( e . g. , boi l i ng-point 
ranges) , part i cu l arly in the case of heavy d i sti l l ate,  "h.re p i l ot- p l ant 
material  is l i mi ted to a maxi mum endpoi nt of --8S0oF. 

A ful l -boi l i ng-poi nt- range fuel oil can be synthe si zed by b l end i ng middl e 
and heavy d i sti l l ates from ava i l ab l e  SRC- I l  p i l ot p l ant materi a l s .  The b l end
i ng rat i o  for thi s  fuel oi l must be speci f i ed , but is l i kely to be based on 
wei ghted boi l i ng-range spec i f i cations for demonstration- fac i l i ty fuel o i l .  
Add i t i onal quanti ties of product d i s ti l l ates shou l d  be avai l abl e from l ate 
1 980 through demonstration fac i l  i ty construction.  

The P99 fac i l i ty is  part i cu l arly sui ted for generatin� SRC- I l  material s .  
A l though the u n i  t currently produces on l y  400°F a n d  400°F di  st i l l  ate s ,  fu
ture mod i fi cat i on s  may enab l e  generation of middl e- and heavy-boi l i ng-range 
fracti ons. Product materi a l s  shou l d  be avai l ab l e  from the P99 from l ate 1 980 
through 1 983. 

Raw naphtha from the SRC- I l  pi l ot p l ant was obtai ned during the fi rst 
quarters of 1 978 and 1 980 for bi omed i ca l  and ecol ogi cal  te sti ng. Further 
characteri zat i on must be performed on a relevant product materi al that has 
been hydrodesu l furi zed. Hydrotreatment studi es must sti l l  be defi ned , at 
1 eve 1 s expected for the demonstration fac i l  i ty , before product naphtha char
acter i zation can beg i n .  

Major opti ons i n  the demonstrat i on- fac i l  i ty d e s  i � n  may s i g n i  f i  cant l y  
affect t h e  f i  na 1 product s l ate. Options hi  ng. o n  t h e  preci s e  u t i  1 i z a t  i on and 
spec i f i cations of mi neral residue s l urry for hydrogen producti on .  Naphtha, 
synthes i s  gas and 1 i quefi ed propane/butanes are a 1 1  potentia  1 pl ant fue 1 s, and 
avai l abi l i ty of synthe s i s  gas is cruc i a l  to the i r  eventual uti l i zation.  
Lower i ng the endpoi n t  on heavy fuel oi 1 (e .  g . , from 900 to 8S00F) decreases 
fueJ o i l  product and provides an add i t i onal i ncrement of mi neral residue 
s l urry for gas i fi cation.  Th i s  wou l d  res u l t  in avai l abi l i ty of more synthe s i s  
gas f o r  p l ant fuel and/or methanation (and thereby enabl e  marketi ng of addi
t i ona 1 naphtha product ) ,  and may have s i gni f i  cant i mpact on the chemi ca 1 and 
b i ol ogical properties  of heavy and fu l l -bo i l i ng range fuel oil products. The 
fuel bal ance , and u l t i mately the f i na l  product s l ate,  are currently being 
opt imi zed for the detai 1 ed demonstrat i on-fac i l  i ty des i gn .  
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END-USE MATERIALS 

The pri mary end use for demonstration faci l i ty fuel oi l s  is in e l ectr i c  
uti l i ty app l i cat i ons.  Results t o  date i nd i cate sati sfactory perfonnance , both 
operati onal ly and envi ronmenta l l y ,  for conventiona l l y  regulated po l l utants 
( i . e . , 502 , NO , C D ,  particul ate , and vol ati l e  hydrocarbons ) .  Various ap
p l i cati ons ( e . � . ,  package bo i l ers , fi red-tube boi l e r s ,  turb i nes)  have been 
i nvesti gated, in add i t i on to studies o f  novel burner configurations to miti
gate envi  ronmenta 1 emi  ss i ons . Due  to d i fferences between petrol eum- and 
coal - deri ved d i s t i l l ate fuel s ,  characteristics  of trace contaminant emissi ons 
need to be i denti f i ed ( i . e . , gaseous and particul ate-borne trace meta l s  and 
heavy hydrocarbons ) .  End-use testing fac i l i ti es are avai l ab l e  for character
i zati on , and stud i es must be defi ned. D i sti l l ates from the SRC- I J  p i l ot pl ant 
can be obtained from l ate 1980 through demonstration fac i l  i ty construction.  

Al ternative end uses for SRC- I I  products are as refi nery feedstocks. 
Demonstrati on-fac i l i ty naphtha product is al ready be i ng consi dered for use as 
a feedstock for catalytic reform i ng. Al though more appl i cable  to the SRC- I I  
commerc i a l  fac i l i ty ,  fuel o i l s  (properly hydrotreated) could b e  used a s  feed
stocks for refi nery processes such as hydrocracking and f l u i d i zed bed cata
lytic crac ki ng. Previ ous stud i e s  conducted by Uni versal O i l  Products (UOP ) ,  
Chevron and the Bartl esv i l l e  Ene rgy Technol ogy Center (BETC) during 1 978 and 
1 979 on various d i sti l l ates from the SRC - I I  p i l ot p l ant showed that these ma
teri a l s  cou l d  be treated (al though under more severe cond i ti ons than petroleum
derived di st i l l ates ) .  L imi ted screening stud i e s  by BHC and PNL suggest that a 
reduction i n  b i o l ogical acti v i ty of these coal-derived d i s t i l l ates i s  pos s i b l e .  
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STUDY PLAN 

The SRC - l I  Study P l a n wi l l  be performed in four phases wh i ch chrono logi
cal ly overl ap .  Phase I research ( screening) wi l l  eval uate materials  from 
existi ng SRC- I I  faci l i t i es (benc h ,  PDU , p i l ot )  which may bracket potent i a l  
demonstration or commerc i a l  practice i n  terms of phys i cal and chemi cal prop
erti es .  These materi a l s  wi l l  be subjected to a battery of short-term bi omed
i ca l  and ecological assays . Chemical fracti onation and ana l ys i s  wi l l  be per
formed to determ i ne compounds and compound c l asses of potent i a l  concern. I n  
some cases , chemi cal fractionation i s  requi red t o  provide materi a l s  amenab l e  
t o  b i omedical and ecologi cal tes t i ng.  Phase I research provides a fi rst 
estimate for potenti al  envi ronmental properties of SRC- I I  material s ,  thereby: 

sett i ng research priori t i es for Phase I I ,  whi ch i nvol ves l onger-term, 
more-extensi ve bi oassays and chemical  analyses of envi ronmental 
fate ; 

provi d i ng i n i t i a l  data on mater i a l s  that may require ame l i orative 
action duri ng process deve l opment ; 

provi d i ng a f i r s t ,  qua l i tative anal ysi s  for assess i ng envi ron
mental ri s k  antici pated from uti l i zati on of the SRC- I I  proces s .  

Phase I I  research (basel i ne )  wi l l  eval uate SRC- I I  materi a l s  which are 
consi dered most representati ve of potenti al  demonstration or commerc i a l  prac
t i ce .  These materi a l s  wi l l  be subjected to l onger-term, more-extens i ve b i o
medical and ecological  analyses re lative to effects and envi ronmental fate. 
Aga i n ,  chemi cal frar.tionation and analyses wi l l :  1) provide materi a l s  amen
able to b i oassay, and 2) determi ne compounds and compound c l asses of concern. 
Resu l ts from thi s research phase wi l l  prov i de :  

a reasonable esti mate of t h e  materi a l s  of concern w h i c h  may requ i re 
regulat i o n ;  

corre l at i on analyses between short-term , i nexpens i v e ,  i n  vi tro and 
se 1 ected in vi  va assays ( Phase I) and 1 onger-t.erm , more-expens i ve , 
i n  vivo  assays and eco l ogical  stud i es (Phase I I ) ;  

a bas i s  for devel opment o f  control technol ogies  and management 
procedures whi ch may reduce envi ronmenta 1 ri s k ;  

a second and more quanti tat i v e  assessment o f  potent i a l  envi ronmenta 1 
ri s k .  

Phase I I  I research w i  1 1  exami n e  t h e  i nfl uonce o f  process modi fi  cat i ons , 
control technol og i es and changing  operational cond i t i ons on potenti a l  envi ron
mental effects of SRC- I I  materi a l s .  Short- term bi omedical and ecol ogical  
ana  lyses  ( Phase I)  whi  ch carre 1 ate with  l onger-term ana  lyses  ( Phase I I )  wi 1 1  
b e  used i n  Phase I I  I .  I ntegrated chemi c a  1 fract i onat i on and ana 1ys i s  methods 
(as i ndi cated in Phase I ) ,  wi 1 1  be used to determi ne compounds and compound 
c l asses o f  envi ronmental concern. Data from Phase I I I  wi l l  prov i de :  
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a bas i s  for determ i n i ng effectiveness of control technol ogy . process 
mod i fi cat i o n ,  etc . rel ative to decreas i ng potential  envi ronmental 
effect; 

a thi rd ana l y s i s  of envi ronmental r i s k  to cons i der effects of a l tered 
p l ant ope rat ions .  

Phase IV research (ons i te monitori ng)  wi 1 1  deve l op methods and  i n i  t i ate 
envi ronmental moni tori ng to study effects at the SRC- I I  demonstration  and com
mere; a 1 fae; 1 ;  ty 5 i tes . Data from Phases I ,  I I  and I I I may pray; de i nd; caters 
o f  b i omedical and eco l og i c a l  effects , and a bas i s  for assays for potenti a l l y  
harmful chemical enti t i e s  which sho u l d  b e  moni tored i n  t h e  workp l ace ( i . e . , by 
( P&M) and l ocal  envi ronment. Phase IV research efforts wi l l  i nc l ude i ntens i ve 
studies of envi ronmental fate and transport of SRC - I I  mater i a l s .  Data from 
demonstration fac i l i ty moni tori ng shou l d  a l l ow:  

devel opment of more-ef fec tive envi ronmental management procedure s ,  
for waste d i sposal a n d  i ndustri a l  hyg i ene , a t  demonstration and 
commerc i a l  SRC- I I  faci l i t i es ; 

quant i tative envi ror.mental r i s k  asses sment more appropriate to a 
commerci a 1 SRC- I I  process . 

The chrono l og i ca l  overl ap of research phases is due to a number of fac
tors . Materi a l s  (products , wastes ,  etc . ) of potent i a l  b i omedi cal and eco l o g i 
c a l  concern may be avai l ab l e  i n  forms consi dered most representat i ve of poten
t i a l  demonstrat ion or comme rcial  practice in Phase I. Thi s wou l d  al l ow con
current Phase I and II analyses. Certa i n  mater i a l s  ( i . e . I process waters ) may 
not be avai 1 ab 1 e i n  for:ns cons i dered appropri ate for screeni ng unti 1 Phase I I ,  
wh i c h  would change the t i m i ng o f  a l l  phases o f  research on these mater i a l s .  
L i tt 1 e i s  known about compounds a n d  compound types potenti a 1 1  y res pons i b 1 e for 
spec i f i c  b i omed i cal  or eco l og i cal  effects. Therefore, Phase IV moni tori ng 
wi l l  i n c l ude samp l e  col l ection , archi v i ng ,  and l ater ana l ys i s  for spe c i f i c  
compounds a n d  compound c l asses shown i n  Phases I ,  I I  and I I I  t o  cause s i gni f
i cant b i omedi cal or ecolog i cal  effects. Samp l e  col l ecti on wi l l  be concurrent 
wi th Phase I effort s .  Fi nal ly,  method devel opment may be necessary before 
comprehens i ve stud i es can be i n i t i ated ( e . g . , for Phase II bi oaccumu l at i o n ,  
mu l t i spec i e s ,  a n d  fate and transport stud i e s .  

Work w i  1 1  proceed a s  f o  1 1  ows. Materi a 1 s representi ng t h e  range of ma
teri a l s  that may be produced by demonstration  or commerc i a l  faci l i ties wi l l  be 
analyzed in Phase I. Tentat ive i dent i f i cati on wi 1 1  be made of compounds and 
compound cl asses of concern , and appropriate l aboratory studies on bi oaccumu-
1 at i on and envi ronmenta 1 fate and transport of these agents wi 1 1  be in i t i ated 
early in Phase I I .  As materi a l s  consi dered most representative become avai l 
ab l e ,  Phase I I  bi omed ical  and eco l ogical  analyses wi l l  beg i n ,  and res u l t s  from 
Phase I and II assays wi l l  be correlated. Thi s should res u l t  in a battery of 
i nexpens ive , qui c k  assays wh i c h  can be used in Phase I I I  to eval uate effects 
of process modi fi cat i on and contra 1 techno 1 ogy app 1 i cat ions.  Data from a l l  
phases wi l l  b e  used i n  desi gni ng appropriate s i te-mo n i tori ng methods t o  de
termine l eve l s  of compounds and compound cl asses known or suspected to cause 
b i omedical  or ecological effect. The data wi l l  a l s o  be used, in Phase IV 
stud i es , as a bas i s  for determi ning  whether biomed i cal  or eco l og i cal  effects 
may res u l t  from demonstrati on fac i 1 i ty operations .  
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SAMPLE COLLECTION AND STORAGE 

Samp l i ng of coal l i quefaction mater i a l s i nvol ves three operat i ons:  
col l ection,  storage , and d i stribution. Col l ection i s  engi neeri ng-dependent. 
As processes change, or mod i f i cati ons are made to the fac i l i ty ,  col l ection 
poi  nts and the se 1 ect i on of materi a 1 s to be co l l ected wi 1 1  change. Current 
emphasis is on co l l ecti ng mater i a l s  from processes operating under conditions 
representative of those anti c i pated for the demonstration fac i l i ty .  The sec
tion ent i t l ed ,  "SRC- l l  Process" (pp. 9- 2 3 )  describes engi neering strategies 
for obta i n i ng representative samp l es for Phases I and I ! .  A general descrip
tion of mater i a l s  wh ich mi ght be assayed in Phase I I I  is a l so provided. Po
tent i a l  time- l i nes for sampl i ng are shown i n  the secti on on Cost and T i me- L i nes.  

Samp les  that must be stored for current and subsequent i nves t i gation wi l l  
be 1 i m i  ted pri mari l y  to those: a )  for whi c h  l ong-term characteri lat i on may be 
requ i red,  b) whi ch wi l l  be used in extens i ve b i o l og i cal or ecol ogical testi ng, 
or c )  which are representative of wel l -de f i ned process cond i t i ons and , as 
such,  can be uti l i  led to develop a data base that relates to a series of 
process vari ables .  Storage faci l i ti es must be adequate to mai n ta i n  samp l e  
i ntegri ty .  Large quant i ti es of sel ected materials  must be ma i ntai ned for 
b i omedical  and ecol ogical test i ng ,  and chem i ca l l y  analYled throughout the 
s tudy to e l i m i nate a potenti a l  source of i nterpretive error. 

D i stri bution requires cata l ogui ng and control of source mater i a l s  to 
assure that the i r  l ocati on and use is documented. Samp l es col l ected from an 
SRC fac i l i ty wi l l  be d i s tri buted to authoriled i nvesti gators at PNL,  or at the 
l aboratories of subcontractors i nc l uded in the program. Additi onal d i stribu
t i on or use of PNL-catal ogued materi a l s  wi l l  be at the request of DOE through 
the appropri ate ASEV and ASFE program offi ces .  Admi ni  s trat i ve cant ro 1 wi l l  
i ncl ude mai ntenance o f  records concerning samp l e  ava i l ab i l i ty ,  samp l e  d i stri
buti on,  status of work be i ng done , and names and l ocations of the respons i b l e  
i nvest i gators . 

SAMPLE COLLECTION 

Sample col l ection wi l l  be l i m i ted to mater i a l s  (�roducts , process streams , 
sol i d  and l i qu i d  wastes , fug i ti ve emi s s i on s )  whi c h  are representative of an
t i c i pated demonstrati on fac i l i ty operating condi tions.  Sel ecti on of appropri
ate samp 1 es wi  1 1  be made by PNL in concert wi  th ERT , P&M , and Gul f  Mi nera 1 Re
sources Co. SRC- I I  materi a l s  sel ected for b i omed i c a l  and eco l ogical  i nves ti
gations are shown in  Tab l e  2 .  

Samp l e  col � ection , usua l l y  i n  containers provided by PNL,  wi l l  be per
formed by P&M and witnessed by appropriate PNL personne l .  In genera l , pro
jected samp l e  use d i ctates col l ection procedures . L i q u i d  samp l e s  for chemical 
characteri lat ion o f  organi c consti tuents or Phase II b i omedical testing are 
co l l ected e i ther in l -gal l on g l as s  bott l e s  with tef l on- l i ned caps or in 6- or 
1 5- ga l l o n ,  tef l on- l i ned,  sta i n l es s  steel drums. Larger samples for l ong-term 
ecological i nvest i gati ons are col l ectod e i ther in mul t i p l e  1 5- ga l l o n ,  teflon
l i ned,  sta i n l es s  steel drums or in 55-gal l o n ,  pol ymer-coated steel drums (pro
v i ded by P&M ) .  Sma l l - vo l ume samp l e s  are returned i mmediate l y  to P N L  and , 
after coo l i ng ,  are b l anketed w i th N2 i n  the headspace above the l i qui d .  
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TABLE 2. SRC- I I  Mater i a l s  for B i omed i ca l  and Eco logical  Investigations 

LIQUIDS  

Raw Naphtha 

Hydrodesul furi led Naphtha 

Midd l e  D i s ti l l ate 

Heavy D i sti l l ate 

SRC- l l  L i qu i d  Products 

Process Feed Water 

Process Water 

Treated Effl uent Water 

� 
Coa l S l urry 

Raw Sul fur 

Stripper Tower Bottoms 

Vacuum Bot toms 

Gas i fi e r  S l a g ,  coarse 

Gasi fier S l a g ,  f i ne 

Wastewater I n c i nerator Sol i ds 

Large-vol ume ( 55-gal ) samp l e s  are genera l l y s tored on- s i te at the p i l o t  p l ant 
prior to s h i pment to PNL. These samp l es are also b l anketed w i th N2 after 
coo l i ng and prior to shi pment. Samp les  taken primari l y  for i norgan i c  ana l ys i s  
are col l ected i n  perfl uoroethy l ene ( P FE ) ,  l - l iter bott l e s .  

Samp l es of so l i d mater i a l s  a r e  genera l l y co l l ected i n  meta l , s l ip-top 
cans ( s i les vary from 1 quart to 5 ga l l ons , depend i ng on end use ) .  I f  these 
samples  are to be analYled for metal content, they are col l ected i n  p l astic
l i ned metal conta i ners.  So l i d samp les  for chemical  characteri lation wi l l  be 
co l l ected i n  5 - kg b l ended l ots . For b i o l ogical  and ecological testing that 
requi res l each i ng studi es , samp l e s  wi l l  be co l l ected in 50-ga l l o n ,  pl astic
l i ned , s teel or f i ber drums . 
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Currently , we do not p l an to col l ect a i r  or aerosol samp l e s .  I f  future 
research requi res co 1 1  ect; on o f  gaseous mater; a 1 s, procedures wi 1 1  be as fo 1 -
l ows : Vent gases wo u l d  b e  col l ected , genera l l y  as grab samp l e s ,  i n  PFE- l i ne d ,  
stai n l es s  steel g a s  bott l e s .  Ambi ent p l ant vapors wou l d  be col l ected on poly
meric adsorpt ion  traps (TENAX and XAD- 2 ,  or XE-347, depending on re sul ts of 
1 aboratory studi es whi ch woul d be performed if vapor samp 1 i ng i s  contempl ated ) , 
or charcoal . Amb i ent particul ate samp l e s  wou l d  be col l ected on cl ean gl ass
f i ber fi l ters usi ng H I VOL techni que s .  Data from HIVOL cascade impactors wou l d  
give s i z e  d i stri bution of co l l ected parti c l es a n d  prov i de total parti cul ate 
concentrat i on i n a gi ven gas vo 1 ume. I f metal spec; at i on experi ments on vent 
gases are neede d ,  adsorbent trap s ,  spec i f i c  for the metal spe c i es o f  i nterest, 
wou l d  be used for col l ection .  Genera l l y ,  vent gas and ambient gas samp l es 
wou l d  be col l ected primari l y  for chemical characterization stud i e s .  However,  
ambi ent-ai r samp l e s  might be taken from areas around the p i l ot pl ant where 
workers may be exposed to fug i ti ve emi ssi ons or to emi s s i ons generated during 
certa i n  i n-pl ant operati ons ; for examp l e ,  fumes emanati ng from certa i n  mai n
tenance ope rat i ons and cl eanup procedures. These efforts may a i d  deve 1 opment 
of improved s i te and personnel moni tors for compounds and compound c l asses of 
b i omedical  concern. 

SAMPLE STORAGE AND QUALITY CONTROL 

PNL-acqui red samp les are genera l l y  stored at 4°C unti l al l stud ies are 
comp l eted. L i q u i d  samples are stored under N2. Large-quantity l i q u i d  samp l es 
(6 ga l l ons or more) are thoroughly mi xed and are subsampl ed i mmediately after 
receipt to provi de a 250-ml a l i  quot that is used to moni tor samp l e  stabi l i ty 
duri ng storage. Large-vol ume samp l es are al so thoroughly mixed prior to any 
subs equent subsamp l i ng.  The samp l e  hand l i ng protocol and analys i s  procedures 
to eval uate samp l e  stabi l i ty are gi ven in Tab l e  3. Bas i cal l y ,  the procedure 
cons i sts of peri odi c ana lyses to determi ne gross changes in chemi ca 1 compos i 
t i on o r  phys i ca l  propert i e s .  Changes i n  o f  m i nor o r  trace consti tuents wi l l  
not b e  detected. However,  the analyses do prov i d e  a n  adequate , general , chem
i ca 1 characteri zat i on and a data base for compari son , shoul d a re-exami nat i on 
of materi a l s  di stri buted for b i omedical or eco l ogical stud i e s  be necessary. 

DATATRIEVE - DATA MA�AGEMENT SYSTEM 

A computeri zed data management system (DATATRIEVE) on the PNL B i ometrics 
Computer Center ' s  PDP 1 1 /70 has been des i gned to record and monitor l ocation 
and use of mate r i a l s  received and di stri b uted to the chemi stry ,  b i o l ogy, and 
eco l ogy research programs. The system uti 1 i zes a set of i nteractive DATA
TRI EVE procedures to store i nformation as it becomes avai l ab l e  and to generate 
reports as requi red. 

The system is centered around codes which i denti fy materi a l s  and test s ;  
each mate r i a l  or comb i nation o f  mater i a l s  i s  i denti fied  b y  a unique MATERIAL 
CODE; each test is i dent i fi ed by a unique TEST CODE. The codes are used by 
DATATR I EVE to store and retrieve the status of a tes t ,  or to procure an aud i t  
trai 1 for each materi a l .  

Two f i l e s ,  l abe l ed TEST CODE DICTIONARY and SOURCE MATERIAL CODE DICTION
ARY , have been estab l i shed so that i nvesti gators may cross- reference codes 
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1 .  

2 .  

3 .  

4 .  

5 .  

6 .  

7 .  

8 .  

TABLE 3 .  Protocol for Analyses t o  Observe Stabi l i ty o f  Research 
Mater i a l s  Dur i ng Storage 

Rece i ve samp l e  in teflon- l i ne d ,  s ta i n l ess-steel barre l .  

M i x  thoroughly and subsamp l e  500 m l  i nto a brown glass  bottle wi th a 
teflon- l i ned cap ( a l ternate: teflon- l i ned , stai nless  steel bottl e) . 
Bl anket stoc k samp l e  and subsamp l es with N2 .  

Store both samp l es under i denti cal conditi ons i n  chi l l ed fac i l i ty at 
approximately 4°C. 

Perform i n i t i a l  and i ntermi ttent l ong-term characteri zati ons on sma l l  
subsamp l e s .  

Analyses wi l l  incl ude: 

a .  dens i ty ,  

b .  boi l i ng point  curve , 

c .  cap i l l ary col umn gas chromatography; SE-52 ; sp l i t l es s  i nject i o n ;  
fl ame i o n i zation detection ( F lO ) ;  i n i ti a l temperature, 35°C. Quan
t i fy major peaks . 

d .  high-performance l i qui d chromatography (HPLC) separati on , ternary 
gradi ent on NH2 co 1 umn or bi  nary gradi ent on C- 1 8  col umn. Quanti fy 
major peaks . 

e .  mo l ecular weight d i stri bution b y  HPLC o n  steric  exc l us i o n  col umn. 
Quant i fy di  stri but i on pattern. 

These analyses wi l l  be performed on each material  sem i annua l l y  for 1 
year and annual ly thereafter. 

At each major samp l i ng o f  materi a l  ( for ecological , b i o l ogical  or chem
i cal research) from the l arge reservo i r ,  these same characte rizations 
wi l l  be performed , unl ess these ana lyses have been comp l eted within the 
prev i ous 6 months. 

A data fi l e  wi l l  be mai ntai ned and updated for each research materi al 
in the i nventory. 
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w i th thei r Engl i s h  equ i va l ents . Tab l e  4 is a partial  l i st of material  codes 
and the i r  Engl i sh equival ents , contained in the SOURCE MATERIAL COD!: DICTION
ARY. Tab l e  5 is a partial  l i s t of test codes and the i r  Engl i s h equi val ents , 
contai ned i n  the TEST CODE D I CTIONARY. 

The SOURCE MATERIAL AUDIT F I LE conta i n s  a record o f  transactions on each 
material  or material  combi nati on.  Each record contai ns , as a m i n i mum , the 
mater i a l  code , material  acces s i on number,  and date the material  was sampl ed .  
The mater ial  access i o n  number ,  cons i s t i ng o f  the l og book. a n d  page number , 
refers to the chemi stry l edger , where addi ti onal i nformati on may be found. 
The acces s i o n  number a l so i ncl udes a batch number that has been assi gned to 
d i s t i ngui sh di fferent samp l es of the same materi a l  type. When a material  i s  
recei ved from off- s i t e ,  the date of receipt  and a transaction remark,  i nd i '"  
cat i ng the amount received a n d  t h e  current amount o f  material  i n  storage , i s  
a l so recorded. When a material  i s  assi gned for b i o l ogical or eco l ogical 
study , the fol l ow i ng i nformati on i s  recorded: date o f  assi gnment , i ni t i a l s  of 
the i nvestigator assi gned the material , the number of the i nvestigatorl s l og 
book. where add i t i onal i nformation can be found,  and a transaction remark. that 
i nd i cates the amount assi gned and the total amount currently in storage. 
Tab 1 e 6 is a samp l e  aud i t  report ( for one materi a 1 ) ,  whi ch can be generated at 
any time .  

The TEST STATUS F I LE conta i ns t h e  status of each t e s t  on each mater ial . 
Test status is i denti f i ed by test code , material  code , material acces s i on 
number, i nvesti gator 1 s  i n i ti a l s ,  proposed test start date , actual start date , 
comp l etion  date and the l og book conta i n i ng test res u l t s .  Investi gators are 
required to provi de i nformati on on a quarterly bas i s .  The TEST STATUS F I LE 
can be updated at any time to reflect the current test status. Reports can be 
generated in two ways: 

1 )  for each test category, to i denti fy the status of i nd i v i dual 
tests on a l l  materi a 1 s; and 

2) for each test mater i a l , to i denti fy the status of a l l  tests appl i ed 
to that mate rial . 

Tab l es 7 and 8 are exampl es of the two types of reports that may be generated. 
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TABLE 4.  A Part i a l  L i s t  o f  Source Mater i a l s  and The i r  
Engl i s h  Equ i va l ents 

MATERIAL CODE MATERIAL NAME 

I I-AP I I-Ambi ent Particul ates 

I I-AV I I-Ambient Vapors 

I I -CS I I  -Coa 1 S l urry 

I I -FD I I-Fuel Oi l 

I I- FaA I I -Fuel O i l  Aci d 

I I - FOAT I I-Fuel Oi l Acid  Tar 

I I- FOB I I -Fuel O i l  Bas i c  

I I  - FOBT I I-Fuel Oi l Bas i c  Tar 

I I - FaN I I -Fuel O i l  Neutral 

II - FONT I I-Fuel Oi l Neutral Tar 

I I  -FOB I I- Fuel  O i l  PNA 

I I -GB I I-Gas i f i er Bottoms 

I I-GFA I I-Gas i fi e r  Fly Ash 

I I-HD I I -Heavy D i s t i l l ate 

1 1- IS I I- I nc i nerator So l i ds 

I I -MD I I -Mi ddle  D i sti l l ate 

I 1 -N II -Naphtha 

I I -STB I I -Stri pper Tower Bottoms 

I I -VB II -Vacuum Bottoms 
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TABLE 5 .  A Partial  L i s t of Test Codes a n d  The i r  Engl i sh Equi v-
z 18 � 0 , 

a l ents . (Thi s l i st represents only some of the major � ..., � �  
tes t categori e s .  ) 

0 

-< IS
� 

TEST CODE TEST NAME or :; � :; :; .. 
B l  Cel l u l a r  Studies .., 0 0 0 0 V> -< .. 0 0 0 0 V> r 

" 0 0 0 0 0 
B 1 A  Mi crob i a l  Mutagenes i s  (Ame s '  Assay) 0 

.., N N � 0 Z 
... 

B 1 B  Mamma l i an Ce l l  Toxi c i ty a n d  Transformati o n  II> 
� � � � co I� c -< 

B 1 C  Mutagen i c  Studi e s  i n  C h i nese Hamster Cel l s  0 ex> '" ex> ex> 
< :: :: ". .. -,, » � 

B 1 D  Yeast Mutagenes i s  
� r -< 

.., .., .., c 
B 1 E  Unscheduled DNA Synthesi s " � 

'" 

B 1 F  Chromosomal Abnorma l i t i es ... 
-< V> .., � :>0 II> 

B2 Oral Stud i e s  � � � � » .. .. <&> <&> <&> CX> c z " 
'" 0 0 0 ;::; » v>  ;; 

B2A Acute Toxi c i ty w N 0 -< »  0 0 N � .., n  
" � w � -< V> 

Cl I n i t i al Chemical Characteri zati on .:< 0 0 
" 

z .., 
C 1 A  Inorga n i c  El ement Analysi s � ,., � .. 

C 1 B  Speci a t  i o n  Measurements B x x x 1- - '" 
II> X X X z z  II> 
... X X x - <  ... 

Cl C So 1 i d Waste Aqueous Leachi ng -< .. 
.., 

C 1 D  Extracti o n  of Sol i d  Wast .. s w i t h  Sol vents II> 

N IE -< » Cl E Simul ati on D i agenesi s I nvestigati ons » - N > .., ..,  " 
'" '" V> 0-

C 1 F  I n i t i al Organ i c  Ana l y s i s  N 0 -<  -. co :>0 
-< 

:>0 C2 Organic  C l ass Fractionation and B i o/Eco Assay .. 
" 

C2A Fracti onation lco
� 

0 
.., -< W N W ... 

C2B Ident i fi cati on o f  B i o l ogi cal l y  Active Agents '" '" w 8 r  I 
N '" W � N <&> '" W "" g 

0 CO 
El  Liquids .., 

0 

E 1 A  Acute Screeni ng " 

... ... 
.. 

o � N � :J: E 1 B  Chronic Scree n i ng w O  CX> N  
-< 

II> 
... 

E 1 C  System Level Screening r oc  '" .. 
» .., 

... '" ... < ... 00 ... .., B; 
E 1 D  F i e l d  Val i dation 0 -· 0 .. 0 _. 0 .. II> 

... < ... " ... < ... ,., » � 
II> .. II> .. .. II> .. n 

E2 Sol ids  
� " � ... � " 

< 
-< 

-. ... 
0 -. ... _ . ..  0 

E2A F i e l d  Lysimeters " 0 " � 
" 0 ,, 0- Z 

'" x .. x .. x " 0'  '" 
E2B Comparative RCRA B i oassay ... x ... , ... x ... '< � o x  0 ..,  o x  0 

.." .., n  .." .., '" 

E2C SRC- I Sol i d Product Spi 1 1  s .. .., .. 0 .. co .. ... '" 
00 n <C - oo _ "' 0  "" 
.. 0 .. .. 0 .. .., 

E2D Residual Fate and Behavior - - � 
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TABLE 7 .  T e s t  Status Report Arranged b y  Test Category t o  Ident i fy 
the Status of Indi v i dual Tests on al l Materi al s 

MATl MATL INV PROPOSED START FINISH 
QEi! TEST CODE � .!.!!..!..! � DATE DATE lOG BOOK 

lA I -MR 1 45 303200 XXX 790 1 01 790201 7902 1 0  2341 
I-S 1 23512301 XXX 7909 1 5  2450 
I-WS 1 34201 1 1 2  XXX 790520 790525 Canc. 2341 
I I -MD 342300 1 0 1  XXX 790701 790701 2351 

4A I I -HD 1 3421 2900 XXX 790BOl 2351 
I I -MD 3423001 02 XXX 790901 2351 

NOTE: The report above i l l ustrates only format. 

TABLE B .  Test Status Report Arranged by Test Mate r i a l  t o  Identi fy 
the Status of al l Tes ts App 1 i ed to that Materi a 1 

CODE MATL I NV PROPOSED START F I N I SH 
DEPT TEST � � INIT  � DATE DATE lOG BOOK 

l A  I-MR 1 45303200 XXX 790 1 0 1  790201 2341 
1A I-S 1 2351 2301 XXX 

-< 
7909 1 5  2450 I N 

l A  I-WS 23420 1 1 1 2  XXX 790520 790525 Canc. 2341 '" 
lA I I -HD 1 3421 2900 XXX 790BOl 2351 
lA I I -HD 342300101  XXX 790701 790701 2351 
4A 342400102 XXX 790901 2351 

NOT E :  T h e  report above i l l u strates o n l y  format. 
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PHASE I 

The fol l owing sections describe short-term studies whi ch uti l i ze a bat
tery of submamma 1 i an and mammal i an cel l in vi tro assays for genotoxi cants and 
acute and chronic toxi ci ty assays for potential eco 1 ogi ca 1 effects. The 
sect i ons al so descri be chemi ca 1 methods of fract i onat i on and extraction used 
to provide samp l es for i n  vi tro bi oassays and ecol ogica l  stud i es , and methods 
for determi ni ng compounds and compound cl asses caus i ng ettects. Thi s section 
;s d i v i ded i nto : 

studi es on 1 i qui d process streams and products , 

studi es on s o l i d process s treams and effl uents , and 

stud; es on process waters. 

Short-term assays and accompanyi ng chemi ca 1 ana lyses provi de a f i  rst and 
approxi mate esti mate for the genotoxi c and eco 1 ogi ca 1 effects of SRC- II mater
i a l s .  As s uc h ,  they wi l l  be used as one criterion to s e l ect materi a l s  for 
l onger-term animal bi oassays and ecosystem studies to be performed in Phase I I .  
A range o f  assays wi l l  be empl oyed si nce i t  i s  poss i b l e  and , i ndeed , probab l e  
that n o  s i ng l e  assay wi l l  correl ate wi th resu l ts from Phase I I  animal b i o
assays or ecosystem studies.  Because of the i r  relative speed and l ow cost, i n  
vi tro assays and acute and chroni c eco 1 ogi c a  1 assays are the 1 i kely methods 
for correl at i ng genotoxi c and eco 1 ogi cal effects wi th speci fi c chemi ca 1 com
pounds and compound c l asses in SRC- I I  materi a l s .  Corre l ation i s  of v i tal 
importance: Phase I tests which correl ate with Phase I I  tests wi l l  be the 
methods of choi ce for determi ni ng ettects o f  SRC- II process and control tech
nol ogy changes on b i omedical and ecol ogical properties of SRC- I I  mater i a l s  
(studies t o  b e  performed i n  Phase I I I ) .  Resu l ts o f  these tests and accompany
i ng chemical analyses may also  be the bas i s  for determ i n i ng spec i fi c  compounds 
and compound c l asses which shoul d be monitored during SRC- I I  fac i l i ty opera-
t i ons ( studi es to be performed in Phase IV) .  Phase I studi es wi l l  a 1 so pro
v i de the fi rst data base for assessment. 

B IOMEDICAL STUD I ES AND CHEMISTRY 

Before detai l ed d i scussion  of b i omedical assays and accompany i ng chemical 
ana 1 yses , we wi 1 1  di scuss samp 1 e preparati on , chem; ca 1 fract i onat ; on and 
analyses for a gi ven material ( F i gure 4) . 

Liquid materi a l s  or extractslsolutions prepared from s o l i d  materi a l s  or 
aqueous wastes wi l l  be analyzed by a battery of in vi tro assays with di fferent 
genet i c endpoi nts (e. g . , Ames mutagenes i s ) .  Concurrent bi oassays wi 1 1  be 
performed on unfract i onated materi a l s  and materi a 1 s fracti onated by hi gh
performance 1 i qui d chromatography (HPLC) .  Negative resul ts for unfract i onated 
material and HPLC fractions (norma l l y ,  s i x  fractions of di fferent pol arity 
wi 1 1  be analyzed) wi 1 1  be cons i dered i ndi cat i ve of no genotoxi ci ty and no 
further analyses wi l l  be performed. 

A pos it i ve response in unfract i onated materi a 1 or HPLC fractions wi 1 1  be 
consi dered evi dence for genotoxi c i ty of the material in that assay system. 
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STEP 1 
RAW MATERIALS 

AND 

HPLC FRACTIONS 

7 '\ 
BIOASSAY (+) BIOASSAY H 

..... ..... 
CONTI N U E  STOP 

---±,-----
STEP 2 

LA RGER SCALE CHEM ICAL 

FRACTIONATION OF RAW MATERIAL 

LH-20 C H R O MATOGRAPHY 

/ "'", 
BIOASSAY (+) BIOASSAY (-) 

..... ..... 
CONTI N U E  STOP 

/ HPLC "'-
BIOASSAY (+) BIOASSAY H 

..... ..... 
CONTI N U E  STOP 

t 
GC, GCMS, H R M S  ... ANALYSES FOR BIOACTIVE 

COMPOUND CLASSES 

F i gure 4 .  F l ow Chart for Phase I In Vi tro Assay: Chemi cal Fractionation and 
Character; zat ion 
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The material wi l l  then be subjected to LH-20 chromatography to provi d e  suf
f i c i ent concentrated b i oacti ve material  for in vi tro assays and chemical  
ana lyses.  Subfract i ons from LH- 20 chromatography showi ng genotoxi c i ty wi 1 1  be 
further fractionated by HPLC.  These samp l es wi l l  be analyzed by i n  vi tro 
as say, and fractions showing mutagen i c  acti v i ty wi l l  be subjected to chemical 
analyses. Gas chromatography (GC) and/or gas chromatography-mass spectrometry 
(GCM5) wi l l  be used to a i d  i dent i f i cation of speci f i ca l l y  genotoxic  compounds 
and compound c l as s e s .  H i gh-mo l ecul ar-weight or highly polar s ubfractions 
wh i ch cannot be as sayed by GC wi l l  be analyzed by hi gh-resol ution mas s  spec
trometry (HRMS ) ,  or by HPLC , to determi ne compounds potenti a l l y  respons i b 1 e 
for genotoxi c i ty .  In some cases , conti ngent on experimental d i fficul ties  and 
cond i ti ons , a l ternative fracti onat ion  methods and chemical analyses wi l l  be 
used. 

In Vi tro Assay for Liqu i d  Process Streams a n d  Products 

Based on present design consi derat i ons , the l i qui d process streams ( raw 
naphtha , middle di sti l l ate and heavy d i s t i l l at e ,  as provided by the Ft.  Lewi s 
p i l ot p l ant) and derived fractions wi l l  be analyzed by i n  vi tro assay and 
i ntegrated chemi stry. Potentia 1 5RC- I I  1 i qui d product mi xture s ,  and hydro
desul furi zed naphtha wi 1 1  a 1 so be analyzed. Ana lyses to be performed on these 
materi a l s  and deri ved fractions are shown in Tab l e  9 .  

Ames Assay 

The Ames mi crob i a l  assay uses strains  of Salmone l l a  posse s s i ng genet
i cal ly defi ned mutations i n  a gene for bi osynthes i s  of the ami no ac i d ,  hi s
t i d i ne ( they requi re thi s for growt h ) .  Ames stra i ns used i n c l ude: Salmonel l a  
ty�himur i um TA98 and TA1538 (frame s h i ft mutants ) ;  TAlOO (an R-factor-conta l n l ng 
pOlnt mutant that responds to both poi nt- and frameshi ft mutagens ) ;  and TA1535 
( responds only to poi nt mutagen s ) .  Ease of use , speed, l ow cost , requi rement 
for smal l amounts of test mater i a l , and high  corre l ation  (at present , ) 0 . 90)  
wi th carci nogen i c i ty in the case of pure compounds make thi s a des i rable and 
useful test for screeni ng a l arge number of material s .  The assay is  performed 
by mixi ng test materi a l  with the organism in the presence or absence of mam-
ma 1 i a n  1 i ver mi crosoma 1 (59) enzymes and determi ni ng the number of organi sms 
whi ch revert from dependency on hi  st i di  ne i n  the medi um to nondependency I a 
mutaticnal event. Assay i n  the presence of S9 detects mutagens whi ch require 
metabo 1 i c act i vat i on.  Assay in the absence of S9 detects mutagens whi ch do 
not require metabo l i c  acti vati on. Ames as says can be performed on raw SRC- I I  
1 i q u i d s .  

Examp l es of data obtained with a number of crude mater i a l s  a r e  shown i n  
Tab l e  1 0 .  Of t h e  three major mater i a l s  from t h e  SRC- I I  proces s ,  heavy di sti l 
l ate ( [ HD] hi gh-bo i l i ng-range material ) i s  the most mutageni cal l y  active.  
Li ght and mi ddl e d i s t i l l ates s howed no detectable mutagenic acti v i ty .  The 
known chemical carc i nogen , benzo[a ]pyrene ( BaP ) ,  s howed about three times the 
act i v i ty of heavy d i s t i l l ate , whi l e  another wel l - known chemi cal carc i noge n ,  
2-ami noanthracene (2-AA) , w a s  about 100 ti mes a s  active. Raw shal e o i l  s howed 
some acti v i ty ,  but crude petro l eum showed no act i v i ty i n  the Ames system. 
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TABLE 1 0 .  Compari son of the Mutageni c i ty of Sol vent Refi ned Coal 
Mater i a l s ,  Sha l e  O i l s ,  and Crude Petroleums in Salmone l l a  
typhi muri um TA9S 

SRC- I I  

� 
Heavy di sti l l ate 
Middle  Di sti l l ate 
Li ght di sti l l ate 

Sha l e  O i l  
Paraho-16 
Paraho-504 
Livermore L01 

Crude Petro 1 eum 
Prudhoe Bay 
Io/i lmi ngton 

Pure Carci nogens 
Benzo[ a]pyrene 
2-Ami noanthracene 

Salmonel l a  Forward Mutati on 

Revertants/pg of Material  

40 . 0  ± 23 
<0. 01 
<0. 01 

0 . 60 0 . 19 
0 . 59 0 . 13 
0. 65 0 . 22 

<0. 01 
<0. 01 

114 ± 5 
5430 � 394 

Forward mutation to 8-azaguanine (8-Ag) resi stance i n  Salmonel l a  i s ,  i n  
some case s ,  more sens i t i ve t o  weak. mutagens ( e . g. , procarbaz l n e ,  ml tomyc i n  c ,  
pery l ene) than the Ames test. H i st i d i ne revertants derived from Ames ( h i s t i d  
i ne-requi r i ng) stra i n s  ""i l l  b e  used t o  compare forward mutation (8-Ag test )  
w i th reverse mutation (Ames tes t) . 

The 8-Ag test i s  performed i n  much the same way as the Ames assay. 
Agents to be tested are assayed in the presence and absence of S9 enzyme s ; 
a l i quots of exposed cul ture are pl ated on med i a  contai n i ng 8-Ag. Col ony 
formation in the presence of 8-Ag is the endpoint of the test .  The assay i s  
presently bei ng used wi th certa i n  SRC- I I  l i quid  materi a l s .  

Other Microbial  As says 

Al though the AmeslSalmone l l a  assay detects most types of mutagensl 
carc i nogens , i t  does not detect a l l  of them ( e . g. , compounds that act by 
cross-l  i nki ng DNA ) .  To overcome thi s prob 1 em , severa 1 assay systems have been 
deve l oped that detect mutagens not detectab 1 e i n  the Ames system. Genera l l y ,  
these assay s  are based o n  pri mary chemi cal  damage t o  DNA , rather than mutation .  
I n  these as say s ,  l arge segments o f  the chromosome , i nc l ud i ng the enti re chrom
osome , are the genet i c target. In theory , a 1 1  types of damage s hou 1 d be 
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detectab l e  because the i ncreased target s i ze offers essenti a l ly al l combina
ti ons o f  DNA bases.  

Pro ha e A Induction Prophage i nduction  is  part i c u-
l arly s en s , t 1 Ve for measuring pr,mary NA damage. The i nducte s t ,  because of 
the b i o l ogical  amp l i fications afforded , measures both d i rect and i nd i rect
acti ng mutagens , i ncl ud i ng frames h i  ft and poi nt mutage n s ,  and mutagens that 
act by DNA cross - l  i nki ng. The i nductest wi 1 1  be app 1 i ed to SRC- I I 1 i qui d 
mater i a l s .  

The test i s  performed wi th Escheri c h i a  col i ,  K'2 , stra i n  6340 , which 
carri e s  a lysoge n i c  deri vati ve of A phage. The"'organism is  exposed to test 
material  i n  the presence or absence of S9 enzymes .  DNA damage resul ts in  
phage i nducti on.  Induced phage are detected by p l ating them on a l awn of 
i ndicator stra i n  L col i ,  K12 1 strain 8177, an organism which lyses i n  the 
presence of A phage. ---rFie assay is quant i t ated by count i ng p l aques ( zones of 
c l earing caused by c e l l  l ys i s )  on the pl ate. Prel imi nary res u l ts wi th SRC- I I  
l i quids  suggest that pos i t i ve response i n  thi s assay may correlate with pos i 
tive response i n  t h e  Ames assay .  

Saccharo'!)Yces cerev , s , ae .  I n  add i t i on t o  mutation a n d  pri mary DNA 
damage , recomb, nat, on , nduced by exposure to SRC- II materi a 1 s wi 1 1  be deter
mined. Both rec i p rocal mi totic recomb i nation and nonreciprocal recomb i nation 
( gene conver s i on )  ""i l l  be measured u s i ng S.  cerevi s i a e ,  stra i ns 0-3 and 0-4. 
Ce 11  s wi 11 be exposed to test materi a 1 s iothe presence or absence of S9 
enzymes .  Mi tot i c  recomb i nation wi l l  be detected by col ony color change re
s u l t i ng from homozygos i ty at certa i n  mutant aden i ne genes in stra i n  0-3 .  Gene 
convers ion  wi l l  be detected w i th stra i n  0-4 by cnange from tryptophan auxo
trophy (cel l s  requi re tryptophan in cul ture medium for growth) to tryptophan 
suffici  ency ( ce 1 1  s no l onger requi re added tryptophan for growth ) .  Format i on 
o f  col ored c o l on i e s , due to changes in the genotype at vari ous aden i ne l oc i , 
wi l l  a l s o  i nd i cate gene convers i on.  

Kada Bioassa S stem. B. subti l i s  ( Kada) strains 
wi l l  be used se ect1 Ve y to screen for genotox,c agents that may not be detect
ab l e ,  or that are poorly detected in other in vi tro a s says. The .ssay employs 
DNA recomb i nati on-def i c i ent ( REC- ) strai ns that are h i gh l y  sens i ti ve to chemi
cal s that damage DNA. The assay is capab l e  o f  detecti ng genet i c a l l y  acti ve 
meta l s  whose effects are poorly resol ved by other submamma l i an assay systems 
The Kada test detects di fferent i a l  ki l l i ng of the REC- B. subti l i s  strai n 
compared to i ts recomb i nati on-sufficien t  ( REC+) counterpar� the parent 
organi sm from wh ich it was derived ) .  

Mamma l i an Cel l Transformation 

Cel l cul ture methods are be i ng used to eval uate the ab i l  i ty of test ma
teri a l s  to transform mamma l i an cel l s  i nto a neop l astic  state. Second-passage 
mamma l i an ce l l  cul tures (Syrian hamster embryo [ SHE] cel l s )  are exposed to 
test mater i a l s  i n  the presence and absence of S9 enzymes .  Cul tures are mon i 
tored t o  determi n e  ce 1 1  trans formati o n  ( i .  e . , morpho 1 o g i  c a  1 and bi  ochemi ca 1 
changes that res u l t  i n  unrestricted growth in v i tro) .  Representat ive colonies  
o f  trans formed cel l s  are i nocu 1 ated ; nto nude mi ce to eva 1 uate the;  r tumor
formi ng abi l i ty in v i vo .  Tumor devel opment in nude mice i nocul ated with trans
formed cel l s provi des evi dence that tes� materi al  s are potent i a l  carci nogens . 
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Resu l ts to date (Tab l e  1 1 )  suggest that SRC- I I  HD i s  capab l e  of trans
forming SHE cel l s .  Dose-effect rel ati onshi p s ,  expressed as spec i f i c  acti v i ty 
measurement ( n umber of trans formants/�g test materi a 1 )  for HD , are 5 imi l ar to 
those observed for a shale  o i l  and benzo(a )pyrene , but are of greater magni
tude than those observed for crude petroleums. 

TABLE 1 1 .  Comparative Transformati on Properties  in Syrian 
Hamster Embryo Cel l s  o f  Comp l ex Organi c Mi xtures 

Range of 
Number of Li  near Portion 

Transformants o f  Concentrati �8) Material  � of Test Material ( a )  Response Curve 

DMSO Control (0. 1%) 

Prudhoe Bay Crude -0. 002 100-200 

IIi l m i ngton Crude -0. 002 75-150 

SRC-l l Heavy Di  st i l l  ate 0 . 7  5-20 

Sha l e  Oi l ( LERC) 0 . 3 1-10 

Benzo[ a]pyrene 0 . 76 1-20 

(a) Extrapo 1 ated from 1 i near regi on of the concentration response curve 
( b\g/ml 

Mammal i an Cel l Cul ture Mutage n i c i ty 

Chi nese Hamster Ovar Mutati on as says w i th 
CHO cel l s use the purl ne ana o g ,  -th1 0guan1 ne G ,  to quantitate i nduction 
o f  forward mutati on at the gene cod i ng for the enzyme, hypoxanthi ne guanine 
phosphoribosyl transferase (HGPRT ) .  In the system, TG is converted to a nuc
l eotide by HGPRT of normal wi l d-type cel l s .  The res u l t i ng nucl eotide (or  i t s  
metabo l i te s )  i s  ( a r e )  l ethal to t h e  cel l .  However,  mutants l acki ng HGPRT are 
able  to surv i ve and grow in the presence of TG. Mutants are scored by counting 
the number of col ani es. Mutagenicity wi th pure compounds (about 150 compounds 
have been tested to date) fol l ows l i near dos i metry. To properly i nterpret 
mutation frequency , cel l ular c l on i ng effici encies  must a l so be determi ned to 
prov i de a measure of tox i c i ty .  Materi a l s  are characteri zed as di rect ( requi r
i ng no metabo l i c  acti vation by mi crosomal enzymes) or i ndi rect ( requ i r i ng met
abo l i c  acti vation) mutagens.  Several SRC- l l  l i qu i d  materi a l s  are presently 
bei ng assayed in the system. 
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Unschedul ed DNA Synthes i s .  CHO c e  1 1 5  can a 1 50 b e  used t o  determi ne 
whether test mater1 a l s  cause les10ns in DNA i nv o l v i ng unscheduled DNA synthes i s .  
Thi s i s measured by determi n i  n g  the 1 eve 1 o f  triti ated thymi d i  n e  i ncorporated 
i nto the damaged DNA mo l ec u l e  under cond i t i ons in which de novo ce l l u l ar DNA 
synthesi s does not occur. To prevent de novo DNA synthesi s ,  cel l s  are i n
cubated i n  arg i ni ne-de f i c i ent medium for 2 or 3 days before exposure to test 
material  and triti ated thymi d i n e .  Argi n i ne deprivation bl ocks the Gl to 5 
phase conver s i o n  wi thout affecting the cel l ' s  abi l i ty to i n i t i ate repair.  
Ce 1 1  s are then exposed to SRC- I I  materi a 1 s whi  ch may i nteract and damage 
nucl ear DNA. Autoradi o graphy i s  used to eval uate i ncorporat i o n  of tri ti ated 
thymi d i ne i nto the DNA o f  i nd i v i dual cel l s .  Use of thi s assay wi l l  be con
ti ngent on results  obtained from mi crob i a l  analyses and CHO cel l mutagene s i s .  

S i ster Chromati d  Exchan e SCE SCE , observed by d i fferent i a l  
stai n i ng o N , 1 S  a measure a chem 1 c a  ly or phys ical l y  i nduced DNA damage 
in mammal i an cel l s .  I n  thi s assay ,  h i g h  corre l at i o n  exi sts between concen
trat i cns o f  known mutagens/care; nogens and numbers of exchanges between 5 i ster 
chromati d s .  SCE can be app l i ed to estab l i shed cel l  l i nes or cel l s  exposed i n  
v i vo .  

lie wi  1 1  determi n e  S C E  and forward mutation i n  CHO cel l s  exposed t o  SRC-ll  
materi a 1 s .  Thi s wi l l  a l l ow a compari son of pri mary DNA damage and forward 
mutat i on under s i mi l ar assay cond i t i o n s .  The SCE wi l l  be quanti tated by 
di fferent i a 1 stai ni  ng of chromat i ds wi  th Hoechst 33258 f1 uorochrome and G i emsa 
sta i n  after one or two ce l l  d i v i s i ons in a medium contai ni ng SRC- l l  materi a l s  
and 5-bromodeoxyu r i d i n e .  The SCE assay may a l so b e  used wi th cel l s  deri ved 
from ani rna 1 s exposed, ei  ther acute ly or chroni ca l ly ,  to SRC- l l  materi a 1 s .  

Chemical  Analyses for Liqu i d  Streams and Products 

fract i onation  

Al l  l i quid  product and  process stream mate r i a l s  wi l l  be subjected to chem
ical  fracti onation.  Fractionat;·on i s  essenti a l  for remo v i ng substances whi c h  
may i nterfere i n  b i oanalyses and f o r  concentrati ng mutagenic/carc i nogenic ma
teri a l s .  Fracti onation  a l so prov i de s  a qua l i tati ve measure for determ i n i ng 
chemi cal c l asses cau s i ng b i o l og i ca l  effect. Stoichi ometry for fractions ver
sus i ntact materi a l  prov i des i nformati o n  on potent i a l  b i o l ogical  synergi sms/ 
antagoni sms in i ntact materi al . 

Three ma i n  con s i derations have guided us i n  s e l ecting  fractionation 
methods: 

1) Procedures must produce useful samp 1 es for chemi ca 1 ana 1 yses.  

2 )  Procedures must y i e l d  sui tab l e  samp l es f o r  bi oassay. 

3) Procedures should be rap i d ,  and app l i cab l e  to l arge numbers of 
SRC- I l  mater i a l s .  

The fol l owing fracti onation procedures are equa l l y  compat i b l e  for chemical and 
b i o l ogi cal assay. However, they di ffer in rap i d i ty ,  amounts of fractionated 
mater i a l  that can be generated , and degree of chemi cal defi n i tion.  
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The part i cu l ar fractionat ion  method sel ected i s  a function of b i o l ogical  
test purposes . For examp l e ,  the l a rge quantities  of material  requi red for an
i ma 1 test i ng ( see subsequent sect i o n )  necess i tates use of so 1 vent fract i ona
tion o r ,  wi th cons i derab l e  effort, preparati ve- sca l e  HPLC. Most methods pro
v i de quanti ties  of materi al s suitab l e  for i n  v i tro analyses.  Part i t i o n  chro
matography and HPLC are the most appropriate fracti onat i on methods for our 
purpo s e s ,  based on :  1)  recovery o f  mutagenic acti v i ty present i n  unfraction
ated samp 1 es, 2 )  e l i  mi nat i on or reducti o n  of i nhi bi  tory or antagoni st i c ef
fects , and 3 )  s u i tab i l  i ty of fracti o ns for subsequent chemi ca 1 ana lys i s .  

Acid-Base-Neutral Sol vent Extraction .  The sol vent fracti onat i o n  
scheme i s  a mod1hcat i o n  of the method of $wa1 n  e t  a l .  for chemi cal cl ass 
iract i onat i on of ci  garette-smoke condensates. The procedure i nvo 1 ves sequen
t i al extracti on ( see F i gure 5) of the samp l e  in i so-octane wi th IN HC1 , IN 
NaOH , and dimethyl sul foxide ( DMSO ) .  F ractions produced i nc l ude polynuc l ear 
aromat i c  hydrocarbon ( PAH) , neutral , i so-octane i ns o l ub l e  tar,  bas i c ,  acid
i nduced tar ,  ac i d i c ,  and base- i nduced tar. Use of i so-octane in p l ace o f  
ether a s  the p r i  mary s o  1 vent y i  e 1 ds more-quanti tat i v e  recovery of 1 ow-boi 1 i n g  
neutral compounds a n d  a l so provides more-quanti tative separation o f  the PAH 
fract i on .  

Thi s sol vent fracti onat i on procedure provides the l arge quantities  o f  
samp l e  materi a l s  needed f o r  i n  vivo  animal testi ng,  a n d  wi l l  eventua l l y  a l l ow 
corre l ation  between i n  v i tro and i n  v i vo analyses .  However, when appl i ed to 
coal di sti l l a tes , a l l  s o l vent extraction  procedures res u l t  i n  l arge quanti ties  
o f  i ns o l ub l e  tars .  A lso ,  the  procedure i s  l aborious and  t i me-consumi n g ,  and 
resu l t s  are di fficul t to repl i cate . Recoveries of b i o l ogi cal acti v i ty are 
vari abl e ,  and may range from 60-100%. 

HPLC i s  performed en 
a norma l - phase NH2 column. The und 1 l uted sample , or a sampl e  d i l uted i n  
sol vent ( e . g . , hexane . or hexane : methylene chloride ) ,  i s  appl i ed to the co l umn 
and e l uted by a conti nuous ternary grad i ent. The e l ut i ng sol vent is changed 
from the i ni t i a l  100% hexane to 100% methlyene chloride ,  and subsequently to 
100% i sopropano 1 .  Thi s e 1 ut i on sequence separates s amp 1 e consti tuents i nto 
three pri nci pa 1 fractions.  The fi rst fraction conta i ns neutral hydrocarbon 
and aremati c  constituents. The second fraction  con si sts of more-pol a r  com
ponents , i nc l ud i ng ni trogenous bases and ami nes.  The third fraction contai n s  
t h e  most-po l ar (aci d i c  and pheno l i c )  consti tuents. 

Thi s fract i onation  method is rap i d  and hi ghly reproduc i b l e .  and has 
greater mi xture-component res o l v i ng power than other methods described here. 
Because of the method ' s  speed and reproduci bi  1 i ty , compos i te fraction samp l e s  
c a n  b e  generated from a number o f  runs.  The compo s i te sampl es provide suffic
ient material  for al l p l anned i n  vi tro a s says .  The method routi nely prov i de s  
quanti tative recovery o f  both b i o l ogical  acti v i ty a n d  m a s s  f o r  a gi ven synfuel 
materi al . Al though present equipment does not al l ow preparati on o f  fracti on
ated samp l e s  in suffi ci ent quanti t i e s  for animal bi oassay , preparat i ve-scale 
HPLC could do s o ,  w i th consi derable effort. 

Part i t i on Chromatography. Part i t i on chromatographic separati o n  i n
volves Sephadex LH-20, and 1S a modi fi cation of the techni que ( F i gure 6) of 
K l  imi sch and Stadl er, whi ch was further devel oped by Jones et a 1 .  The Sephadex 
LH-20 i s  f i rst swel l ed i n  methano l : water (85 : 15 ) .  The samp l e  i s  then app l i ed 
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and sequent i a l l y  el uted wi th 1 00% hexane, to 1 uene: hexane ( 1 0:  90 ) ,  and 1 00% 
methano 1 .  Thi s e 1 ut i on sequence separates consti tuents , based o n  po 1 ari ty. 
The hexane fract i on contai ns al i phati c and aromati c  hydrocarbons , other neu
t ral 5 ,  and S- and 0- contai ni  ng heterocyc 1 e s .  The to 1 uene/hexane fraction 
conta i n s ,  for the most part, moderately polar consti tuents , i nc l ud i ng some 
azaheterocyc 1 e s .  The methanol fraction contai ns the most-polar canst i tuents , 
i nc l ud i ng most primary amines and pheno l i c  components. 

A comb i nation o f  Sephadex LH-20 parti t i on chromatography and HPLC has 
been app 1 i ed to some SRC- II materi a 1 s. The three major fracti ons from Sepha
dex chromatography were re-separated by ternary gradient HPLC , which resul ted 
i n  l arge i ncreases i n  spec i f i c  b i o l ogical  acti v i ty .  

Partition  chromatography a l l ows fractionat i o n  of comparati vely l arge 
amounts o f  material s ( i . e . , 100 times more than HPLC but 20 times l e s s  than 
sol vent fractionati on).  The method a l so concentrates b i o l ogical acti v i ty by 
factors of 1 0  or greater ( e .  g . , i ncreases spec i fi c  mutageni c  acti v i ty 1 0- fo l d  
rel ative to unfract i onated material ) wi th h i gh y i e l d  o f  total b i ol ogical 
acti v i ty .  

Thi n- Layer Chromatography (TLC) . TLC separations of SRC- I I  mater
i a l s  are performed on s 1 1 1 c a  g e l  p l ates , usi ng a sol vent system o f  acetone: 
hexane: methanol ( 1 : 9: 0 . 25 ) .  The method has mai nly  been appl i ed to fractions 
deri ved by s o l vent extraction to aid in chemi cal i denti fi cation of b i o l og i 
cal ly acti ve components i n  SRC- I I  l i quids  ( see be l ow) .  A l though t h e  method 
must be consi dered primari l y  an analytical too l , i t  can be app l i ed to fai rly 
l arge amounts ( 1- 2  grams ) o f  SRC mater i a l s o r  fracti ons , when necessary. The 
technique i s  rap i d  and reproduc i b l e ,  but recoveri es o f  b i o l og i ca l  acti v i ty 
tend to be 1 ess than 100%. 

Data on Fractionated Materi al s .  Fractions obtai ned from procedures 
descri bed above have been sUbJected to Ames a s say. Sol vent extract i o n  frac
tions have a l so been subjected to the i nductest and Salmo ne l l a  8-Ag res i stance 
tes ts . Resul ts from Ames assay of s o l vent extracted fract10ns are shown i n  
Tab l e  1 2 .  The bas i c  fraction derived from SRC - I I  H D  had the h i ghest spec i fi c  
act i v i ty ( revertants/�g) i n  a l l  assays.  However, tar fracti o n s  deri ved from 
sol vent fracti onat i on were al so act i ve and , a l though of l ower speci f i c  muta
genic act i v i ty ,  contributed the bu l k  of total acti v i ty assoc i ated w i th the 
crude I unfract i onated mater; a 1 .  

Mamma l i a n  cel l transformation resu l ts tend to substantiate res u l ts o f  mi
crob i a l  assay s .  Howeve r ,  unl i k.e microbi a l  assay s ,  the mammal i an ce l l  trans
formati on as say shows b i o l og i ca l  response to the PNA fraction o f  SRC - I I  HD. 

Organi c Chemi cal Analyses 

SRC- I I  materi a l s  and fractions showi n g  b i o l og i ca l  act i v i ty in in v i tro 
assay s  are chemical l y  analyzed to determine  compounds and compound c l as se s  
capabl e  o f  cau s i ng b i o l ogical effect s .  To date , analyses have i nvo l ved gas 
chromatography/ l ow-resol ution mass spectrometry. A battery of chemical tech
ni ques wi 1 1  be used in the future , the form of whi ch wi 1 1  depend on themi ca 1 
and physi cal properti e s  of the samp l e  and resul ts of bi oassay.  Thus far , 
ana lyt i cal  emphas i s  has been p l aced on PAHs , N- heterocyc 1 e s ,  and pri mary 
aromat i c  ami ne s  (PAA s ) .  
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TABLE 1 2 .  Recovery of Ames Assay Mutagen i c  Act i v i ty i n  Fractions 
Derived by Aci d-Base-Neutral Sol vent Extract i o n  of 
SRC- J I  Heavy Di sti l l ate 

Re l a t i ve 
Weight Revertants/!Jg/ 

{?� of Tota l )  �l s ( ' )  
SRC- I :  B a s i c  400 

SRC� I l  Heavy D i s t i l l ate 24 66 
Bas i c  Tar 

SRC- l !  Heavy D i s t i l l a te 26 108 
Neutral Tar 

SRC- I 1  Heavy D i s t i l l ate 100 40 

( a)Oata for 2.:. typhiml.!riu!T1 TA9S, from T ab l es 1 and 3 
( b ) Re l a t i ve 'Weight 106 x revertants/l-lg/I08 ce l l s  

Weighted 
Act i v i t/b) Sum & Recovery 

16 S ' 48 

28 

40 48 4U x 100 = 120% 

Hi gh-resol ution capi l l ary col umn gas 
beperformed on standard commerci al i nstruments 

usi ng e i ther a 60 m x 0 . 25 \Ml ID \>ICOT coated with SP-2250 l i quid  phase or a 
speci a l l y  prepared 25 m x 0 . 25 mm ID \>ICOT gl ass c o l umn coated w i th SE-52 or 
SE-54 phase. The c o l umn eff l uent i s  spl i t ,  and both F I D  and ei ther N- or 
S-spec i fic  detectors are empl oyed for s i mu l taneous peak detect i on.  The F I D  
trace i s  automatical ly i ntegrated f o r  peak quanti tation. 

The method y i elds excepti o na l l y  high  reso l ut i o n  o f  compounds in compl ex 
mixture s ,  and wi l l  be used primari l y  to analyze b i o l og i cal l y  active fractions 
from various SRC- J I  di sti l l ates. Resolution o f  s i ng l �  compounds in complex  
mi xtures is  not uncommon by thi s means and,  based on retention time , it  shou l d  
b e  poss i b l e  to obta i n  confi rmatory qua l i tative a n d  quantitative evi dence f o r  
compounds of b i o l ogical  i nterest i n  5RC-JI l i quids .  

Ni trogen-contai n i ng compounds ( e .  g . , aromati c amines , N- heterocycl es )  
wi l l  b e  analyzed i n  fractions/subfractions b y  simul taneous use o f  the N
detector and F I D .  To determ i ne standards for GC, materi a l s  wi l l  fi rst be 
qua l i tatively analyzed for organic compound composition  by GCMS l ow-resolution 
methods descri bed bel ow.  Tentati ve compound ident i f i cat i on , based on GCMS 
results,  wi l l  be used to sel ect appropriate standards. 

S-conta i n i ng compounds ( e . g . , S- heterocycles)  wi l l  be analyzed by s i mu l 
taneous use of a n  S-detector a n d  F I D .  S-conta i n i ng compounds of potent i a l  
b i o l ogi cal i nterest, and requi red as standards i n  G C  and other analyses, wi l l  
be synthesi zed as needed. 
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Phenol s  obtained by caustic extracti on of SRC- J I  mate r i a l s  can be read i l y  
i s o l ated b y  addition  o f  acetic anhydride t o  a subsamp l e ,  and extracti ng the 
acetyl ated pheno 1 5  i nto hexane. A l though catecho 1 5  and other po lyfunct i ona 1 
pheno l s  are not comp l etely analyzed by thi s  procedure, i ts s i mp l i c i ty out
weighs the d i sadvantage of some 1 0 5 5  i n  analytical  detai l .  A l ternatively,  
phenol s  i n  organ i c  sol vents wi l l  be derivati zed usi ng pyridi ne/acet i c  an
hydri de o r  tri t1 uoroacet ic anhydri de. These deri vat i ves produce character
i stic  fragments i n  the mass spectrometer and are eas i l y  i dent i f i ed in compl ex 
mixtures. Underi vati zed pheno l s  can be separated on some of the newer fused
quartz capi 1 1  ary co 1 umn. , and can be detected us i ng mass spectrometry . The 
1 atter techni que wi 1 1  be used to analyze nonaci di c fractions for the presence 
o f  pheno l i c  contami nants. Various mono- and dicycl i c  pheno l s  are readi l y  
avai l able  as quant i tati ve standards. 

Use to date suggests that SE-52 1 i qui d phase wi l l  a l l ow separati o n  of a l l  
compound c 1  asses d i  scussed above. Other col umns , phase s ,  and condi t i ons may 
be necessary, dependi ng on the materi a 1 bei ng analyzed. Not a l l  ana lyses wi l l  
be performed o n  a l l  derived fractions .  B i o l ogical  results and the nature of 
major chemi ca 1 constituents known o r  suspected to be present i n fracti ons wi l l  
be prime factors i n  determi n i ng type and need for ana l yses. 

H i  ah- Performance L i Qui d· Chromatoara 
sti tuents rs--perrormed w l th a Spectro-PhysiCs 
i nstrument. Col umns i nc l ude norma l -phase NH2 c o l umns , s i l i ca gel co l umns , and 
reverse-phase C-18 col umns. Samp 1 e components are el uted from the normal - phase 
col umn wi th a ternary sol vent system ( i . e. , hexane , methy l ene Chl ori de ,  and 
i sopropano 1 ) . Fracti ons from the NH2 col umn are rechromatographed wi th an 
acetoni tri l e/water sol vent mi xture on the C-18 col umn to prov i de add i t i onal 
resolution of samp l e  constituents. A l ternat i v e l y ,  samp l e s  may be run di rectly 
on s i l i c a  ge l co l umns.  Samp les  analyzed by HPLC i nc l ude both crude materi a l s 
and fractions obtai ned from one of the separati on methods d i scussed above and 
wi l l  i ncl ude pri nci pal ly those that are b i ol ogical l y  acti ve.  F l uorescence , UV 
absorbance, and e 1 ectrochemi ca 1 detectors may be empl oyed ,  dependi ng o n  spe
c i f i  c compound types o f  i nterest. Component i dent i f i  cati o n  is achi eved both 
through retent i on-t ime compari sons wi  th standards and GCMS ana lys is o f  HPLC 
fractions.  HPLC analyses are sui tab l e  for nearly a l l  sample types , and are par
ticularly we l l  suited for hi gh-mo l ecu1 ar-we i ght consti tuents that are d i f f i c u l t  
to ana lyze b y  g a s  chromatography , h i  gh l y  po 1 a r  mater!! 1 5 ,  a n d  temperature-
sens i t i ve mater; a 1 s .  

G a s  Chromato ra h - Low Res o l ut i on Mass S ectronletr E l ec-
tron impact and chemlca l oni zatlon mode 5 ana yses are performed 
on ei ther a Hewlett Packard 5985 A or 5980 A GCMS system, us i ng e i ther a 60 m x 
0 . 25 mm ID \>ICOT g l ass column coated w i th SP-2250 l i qui d phase , or a speci a l ly 
prepared 25 m x 0 . 25 mm ID \>ICOT g l ass col umn w i th 5E-52 or SE-54 phase. Spl i t
l ess mode i njecti on i s  used with these capi l l ary columns.  The el uate stream 
may be sp1 i t  to a l l ow s i mu l taneous F I D  and mass spectrometric detection.  The 
F lD trace is automatical l y  i ntegrated for GC peak quanti tat i on and the MS data 
are used for peak i dent i f i cation.  The PAH concentrations are determ i ned both 
di rectly and in the PAH fractions. The PAA and N-heterocyc l e  concentrations 
are estimated from the bas i c  and tar fractions on both the 5P-2250 and SE-52 
co 1 umns . Concentrati ons of pheno 1 ,  aromati c  and hydroaromat i c compounds are 
determi ned i n  i ntact mater i a l s ,  u s i ng the SE-52 co l umn. 
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Hi h-Res o 1 ution  Mass S ectrometr HRMS ana l y s i s  provides 
accurate ma eeu ar wel ghts for const 1 tuents 1 n comp l ex mi xtures I thus al l ow; n9 
assi gnment of e l emental compo s i tion .  Ioni zation  modes avai lable  o n  the VG 
Micromass lAB 1 F  i nc l ude EI , C I ,  f i e l d  ioni zation  ( F I ) ,  and f i e l d  desorption  
( FD ) . The  l atte r ,  with  the  extended mass  range, a l l ows ana l y s i s  of non-gas
chromatographab 1 e components with mol ecu1 ar wei ghts up to 3000 atomi c mass 
units (amu ) .  Negati ve and metastab l e  ion analys i s  may a l so be used when 
necessary. The l atter are two o f  several recently devel oped techn i ques , 
i nc l ud i ng FD and high reso l ution mul t i p l e  detect i o n ,  whi c h  may be used for 
anal y s i s  o f  u l tra , trace , or refractory compounds .  

I n i ti a l l y ,  samples  analyzed by these methods wi l l  be  fractions compri sed 
o f  h i gher-mo l ecul ar-we i ght mate ri a l s  and espec i a l l y  those contai n i ng N, S, and 
o functional groups. General l y ,  we wi l l  fi rst obta i n  e l emental composition  by 
high res o l ution.  Structural features may then be studied,  u s i ng metastab l e  
ana l ys i s  and de ri vati zat i on , a s  wel l  a s  compari son t o  standard s ,  when such 
standards exi st .  

Summary of Res ults .  TLC was used to separate mutageni ca l l y  act i ve 
components of the bas l c ,  bas i c  tar ,  and neutral tar fracti ons of SRC- I I  HO 
from other components i n  th i s  comp l ex material . For the three fractions 
tested, mutagenic act i v i ty was l oc a l i zed in about the same TLC regi o n s .  The 
GCMS analysi s o f  the e l uates from TLC regi ons exhi b i t i ng e nhanced mutagenic 
act i v i  ty showed that the re 1 at i ve concentrati ons of PAAs ( obtai ned by measur
i ng peak areas for the [M + 1J ion in the CI mode) fol l owed a di stri buti on 
s i m i l ar to that o f  mutagenic  act i vi ty .  The PAAs in the acti ve regions i n-
cl uded ami nonaphthalenes I ami nobi phenyl 5 ,  ami noanthracene s .  ami nophenanthrenes I 
ami nopyrenes , ami nochrysene s ,  and thei r a l kyl homo 1 ogue s .  Except for sma l l  
amounts o f  ami nonaphtha1 ene , PAAs were not found i n  TLC regions that l acked 
mutageni c  act i v i ty .  

Concentrations of PAA w i t h  two t o  four fused ri ngs i ncreased a n d  de
creased commensurate with mutagenic acti v i ty i n  TLC e l uates of the bas i c  
fracti on. Mutagenica l ly act i ve TLC el uates from t h e  bas i c  and neutral tar 
fract i ons conta i ned sma l l er concentrati ons of two-ri ng PAAs , wh i l  e havi ng 
re 1 at i ve ly hi gher amounts of three- and four-ri ng compounds such as ami nophen
anthrenes and ami nopyrenes.  Concentrati ons o f  PAA agai n corre 1 ated with 
mutageni c  acti v i ty.  

TABLE 1 3 .  Phase I - I n  Vi tro Assays : So l i d Material s 

Mammal ; an 
Materi a1 to Ames Baci 1 1  us Subt i l  i s Ce 1 1  Trans for-
be Analyzed Sal mone l l a  �S� mat; on Other 

Vacuum Bottoms A , B  A , B  A , B  

Stripper Tower A , B  A , B  A , B  
Bottoms 

Coal S l urry A , B  A , B  A , B  

Raw S u l  fur C , O  C , O  C , O  

Gas i fi e r  S l ag:  C , O , E  C , O , E  C , 0 ,  E 
Coarse 

Gas i fier S l ag:  0 0 
F i  ne 

Waste Water C ,0 , E  C ,  0 ,  E C , 0 ,  E 
Inci nerator Sol i d s  

A to be performed on a l l  organic extracts and serum, HC1 , and s i mul ated l ung 
f l u i d  extracts .  

organ; c fract i onat i on and ana lyses to be performed on extracts conta i ni  ng 
b i o l ogical  acti v i ty .  

extent o f  chemical  fractionati on/ana lyses t o  b e  decided by earl ier  assay 
resul ts .  Other b i oas says (Tab l e  8 )  may be used dependi ng upon resul ts of 
thi s assay s l ate. 

to be performed on al l organic extracts and a l l  aqueous l eachi ng s o l utions  
i n  Tab l e  14. 

Sol i d  Process Streams and Wastes meta l s  analyses to be performed i f  res u l ts suggest meta l s  effect. 

Severa 1 sol i d materi a 1 s ( raw sul fur, vacuum bottom s ,  stri pper tower 
bottoms , coal s l urry, gasi f i er s l ag ,  wastewater sol i d s )  wi l l  be subj ected to 
i n  v i tro bioas say and chemistry. Methods of extracti ng these material s ,  the 
bi oas says to be employed and the chemical analyses to be performed are de
scri bed below. Assays to be performed on these materi a l s  are shown i n  Tab l e  1 3 .  

Sampl e Extracti o n  

Organ i c-Rich Mater i a l s .  SRC- I I  vacuum bottoms , stripper tower 
bottoms , and coal sl urry are rlch i n  organic compounds .  These mater i a l s  must 
be extracted or d i s s o l ved prior to ana l yses in in v i tro bi oassays.  Boundary 
cond i ti ons for s o l ut i on/extraction are a s  fol l ows: 

5 1  5 2  
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1)  Organic sol vents of vary i ng polarity ( hexane , tol uene , methano l , 
acetone and methyl ene chloride) wi l l  be used to effect maxi mum 
d i s so l uti on/extraction.  Bi oassay results wi th the extracts 
represent worst-case estimates s i nce i t  is doubtful that ani
ma l s  exposed to  organic-rich materi a l s v i a  i nhalation or dermal 
contact woul d  be capable of tota l l y  d i s s o l v i ng or extract i ng 
a l l  organi c compounds i n  these sol i ds . 

2) Sol vents repre senting s i mul ated or actual body fluids  wi l l  a l so 
be used (Tab l e  1 4 ) .  Extracts from these materi a l s  may repre
sent potential  phy s i o l ogi cal d i s s o l ution. 

TABLE 1 4. Aqueous Leachi ng Sol ut i ons 

So l ution pH Values:  1 ,  5,  9,  1 1  

Solut i on Salt  Concentrations:  

Sal ts :  

Add i t i o na l  Sol uti ons :  

O .  005 � and  O.  5 � 

NH.N03 

HC1 

Serum 

( p l us or mi nus 0. 002 M EDTA 

for pH range 5-9) 

S i mul ated Lung F l u i d  

Stri pper tower bottoms a n d  coal s l urry cannot b e  eas i l y  ground t o  g i ve 
powders suitab l e  for d i s so l ut i on. These materi a l s wi l l  be brought to l i quid 
nitrogen temperature s ,  shattered, and s i eved to part i c l es i n  the 200- to 
400-mesh range. Vacuum bottoms wi l l  be ground and s i eved ; res u l t i ng powders 
wi l l  be extracted i n  each o f  the organic  s o l vents .  Sol ution-to- so 1 i d  ratios 
and m i x i ng condi tions wi l l  be adjusted to effect maxi mum d i ssol uti o n  in a 
gi ven sol vent. Concentrat i o ns wi l l  be expressed as percent of sol i d di 5-
sol ved. 

Actual or s i mul ated body f l uids wi l l  i nc l ude serum, O . IN HC1 , and s i mu
l ated l ung f l uids  (Tabl e  1 4 ) ,  as decribed by Mos s .  Serum has been used to 
extract combust ion particul ates from operations  of diese1- and coal - fi red 
faci l i ties  for in v i tro assays. Hydrochl ori c acid s o l ution represents a 
sol vent wi th pH of gastr i c  f l ui d .  Simul ated l ung f l uids  have been used to 
estimate phy s i ol ogical  d i s sol ution for various potent i a l ly respirable partic
ul ates. Extracti on cond i t i ons are a s  described above. 

Mi neral-Rich Sol i ds .  Coarse and f i ne gas i fier s l ag ,  wastewater 
i nc i nerator SOl l ds ,  and raw sul fur wi l l  be extracted i n  each o f  the organ i c  
sol vents 1 i sted above. T h i  5 represents worst-case condi t i ons for trace
organi c material  d i s s o l ut i on from m i nera l -rich s o l i d s .  
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These materi a l s  wi l l  a l s o  be extracted in aqueous sol utions (Tab l e  13) 
conta i n i ng from 0. 005 M to 0 . 5  M salt and vary i ng in pH from 1 to 11.  Extrac
t i ons at pH 5 and 9, mi nus or p l us 0 . 002M EDTA , wi l l  a l l ow maximal metal 
remova 1 .  These so 1 uti ons represent wors t-case conditi ons for ana lyses of bi  0-
l og i ca l  effect$ o f  meta l s  in sol i ds .  Agai n ,  serum and s i mul ated l ung fl u i d  
wi l l  b e  used t o  represent phys i 0 1 o g i  ca 1 extraction.  

I n  Vi tro Tests and Chemistry 

Or9anic-Rich Materi a l s .  Chemical fractionation and analytical  
methods and 1n  v1 tro b 1 0as says wi l l  be pe rformed a s  described for l i qu i d  
products and process streams ( p p .  39-5 1 ) .  Rout i ne i n  v i tro b i oas says wi l l  be 
performed usi ng the Ames system and mammal i an ce l l  transformation.  We anti c i 
pate that organi c chemi ca 1 e n t  i ti e s  of concern i n  these materi a 1 5  may be 
s i "i l a r  to those found in l i qui d products and process streams . If thi s is not 
the case,  further ana l yses may be i nd i cated. 

Mi nera l - R i ch Sol i d s .  B i oas says of organ i c  extracts and aqueous 
1 eachates from m1 nera l-rl  ch so 1 i ds wi 1 1  be performed as descri bed previous  1 y .  
O n e  add i t ional bacterial  bi oassay system useful f o r  detecting  metal - i nduced 
DNA damage wi l l  also be used s i nce extracts and/or 1 eachates from mi nera l -rich 
sol i ds may contain h i gh concentrations o f  meta l s  rel ative to coal  l i quids  or 
organi c-ri ch sol i ds .  A s  d i scussed on p .  42, thi s assay is based on the sen
s i t i v i ty of recomb i nation-defi cient (REC-) stra i n s  o f  B .  subti 1 i s  to DNA 
damage i nduced by organ i c s  qr metal compounds. 

- ----

Organ i c  materi a l s  from mi nera l - r i c h  sol i ds wi l l  be fractionated as pre
v i ously described. I f  resul ts from the B. subti 1 i s assay suggest the presence 
of di rect-act i ng mutagens and Ames results' �the po s s i b i l i ty of metal or 
meta l -contai n i ng genotoxi cants must be examined. Appropriate ana lytical 
methods for metal s  of greatest potent i a  1 b i  01 ogi ca 1 concern are 1 i 5 ted in 
Tab l e  1 5 .  

Process Waters a n d  Treated Process  Waters 

SRC- I I  process waters may be the most di fficult of the materi a l s  to ob
tai n in representat i ve form. Therefore, bi omedi ca 1 5 tudi es on proces 5 water 
wi l l  be l i mi ted to screeni ng assays unti l waters more representative of poten
t i a l  demonstrat ion  or commerc i a l  operati ons are avai l ab l e .  

Dependi ng o n  content of organ i c  a n d  i norganic materi a l s ,  process waters 
and treated process waters may require extraction and/or concentration before 
in v i tro assay .  Three techniques wi l l  i n i t i a l l y  be used to provide s u i tab l e  
samp l es.  Results from b i oassays wi l l  aid in determ i n i ng the most s u i tab l e  
method. Assays to be used are shown i n  Tab l e  1 6 .  

Sample Extracti o n  

Evaporat i ve Condensat i o n .  Process water and treated process water 
wi l l  be evaporated 1n a rotoevaporator or a Kdurna Dan i s h evaporator. Total 
organic carbon (TOC) content in the condensate w i l l  be determ i ned. These 
samples may represent total carbon l oad (except for vol ati l e  consti tuents) i n  
a vol ume usable  for i n  v i tro bi oassay s .  
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TABLE 15 .  Analyti cal Methods for Determi n i ng Bi o l ogically Act i ve Meta l s  ". 
". � ., ,,.  rr >  

§- => '" => '" => 
El ement Determi ned Analytical Method ., � ., ., 

� " - 3 -� ;::;:� ;.� 
As El ectrochemical  techni ques , dc-coupl ed p l asm. .. � '" _. ", � � "' ,; � 

emi s s i o n ,  neutron activati o n ,  atom i c  absorption  ., g g - 0  => 
P l asma emi s s i on spectroscopy g: ., � ., -6 - ., 

� " 
Cr Neutron activat i on , el ectrochemical  techniques :;: ., 

.. 3 � x � � � � Cd E l ectrochem i cal techni ques , atomic absorpt i o n ,  
� .., j, co ., 

., 
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'" 
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� .., ., 
'" ., => 
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co 
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;:. '" ., 

=> x '" 
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'" � 
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� " 0 � 
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.., g c-, 
� or '" 
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.... � 

., ., .g � ., c-, 

Tl Neutron act i vati o n ,  e 1 ectrochemi ca 1 techni ques � c-, or 
� ., � '" 0 '< 0 =. 
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x 

Zn E l ectrochemical techni ques , neutron acti vat i on , 0 "' ., � 
., '< => ., atom i c  absorpti o n ,  p l asma emi s s i o n  '" c. c-, 0. � 

., 
=> 0 
., => 

� "-� � ., 
.;; 0. � 

'" '" 
'" � '" '" 
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S o l vent Extraction.  Two organic s o l vents ( hexane and methyl ene 
chlor de) havl ng dl fferl ng pol ari ty wi l l  be used to extract nonpo lar  and pol ar 
organ c compounds from process water and treated process water. Weight of 
mater al extracted wi l l  be determined by evaporation to constant wei ght. 

Preconcentrat i on onto Adsorpti on Res i n s .  Process water and treated 
process water w l 1 l be passed through small beds of ei ther XAD-2 (polystyrene 
d i v i nyl benzene res i n )  or XE-347 (carbonaceous res i n ) .  Adsorpti o n  on XAD-2 
res i n  i s  a standard method o f  preconcentration for trace organic material s i n  
natural waters . Recent evi dence i ndi cates that XE-347 i s  more effective for 
removi ng trace concentrations of pol ar organic compounds from water than i s  
XAD-2. 

After adsorption,  the res i n  wi l l  be Soxhl et-extracted with hexane , fol 
owed by methyl ene chloride extraction.  We i ght of material  extracted wi l l  be 
determi ned by evaporation to dryness , and corrected for res i n degradati on .  

I n  Vi tro Assays and Chemi stry 

In v i tro assays to be empl oyed are described on pp. 39-44. Chemical 
fractionati o n  methods and organic  analyses coupled to bi oassay needs are 
described on pp.  44- 5 1 . 

Short-Term In V i vo Bi oas say 

Short-term i n  vi va assays are. i n  many cases I e s sent i al to deve 1 op con
diti ons for use in the l onger-term , more-defi n i t i v e ,  who l e-animal studies  to 
be performed in Phase I I .  Add i t i onal l y ,  these as says provi de data on poten
t i a l  b i o l ogical  effects which may re sul t from s i ng l e- i nc i dent,  hi gh-dose ex
posures to SRC- I I  mate r i a l s  whi ch may be encountered in the workplace or 
envi ronment. Measures of teratogeni c i  ty I descri bed bel ow , prov; de i ni  t;  a 1 
data on determi n i ng whether fetal t i ssue may be subjected to uni que r i s k  after 
maternal exposure to SRC- I I  materi a l s .  Assays to be performed are shown i n  
Tab l e  1 7 .  

Acute Oral Toxi c i ty 

Acute oral studies  usua l l y  i nvol ve s i ng l e  exposures of anima l s  to test 
materi al , fol l owed by observat i ons of death, weight change , c l i ni ca l  symptoms 
and , in some cases , hemato 1 ogi c changes. Short-term, repeated-dose ( sub
chronic)  studies  i nvol ve exposures to test materi a l s  for up to 3 weeks. Re
s u l t s  of acute and subchroni c  tox i c i ty stud i es are genera l l y  used to establ i sh 
doses for chronic studies  ( i . e . , dominant l ethal i ty ,  transpl acental carci no
geni c i ty ,  etc. ) .  Mice and rats are usual test organi sms.  

Wi star rats and DBA mi ce wi l l  be given vary i ng doses of the l i qui d ,  
e i ther di l uted i n  corn o i l  o r  und i l uted, by gavage. Sol i d  materi a l s  (gasif ier  
s l ag ,  vacuum bottom s ,  stripper tower bottoms)  wi l l  be  suspended in  carboxy
methyl cel l u l os e  and admi ni stered by gavage. F i ve to 1 5  anima l s  of each sex 
wi 1 1  be exposed per dose in two to four rep 1 i cate s .  Ani mal s  wi 1 1  be fasted 
overni ght pri or to exposure. 
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For acute stud i e s , dose adm i n i strat i on wi l l  be one- t i me-on l y ,  and a n i ma l s  
wi l l  b e  observed dur i ng the next 3 days for mortal i ti e s a n d  other changes , 
i nc l udi ng wei ght l o s s , appearance of neurol ogical  changes , etc . Morta l i ti es 
wi l l  be recorded duri ng the f i rst 3 days postadm i n i strat i o n .  Howeve r ,  sur-
vi vi ng ani ma 1 5  wi 1 1  be observed for an addi ti ona 1 weeK to determi ne ; f re
covery from acute symptoms occurs .  If l atent mortal i ty occurs in  i ni ti a l  
stud i es ,  the observati on period wi l l  b e  extended. 

Short-term, repeat.ed-dose studies wi l l  fol l ow the same procedure , except 
that ani ma 1 s wi 1 1  be admi ni  stered tes t materi a 1 once per day for 5 consecuti ve 
days . Agai n )  mortal i ty . wei ght change s ,  neuro l og;  ca 1 symptoms . and other 
c l i n i cal  s i gns wi l l  be observed dur i ng the f i rst week fol l ow i ng the l ast expo
sure. Thi s type of exposure wi l l  sometimes be performed i n  conj uncti on w i th 
studies on effects of mate r i a l s  on prenatal devel opment. 

Acute Dermal Toxi c i ty 

L i q u i d  materi a l s  wi l l  be admi n i stered e i ther undi l ute d ,  or d i l uted i n  an 
appropri ate sol vent ( acetone , methanol , etc . ) .  Sol i d  mate r i a l s  wi l l  be sus
pended in an appropr i ate organi c or aqueous solvent as determined by analyses 
descri bed on pp.  5 1 -54.  Dose for mi nera l - r i c h  s o l i ds may be determ i ned from 
the max i ma l  concentrat i ons that can be di ssol ved or suspended i n  the sol vent. 
F i ve to 15 C3Hf /HeBd m i  ce of both sexes w i l l  be used for each dose group. Ma
teri a 1 s wi  1 1  be app 1 i ed to the shaved dorsal ski  n once per day for 1 0  consec
uti ve days . Anima l s  wi l l  be observed for 14 days after exposure for morta l -
i ty . w e i  g h t  l oss . neuro l og;  ca 1 changes a n d  overt symptoms o f  s ki n ; r r i  t a t  i o n .  

Eye I rri tat; on 

L i q u i d  materi a l s wi l l  be admi ni stered undi l uted. Sol i d  mate r i a l s  wi l l  be 
adm i n i s tered as f i ne l y  ground powders .  New Zealand Whi te rabb i ts wi l l  be 
used.  Materi a 1 s wi 1 1  be app 1 i ed and anima 1 s observed accordi ng to the Pro
posed Hea l th Effects Test Standards for Tox i c  Substances Control Act Test 
Ru l es ( F R  44 44054) . Grad i ng and scori ng of i rr i tation wi 11 be performed i n  
accordance wi t h  the method o f  Dra i ze e t  a 1 .  

Derma 1 Sens i t i zat ; on 

L i q u i d  mate ri a l s  wi l l  be adm i n i stered undi l ute d ,  or d i l uted with  phy s i o-
l ogi cal sal i ne .  Sol i d  materi a l s wi l l  be suspended i n  a m i n i mal  amount of 
phys i o l og i cal  s a l i ne .  A l b i no gui nea p i gs wi l l  be used.  Materi a l s  wi l l  be 
app l i ed accord i ng to the method of Landstei ner and Jacobs or, if i ntradermal 
i njection is i mpractical , by the method of Buehler .  Grad i ng and scori ng of 
react i ons wi  11 be performed accordi ng to the method of Dra i ze et a 1 .  

Aspi rat i on Hazard 

Mater i a l s wi l l  be admi n i s tered und i l uted. Young , F i scher 344 rats wi l l  
b e  used. Mater i a l s wi l l  b e  admi ni stered accord i ng t o  the method o f  Gerarde. 

Teratoge n i c i ty 

Devel opmental tox i c i ty stud i e s  with  m i c e  and rats w i l l. be performed to 
determi ne i f  embryo 1 ethal i ty . early embryoni c changes , or mal format i ons are 
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produced after admi n i s trati o n  of SRC- I I  materi a l s  to the pregnant fema l e . 
Test materi a 1 s wi 1 1  be admi ni stered ora l l y ,  even though other routes of entry 
( derma 1 and i nha 1 at i on)  may be more 1 i ke 1 y i n the workp 1 ace or genera 1 env i 
ronment. Oral adm i ni strati on i s  used because: 1 )  i t  permi ts better control 
of dose, 2 )  much of the dose after i nhalation exposure goes to the gastro
i ntestinal tract, and 3) data for other routes of entry can be rel ated to oral 
adm i n i strati o n  through pharmaco k i ne t i c  data. 

Typ i c a l l y ,  test mate r i a l  wi l l  be adm i n i stered to pregnant rats from 7-11 
and 12-16 days gestation ( dg ) ,  and to m i ce from 6-10 and 11-15 dg. About 
1 5-20 pregnant anima l s  wi l l  be used for each dose , in 2-4 rep l i cate s .  Preg
nant fema l es wi 1 1  be ki 1 1  ed at 20 dg ( rat)  or 19 dg (mous e ) .  The uterus wi 1 1  
b e  remove d ,  and fetuses w i  1 1  b e  exam; ned for gross m a  1 format i o n s ,  and sub-
j ected to mi crodi ssect i on for determi nat i on of i nterna 1 ma l format i ons.  Soft 
t i ssue wi l l  then be d i gested away from the skel eton us i ng potas s i um hydroxi de,  
and the skel eton , stai ned w i th al i za r i n  red , wi l l  be examined for  mal formations.  

Results to Date 

In studi es al ready conducte d ,  the acute taxi c i t  i es of SRC- I I R N ,  MD , and 
HD have been compared to those for sha l e  o i l ,  petrol eum crudes , and di esel oi l 
after oral admi n i s trat i o n .  Relative tox i c i t i e s , expressed as the dose ( g/kg 
body we i ght) requ i red to ki l l  50% of the test anima l s  in 3 days , are shown i n  
Tab l e  18. The SRC- I I  mater i a l s woul d b e  consi dered moderately toxi c  by i ndus
trial hygi ene standards ( C l i n i cal  Tox i c o l ogy of Commerc i al Products , M76) with 
a range of LDso val ues from 2 . 3 to 3 . 8  g/kg. 

Repeated-dose toxi c i ty was determi ned for RN , MD , and HD. Repeated-dose 
toxi c i ty val ues for SRC- I I  mate r i a l s  were substanti a l l y  l ower than the acute 
val ues . These data i nd i cate that e i ther the mater i a l  or the effects of RN , 
MD , and HD are cumu l at i v e .  

Admi n i strati on of RN , M D  or HD at 7-11 d g  d i d  n o t  s i gn i f i cantly i ncrease 
the i nc i dence of fetal mal formati ons over that in contro l s .  Fetal weight was 
affected only at doses produc i ng symptoms of maternal tox i c i ty ( i nh i b i t i on of 
weight gai n or death of some fema l e s ) .  Prenatal morta l i t i es were i ncreased by 
a l l  three mater i a l s ,  aga i n  at doses produci ng some maternal toxi c i ty. 

These SRC- II materi a ls produced more-severe fetal effects when admi n-
i stered at 12-16 dg than when gi ven at 7-11 dg. Pre nata 1 marta 1 i t  i es were 
i ncreased by a l l  three materi a 1 s, and i nci dence of mal format i ons was i ncreased 
by HD ( Tab l e  19 ) .  Al though i ncreased prenatal morta l i t i es occurred in the 
absence of s i gns of maternal tox i c i ty ,  i ncreases in i nc i dence of mal format i ons 
produced by HD were accompanied  by i nh i b i ted maternal wei gh t  gai ns dur i ng 
pregnancy. Pri ncipal  mal formati ons observed were c l eft pal ate , immature l ung 
and herni ated d i aphragms. 

INDUSTRIAL HYGIENE - PHASE 

Prev i ous epi demi 01 ogi c and l aboratory data suggest that coa 1 1 i qui ds may 
pose carc ; noge n i c  ri sk. Therefore I a comprehens i ve i ndustri a 1 hygi ene program 
was i n i t i ated at the Ft. Lewi s SRC p i l o t  p l ant.  A brief  desc r i pt i on of the 
program fOl l ows. 
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TABLE 18. Compa r i so n  of Acute and Repeated Dose Tox l �i ties  � ::-- - - - -of SRC Mater i a l s  in the Femal e  wi star Rat = 
, • ! � 

i" . [ Repeated � � � � Acute Dose � (b )  ( b )  � � , 

Material LOso LOso = =- =- � � 
. 

� .g � � 
� � :-

Raw naphtha 2 . 30 0. 96 ;; -. � :: -
Heavy d i s t i l l ate 2. 98 1. 19 - Q '-

-
� " § � 

M i dd l e  d i sti l l ate 3 . 75 1 . 48 i � 1 -

� � !!. 
� � 

Shal e  o i l  9 . 22 - . 

� =- g D i e s e l  o i l  11 . 8  I - � 
� i � 

Crude petro l eum >12 . " - � � � � 
/i} c ( a )Materi a l s  were adm i n i stered one-time-only by gavage for acute tox i c i ty 

i stud i e s .  F o r  subchronic stud i e s ,  materi a l s  were gavaged once dai ly for 
5 consecut i ve days. � . 

l£ 
( b \050 is defi ned as the dose,  i n  grams of material per k i l ogram of body E. � 

we i ght, required to k i l l  50% of the anima l s .  For the acute tox i c i ty study , � � 
t h i s  val ue represents a s i ng l e  dos e ;  for the subchronic studi es , the val ue � 
represents a d a i l y  dose. " E 

Worker Education i 
I n i t i a l ly ,  each empl oyee i s  adv i sed of the potent i a l  harmful effects of  

mate ri a l s  w i th whi ch he  wi l l  be worki ng , t h e  precautions necessary , good 
i ndustrial  hygiene practi ces , etc . Thereafter he is periodi cal ly shown train-
i ng fi lms and s l i de presentations and is given l ectures on s u i tabl e  topi c s  by 
qual i fi ed phy s i c i an s .  The educational program i s  a cont i nu i ng effort t o  ed-
ucate the emp 1 oyee concerni ng the potenti a 1 hazards i nvo hed , measures bei ng 
taken to protect h i m ,  and what he s h o u l d  do to protect h i ms e l f .  I nformat i on 
generated i n  the various heal th programs is made avai l a b l e  to the empl oyee as 
it becomes ava i l ab l e .  

Each emp 1 oyee i s  furni shed a comp 1 ete change o f  c l othi n g  dai l y ,  and shoes 
as needed. A change house is provided to prevent pos s i b l e  contami nation of 
street c l othe s .  Showers are mandatory after each s h i  ft. Lunchroom fac i l  i t i e s  
a r e  a l s o  provided t o  avo i d  food contam i nation. 

The trai ni  ng p rogram a l so addre sse s use of respi rators , protect i ve cl oth-
i ng for spec i f i c jobs where exposure to potent i a l l y hazardous materi a 1 s mi ght 
occur,  and work procedures in potent i a 1 1 y  hazardous areas. 

6 1  

� , == =  

,. ! 

� - c o  
� o � -

� 

� 
"' _' I...R 

'< 
, _ 0 0  

: � o  .. 

� 

- c; � ::;;: 
� "' "",  ..... 

� �  

-

!!. 

, 
� 

g 
e 

� 
0 0 .... _ 

� 

� � �  

% � 
;;-

.... .... .... o e o  
� .,., ...., � .,., '-'  (", ,,,,,, 0 e "" ...., 

...., "" Ch � _ ..:l  

-:;;:: c-. ...., .... 0 .... .... _ ..::> 0 

O ""  ... O::> ..... � 

::.e � ;; � ::;:  
. 

C"I '"  ° "" "'"  

, �  � ' .... o e  .... ..,.. 

' ..... 0 ..,.. ..,. .."  

· 0 0 0 0  ..... 

' 0 0 0 0 _  

.... ... V" U" U"  

: ...... ...... ...... ...... ...... 

62 

� z 
� 

� 

.... .... ..... o e o  
"' .... _ trl U" 1'.>  ..o _ "",  .. ", �  

.... .... CTI ... "" _  

e o:> .,.,  .... O "' _  ..... a> <-'l  

- - - _ <D O::> 

"" O  ..... ...., .... CT\ 

0 0 0  .... .... 0"1 

0 1  .... .... .... 

0 0 , ..... .... .... 

0 "" ' _ 0 ""  

0 0 ' .... 0 _ 

� �  

...... ...... ' ...... ...... 0 0  

,. 

:. : .r  s:-. = ! � 
� 

° 

::; 

;; 

e 

:: 

-

I € o ' ''' � i � "';-� � --
1 0 %  

;: ! H  i ?  
I t  .. 1 :::-
I � � z 

- i �'O � 
"" i � � � 

: ) � � �  
I _ 0 _  

I � ;.'g � � -
� 

I � -

- i � !  .. � I i' � 
� .  

1 0  --2. !. ;;  
o , , . 

' g  I �J " 
1 ::0  

I �L � i ; 
. ..  

- «  
-� . 

° 

/ o r _ 
o i:! -, e  

> 1" '" 

� 
if 
� 

� 
� 
=> 
Q. 

.., 

� 
� 

�. s. 
Q 
=> 

'" � 
� 
.., � 
0 " 
=> 

'" 
'" � 
=> '" 
" 
� -< 
". I � '" N � 
"" '" 
� " 
., 
e:. 
� 

.... ., 
0 !I 
';" 
'" 

� 
':; 
'" � 
� ,. 
� 

g 



Med ical  Surve i l l ance 

The medical  survei l l ance program provides peri odic exami nat i ons and sur
vei l l ance i n  s u f f i c i ent scope to detect , at an early stage , any changes i n  
phys i o l og i cal functi ons.  Each empl oyee i s  g i ven a comp l ete med i ca l  examina
tion i ni t i a l ly ,  and once per year thereafter. The exami nation cons i s ts of a 
med i cal h i s tory and an extens i ve phys i ca l  exam i nation.  A comp l ete b l ood work
up i s  performe d ,  cons i s t i ng of a wh i te bl ood cel l count , hemog l obi n ,  hemato
cri t ,  mean corpus culo.,  ;,cmogl obi n concentrat i o n ,  and di fferenti a l  wh i te ce l l  
count. Ana lys i s  o f  bl ood and uri ne , i nc l udi ng a m i c roscop i c  exami nati o n ,  i s  
a l s o  performed. 

The s k i n  is examined careful ly for evi dence of  l es i ons , and employees are 
a s ked to report any unusual s k i n  condi t i o n s .  The annual s k i n  exami nation i s  
suppl emented by a quarterly s k i n  exami nation by the P l ant Nurse. Any dermato
l o g i c  problems requ i r i ng a phys i c i an ' s  care are referred to a Board-certi fi e d  
dermato l ogi s t .  

P o s  teri or-anteri or a n d  1 atera 1 chest X- rays a r e  taken a n d  i nterpreted by 
a Board-cert i f i  ed radi 01  ogi s t .  Pul  monary function tes ts , cons i s t  i ng of forced 
v i tal capac i ty and forced expi ratory vol ume , are performed by the P l ant Nurse. 
Deta i l ed medical  records are mai ntai ned on each empl oyee for future epi demio
l ogical  stud i e s .  

T o  date , there have been f i v e  mi l d  tran s i ent cases of  photodermati ti s a t  
the F t .  Lew i s  p i l ot p l a nt res u l t i ng from exposure t o  coal l i quefaction mater
i a 1 s. No othel' i dent i f i  ab le cases o f  occupat i ona 1 di sease have occurred. 
Conti nued fo l l ow-up wi l l  determine i f  effects occur after l ong i ncubation 
periods among SRC pi l o t  pl ant emp l oyee s .  

Industr i a l  Hyo i ene Mon i to r i ng 

S i te- and personne l -moni to r i n g  are ongo i ng at the Ft.  Lewi s SRC pi l ot 
p l ant. Methods used and res u l ts to date are di scussed on p . 105. 

Toxi col ogi cal Determi nations 

Toxi cological  measures to be performed , and those performed to date , are 
descri bed in Phases I and I I ,  Bi omedical  Program ( pp. 37-60 and 76-82 ) .  Sum
ma r i e s  of avai l a b l e  i nformati o n  are a l so prov i ded. Data from animal s tu d i e s  
suggest t h a t  heavy c o a l  l i qu i d s  from the SRC- I I  process may c a u s e  dermal car
c i nogenes i s .  Resu l ts from Phase I and II s tudies may defi ne spec i f i c  compounds 
and compound c l asses of concern , and a l l ow devel opment of appropriate control , 
work-pract i ce procedures I and spec i fi c moni tori ng method s .  

ECOLOGICAL STUOIES ANO CHEMISTRY 

SRC- II materi a 1 s may enter the envi ronment by several routes , i nc 1 udi ng: 1 )  acci denta 1 re l eases of 1 i quid products duri ng handl i ng , storage , and trans
portat i o n ;  2) aqueous l eachates from s o l  id waste di sposal ; .3 ) unpl anned re
l eases of treated and untreated l i qui d e f f l uents ; and 4 )  fug i ti v e  atmospher i c  

63 

emi s s i o n s .  Severity and duration of  envi ronmental effects wi l l  depend on the 
quant i t i e s  and rates of  rel eases , and the pers i stence , behav i o r ,  and chemical 
form( s) of materi a 1 s rel eased in the envi  ronment. 

To eval uate the potent i a l  fate and effects of SRC- I I  mater i a l s  i n  the 
envi ronme n t ,  research w; 11 focus on source mater; a 15 from pi l at pl ants and 
wi l l  i nc l ude stud i e s  r e l evant and app l i cabl e  to demonstration fac i l i ty s i te 
operati ons . Envi ronmental studi e s  wi l l  be phased in the s ame manner as are 
b i omed i c a l  stud i e s .  The fol l owi ng section describes s tu d i e s  to be per{R5med 
in Phase I ,  uti l i zi ng a battery of eco 1 ogi ca 1 screeni ng a s s ays . Acute and 
chronic scree n i n g  assays wi l l  prov i de data on potenti a l  tox i c i ty o f SRC- I I  
mater i a l s  ( l i q u i d  and sol i d )  rel eased to the envi ronment. Organisms repre
senting various aquatic and terrestr i a l  troph i c  l ev e l s  wi l l  be tested. Tests 
described be l ow consi der regul atory agency concerns and the needs o f  process 
dev e l opers.  

Li  qui ds 

SRC- I I  product fuel o i l  and hydrode s u l furi zed naphtha may be pri mary 
products of SRC- I I  techno l ogy .  Because they may be d i scharged to waters 
and/or soi l s  as a consequence of s h i pment or s torage , these products wi l l  be 
examined in Phase I screen i n g  sys tems for potenti a l  eco l o g i cal effects , as 
wi l l  both treated and untreated process waters (Tab l e  2 0 ) .  Al though the pos
s i b i l i ty that un treated process water wi l l  enter the envi ronment is smal l ,  i t  
i s  essenti a l  to estab l i s h what effects m i ght occur from a n  unpl anned d i s
charge. Further, these data wi l l  a i d  i n  estab l i sh i ng the effectiveness o f  
water-treatment systems r e l a t i v e  to eco l og i c a l  effect. 

Aquatic Screening 

Studi e s  descri bed below wi l l  as s ay comp l ex SRC- I I  l i qu i ds ,  sel ected chem
i ca l  fracti ons , and/or spec i f i c  compounds and reference commerc i a l  o i l s .  Test 
organ; sms i ncl ude: the freshwater green a l gae , Se 1 enastrum ca ri cornutum; the 
loop l ankte r ,  Oaphnia magna;  two sediment-dwe l l i ng detr l t l vores , h l ronomus 
ten tans and Tanytarsus d l ss i mi l i s ;  the fathead mi nnow, Pi mepha l es 7romelas ; 
and ral nbow trout , Salmo gal rdner; . These spec i es are accepted re erence test 
organi sms and mos t  have cons 1 derab 1 e experimenta 1 hi  story. The two benthi c 
detri ti vores were sel ected as spec i e s  representati ve of the water/sediment 
i nterfac e ,  where coal l i qu i d s  re l eased to the envi ronment are expected to ac
cumulate. The two f i s h  represent eastern and western spec i e s .  

Acute toxi c i ty tests serve to: 1 )  pro v i de a means o f  scree n i ng SRC - I I  
raw l i qui d s  a n d  chem i c a l  fracti ons , 2 )  prov i de a reference data base l i ke l y  to 
be requi red for the generi c envi ronmenta 1 impact statement and vari ous federa 1 
and state permi t s ,  and 3) estab l i s h  appropriate concentrati ons for l onger-term 
( e . g . , chroni c ) studi e s .  Chem i s t ry wi l l  be i n tegrated wi th tox i c i ty tests 
because part it i oni  ng of  SRC- II 1 i qui d s  i nto water and sedi ment in test sys tems 
varies wi th time and compound type. Anima l s  exposed chron i ca l l y  ( e . g . , 30 
days ) may be exposed to d i fferent tox i c  compounds from those exposed acutely 
(e. g . , 48 to 96 hours ) .  Toxi c i ty res u l ts can be drasti ca l l y changed through 

laJAcute tox i c i ty s tudi e s  are funded by the U . S .  Envi ronmental Protection 
Agency. 
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partitioning effect s ,  depending on the ki neti c energy of mixing devices used 
to i ntroduce pol l utants to water. 

Our ml Xl ng system (termed batch , or rep 1 acement) provi des fi ve sequenti a 1 
extractions of SRC ' I I  o i l  with d i l ution water at 2-day i nterva l s .  Each aque
ous extract is chemi c a l l y  characteri zed. The fi rst extraction is used as a 
stock sol ution for acute toxicity tests. Chronic tests are conducted wi th 
both the fi rst and a l ater extracti on to s i mul ate effects of l ong-term expo
sures to subl ethal concentrations of acute ( re l ative hydrocarbon concentra
tions after i ni t i a l  contact w i th water) and chronic ( rel ative hydrocarbon 
concentrat ions after prol onged contact wi th water) mi xes. These tests span 
the range of mixes antici pated for an SRC- I I  product spi l l  in a river. 

Acute toxici ty tests wi l l  be repeated only as requi red for comparat ive 
purposes ( e . g. , when other product b l ends or fractions become avai l ab l e ) .  
Chronic toxicity tests wi l l  determine l o ng-term survi val , growth rate and 
repro duct ive potential of organi sms exposed to concentrati ons of test materi a 1 
that are not acute ly 1 etha 1 .  

Algal Test S¥stem. For some cl asses of chemi cal s ,  pri mary producers 
comprise the most sens l t l Ve b i o l ogical communi ty.  Accord i ng l y ,  devel opment of 
p rocedures for al gal assay and the l aboratory use o f  peri phyton commun i ti es 
for toxi c i ty testing is i ncrea s i ng.  Algal  assays are des i gned to determi ne 
the concentration of test material  havi ng no observab l e  toxic effect and are 
conducted by prepari ng four rep 1 i cates of at 1 east fi ve concentrations of test 
material , and a control . A standard nutrient medi um is d i s tributed in repl i 
cated fl asks w i t h  a known number of S .  caori cornutum. Test cul tures are 
i ncubated under conti nuous 1 i ght at �oc fo r  5 day s .  After 5 days exposure , 
ce 1 1  counts and ch 1 orophy l l  a fl uorescence are determi ned. Remai ni ng a l ga 1 
cel l s  are removed by centri t"iigati on and i nocul ated i nto fl asks contai n i ng 
c l ean medium and no test material . After a 9-day recovery peri od , ce l l  counts 
and chl orophyl l ! fl uorescence are aga i n  determi ned. 

Oaphnid  Test  Systems.  Acute tests determine the potenti al effects 
of test materl als  over short-term exposures.  Dose-response rel ations h i p s ,  
i nc l ud i ng the medi an l ethal concentration ( LCso ) a n d  l owest concentration 
produc i ng a toxic response are determi ned. A 48-hour static approach is 
empl oyed to assay the effects o f  six test concentrati ons , p l u s  contro l s .  S i x  Q.:. magna are used per test concentration or control . Tests are conducted 
under sel ected conditi ons of water hardness , temperature , d i  sso 1 ved oxygen 
( DO) and pH to eval uate the effects of water qual i ty on toxicity .  Water (�O , 
pH , temperature) and chemi cal vari abl es (total organic carbo n ,  ul trav i o l et and 
i nfrared hydrocarbon measurement) of stock and exposure sol utions are mon i 
tored duri n g  testing t o  correlate chemi stry w i t h  effects. 

To study l ong-term effects of concentrati ons of test material  below those 
that are acutely l ethal , a Oap�n i a  pop u l ation u n i t  i s  observed over i t s  l i fe 
cyc l e .  The test procedure emp oys five concentrations of test mater i a l , p l us 
contra 1 s. Test concentrati ons bracket 1 / 1 0  the acute LC$o , Test organi sms 
are exposed in a static system to the same test concentration for up to 28 
days. However , the organi sms are transferred three times weekly ( standard 
renewal procedure) to fresh test sol uti on .  Long-term surv i val , growth and 
reproduction ( i . e. , timi ng , number of offspr i n g ,  etc. ) are monitored. 
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Oetr i t i vore Test System s .  Acute tox i c i ty tests with m i dge l arvae , 
C. tentan s ,  measure mortahty after short-term exposure ( 48-96 hours) to test 
iiiaten . 1 s  under sel ected water- qua l i ty cond i t i ons a s  described for O .  magna .  
Ea�h t e s t  chamber conta i n s  paper substrate t o  reduce canni bal i sm .  -

Chroni c toxi ci ty tests with mi dge 1 arvae eval uate potent i . l  effects of 
materi a 1 s on organi sms found i n  sedi ment and 1 i vi ng 1 arge ly on detri tus.  The 
procedure i s s i mi l ar to that descri bed for O .  magna and empl oys fi ve concen
trations of  test materi a l , p l us contro l s .  lest concentrations bracket 1 / 1 0  
the LC.o. Test organi sms are transferred three t i mes weekly to fresh test 
sol ution and are exposed for up to 2 1  day s .  Li fe-cyc l e  analyses i nc l ude 
monitoring surv i val , reproducti o n ,  emergence t i mi ng and growth .  Because of 
di fferences in l arval s i ze and t i mi ng of various l i fe-cycle event s ,  C .  tentans 
is used to study growth ;  and I. d i s s imi l i s  is used to study reproductio;;a;;cr
emergence timing.  

F i s h  Test Systems. Acute toxicity tests with fathead mi nnows , P .  reme)as , and ral nbow trout, S .  ga i rdneri , are desi gned to measure mortalTty 
L so after short-term exposure to test mater i a l s  under se l ected water-

qua 1 i ty cond i t i ons , as descri bed for O. magna and C. tentans. The exposure 
period i s  96 hour s ,  and tests empl oy 11 0w- through Systems to avo i d  l ow DO 
1 eve 1 s res u l t  i ng from fi s h  metabo 1 i sm, bacteri a 1 oxygen demand , and waste 
breakdown. To provide data on subl ethal effects , observations are a1  so made 
on swimming behav i o r ,  l o s s  of ref l ex ,  d i scol orati on,  and mucus production.  

Chro n i c  toxicity tests with fathead mi nnows are conducted under fl ow
through cond i ti ons  at f i ve test concentrations whi c h  bracket 1 /1 0  the acute 
LC.o . Eggs or l arvae are exposed for up to 30 day s ,  and l ong-term s urv i val  
and growth are monitored. Test duration c a n  be extended to i nc l ude spawn i ng 
of mature i ndi vi dua 1 s. After spawni n g ,  50 embryos are randomly sel ected for 
i ncubat i on to determi ne v i  abi l  i ty, hatchabi l i ty ,  and reproductive s ucces s. 

For western fi  sh speci e s ,  tests wi l l  be conducted in whi ch the ferti l e  
embryos o f  rai nbow trout are exposed for 28 to 60 day s .  Embryo survi val and 
surv i val  and growth of hatched f i s h  wi l l  be determi ned. Tests wi l l  be con
ducted under f l  ow-through cond i t  i ons and are des i gned to determi ne whi ch 
toxicant concentrations adversely affect early l i fe stages of f i s h .  The 
procedure employs f i ve concentrati ons of test materi a l , p l us control s .  Test 
concentrations bracket 1 / 1 0  the LC so .  A d i l ut i on factor o f  not l es s  than 0 . 5  
wi 1 1  b e  used between treatments . 

Behavioral Studi e s .  Organ i sms i n  the i r  natural envi ronment may 
avo i d ,  may be unaware of, or may be attracted to noxious chemi cal s .  There
fore , behavi oral studi es wi 1 1  be conducted wi th fathead mi nnows and , possi  b 1 y ,  
mi dge l arvae t o  a i d  i nterpretation o f  acute and chronic tox i c i ty test resul t s .  
Pol l utant concentrati ons causi ng death, retard i ng growth ,  or l i mi t i ng repro
duction in the l aboratory are only i mportant in nature i f  they are b e l ow the 
avoi dance thresho l d .  Avoidance studies with f i s h  wi l l  be conducted i n  c i r
c u l ar f l ow- through .systems empl oy i ng n i ne chambers s urroundi ng a center drai n. 
The system is desi gned to a l l ow test organisms to enter or exi t amb i ent water 
or water contaminated with test materi al . Del i very systems are desi gned to 
al l ow desi red physicochemical part i t i o n i ng of test material among oi l ,  sedi
men t ,  and water phase s .  Vi sual observations a n d  v i deo recordi ng techniques 
wi 11 document behavi or. 
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Forty-fi ve f i s h  are p l aced i n  the system to start a test.  After a 24-
hour acc1 imat i on peri od , tox i cant is i ntroduced to some ( randomi zed) chambers . 
Observat i on s  on fi sh response ( e .  g . , avoi dancel attract i on) to SRC- I I  materi a 1 s ,  
are made at hal f-hour i nterva l s  for 2-4 day s .  The effect o f  other eco l ogical  
vari ab l es ( shel ter,  food , temperature , etc . ) on response to SRC- I I  materi a l s  
w i  1 1  al so be eval uated. 

Or anic Anal t i c a l  Chemi str Chem i -
c a l  analyses assocl ated Wlt aquat l c  scree n l ng studl es cons l st 0 mon i tori ng 
concentrations of SRC- l l  materi al s as tox i c i ty experiments are conducted , .s 
we l l  as more detai l ed procedures for detemi n i ng exposure concentr. t i o n s  of 
vari ous SRC- II chemi c.l components. 

App 1 i cabi l i ty of  i ndi v i  dua 1 tests wi 1 1  depend on SRC- II concentrations 
emp l oyed during eco l og i c a l  testi ng and the quanti ty of mater i a l  avai l ab l e  for 
analys i s .  The fol l owi ng methods andlor analyses wi l l  be emp l oyed: 

1 )  

2) 

3) 

4 )  

Dohrman or Beckmann carbon analyses - di rect i nject i on o f  
aqueous samp l e ;  measures total organi c carbon ( TOC ) .  

l R  ana l y s  i s  - extraction o f  water w i th carbon tetrach 1 o r i  de 
fo 1 1  owed by determi nat i on of the absorbance at 2927 cm- 1 ;  
e s  t imates hydrocarbon and pheno 1 concentrati o n s .  

Photometric phenol assay - use of aminoanti pyrene to form a 
col ored comp l ex ;  al l ows rap i d  estimation of pheno l s  in aqueous 
med i a .  

XAO-2/lR anal y s i s  - organ ic  material from s o l ubi l i zed or s u s
pended SRC- I I  i n  water can be samp l e d  by pUlIIP i ng l arge quan
t i t i e s  of water over XAO-2 res i ns and extrac t i ng the res i n  wi th 
carbon tetrachl oride.  The quant i ty of materi al trapped o n the 
col umn i s  esti mated u s i ng i n frared absorpt ion at 2927 cm- l .  

Ouri ng testi ng , exposure concentrati ons of various SRC- I I  components wi l l  
b e  determi ned a s  fo 1 1  ows: 

1 )  

2 )  

3 )  

Hydrocarbons - aromati c  and saturate hjdrocarbons are extracted 
from the test water usi ng hexane. The hexane extract is con
centrated , and the aromati c  hydrocarbons separated from satur
ates usi ng s i l  i ca gel chromatography . Hydrocarbons are then 
quant i tated usi ng cap i l 1  ary gas chromatography and GCMS tech
ni ques di scussed on pp. 48-5 l . 

Pheno 1 s - the water samp 1 e i s  adjus ted to pH 1 2+ w i t h  NaOH to 
form the sodi um phenates , and extracted wi th hexane to remove 
i mpuri t i e s .  Aceti c anhydr id e  i s  then added to form pheno l .c
etate deri vati ves , whi ch read i l y  extract i nto hexane. The hex
ane extract i s  concentrated and the pheno l s  quanti tated w i th 
F l O  capi l l ary gas chromatography u s i ng an i nternal standard 
cal i brated against a vari ety of methyl ated pheno l s  and i ndano l s .  

Pyr i d i ne s  and Ani 1 i nes  - ani l i nes and other bas i c  ni trogen 
compounds I al ong wi th neutra 1 spec; e s ,  are extracted from an 
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4 )  

aqueous s o l ut i o n  a t  pH 1 1 - 1 2  w i th CH2C1 2 •  Extracti o n  of the 
CH2 C 1 2  wi th 1M HCl y i e l ds a fraction enriched i n  basic ni trogen 
compound s .  Ani 1 i nes in thi s fract i o n  can be separated from 
N- heterocycl es and quanti tated by GC after acetyl at i on wi th 
acetic anhydr i de .  Extracti on o f  the derivat i zed CH2 C 1 2  s o l u
t i o n  with 1M HCl wi l l  remove b a s i c  heterocycl es and y i e l d  a 
CH2 C 1 2  s o l ution contai n i ng neutral acetylated ami ne s ,  whi c h  are 
then quanti tated by GC . The procedure d i  st i ngui shes between 
the pre>ence of a l kyl  pyri d i  nes or a l kyl  ani l  i nes i n  an aqueous 
samp l e .  Al kyl  ani l i nes and pyr i d i nes have s i mi l ar GC and mass 
spectra 1 characteri s t  i c s ;  i dent i fi cat i on of these compound 
c l asses i s  di ffi  c u l  t wi thout pri or deri vat i zat ion.  

Other compounds - it is  antici pated that for most SRC- I I  mater
i a l s ,  the analyses described above wi l l  account for most organic 
components extracted i nto water , un 1 e ss  there is substantial 
s uspended i ns o l u b l e  orga n i c  mate r i a l  present. In that cas e ,  
analytical probl ems are s i mi l ar t o  those d i scussed on pp. 
48-51 , and a s i m i l ar analytical  s trategy wi l l  be employed. 

Pre l imi nary Resul ts . Results of acute tests wi th a potential  SRC- I I  
l i q u i d  product (a blend composed of 2 . 9  parts MD to 1 part HD) i nd i cated median 
l ethal concentrations ( LCse ) ,  determi ned by probit analys i s  at the 95% fi duc i a l  
l evel , were 2 . 0  ( 1 . 8  t o  2 . 3 )  p p m  TOC for Q. Totni ' 8 . 3  ( 7 . 9 to 8 . 7 ) ppm TOC for 
fathead mi nnows , and 1 0 . 0  ( 4 . 8  to 20 . 5 )  ppm or mi dge l arvae. 

An acute test was a l so conducted wi th Prudhoe Bay crude o i l  as a refer
ence toxicant. The s toc k s o l ut i o n , prepared i n  the standard manner, as  for 
the SRC- I I  b l end , produced a water- so l u b l e  fracti o n  with 19 ppm TOC ( compared 
to the 900 to 1 1 00 ppm TOC produced by the SRC- I I  b l end) .  The reference o i l  
produced n o  morta 1 i t  i es i n  fathead mi nnows , daphni ds o r  m i  dge 1 arvae a t  TOC 
l eve l s  producing 1 00% morta l i ty with the 2 . 9 : 1 b l end. Therefore, based on 
TOC , the SRC- I I  b l end appears to be more tox i c  than Prudhoe Bay crude. The 
di fference in toxi c i  ty probab ly refl ects hi gher concentrations of water
s o l ub l e  phenol i c s  in SRC- I I  preparations . 

Pre l i m i nary chronic stUdies s howed that the f i r st  extract of 2 . 9 : 1 SRC- I I  
b l end i nh i b i ted a l gal  growth dur i ng exposure t o  TOC concentrations as  l ow a s  
6 . 4  ppm , but di  d not i n h i  b i  t a l g a  1 recovery unti l TOC concentrations exceeded 
57 ppm. Da�h n i a  growth was i nh i b i ted at TOC concentrati ons as  l ow as 0 . 6  ppm , 
about 25-33 of the acute LCse.  Surv i v a l  and reproductive success of Oaphnia 
were reduced at about 1 ppm TOC. Add i ti onal l y ,  emergence of mi dges ",as de
l ayed at these l ow concentrations.  

Chemi ca 1 ana lys i s s howed that SRC- I I  aqueous extracts contai ned a compl ex 
mi xture of pheno l s  and aromat i c and saturated hydroca rbon s .  Concentrat i ons of 
tota 1 organi c carbon, pheno 1 s and hydrocarbons decreased wi th each extraction.  
Changes in  rel ative concentrations o f  various compound c l a s se s  of pheno l s  al so 
occurred w i th each replacement. These changes i n  pheno l s  were attributed to 
di fferences i n  the o i l -water d i stri but i o n  coe f f i c i ents as the weights of 
pheno l i c  mol ecu l es i ncreased. 
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Logari thmi c depuration occurred for TOC , tota 1 pheno 1 s ,  and pheno 1 s of  
lower mo l ec u l a r  weight. Approxi mately l i near depurati on w as  evi dent f or  aro
matic hydrocarbon c l as s e s  and pheno l s  of h i gher mo l ec u l ar weight. Pheno l i c  
compounds compri s ed h i g h  percentages o f  the TOC l oad o f  a l l  extracti o n s .  

Terres tri a 1 Screeni n9 

P l ant Growth and Rooting. Smal l we i gh i ng- l each i ng lys imeters wi l l  
b e  used to determ1 ne 1 f SRC-II 11 qui ds and mi nera 1 res i dues ( s o  1 i d wastes ) are 
del eterious to p l ant growth when i ntroduced to s oi l in various amounts . Th i s  
i nformat i on i s  needed for s o i l decontami nat i o n  procedures and c 1  eanup fal l  ow
i ng accidental s p i l l s  i n  f i e l d  s i tuati ons . 

The lysi meters are cons tructed of p l a s t i c  i rr i gation p i p e ,  nom i na l ly 1 
meter l ong.  Lysimeters are p l aced outdoors so that ambi ent effects of c l i mate 
and soi l cond i ti ons  are presented to the grow i ng p l ants . Water use by growi ng 
p l ants is determined by wei gh i ng. Leachates for in v i tro b i omed i cal  analyses 
or aquatic screening assays can be obtained through a porous ceram i c  cup on 
the bottom of each lys imeter. P l ants are grown from seed germ i nation through 
seed l i ng and vegetative growth,  f l ower i n g ,  and seed-ri p e n i n g  stages of  deve l 
opment. Experimental materi a l s  added t o  l y s i meters are retri evab l e .  Lysim
eters can be opened to observe and measure root growth , as we l l  as for cus" 
tomary above-ground observations and quanti tat i v e  measurements . 

Sma 1 1  lys i meters have many of the des i rab 1 e experimenta 1 des i gn features 
of greenhouse and growth-chamber experiments. Advantages i nc 1 ude: I )  mi n i ma 1 
quant i tat i v e  requi rements for SRC- II materi a 1 s ;  2) fac i l  e recovery of most 
test mater i a l , wh i ch a l l ows assay of materi a l s  consi dered to be of h i gh re l a
tive tox i c i ty ;  3) contro l s  and treatments can be stati s t i ca l l y  rep l i cated; 
4) various concentrati ons of test mater i a l s  can be used over a broad range of 
backgrounds in amounts anticipated from spi 11 s ;  5 ) the same experi menta 1 s oi  1 
(or di fferent soi l s) can be used and rep 1 i cated ; 6) water content of s oi  1 can 
be carefu l l y  monitored so p l ants are never defici ent or over-supp l i ed wi th 
water; 7) weeds can be contro l l ed ;  8) p l ant harvests can be made and t i s sues 
archived or chemical ly analyzed ; 9 )  seeds can be saved for further tests ; and 
10) observations for symptoms o f  chemic al  toxi c i ty can be made on shoots and 
roots . 

Bar 1 ey , Hordeum vul  gare , wi l l  be the experi menta 1 taxon. Observat i ons 
and measurements w1 11 1 nc l ude: 1 )  eval uation of  standard botani cal  character
i st i c s :  l es i ons , chl oros i s ,  necros i s ,  number of  f l owering c u l ms , l ength o f  
seed head s ,  total shoot bi omas s ,  etc. ; 2 )  performing standard chemical  ana l 
yses ( p rote i n  content of gra i n ,  m i neral content of shoot t i s sue) ; and 3 )  eva l 
uating b i o l ogical  tox i c i ty ( seed germ i nation  and i n  vi tro b i oassay ) .  

S o l  i ds 

A l l  waste materi a l s  from SRC- I I  faci l i t i e s  are expected to be i n  s o l i d or 
semi sol i d  form and di sposed i n  l andfi l l s . So l i ds of concern i nc l ude SRC- I I  
gas i fi e r  as h ,  con s i s t i ng of  the gas i f i ed resi due from vacuum bottoms , and 
process 'o¥ater i nci nerator ash. Ecological screening assays for sol  ids are 
s hown in Tab l e  2 1 . 
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Aguati c  Scree n i ng 

Leachates of sol i d  wastes wi l l  be prepared u s i ng lysimeters ( p .  70) or a s  
described on p .  89 , a n d  as sayed i n  the aquatic screening systems described 
on pp.  64-67. These assays are s i m i l ar in design and purpose to analyses 
suggested by RCRA. 

Terrestri a 1 Screeni ng 

Sma l l  we i gh i ng-l eachi ng l y s i meters , described on p .  7 0 ,  wi l l  be used to 
screen for potent i al effects of sol i d  wastes on p l ant growth and produc ti v i ty .  

E NV I RONMENTAL ASSESSMENT/R I SK ANALYSES - PHASE I 

Toward the end of Phase I researc h ,  i t  wi l l  be pos s i b l e  to defi ne general 
propert i es of major products , process streams , and effl uents anti c i  pated from 
the SRC - I I  demonstrati on faci l i ty. Phase I stud i e s  wi l l  prov i de data from 
short-term screeni ng as says on potentia 1 bi omedi ca 1 and eco 1 ogi ca 1 effects for 
a range of test materi a l s  w i t h i n  demonstrati on faci l i ty des ign spec i f i cations.  
Effects data on other materi a l s  presently in commerce wi l l  a l so be avai l ab l e  
for comparative purposes . Phase I studi e s  wi l l  i dent i fy compounds and com
pound c l asses caus i ng b i omedi ca l  effects i n  s i mp l e  system s .  Chem i s try and 
envi ronmental fate stud i es (Phase I I )  wi l l  prov i de qual i tative estimates of 
chemical ent i t i es of potenti al concern. Li ttl e or no i nformation wi l l  be 
ava i l ab l e  on atmospher i c  emi s s i ons , e i ther in the workp l ace or the environment 
around the fac i l i ty ,  nor wi l l  substanti a l  l aboratory or f i e l d  data on food
chai n or hydro l og i c a l  transport o f  SRC- I I  mater i a l s be ava i l ab l e .  

Envi ronmental asses sment/ri S K  a n a  lyses at t h i  s stage wi l l  therefore be 
qua 1 i tat i ve , and wi 1 1  i dent i fy areas where i nformat i o n  is needed to l ower 
degree of uncertai nty , and a l l ow quanti tat i ve ana lyses of envi ronmental r i s k. 
Data needed for envi ronmental assessment/r i s k  anal yses of materi a l s  spec i f i c  
t o  the SRC- I I  process are described be l ow ,  u s i ng several exampl e s .  Si nce an
a l yses for certa i n  cri teri a po l l utants such as SO , HzS,  and NO are ongoi og,  
spec i f i  c assessments for effects of these materi afs wi l l  not bexperformed . 
Howeve r ,  we wi l l  use , rel ati ve to these mater i a l s ,  avai l ab l e  b i o l og i c a l  and 
engi neeri ng i n formation in assessment of the SRC- I I  proce s s .  

Phase I analyses cons i st of short-term screeni ng assays t o  measure tox
i c i ty of major process streams , products ,  and sol i d  and l i q u i d  effl uents . 
Add i t i ana 1 1  y, some chemi ca 1 ana lyses on compounds and compound c l asses of 
potenti a l  b i omed i c a l  and eco l ogical  concern may be avai l ab l e .  The fo l l ow i ng 
assessment acti v i ti e s wi l l  be performed w i t h  t h i s  i nformation:  1)  eng i neer i ng 
analyses of potential  release s i tuati ons rel evant to occupational and envi ron
mental effects of major SRC- I I  process streams , products , and l i qui d and sol i d  
wastes ; and 2)  qual i tative  anal yses o f  b i omed i ca l  and eco l og i ca l  r i s k .  

T h e  nature of  b i omed i cal  and  ecol ogical  assessment can  best  be i l l us
trated b y  spec i fi c  hypotheti ca l  examp l e s :  

EXAMPLE 1 :  About percent of t h e  fema l e  work force wi l l  b e  ex-
posed to process stream X duri ng faci l i ty mai ntenance operat ions .  Proce s s  
stream X i s  teratogen i c  i n  rats only at l e v e l s  approac h i ng those f o r  acute 
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maternal tox i c i ty .  Therefore , ex i st i ng data suggest mi n i ma l  hazard to the 
conceptus of fema l e  workers exposed to l ow doses of stream X. However , to 
confi rm and quanti tate thi s  pred i ct i o n ,  the fol l ow i ng i n formati on wi l l  be 
needed: 

a) Data on Teratogenic Effects of Process Stream in Another 
Spec l e s  

Teratogeni ci  t y  of severa 1 compounds appears t o  vary wi t h  speci es.  Therefore, 
acute teratogeni c i ty stud i es with rabbits exposed to process stream X are 
p l anned in FY __ 

b) Data on Devel opmental Effects of Process Stream X 

Presently , there are no data on potential devel opmental effects occurring as a 
consequence of i n  utero exposure. Therefore , pass ;  b 1 e effects of process 
stream X on anatomi cal , phys i o l ogica l , and behavioral maturation of offspring 
cannot be ruled out. Stud i es to address this question are scheduled for 
FY __ _ 

c) Data on Inhalation Exposure Effects of Process Stream 

Present work on teratogen i c i ty consi ders only the i ngestion route of exposure. 
lie do not antici pate that i nhal ati on exposure wou l d  a l ter rat teratogenicity .  
F o r  examp l e ,  w e  woul d  expect that the relationship between maternal tox i c i ty 
and fetal effect woul d  be s i m i l ar for the i nha l ation route of exposure as 
compared with i ngesti on.  However , d i fferenti a l  absorpti o n  of process stream 
compounds from l ung may res u l t  in a d i fferent teratogenic  potent i al . Thus , 
worl< on i nhal ation teratoge n i c i ty of process stream X i s  pl anned i n  FY ___ . 

EXAMPLE 2: Process stream Y is produced i n  sma l l  quanti ties i n  a 
vessel from Wh l C h  there i s  l i ttle  chance of fug i ti ve emi s s i on .  Process stream 
Y can eas i l y  be c leaned from the vessel  and safely di sposed of before mai nten
ance. Al though the mater i a l  has been shown to produce s i gni f i cant genotox i c
i ty i n  submamma l i an and mamma l i an cel l  assays , it does not appear to be of 
occupati onal or envi ronmental health concern (based on existing process i n
formati on) . To con f i rm this assessment, the fol l owing i nformation is needed: 

a) F i na l  Design Cri teri a for Compo s i t i on and Use of Process 
Stream Y 

Our asses sment at th i s  stage must be based on process condi t i ons and vessel 
construction described in Base 0 demonstration fac i l i ty des i gn .  I f  des i gn 
consi derations res u l t  i n  changes i n  exposure scenar i o s ,  r i s k  may be a l tered. 
Phase I demonstration des i gn analyses wi l l  be ava i l ab l e  in FY 

b )  Information on Inha l at i on a n d  Dermal Carci noge n i c i ty of Process 
Stream Y 

Carci nogen i c  potential  i n  animal systems may d i ffer from that derived from the 
i n  v i tro systems used to date. Data on carcinogenic potential  as a function 
of exposure route wi l l  be ava i l  ab 1 e in FY 
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EXAMPLE 3 :  Rel ati ve to crude petrol eum , product b l end Y shows s i g
n i fi cant aC'iit'eTo'XTc i ty to fres hwater b i ota. Phenol ic compounds appear to be 
primari l y  respons i b l e .  Based on ava i l ab l e  data , a spi l l  of SRC - 1 I  product 
bl end Y may cause severe short-term damage in aquatic habi tats , depend i ng on 
the amount and condi t i ons 0 f the sp i l l .  The fo 1 1  owi ng i nformat i on is needed 
to further quanti tate and confi rm thi s predi ct i on: 

a) Engi neeri ng Estimates of Product Compo s i t i on for the Demonstra
tl on Facl l i ty 

Analyses of spec i fi c  pheno l types and concentrations are requ i red for the four 
SRC- I I  b l end opt i ons currently being consi dered. Other options may d i ffer 
markedly in tox i c i ty to aquati c  organ i sms , due to pheno l i c  composi tion or 
phys i c a l  parti tion i ng characteri s t i c s .  Dec i s i ons on the f i na l  product b l end 
are ant i c i pated i n  FY __ . 

b )  I n formation on B i o degradati on Rates of Pheno l s  in Water and 
Sedl ments 

Based on ava i l ab l e  data, degree of acute r i s k  wi l l  be a function of pers i s 
tence of pheno 1 i c res i dues i n  aquatic systems. Data on fate 0 f pheno 1 i c 
res i dues in aquatic systems is anti c i pated in FY ____ _ 

c) Analyses of Long-Term Fate and Effects of Product B l end Y 

Severity or pers i stence of l ong-term chron i c  effects of product bl end Y i n  the 
envi ronment may not reflect acute tox i c i ty data for s i ng l e  spec i es .  Thus , 
mul ti  spec i e s  testi ng i n  model ecosys tems is p l anned in FY __ . 

EXAMPLE 4: Leachates prepared from gas i fi e r  s l ag X show no genotox
i C i ty in in vl tro assays ; conta i n  few, i f  any , tox i c  trace meta l s ;  and have 
l i tt l e  effect on terrestrial p l ants and other bi ota in l aboratory stUd i e s .  
Based on avai l ab l e  data , di sposal of gas i f i e r  s l ag poses no greater r i s k  than 
d i sposal  of fly ash from coa l - f i red power p l ants. The fol l owing analyses are 
needed to confi rm and quanti tate thi s predi cti on: 

a)  F i e l d  Lys imeter Analyses of Gas i fi e r  S l ag X 

Laboratory stud i es do not usua l ly consi der f i e l d  envi ronmental factors ( e .  g . , 
c l imatic process e s ,  s o i l  microb i a l acti v i ty ,  phys i c a l /chemical i nteract i ons , 
heat i ng and cool i ng cycl e s ,  and l ong-term geochemi stry) that may a ] ter bi 0-
l ogical  avai l ab i l i ty of toxi c  meta l s  and organics . Stud i es to address th i s  
are p l anned for FY 

b )  Con f i rmation that Gas i f i er S l a  X wi l l  b e  t h e  Primar Sol i d  
Waste enerated by the S emonstrat l on aCl i ty 

Present Base-O des i gn for gas i fi cation of vacuum bottoms requires an F gas i 
fier .  However,  i f  a G gas i fi e r  ( requi ri ng hi gher heats of gas i fi cation over 
shorter reac tion time s )  is used , the envi ronmenta 1 fate and effects of s l ag 
mi ght be d i fferent. A dec i s i on on gas i fi e r  type i s  expected in FY 
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PHASE I I  

Phase I I  b i omedi cal and eco l og i cal  studies consi st of l ong-term , exten
s i ve analyses of effects in animal and eco l ogical  systems. These studies are 
l abor- i ntensive , expens i v e ,  time-consumi ng ,  and i nvol ve l ongo-term uti l i zati on 
of spec i a l i zed fac i l i ti e s .  Therefore , not a l l  materi a l s  can be subjected to 
Phase II ana lyses , and the fo 1 1  owi ng cri teri a for se 1 ect i ng materi a 1 s were 
devel oped: 

Data base from the Phase I bi oassays and chemical  analyses suggests 
potent i a 1 effect. 

Mater i a l  is produced i n  s i gni f i cant quantity. 

Material  has potent i a l  for occupati onal /envi ronmental exposure. 

Material  can be obtained in form consi dered representative of dem
onstrati on/commerc i a l  faci l i ty pract i ce. 

No one of the above cri teri a can be consi dered predominant in sel ection 
of materi a 1 s for Phase II ana lyses.  For examp l e ,  i n  certai n cases , Phase I I  
analyses may overlap Phase I analyses i n  time of performance because the ma
ter i a l  in question has h i gh potential  for occupati onal or envi ronmental expo
sure. Add i t i onal l y ,  s i nce some Phase II studies requi re methods devel opment, 
i nit i a 1 Phase II work may empl oy Phase I materi a 1 s. I n other cases , a mater
i a l  tnat shows negative results i n  Phase I assay systems may be produced i n  
l arge quantities , thus pos i ng s i gn i f i cant potent i a l  for occupati onal and en
vi ronmental expos ure. In sti l l  other cases , a materi a l  produced in l i mi ted 
quant i ty may demonstrate high  b i ol ogi cal or ecol ogi cal act i v i ty in Phase I 
assays and be of concern because l i mi ted occupat i onal or envi ronmental expo
sure may re s u l t  i n  s i gn i f i c ant b i o l ogical  effect. 

Phase II assays are consi dered by the scienti f i c  commun i ty to be the most 
i ndi cative of potent i a l  b i o l og i ca l  effect to human pop u l ati ons and the envi
ronment. They measure the patho l og i ca l  end-poi nts in  animal  and ecol ogical  
systems that are of u l t i mate concern to human pop u l ations ( e . g . , cancer,  
neurotox i c i ty .  devel opmental tox i c i ty ,  bi oconcentrat i o n ,  bi oaccumul ati on , 
b i omagn i f i c at i o n ,  etc. ) .  As s uch , the data frem Phase I I  assays wi l l  be used 
for a number of essential  purposes :  

As  a ba s i s  for determi ni ng dose-effect re l ati onshi ps i n  assessi ng 
bi omed i ca l  and envi ronmental r i sk.. 

As a bas i s  in determi n i ng sources of SRC- I 1  mater i a l s needing po
tenti al  contro l , regul ation  or other ame l i orative acti ons.  

I n  a scienti f i c  sense,  as a bas i s  for determ i n i ng the appropri ate
ness of Phase I short-term assays for scree n i ng of chem i ca l  com
pounds and compound c l asses of concern. This  is an essent i al step 
i f  res u l ts from short- term assays are to be used i n  analyses of 
effects of process mod i f i cati on/control technol ogy and def i n i ti o n  of 
spec; fi c env i ronmenta l -moni tori ng needs . 
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aIOMEDICAL STUDI E S  

The present s l ate of mater i a l s  a n d  Phase I I  bi omed ical  assays a r e  shown 
in Tab l e  22. Test conditi ons wi l l  be s i m i l ar for those assays ( i . e . , dermal 
carci nogeni c i ty ,  i nhal ati on tox i c i ty ,  and transplacental carci nogeni c i ty) to 
be performed by both PNL and P&M. Phase II b i omedi cal assays are d i s cussed 
below .  

Derma 1 Carci nogeni ci ty 

Ligu i d  Process Streams and Products 

Studi es on l i quids  con s i s t  o f  app l y i ng three dose l evel s of each material  
to  the shaved dorsal s k i n  of C3Hf/HeBd m i ce ( 25 ma les and 25 fema l es)  three 
times a week for up to 2 years. The h i ghest dose o f  test mater i a l  to be used 
is based on: 1 )  the maximum concentration o f  test material  in acetone whi ch 
can be accurately and uni formly appl i ed to the s ki n ,  and 2)  l ac k  o f  acute 
tox i c i ty when the test material is app l i ed at this concentration.  Lower doses 
are 1: 10 and 1: 100 di l utions of the hi ghest concentrati o n ,  respecti vely,  i n  
acetone. Pos i t i ve contro l s  ( e . g . , benzo [ a ] pyrene and 2-ami noanthracene) are 
i n c l uded. Exposure concentrations for pos i tive  contro l s  are based on acute 
taxi c i ty and carei nagen; c i ty as descri bed ; n the 1 ;  terature and/or determi ned 
in our 1 aboratory. 

Anima l s  are observed for appearance o f  s k. i n  a l terations such as i rr i ta
t i o n ,  pap i l l omas , and tumors . Mori bund anima l s  are necrop s i e d  and gross 
pathol ogy determ i ned. Samp l e s  of tumors and other t i ssues , i nc l udi ng l un g ,  
l i ver , ki dney , sp l een , a n d  heart , are taken f o r  h i s to l og i c a l  a n d  patho l ogical  
exam; nat ion.  

Chem i ca l  fracti ons , derived by s o l vent extraction ( p .  45 ) ,  are bei ng 
tested for dermal carci noge n i c i ty by t h i s  method. These analyses are essen
tial to correl ate Phase I assay resu lts w i th accepted patho l og i cal  endpoints .  
Extent of corre 1 at i on wi 1 1  determi ne if  Phase I assay data can be used as  
predictors o f  spec i f i c  chemical compounds and compound cl asses o f  concern. 

Res u l ts to date suggest that SRC- I I  h i gh-bo i l i ng-po i nt mate r i a l  (HD) i s  
carc i nogen i c  for mouse s ki n ,  whereas l ow-bo i l i ng mate:ri al  ( RN) demonstrates 
l i ttl e carci nogen i c i ty .  A crude petro l eum was a l so found to be carc i nogeni c  
for mouse s ki n ,  but was l e ss potent than HD. 

Sol id Process Streams and Wastes 

A procedure s i m i l a r to that fol l owed for l i qu i d  samp l es wi l l  be used wi th 
sol i d  materi a l s .  However , sol i d  mate r i a l s  wi l l  be suspended in an appropriate 
orga n i c  or aqueous sol vent as determined by analyses descri bed on pp.  51-54.  
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I nhal ation toxicol ogical  stud i e s  usua l l y  i nc l ude 3-wee k ,  l3-week,  and '" 0 '" 0 --, --< '"" --, 0 '" =r '" '"" " 0 '"" '< , , .. 0. 0 '" " '" � '" '" .: 0 1 i fe-time exposure peri o d s .  Rats a n d  m i ce wi l l  b e  exposed (whol e-body) i n  PNL � '" � '" 00 '" � � � 
0 0 0 0. .. '" chambers. Li qui  d aeroso 15 wi l l  be generated u s  i ng a Retec nebul i zer. Measure-
--, --, --, '" " ments i n  the chamber wi l l  i nc l ude ai rflow,  aerosol concentrat i o n ,  temperature 3 3 '"" 0. '" '" '" '" �o and humi d i  ty , oxygen concentrat i o n ,  and part i c 1 e 5 i ze. Severa 1 methods may be 0. " 0. --, 00 . '"" �. .. used to mon i tor chamber concentrat i o n ,  i nc l udi ng nonspec i fi c  spectrophotometric --, '"" ." '" ." " '" methods , total hydrocarbon analyses and GC analyses for compounds of spec i f i c  .. n z '" " '" 3: '"" r- Oo '" :> o .., concern as determined in Phase I ana lyses.  '" .;; . l> 3 

� .. '"" ,, -
Test anima l s  wi l l  be young adu l t  Fi scher 344 rats and C3H m i c e .  For 0 '" n � � 3-week stud i e s , anima l s  wi l l  be exposed i n  groups ( 1 0  ma l e s  and 1 0  fema l e s )  to '" ;; '"" 

one of three concentrations of test materi a l .  The exposure regime i s  6 hours/ '" '" day , 5 days/week for the 3 weeks. Anima l s  are weighed prior to , and weekly '" .. 1--< ;' duri ng exposure, and unti l 4 weeks after exposure. Anima l s  are observed for '< '" --< mortal i ty ,  c l i n i ca l  s igns  of di stress and behav ioral changes. � �. � � ." �. � Thi rteen-week 5 tudi es wi 1 1  be performed essent i al ly accordi ng to Good � '"" -. 
N Laboratory Practices as suggested by the U. S .  Envi ronmental Protection Agency g N 

( EPA) and the Food and Drug Adm i n i stration ( FDA ) .  Exposure regime i s  the same 
as descri bed for the 3-week exposure ( i . e . , 6 hours/day, 5 days/week) . How-�� .., 
eve r ,  samp 1 e 5 i zes wi l l  be i ncreased to 35 ani ma 1 51 sex/ dose. Exposure dose =r n ,"" 3 '" 
wi l l  be sel ected on the bas i s  of data obtained i n  3-week studi e s .  Hi ghest :> =r -. '" c, '

0 
'
0 � �  '" d"e wi 1 1  be that whi ch causes no marta 1 i ty and no more than 10% we i ght 1 05 5  �. � in the 3-week study. Lower doses wi l l  be 4 : 1 and 1 6 :  1 di l utions o f  the h i gh-

;' est dose. 

I 0 
:::: Anima l s  wi l l  be observed as des cribed for the 3-week exposure. Add i t i on-'" 

--« < 
al l y ,  hemato l og i cal  and b l ood chemi stry measures wi l l  be performed at 0 , 4 5 ,  0 '"  0 n l> ,, -
and 9 0  days exposure. Some anima l s  wi l l  be sacri f i ced at termi nation of -< -· 0  :> C, . l> l> n ",  '" 
expo s ure;  others wi l l  be mai ntai ned for 2 months postexposure. At sacri f i c e .  I -· 3 � U1 F �  .. 
anim a l s  wi l l  be observed for gross  path o l og i c a l  cnanges , and sel ected ti ssues <:) � 
wi l l  be saved for h i stopatho l og i c a l  anal yses. 

[--< Li fe-time exposures wi l l  c l osely fo l l ow the protocol for 1 3-week expo· 
'" --, sures ; however , samp l e  s i zes wi l l  be i ncreased to perm i t  appropriate stat i s �  --, .. n "  tical  eval uati on.  _. ", " '"  
0 ;; Efforts to date have dev e l oped methods for generating aerosol s of heavy � n  " '" coa l l i qui ds and for whol e-body exposure of anima l s  to these l i q u i d S .  Factors -. " 

such as a.erosol parti c l e  s i ze , concentration , and fract i onation of chemical  �. &'" 
,"" - consti tuents as a function of parti c l e  s i ze have been measured.  

� .  
So l i d  Proce s s  Streams and Wastes 

-i �  Analyses wi 1 1  be performed a s  descri bed above. Howeve r .  aeroso 15 wi 1 1  be 
0 0  
,, �  generated u s i ng e i ther a Trost feed-Wri ght dust mi l l  or a new brush- feed -. ", C, C, �. � generat i on sys tem recent 1 y deve l oped at PNL. 
'"" < 
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Domi nant Letha 1 i ty 

The domi nant l ethal tes t ,  usi ng Swi s s -Webster mice , permits esti mates of 
the i nci dence of a spec i f i c  mutat ion  type ( name l y ,  l ethal i ty) i n  a mamma l i an 
spec i e s .  Mal e anima l s  are admi ni stered sol i d  or l i quid  test mated a l s ,  ei ther 
ora l l y  or by i nhal ation (methods described on pp.  57-59 and 78) , then bred to 
unexposed fema l e s .  Lethal mutations are expressed as death of the embryo . 
The stage of spermatogenes i s  affected can be determi ned by the time post
exposure when an i ncrease in embryol ethal i ty is found. That i s ,  effects on 
mature sperm woul d  be observed 1 to 2 weeks postexposure. Effects on sperm i n  
ea r l i er stages o f  spermatogenes i s  wou l d  not be observed unti l 3 to 8 weeks 
postexposure. S i nce the domi nant l ethal test is more time-consuming and 
expens i ve than ; n vi  tre mutagenes i 5 system s ,  it wi 1 1  be used on l y on a l i mi ted 
set o f  mate r i a l s .  Material  s e l ection for dominant l ethal te sti ng wi l l  depend 
on data obtai ned from mi crob; a 1 and mammal i a n  ce 1 1  cul ture systems and other 
prev i ously  di scussed criteri a .  P re l imi nary resul ts from t h i s  assay system 
i ndi cate that SRC- I I  HD and i ts bas i c  fract i on i nduce a l ow l evel o f  dominant 
l etha l i ty in mice .  

Transp 1 acenta 1 Ca rci nogenes i s  

Exposure o f  a pregnant femal e  to a carci noge n i c  agent can res u l t  i n  
i ncreased tumor i nci dence i n  offspr i ng duri ng l ater l i fe .  Studies wi l l  be 
performed to eval uate potential transpl acental carci nogen i c i ty o f  SRC- I I  
mater i a l s .  �Iater i a l s  wi l l  b e  admi ni stered t o  the pregnant fema l e  ei ther 
throughout ges tat i on or at sel ected sens it i ve peri ods of feta 1 deve 1 opment (as 
determi ned by teratogene s i s  stud i es pp. 59- 60) , and the animal  a l l owed to de
l i ver.  The dam and her offspri ng wi l l  be mai nta i ned for l i fetime observation  
to eval uate tumor devel opment. Mate r i a l s wi l l  be  admi n i stered to  mice , ei ther 
ora l l y  or by i nhalati o n ,  as descri bed previ o u s l y .  Mater i a l s wi l l  be sel ected 
based on Phase I res u l ts and res ul ts of dermal carci negenes i s  (p. 76) and 
devel opmental tox i co l ogy studi es ( p .  79-81 ) .  

Deve 1 opmenta 1 Toxi co l ogy 

Postnatal consequences of prenatal exposure to SRC- I l  mater i a l s  wi l l  be 
eval uated from the fol l owing:  a) postnatal appearance of a standard set of 
anatomical  marke r s ,  b)  neonatal appearance of neuromuscu l ar and neurobehav
i ora 1 capabi l i ti es and c) analyses of humoral and ce l l ul ar e l ements of the 
i mmune system. 

Mate r i a l s wi l l  be admi ni stered to anima l s  by i ngest i on or i nhal ati on , as 
descri bed previ ous ly. Dose wi 1 1  be sel ected based on re sul ts of repeated-dose 
and teratogenes i s  stud i e s  (pp. 59-60 ) .  Teratoge n i c i ty after i nhalation  exposure 
wi l l  be eval uated as part of thi s effort, u s i ng protocol s  simi l a r  to those 
descri bed for 3-week i nhal ati on stud i es (p. 78) and Phase I teratogen i c i ty 
stUdi es . 

Anatomic and functi onal measures of pos tnatal maturat i o n  wi l l  be eval u
ated (Tab l e  2 3 ) .  At 40 and 60 days of age , immune system measures wi l l  be 
eval uated. These i nc l ude determi nation of serum immunogl ob_ul i n  l evel s to i n
di cate effects on humoral system response and response to mi togens , a measure 
of ce l l -medi ated i mmun i ty .  
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TABLE 23. Anatomic and Functi onal  Moosures of Postnatal Maturati o n  

T e s t  Measures 

Body Wei ght 

Teeth Erupt 

Ear Unfo l d  

Eye Open 

Ear Upright 

Movement 

Head1 i ft 

Gait 

Turnover 

Grasp 

Retracti on 

Vibrissal  P l ac i ng 

Cl i ff Avoi dance 

Negat ive Geotropi sm 

Ri ghti ng 

Swimm i ng 

Vi sua 1 Pl aci ng 

Strength 

Audi ogeni c Sei zure 

Organ Wei ght 

X ( a )  

Observat i on Days (Age) 14 21 35 

( a )  Indi cates time at which test i s  performed. 
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Cel l -mediated immunity ( spec i fi ca l l y ,  ce l l -medi ated cytotox i c i ty) is gen
e ra l l y  thought to be medi ated by three types of effector cel l s :  a) spec i f
i cal l y  i mmune , mature T-ce l l s ;  b) anti body- dependent,  cytotoxic cel l s ;  and 
c )  activated macrophages . 

Periphera 1 b l ood l ymphocytes and ce 1 1  5 i so 1 ated from spl een , mesenteri c 
lymph nodes , and thymus wi 1 1  be used in the mi togen- i nduced lymphocyte act i 
vation assays.  Mi togens used i n  o u r  assays i nc l ude concanaval i n-A (Con-A) and 
phytohemagg l utini n ,  wh ich stimul ate T-cel l popul ati ons , and pokeweed mitoge n ,  
whi ch i s  primari l y  spec i f i  c for B-ce 1 1  5 b u t  whi ch al so st i m u l  ates a sma l l  
fraction o f  the T-Ce l l  pop u l ation. Tubes conta i n i ng d i l uted who l e  b l ood o r  
ti s s ue lymphocytes , p l us the appropri ate m i  togen, w i  1 1  be i ncubated for 3 days 
at 37°C. Ce l l  acti vation wi l l  be measured by asses s i ng i ncorporation of 
1 2 5 I - i ododeoxyuri d i ne i nto newly synthesi zed DNA duri ng the final  20 hours of 
the cul ture period. 

Pre l imi nary evi dence suggests that rats treated prenata l ly with HD have 
defi c i ts in a i r-righti ng and swimming capabi l i ti es at early postnatal times . 
Ce l l -mediated immunity , as measured by Con-A stimu l ation of peripheral b l ood 
lymphocytes was not greatly affected by any o f  the SRC - I I  material s tested 
( RN ,  MD , and HD ) .  However, anima l s  treated with a polyc h l o ri nated b i phenyl 
mi xture (Aroc l or 1 254 ) s howed s i gn i f i cant depres s i on in response. 

Neurobehavi oral Toxicol ogy 

Based on cri teri a di scussed prev; ous ly and resul ts from acute toxi c i ty 
stud i es (pp.  57-59 ) ,  espec i a l l y  c l i ni ca l  s i gns of neurotox i c i ty ,  and develop
mental tox i co l ogy stud i es , SRC- I I  materi a l s  wi l l  be sel ected for analyses o f  
neurobehavi oral tox i c i ty .  Si nce i n i t i ation o f  these as says i s  dependent o n  
res u l ts from acute tests of i nhaled and i ngested SRC- I I  mater i a l s ,  we wi l l  
describe only briefly tests to be used. 

Conditi oned Taste Avers i o n  

R a t s  a r e  g i v e n  test substance i n  dri nki ng water or food , al ong with 
access to saccharin water ( usual ly preferred to ordi nary water) . The animal 
is then tested as to preference for sacchari n water vs water. Avoidance o f  
saccharin water i nd i cates an association of t h e  sacchari n wi th the test mater
i al administered. 

Condi t i oned Avoi dance Behavi or 

Animal s are exposed to a test materi al , then tested for the i r  abi l i ty to 
l earn to avo i d  e l ectric shock in a shutt l e  box. Loss of thi s l earned abi l i ty 
is then measured as a function of time.  

Learning and Memory 

Number of tr i a l s  to cons i stently run a maze in a fixed time i s  a function 
o f  l earn i ng response .  Changes i n  response after the l earni ng experienc e ,  a 
function of memory . wi l l  be measured i n  anima l s  exposed to SRC- I I  materi a l s ,  
and compared w i  t h  that i n  contro 1 s .  

8 1  

Open F i e l d  Acti v i ty 

Anima l s  are p l aced in the center of a gri dded box. Number of squares 
traversed in 1 mi nute is i nd i cative o f  the anima l ' s  l evel o f  exp l oratory 
behavior.  Exp l oratory behav i o r  in anima l s  exposed to SRC- I I  mater i a l s  wi l l  be 
compared with that in contro 1 5 .  

Phys i ca 1 Endurance 

Endurance of anima l s  exposed to SRC - I I  mate r i a l s  wi l l  be eval uated in a 
standard Nati onal Insti tute of Envi ronmental Hea l th and Safety ( NI EHS ) swim
ming test and cOAlpared wi th contro l s .  

Research Needs 

We have descr i bed , to thi s point,  state-of-the-art analyses which wi l l  be 
performed to determi ne potentia 1 b i  omedi ca 1 effects o f  materi a 15 from the 
SRC- II process. However, several study areas whi ch requi re i ntens i ve research 
are not i ncorporated as cost o r  work e l ements of the program s i nce they i nvol ve 
development o f  new methods. To provide a ful l i n format ion  base for b i omedical 
asses sment and env i ronmenta 1 management o f  the SRC- I I proces s ,  appropri ate 
efforts in the fol l owing areas shou l d  be i n i t i ated: 

Dosimetry 

Unl i ke radionucl i des , the b i o l ogical  disposition or dosimetry of organic 
chemi ca l s i s not we 1 1  known. Thi  s i s true even for most pure compounds ; when 
complex mixtures are consi dered , the data base is a l most nonexi stent. To re
I ate bi 0 1 ogica 1 effects to causative agents , i n formati on is needed on absorp
tion,  tissue di stribution and excretion o f  important compounds ,  particul arly 
PNAs , PAAs and N-heterocyc l es .  Moreover, assessment o f  potential  effects o f  
human exposure t o  SRC- I I  materi a l s  wi l l  neces sari l y  be extrapol ated from data 
on experimental anima l s .  The extrap o l ation,  and comparison of b i o l ogical 
effects o f  SRC- I I  materi a l s  wi th materi a l s  derived from other coal convers ion 
processes , requi res extensive knowledge o f  pharmaco ki neti cs , di stribution and 
metabo l i sm of important SRC constituents. 

Factors Affecti ng Dermal Carc i n ogenicity 

Derma 1 expos ure to SRC- I I  materi a 1 s wi l l  be a primary route of exposure 
for occupational popu l ations.  We have described l aboratory evidence that 
h i gh-bo i l i ng-po i nt SRC- I I  materi a l s  are s k i n  carcinogens in mice. Epi demi
o l ogical  evidence from a number of sources suggests that coal -derived mater
i a l s  may a l s o  be s k i n  carci nogens in man. Therefore , it may be necessary to 
exam i ne several factors that might affect the carcinogenic proce s s .  For 
examp l e :  

Dose Fract i o n  at i on.  Current experimental evi dence for care; no" 
gen i c i ty is based on contl nuous HD app l i cation to mice for a prol onged period. 
S i nce thi s i s  not representat i ve o f  potential  human exposure s i tuat i o n s ,  
i nformat i o n  i s  requi r e d  on effects o f  doses admi n i  stered s i ng l y .  staggered 
over vary; ng time frames , and on doses mi xed from vari ous process streams. 
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Removal of Dose from Ski n .  A common i ndustr i a l  hygi ene practice i n  
coa 1 f aci l i ties ; s to wash off s k1 n contami nat i on wi th detergent and water. 
The effi cacy of these procedures has not been f u l l y  estab l i shed.  Al ternate 
washi ng/sol vent regimes shoul d be analyzed for the i r  effectiveness in ame l i 
orat i ng dermal carcinoge n i c i ty .  

Ul travi olet Light Exposure. Skin contami nati on is presently mon i 
tored a t  coal facl l i t les  by ultravl o l et (UV) l i ght exami nati o n .  Furthermore , 
workers at coal conversion  faci l i t ies  wi l l  be exposed both to s k i n  contami n
ation and UV l i ght from other sources. Effects of UV monitori ng procedures 
and/or UV l i ght origi nati ng from other sources on response of s k i n  to coal
derived mater i a l s have not been ex.ami ned carefu l ly .  

Preventative Treatment.  Several materi al s ( e . g . , reti noi ds , beta
naphthofl avone) l nh l b i t  s ki n carci nogen i c i ty from pure chemica l s .  The i r  
effectiveness f o r  i nh i b i t i ng s k i n  carcinogen i c i ty from coal l i qu i ds shou l d  be 
exam; ned. 

Cardi ovascul ar Effects 

A l though a number of tes t sys tems are avai 1 ab 1 e for measuri ng carci nogeni c/ 
mutagenic potent i a l  of chemical  and phys i cal agents , few rel i ab l e  a n i mal mod-
e 1 s are ava i 1  ab 1 e for determi ni  ng exposure effects on the cardi ovascul ar sys'" 
tem. Limited epi demi 01 ogi ca 1 data sugges t that , in humans , organi c materi a 1 s 
may cause cardi ovascu l ar effects . Cardi ovascul ar di sease i s  the pri mary cause 
of death in the Uni ted State s .  

Degenerati ve O i  seases 

P rel imi nary evi dence suggests that exposure to organic  compounds may be 
associ ated with arthritic  and other degenerative di seases i nvol v i ng changes i n  
connective ti s s ue .  Currentl y ,  there are n o  appropriate mode l s  to study such 
changes. 

Pulmonary Phys i o l ogy 

Present methods for measuri ng pulmonary phys i 01 ogi ca 1 vari ab 1 es i n  sma 1 1  
anima l s  are expens i v e ,  i nsens i t i ve and l ac k  reproduc i a i l i ty .  Si nce a number 
of patho l ogical condi tions in humans i nv o l ve al tered pulmonary function ( e . g .  
emphysema , s i l i cosi s ,  and other fi brotic di seases ) ,  and s i nce i nhal ation i s  
potenti a l ly a major pathway for exposure to SRC- I I  materi al s ,  better methods 
for determ i n i ng pulmonary function  in smal l -animal systems may be requ i red.  

INDUSTRIAL HYGIENE - PHASES I I - IV 

Phase I I  bi omedi ca 1 studi e s ,  coupl e d  wi th those i n  Phase I ,  wi 1 1  defi ne 
b i omedi cal r i s k  for SRC- I I  mater i a l s in a demonstrati on/commerc i al faci l i ty 
operati ng under steady-state condi ti ons. Accompanyi ng chemical analyses may 
permi t defi n i t i o n  of compounds and compound c l asses of b i omed i ca l  concern. 
Phase I I I  stud ies that examine effects of a l tered p l ant operati ons on poten
tial bi omed i ca l  properties of SRC- I I  materi a l s  may aid in def i n i ng r i s k  to 
workers when SRC- I I fac i l  i ties requi re mai ntenance or operate in upset or 
a l tered condi ti ons. Qual  i tat i ve and quant i tat i ve changes in  compounds and 
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compound c l asses of b i omedi cal concern may be def i ned.  Phase IV research wi l l  
seek to develop chemical and med i ca l  methods to monitor the s i te and personnel 
and to advi s e  and/or l essen exposure r i s ks .  

Data and methods developed i n  b i omedical and chemical  stud i es may al l ow 
further devel opment of :  1 )  spec i fi c  workp l ace mon i tori ng procedures as a 
function of work zone within  a demonstrati on/commerc i al fac i l i ty operating 
under defi ned cond i t i ons , 2 ) defi n i t i on o f  i nterim thresho l d  l i mi t val ues for 
compounds of concern and methods for determi n i ng workp l ace exposure to such 
compounds , and 3 )  c l i ni ca l  and epi demi o l ogical  analyses rel evant to the work 
force. 

ECOLOG ICAL STUD IES 

B i o l ogi cal Fate I n  The Aquatic Envi ronment 

The b i o l ogical fate of SRC- I I  l i qu i d  mater i a l s in freshwater systems wi l l  
depend on a )  phys i ca 1 and chemi ca 1 properties of materi a 1 enteri ng the env i 
ronmen t '  b )  quantity of mater i al , c)  phys i ca l  a n d  chemi cal  features o f  the 
environment, d )  food web (predator-type) relationships of organisms present, 
and e )  metabol i c  pathways o f  organ i sms . The rel ative i mportance of each 
factor vari es with the envi ronment , the parti c u l ar S RC - I I  l i qu i d  material , and 
the organi sm. 

For examp l e ,  f i sh may accumu l ate carbazo les  or qui ncl i nes di rectly from 
the water col umn. However .  i f  these compounds accumu l ate in sediments and are 
transferred to sedi ment-burrow; ng organ; sms that are i n  turn consumed by fi sh , 
food (rather than the water col umn) may be the more important exposure pathway. 
Th i s  i s  a di sti nct pos s i b i l i ty for complex organic compounds of SRC - I I  or;gi n .  

Interacti ons o f  metal s i n  SRC- I I  materi a l s  with b i o l ogical systems are 
dependent on the meta 1 form , concentration and react i ve state. For ex.amp 1 e ,  
on ly sma 1 1  fract i ons of mos t meta 1 s i n water ( those bound t o  organi c 1 i gands) 
are b i o l og i ca l ly ava i l ab l e .  I t  i s  n o t  known how variable  these fractions may 
be , or how other factors i n  the water col umn may mod i fy bi oavai l abi l i ty .  
However, when o n e  organi sm eats another , t h e  1 i gand-b'Jund mater i a l s  i n  the 
prey are usual l y  more readi l y  absorbed than non- l i gand-bound materi a l s .  

Phase I I  eco l og i ca l  stud i e s  wi l l  i nc l ude analyses o f  bi oconcentrat i o n ,  
bi oaccumu l at i o n ,  and bi omagn i fi cat ion processes. U l t i mate l y ,  results  o f  such 
research wi l l  be used to rank b i oconcentrati on/bi oaccumu l ation  potential  OT 
several SRC- I I  compounds consi dered or determi ned to be of eco l ogical  or 
b i omed i cal concern. Uptake and depuration constants may al so be used i n  
eval uati ng envi ronmental fate through u s e  o f  compartmental mode l s .  

B i oconcentrat i o n  refers t o  the process by which chemi c a l s  enter aquati c 
organi sms , di rectly from water, through the gi l l s  or epi the l i al ti ssue. 8 i o
accumul ation  i nc l udes b i oconcentration  and uptake of chemi cal mater i a l s  from 
food sources.  B i omagn i f i cation refers to the process by which t i ssue concen
trat i ons o f  bi oaccumul ated materi al s i ncrease as they pass up food cha i ns 
through two or more trophic l eve l s . SRC- I I  mater i a l s to be used i n  studies o f  
b i o l ogical  fate a r e  shown i n  Tab l e  2 4 .  
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TABLE 24. Phase II Biol ogical Fate Stud i e s :  L i q u i d  a n d  So l i d  Mater i a l s 

Materi al to be 
Anal;tzed Bi oconcent rat i on 

SRC- I I  Liquid A , B , C  
Product 

Hydrodes u l - A , B  
furi zed 
Naphtha 

Process Water A , B , C  

Treated Process A , B , C 
Water 

Vacuum Bottoms A , B  
Ash and S l ag 

Waste Water A , B  
Inci nerator 
Sol i d s  

A - to be performed on raw materi al s 

B - chemical analyses to be performed 

C - to be performed on at l east one set of  fractions 

Bi  oconcentrat i on 

Bi oaccumul at i onl 
Bi omagni fi cati on 

A , B , C  

A , B  

A , B , C  

A , B , C  

A , B  

A , B  

Potential b i oconcentration of  SRC- I I  l i qu i d  materi a l s  wi l l  b e  measured i n  
fl ow- through systems emp 1 oyi n g  test organi sms representing several trophi c 
l evel s .  Water and sedi ments wi l l  be treated , in s eparate experiments , as po
tent i a l  sources of contamination. Exposures with unfracti onated or partial ly 
fractioned SRC - I I  products wi l l  be performed to val i date i nformation on spe
c i f i c  compound c l asses , parti cul arly where they represent dominant components 
of an SRC- I I  materi al  or are known ( e . g . , PNAs ) or suspected ( e . g. , PAAs) car
ci nogen i c  agents. Phase I b i omedical analyses and those to be performed i n  
Phase I I  wi l l  a i d  s e l ection o f  spec i f i c  chemical ent i t i e s  of  concern. Range o f  
test concentrations wi l l  b e  based o n  chronic tox i c i ty data obtained from stud
i es described on pp. 66-67. Empha s i s  wi l l  be on pers i s tent organic constitu
ents of  SRC- I I  materi a l s  (pp. 89-93 ) .  Perti nent trace metal s wi l l  also be ex
amined w i th respect to spec i ation,  compl exation with organi c  l i gand s ,  and re
l at i onships to b i oconcentration phenomena. Test procedures wi l l  be mode l ed 
after proposed Ameri can Soci ety for Test i ng and Materia l s  (ASTM) gui de 1 i nes 
address i ng bi oconcentration of  "s imp l e" compounds from water. Modi fi cations 
of these procedures may be necessary ,  because major source terms ( s ediment, 
i ntersti ti al  water, and water col umn) wi l l  have to be partitioned with respect 

85 

to oi l ,  water and so 1 i d phases. The octano 1 :  water part it ion coeffi c i  ent has 
been succes s fu l l y  used to predict part i t i on i ng among phases o f  s i mp l e  com
pounds. It may be pos s i b l e  to apply these methods to SRC- I I  mater i a l s .  
Corrections for i nters t i t i a l  water can b e  made u s i ng a s u i tab l e  measurement 
for the d i stribution constant, Kd . 

Daphnids , midge l arvae, o l i gochaetes , fres hwater c l ams and f i s h  ( fathead 
mi nnow, rai nbow trout, channel catfi sh) wi l l  be organisms o f  pri mary i nterest. 
Uptake from constant exposure concentrat ion s ,  and depuration (washout fo 1 1  ow
i ng removal to c l ean water or sediments) wi l l  be fo l l owed for up to 28 days. 
Rate constants for uptake and depuration for organs and who l e  body wi 1 1  be 
measured. Bi oconcentration factors wi l l  a l so be calcul ated. Mec hani sms of 
uptake , i . e. , surface adsorption,  gut l oadi ng, or l i p i d  s o l ub l e  absorpt ion , 
wi 11 be identi fied.  

Bi  oaccumu1 at i on/Bi omagni fi cati on 

Potent i a l  b i oaccumu l ati onlbi omag n i f ication wi l l  be eval uated u s i ng a 
s i mp l e  aquatic food chai n  cons i st i ng of a food organism ( daphnid or m i dge 1 arvae) and consumer organi sm ( fathead mi nnow, rai nbow trout, or channe 1 cat
f i s h ) .  Potenti a l  b i oaccumu1 ation wi l l  be fol l owed for up to 28 days in a 
fl ow- through system. Depuration wi l l  a l so be monitored. D i s t i nc t ion wi l l  be 
made between f i s h  rec e i v i ng SRC l oading from the water c o l umn , and f i s h  re
c e i v i ng l oading from SRC-contami nated food. Parti c u l a r  attention wi l l  be 
focused on the potenti a l  for i ncreased res i due accumu l ation in f i s h  ( b i omag
nHication) compared to forage spec i e s .  Rate constants for uptake and depur
ation for organs and whol e  body wi l l  be measured. Mechanisms o f  uptake wi l l  
be i dent i fi ed. 

Water. Required chemical i nformation wi l l  be s imi l ar to that needed 
for Phase raquat i c screeni ng assays. The mai n d i fference wi 1 1  be the much 
l ower concentrations of SRC mate ri a l s  in chronic exposure systems. T h i s  wi l l  
requi re i ntroduct i on o f  new techni ques to enhance sens i t i vi ty for component 
types or to concentrate materi a l s  from very l arge water samp l e s .  Samp l e  con
centrati on techni ques wi 1 1  i nvo 1 ve use o f  XAD resi n adsorption,  and other 
sol i d  adsorbents , i n c l ud i ng i on exchange res i ns .  Techniques used may be based 
on res u l t s  of studies described on pp. 37-57. Enhancement of detection se nsi
t i v i ty for certain components , such as pheno l s  and pri mary ami nes , c a n  be ac
comp l i shed u s i ng derivatives such as hal ogenated acetates , wh ic h  are extremely 
sens i t i ve to e l ectron capture gas chromatographi c detectors. An a l ternat i ve 
ana 1ys i s for trace ami nes and pheno 1 s wi l l  be exp 1 ored. The method i nvo 1 ves 
s e l ective derivatizat i on of these compounds with fl uorescent der i vat i ve s ,  and 
separation and quantitation us i ng h i gh-speed l i q u i d  chromatograph i c  separa-
t i on s .  Speci a l gas chromatograph i  c detectors for su l fur and ni trogen compo
nents (pp. 49-50) wi l l  a l so be used to enhance detection o f  these compounds i n  
chronic exposure systems. 

Sediments. Methods for sediment analys i s  wi l l  i nvol ve many o f the 
analytical tech01ques described on pp. 48-51. Howeve r ,  probl ems spec i fical l y 
relating to sed iment mate rial  must be addressed. Sol vent extractions o f  
sediments vary ,  depend i ng on whether t h e  sediment is  extracted we t  or dry. 
Al though extraction o f  freeze-dried mater i a l  is most sat i s factory, the drying 
process can res u l t  in s i g n i f i cant l osses of v o l ati l e  materi a l . Extraction of 
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wet s edi ment can re s u l t  i n  l o sses of material  due to i ncompl ete extrac t i o n .  
U s e  of p o l a r  s o l vents s uch a s  methanol c a n  h i nder recovery o f  po l ar components 
in a n  ana l yza b l e  form. 

Ana lys i s of sediments in chroni c systems , together wi th associ ated water 
chemi stry, wi l l  provide i nformat i o n  concer n i ng the avai l abi l i ty of hydrocar
bons , pheno l s ,  ami nes and other i mportant SRC- I I  components to test orga n i sms.  
The approach wi l l  a l so provide data o n  the rate at which component concentra
ti ons are a l tered , by chemi cal and/or microb i a l  acti o n ,  o r  physi cal processes 
such as s o l ubi l i zati on o r  adsorp t i o n .  Investi gati o ns o f  changes in compo
s i ti on wi l l  be c l osely i ntegrated wi th envi ronmental Chemi s try studies on 
sorpt i o n ,  photo-oxidati o n ,  so l ubi l i ty , and microb i o l ogy o f  SRC in sediment 
systems (pp.  89- 93) . 

T i s s ues.  T i s sue analyses wi l l  i n i t i a l l y  empha s i ze pheno l s ,  N
heterocyc l es and aromatic ami nes . Where p o s s i b l e ,  rad i o l abel ed compounds wi l l  
be used as markers for t i s s ue di stribution i n  bioconcentration and b; oaccumu
l at i on studi e s .  However ,  avai l ab i l i ty of potenti a l l y  usefu l , l abel ed com
pounds is l i mi ted and may require cus tom synthes i s .  Accord i n g l y ,  s i gn i fi cant 
ana lyt i ca 1 deve 1 opment may be requi red to perform the proposed studi e s .  
Because these efforts a r e  gener i c  requi rements , they are not a cost e l ement o f  
t h i s  p l an.  

Numerous methods have been devel oped for ana lyzi  ng SRC-I I  components i n  
envi ronmental samp l es and may be adaptab l e  to t i s s ue analys i s .  SRC- I 1  pheno l s  
i n  aqueous samp l es have been anal yzed by acetyl ation fo l l owed by G C  analys i s .  
App l i cabi l i ty o f  the method for ti s s ue analys i s  i s  bei ng exp l ored. Al terna
tively ,  l i q u i d  chromatography w i th e l ectrochemical detection i s  effecti ve for 
pheno l i c  compounds in vari ous matrices and wi l l  a l so be attempted for ti s s u e  
analyses o f  SRC- I l  phenol s .  L i q u i d  chromatography wi th e l ectrochemical detec
t i o n  may al so prove useful  for some types of N-contai n i ng compounds. A pro
cedure to detect ani l i nes in aqueous samp l e s  by GC , fol l owing acetyl ati o n ,  i s  
b e i ng devel oped and s hows prom i se for t i ssue anal ys i s .  S i mi l a r approaches for 
other N-contai n i ng compounds are bei ng expl ored. 

B i o l ogi c a l  Fate I n  T he Terrestri a l  Envi ronment 

T�ere are a number of p o s s i b l e  routes for SRC- I I  mate r i a l s to enter the 
terrestri a l  envi ronme nt.  Research appropri ate for determi ni  ng bi  01  ogi ca 1 fate 
in cases of terrestrial  spi l l s  is addressed on pp . 89- 93 , and 109-117 , as i s  
research addre s s i ng p l anned di sposal  o f  s o l i d  wastes .  One o f  the more i mpor 
tant routes of entry for SRC- I I  mater i a l s in  the terrestri al  food cha i n  may be 
v i a atmospheri c em;  ss i ons onto 1 eaf surf aces.  

Atmo spheric emi s s i ons ant i c i pated from the comme rci a l  SRC- I I  process are 
presently not wel l -defi ned and research p r i o r i t i e s  cannot be establ i shed. 
Major di rect part i cul ate emi s s i ons are expected only from coa l crushi ng and 
c oo l i ng-tower d r i ft .  I ndi rect part i cul ate emi ssi ons wou l d  ari se primari l y  
from re suspens i o n  o f  coo l ed vacuum bottoms ( stored . perhaps , duri n g  upset ) ,  
gas i f ier  bottoms , and resuspens i on o f  so l i d  wastes di spersed to the ground.  
Potent i a l  gaseous rel e ases duri ng rout i ne operations  may arise duri ng coal 
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dryi ng,  ac i d  gas removal , l i q u i d  product sto rage , cool i ng- tower dri ft ,  gas
i f i cati o n ,  f lari ng , o r  water treatment.  Methanati on processes or f l ue gases 
may a l s o be sourc e s .  Fugi tive  emi s s i ons may ari s e  from process stream l e aks , 
h i gh-pressure steam , heat i ng- f l u i d  re l eas e s ,  or fa i l ure of the ac i d  gas
removal proce s s .  Mater i a l s  to be anal yzed rel ati v e  to aeros o l  effects on 
p l ants i n c l ude SRC- I I  gas i fi er bottoms , process water , i nc i nerator so l i ds , 
1 i qui  d produc t ,  and vo 1 at i 1 e components sorbed to atmospheri c part; cu 1 ate 
matter. 

Uptake o f  SRC- II materi a 1 s i ntercepted by p l ant canopi es wi 1 1  be deter
mi ned i n  the 1 aboratory. The Wri ght dust mi  1 1  and a i r  samp 1 i ng devi ces wi  1 1  be 
used to generate and quan t i fy s i ze and concentrat i o n s  0 f a i rborne part i c 1 es .  
Canop i e s  wi l l  be exposed under contro l l ed cond i t i o n s  o f  temperature and mo i s 
ture , u s  i n g  aerodynami ca 1 1 y des;  gned expos ure sys tems . T es t spec i e s  w i  1 1  be 
determi ned from f i e l d  surveys at the demonstrati o n  s i te.  

For SRC- I 1  materi J l s  hav i ng highly water- s o l ub l e  components , as deter
mi ned by stud i e s  descri bed on pp. 89-93 , transfer of spec i f i c  i norgan i c  and 
organic components from fo 1 i age to seeds and phenotyp i c  toxi ci ty effects 
(dry-matter product i o n  and seed yi e 1 d )  wi 1 1  be determi ned. Addi tiona 1 1  y, based 
o n  eco l og i cal , bi omedi cal and chemical  anal yses de scri bed on pp.  63-72 and 
76-82 , spec i f i c  SRC- I 1  components or fracti ons may be eval uated in hi gher 
pl ant systems for effects on seed v i  abi 1 i ty and mutageni c i  ty . 

Mul t i spec i es Test i ng In Aquatic  Systems 

A major concern not addressed in Phase I is the potentia l  for ecosystem 
damage. Re s u l t s  o f  Phase I studi es and extant l i terature are bei ng used to 
des i gn a method to measure ecosystem effects . I n i t i a l l y ,  we wi l l  use art i 
f i c i a l  streams t o  study the i nterac t i o n s  between S R C - I I  l i qu i d  products and 
wate r ,  sediment and organi sms.  Orga n i sms wi l l  i nc l ude a pri mary produce r ,  
bent h i c  detriti vore , a n d  f i s h .  T h i s  system wi l l  a l l ow evaluation  o f  parti 
t i o n i ng and transport of re l eased mater i a l  i nto water, sedi ment and organ i sms 
(bi oaccumu l a t i o n )  and measurement o f , effects on l ong-term s urvi val , growt h ,  
feed i n g  a n d  popu l at i o n  response under more natural cond i t � o n s  than i n  the 
l aboratory. Resu l t s o f  these studi es wi l l  be used to deve l op an on- s i te ,  
ecosystems study us i ng representati ve SRC- I I  materi a l  s .  

Laboratory Studies On Hevegetat i o n  Of Sol  i d  Wastes 

Background i nfor:nation  obtai ned o n  phy s i cochemi cal prcpert i es of s o l i d  
wastes wi l l  b e  used t o  recommend p l ants approp r i ate t o  the s o i l  ( root i ng sub
s trate s )  and c l i mate o f  the demonstrat i o n s i te .  f�easurement o f  p l ant response 
to i norga n i c  and orga n i c  components in s o l i d  was t e s  wi l l  be an i n tegral part 
of the program. E f forts wi l l  i nvo l ve :  a )  s e l ec t i ng p l ant spec i e s and deter
m i n i ng effects of s o l i d  waste l eac hates on pl ant growth , wa ter,  and i on fl uxes 
b )  determ i n i ng potential  for p l ant uptake , accumu l a tion and detox i fi cation  of 
organ i c  res i d ua l s  and trace meta l s  in so l i d  waste l eachates ; c )  i denti fying 
nat i v e  p l ant and geneti cal l y  i mproved spec i es best s u i ted for revegetat i on o f  
l and d i sposal s i t e s ;  and c)  recommend i ng preferred · ..... aste trea�ment o r  di sposai  
scenari o s  for s i te revegetat i o n .  
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Prel imi nary toxi c i ty tests wi l l  be conducted in growth chambers .  The 
range of cond i t i ons and remed i a l  treatments for pl ant g rowth that mi n i mi z es 
po l l utant uptake wi l l  be studied in the greenhouse. Treatments wi l l  i nc l ude 
va ri ous 1 eachates ( rai  n )  surface , ground , and i rri gat i on waters ) ,  pH cant ra 1 . 
fert i l i zati o n ,  and so i l  cond i t i oners ( e . g . , s l udge from b i odi gesters ) .  Tox i c  
effects on p l ants and acceptabl e  thresho 1 d app 1 i c a t  i on rates w i  th time w i  1 1  be 
eval uated. 

Chemical  And Microb i o l ogi cal Fate I n  Sediment And Soi l Svstems 

Nonoccupat i ona 1 heal th effects associ ated wi th SRC- II ope rat i on wi 1 1  be 
determi ned by envi ronmental factors which govern form, transport, and pers i s" 
tence of SRC- I I  products and wastes , and which medi ate exposure to man. Re
search wi 1 1  emphas i ze the fate of spi 1 1  ed SRC- II products and di sposed sol i d 
wastes and wi l l  focus on water- s o l ub l e ,  persi stent materi al s wi th greatest 
potential  for mob i l i ty and i ncorporation i nto water and food suppl i e s .  

Chemical  Characteri zati on of Water-Sol uble  Speci e s  

I n i t i a l l y ,  aqueous equi l i brations of SRC- I I  l i qui d product 'and sol i d  
wastes wi l l  b e  subjected t o  chemi cal analys i s  (Tab l e  2 5 )  and fractionation  
( F i gure 7) . For  organic compounds , methods described on pp. 44-51 for  sep
aration and ana l ys i s  wi l l  be employed where app l i cab l e .  However, for trace 
ana lys i 5 of some important organ; c compounds in envi ronmenta 1 samp 1 es of 
soi l s ,  wate r ,  and soi l l eachates , methods spec i a l l y  adapted to extraction ,  
concentrat ion ,  and  spec i fi  c detecti on may be requi red. Three i n  v i  t ro  sub
mammal i an assays wi l l  be employed (pp. 39-42) to defi ne effects of trace 
meta l s  and organ i c  compounds. Thi s informati o n ,  in conjunction wi th sol u
b i l i ty and knowledge of the b i o l ogical properties of spec i fic chemi cal spe
c ; es , wi l l  be used to 1 i mi t and focus subsequent chemi ca 1 ana lyses and i n
vesti gati ons.  

Aqueous equi  1 i brat i ons of SRC- I I  1 i qui d products wi 1 1  be repeated at d i f
ferent temperatures and w i th aci d i c  and bas i c  waters of adjusted i o n i c  strength 
to s i mul ate di fferent s urface-water types. Several standa rdi zed cond i t i ons of 
temperature, pH , and i ani c strength wi 1 1  be sel ected to eva 1 uate sol ubi 1 i ty 
and provide soluti ons for use in microb i o l o g i cal and sediment i nteracti o n  
experi ments . 

For sol i d  wastes , i n i t i al efforts wi l l  i nc l ude aqueous equi l i bration of 
ungas i f i ed and gas i fi ed mi neral res i due , fracti onati on,  and i n  vi tro testi ng . 
Aqueous equi l i b rates of resi due wi l l  be prepared i n  batch systems under d i f
ferent cond i t i ons of temperature and pH . Resu l ts from these experiments wi l l  
b e  used to design col umn experiments and to modi fy analyti cal protoco l s ,  i f  
necessary. Aqueous equi l i brates o f  sol i d  wastes may b e  s i gni ficantly l ower i n  
organic material  than l i q u i d  product equi l i brates and may requi re a more re
fi ned analytical protocol . Aqueous equi l i brates wi l l  be employed i n  mi crob i a l  
a n d  s o i l /sediment i nteraction stud i e s .  

Soi l a n d  Sediment I nteract i on 

Laboratory s tudi es wi 1 1  emphas i ze the i nteraction of aqueous equi 1 i brates 
of SRC- I I  products and sol i d  wastes with s o i l  materi al s ,  i so l ated suspended 
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TABLE 25. Analyses o f  Sol i d  and Li qui d Phases 

So l i d  Phase Analys i s  F requency 

Mi neral ogy (crysta l l i ne m i nera l s ,  A 
ox i di c  F e ,  Mg , Al ) 

Parti c l e  s i ze d i s tri bution A 

Surface area 

Cation/an ion exchange capac i ty 

Organic C 

Total N, S 

Total major el ements 
( N a ,  K, Ca, Mg , Si , T i , Mn , F e ,  Al , Cl , S) 

Total trace el ements 
( Li , B e ,  Sr, B a ,  La, l r ,  V, C r ,  Mo , W, Co,  
N i , C u ,  Ag , l n ,  C d ,  Hg , B ,  Tl , S n ,  P b ,  P ,  
As , S b ,  B i , Se , F ,  Br,  I ,  Nd,  Th,  U )  

Total radi oacti v i ty ( al pha , beta) 

Organic materi a l s  

Liquid Phase Analys i s  

Total s o l  i d s  

Organi c C 

Total C ,  N ,  

Conduct i v i ty 

Major cati ons ( N a ,  K ,  C a ,  Mg) 

Major ani ons (SO. - , C l - , HC03 - , C03
-

Mi nor anions (�03
- ' NfJ2 - , reduced 5 spec i es , 

Br , F , PO. 3 ) 

Total mi nor el ements (Tl , Mn , F e ,  Al , Li , Be , 
S r ,  Ba , La,  l r ,  V, C r ,  Mo , W, Co , Ni , C u ,  Ag,  
l n ,  C d ,  Hg , B ,  To , S n ,  Pb , P ,  As , S b ,  B i , Se,  
I ,  Nd , Th , U )  

Trace metal spec i ation :  organometal comp l exes 

Organi c fracti ons 

Organ i c  compounds (organ i c  ac i d s  and pheno l s ,  
bas i c N compounds and aromat i c hydrocarbon s )  

Total Rad i oacti v i ty ( a l ph a ,  beta) 

A = p l anned for each SRC- I I  materi a l  under study 

M = as pre l i mi nary studies warrant 
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sediments and bottom sediment s .  These s tudi es "'i l l  i dentify effects of spe
c i f i c  sorption reacti ons , ion or i nduced i on exchange reacti ons , sol i d  i nduced 
fractionation reactions and mi crobial  degradati on on mobi l i ty ,  pers i s tence , 
and toxi c i ty of ",ater- s o l ubl e ,  b i o l og i ca l l y  acti ve mate r i a l s  from l i qu i d  pro
duct and s o l i d  ",aste s .  Res u l ts of these experiments "'i l l  have app l i cabi l i ty 
to the envi ronmental fate and effects of b i o l ogical ly active  compounds re
l eased under d i fferent scenari os from product spi  1 1  s and so 1 i d ",aste di sposa l .  

Experiments wi l l  be desi gned to di fferentiate phy s i cochemical  from mi cro
bi  a 1 processes .  Interaction studi es ",i 1 1  be performed in paral l e l  under 
steri l e  and nonster i l e  cond i t i ons u s i ng batch ( s u spended matte r ,  sediments and 
soi l s )  and col umn ( s o i l s )  systems . The organic fract i onation scheme ",i l l  then 
be app l i ed to a l l  s o l utions  generated to i ns ure an integrated analytical 
approach. An i norga n i c  analyti cal protocol "'i l l  a l so be app l i ed to determine 
pH , E h ,  maj o r  and trace e l ement s , and ani on/cat i on bal ance o f  s o l uti o n s ,  and 
to ascerta i n  promi nent mi neral ogical contro l s  on sol ution compos i ti on .  Thi s 
i nformati o n i s  needed to accurately eval uate the chemical and mi crobi o l og i cal  
mechanisms affecti ng sorption  and pers i s tence of the d i s s o l ved organic frac
t i o n .  Use of para l l e l experiments shoul d enab l e  defi nition  of key physico
chemical and mi crobi o l og i ca l  factors govern i ng fate and pers i s tence of spe-
ci  fi  c organi c compound c 1  asses or fracti ons i dent i fi ed dur; ng chemi ca 1 char
acteri zation.  

Soi 1 s and sediments ",i  11  be sel ected to i nsure broad app 1 i cab i l  i ty to 
di fferent geograp h i c  reg i ons . S e l ection  requi res an unders tand i ng of prom-
i nent phys i cochem;.:;a 1 mechani sms affect i ng sorption and retention of trace 
meta l s  and organ i c  compounds by soi l s  and sediments. These mechanisms i nc l ude 
cat i on exchange , e l ectrostat i c  retention  of po l ar compounds , l i pophi l i c i nter
acti ons with s o i l  organi c  materi al , spec i f i c  adsorption and , to a l esser 
extent, anion exchange. The s o i l and sedi ment character i s ti c s  most i nf l u
enti al  in regu l at i ng these mechanisms incl ude: a) pH- E h ,  b) oxi de-hydroxide 
content, c)  c l ay m i neral compo s i t i on and content, d) bul k parent material  
mi nera l ogy , e) soi l texture, f )  compo s i t i on and quanti ty of organic  materi a l s ,  
and g )  bas i c  trans l ocational o r  soi l genet i c  processes .  Several i nd i v i dual 
so i l s  and sediments exhi b i t i ng some o f  the promi nent chem i ca l  characteri stics  
l i sted above wi l l  be chosen for use from the PNL i nventory o f  nati onal soi l s .  

Three sets o f  soi l mater i a l s  (cal careous , ac i d i c ,  and oxidi c ) ,  and r i ver 
sediments ",hich range in pH and exhi b i t  di ffering prominent phys i cochemical 
characteri s t i c s ,  wi l l  be SUbjected to detai l e d  phy s i ca l and chemical  analys i s .  
Aqueous extracts o f  ster i l e  and nonste ri l e  soi l s  and sediments wi l l  undergo 
organ i c  and i norga n i c  ana l yses to def i ne background concentrati ons of spec i f i c  
organic compounds consi dered b i o l ogi cal ly active and t o  i dent i fy t h e  appropr i 
ate organ i c  Chemical  regime f o r  compounds of concern. 

So i 1 s tudi es wi 1 1  be conducted ", i th batch and co 1 umn systems . Batch 
stud i es ",i 1 1  i n i t  i a l l y be performed at amb i ent temperature with aQueous SRC- I I  
product extracts , o r  so 1 i d was t e  1 eachates . ard o n e  1 eve 1 0 f orga n;  c carbon. 
Al i quots wi l l  be removed, with time , for ana lys i s .  Add i t i onal extractions 
wi l l  be perfo rmed , i f  necessary, u s i ng mu l t i p l e  l ev e l s  of orga n i c  carbon to 
determine adsorption  i sotherms , and varying temperatures to i dentify ki net i c  
restra i nts on b i o l og i ca l  gro",th and adsorption .  Col umn studies ",i l l  emp l oy a 
s o i l  perfus i on system where so i l  mo i s ture and aeration can be contro l l ed .  
Col umns wi l l  b e  perfused with S R C  aqueous extracts contai n i ng vari ous l ev e l s  
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of orga n i c  carbo n .  Perfusates from thi s system and a l i quots from batch sys
tems wi l l  be exami ned for E h ,  pH, major  and trace e l ements , and d i s s o l ved 
organ i c  carbo n ,  and subjected to i n  v i tro assays , fol l owed by orga n i c  frac
ti onat i on and additi onal in v i tro assays.  

Sediment studies w i l l  be conducted in batch systems wh i ch wi l l  be con
t i nuously moni tored for Eh, pH,  and evol ved CO2 , A constant s o l i d- to- l iquid  
rat  i 0 ( 1 : 10 )  wi 1 1  be  used .  Steri l e and  nonsteri 1 e batch systems wi  1 1  conta in  
aqueous extracts o f  SRC-I I  1 i quid  products at various organi c carbon- l oad; ng 
rate s .  Samp 1 es wi 1 1  be removed , wi th t i me ,  and character; zed us i ng the s tan
dard organic and i norga n i c  protocol (pp. 48- 5 1 ) .  

Speci f i  c adsorpti o n  i sotherms wi 1 1  be cal cu1  ated when necessary and 
sorpti on reactions  wi l l  be tentatively i denti fied.  Addi t i ona l l y ,  effects of 
mi crob i a l act i v i ty on chem i s try and b i o l ogical  acti v i ty of spec i f i c  compound 
c l asses showing effects in in v i tro tests wi l l  be determi ned . 

M i crob i a l  Processes 

M i crobi a l  acti v i ty is  an i mportant factor affec t i ng pers i s tence of or
gan i c  components in  the envi ronment. The effect of mi crob i al commun i t i es on 
envi ronme ntal fate of water- sol ubl e organ i c  mater i a l s from SRC- I I  l i quid  
products and sol i d  wastes wi l l  be exami ned. Laboratory studies wi l l  i nc l ude 
the batch and co 1 umn systems previ ous 1 y descri bed,  and wi 1 1  be fo 1 1  owed by 
f i e l d  l y s i meter and other f i e l d  v er i f i cation  stud i e s  (pp.  112-117 ) .  Mi crobi a l  
studi es wi 1 1  b e  c l o s e l y  i ntegrated wi  t h  chemi ca 1 and so i l - sedi ment experi ments 
and wi l l  empha s i ze compounds showing bi omedi c a l  or eco l ogical effect s .  

Studies  wi l l  i nc l ude: a)  measurement o f  mi crobi al communi t i e s , over 
t i me ,  in systems conta i n i ng sol i d  was te , sol i d  waste and so i l , or SRC- I I  
l i quid  products with s o i l o r  sediments ; b )  determ i nati on o f  the effects o f  
var i ous growth factors (nutri ents , pH ,  E h ,  and temperature) o n  type and dura
t i o n  o f  m i crob i a l  acti v i ty ;  c) measurement of the rate and extent o f  microbial  
decompo s i t i on o f  total res i dual and water- sol uble  organic carbon as a funct i o n  
of growth at di fferent organic carbon- l oadi ng rates ; d )  e l uc i dati on of perti
nent segments o f  microb i al degradative pathways for i nd i v i dual compounds 
showing b i ological  act i v i ty ;  and e) determi nat i on o f  the re l ationsh i p  between 
mi crob i a l  degradation of organ i c  materi a l s  and trace metal comp l exat i on! 
mobi l i ty .  

Co 1 umn a n d  batch e q u i  1 i bri u m  studi es , us i ng systems deve l oped at PNL ,  
wi  1 1  di fferenti ate among major phys i cochemi cal factors i nfl  uenci ng  rate and 
course o f  mi crob; a 1 metabo 1 i sm. The protoco 1 a l so a 1 1  ows for determi nat i on of 
changes in metabo l i c  pa thways due to m i crob i a l  succe s s i on and accumu l at i o n  or 
remova l  of metabo l i te s .  Degradation of organics  wi l l  be measured by monitor
i ng total CO2 and "C02 evo l uti on in model compound studi e s .  Analytical  
methods used for chemi ca 1 characteri zat  i on i n  compan; on stud i es wi 1 1  exam; ne 
degradat i o n  and accumul at i on of spec i f i c  organ i c  compounds showing b i o l og i ca l  
act i v i  ty. Rate and extent of degradat i o n  wi 1 1  b e  exami ned i n  conj unct i on w i t h  
soi l and sedi ment studies t o  prov i de i nput t o  chemi cal a n d  transport model s .  
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ENV I RONMENTAL ASSESSMENT !RISK ANALYSES - PHASE I I 

Duri ng Phase I I  research , des i gn of the demonstration fac i l i ty should  be 
f i na 1 i zed and constructi on i ni  t i  ated. Al l process and product s treams , pl  anned 
l i quid  and sol i d  emi s s i ons , and treatment and di sposal  methods s hould  be de
fi ned. De s i gn ana lyses rel evant to major sources o f  atmospheric emi s s i on s  
should a l so be ava i l ab l e .  

Toward the end of Phase I I ,  b i omedi c a l  data shou l d  pro v i de i n forma t i on o n  
chronic effects o f  SRC- I I  mater i a l s  admi n i s tered t o  anima l s  v i a  i nhalation  and 
dermal exposure route s .  I nforma t i on may b e  avai l ab l e  on the mo l ecular  form o f  
potenti a l  releases and!or transformat i o n  products t h a t  approximate chem i c a l  
enti t i e s  o f  b i omedical  concern. 

Some degree o f  quanti tat i ve envi ronmenta 1 asses sment!ri sk ana lyses wi l l  
be pos s i b l e  for occupat i onal l y  and envi ronmenta l ly exposed human popul ations .  
However, uncertai nties  may be  grea t ,  and wi l l  be di f f i c u l t  to  de f i ne due  to 
the nature of so urce-term data , the di f f i c u l ty of extrapo lating  effects on an
i ma l s  to man wi thout i n formation on comparat i ve patho l og i ca l  mechanisms and 
dose effects , and uncerta inties  concerning the shape of dose-effect curves 
( e . g. , thres ho l d  v s  no thresho l d ) .  

Eco l og i ca l  data wi l l  i nc l ude i nformation  on chronic effects o f  SRC- I I  
material s o n  sel ected aquat i c  and terrestri a l  b i ota , tested s i ng l y  and i n  
more-comp l ex model ecosystems. Data on fate o f  so l i d-waste resi dues i n  f i e l d  
l y s i meters , i nformation o n  chemical  enti t i e s  o f  concern i n  a n  aquatic spi l l  
s i tuation and data from eco l ogical  and chemi cal moni tori ng studi e s  at the 
SRC- I I  demonstration fac i l i ty should  al so be avai l ab l e .  These data wi l l  span 
the preconstruction and construc t i on phases o f  fac i l  i ty devel opment.  

Al though ab i l i ty to predi ct eco l og i ca l  effects and potential  prob l ems i n
vo l v i ng fate of SRC- I I  materi al s  in the envi ronment wi l l  improve i n  Phase I I  
assessment, meani ngful quant i tat i o n  may sti l l  b e  1 acki n g .  Methods f o r  measur
i ng spec i fi c  chemi cal  mater i a l s of known b i omedical  and eco l ogical effects 
·.i l l  s ti l l  be devel opmenta l . There fore , it is doubtful that many materi a l s of 
concern wi l l  have been measured. Al though assessment of bi omedical  and eco
l ogical  effects resu l ti ng from exposure to SRC- I I  materi a l s  through food 
cha i ns wi l l  at tempt to es tab 1 i s h  magni tude , resu 1 ts of the process wi 1 1  re
ma i n  h i ghly uncertai n . 

Envi ronmenta 1 Pathways Model i ng 

The comp l e x i ty of dose assessment mode l i ng i s  i l l us trated in F i gure 8 .  
Three major submode l s  are shown, each requi r i n g  devel opment and adaptation  to 
SRC- I I  compounds of i nterest. Phase I assessment wi l l  rev i ew and adv i se on 
the des i gn of needed eco l ogi cal , b i omed i ca l , and chemical research to ensure 
mutua 1 data compat i b i l  i ty wi th mode 1 i ng parameters .  Boxes i n  F i gure 8 repre
sent env i ronmental components and arrows represent processes affecting compon
ents. We wi l l  estimate , under de fi ned c i rcumstances , how s e l ected materi a l s  
are re l eased and part i ti oned i n  the envi ronment. 
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Atmospheri c Model i ng 

Avai l ab l e  mode l s  for predi cti ng di spersal and depos i t i on o f  ai rborne pol-
l utants wi 1 1  be ana l yzed. We wi l l  revi ew avai l ab Ie  s i te-spec Hi c data requi red 
to cal i brate a i r  qua l i ty mode l s  (AQM) app l i cab l e  to the SRC- I I  proce s s .  The 
need for further model devel opment and data col l ection wi l l  be determ i ned. 
The most appropriate AQMs and data bases wi l l  be used to esti mate atmo spheric 
transport and assess health i mpacts from ai rborne emi s s i ons of the Ft.  Marti n ,  
West Vi rg i n i a  SRC- I I  faci l i ty .  These model s w i l l  consi der a s  variabl e s :  
source term em; s s ;  cns ; atmospher; c transport v i  a wi nds ; di f f u s  i on through 
thermal and mechan i ca l  force s ;  transformation v i a  photochemi stry and reaction  
w i th atmospheric gases ; and  removal processes.  

Meteoro l ogical data for AQMs can be obtained re l atively eas i ly .  G i ven 
the w i de range of organic and i norganic mater i a l s  wh i ch may be released i nto 
the atmosphere by a l arge SRC- I I  fac i l i ty ,  mode l i ng efforts wi l l  concentrate 
on compound types that are: 1 )  i dent i f i ed through b i omedical and/or eco l og i 
c a l  studies , or 2 )  presently mandated through exi sti ng l egi s l ation as bei ng o f  
potenti a l  concern. I t  is no tewo rthy that the area near the Ft. Marti n  demon
stration fac i l i ty has l ong been a s i te of mi ni ng acti v i ty and coal -fi red e l ec
tri c power gene rat i on. Therefore , hi  gh backgrounds of coa 1- based pol l utants 
may a l ready exi s t ,  and it i s  important to deve l op a data base to defi ne thi s 
background. 

Depending on the t i mi ng of ass essment and the avai l abi l i ty of requi red 
i nformat i o n ,  esti mates of atmospheri c  depo s i t i o n  may have many uncertai nti e s .  
A f i rm defi n i t i on of model s t o  b e  empl oyed i s  requi red,  a n d  the nature of 
i nput requi  red for assessment needs further study. 

Chemi cal Fate Model i ng 

Mode l s  wi l l  be developed to cal cul ate the d i s tribution and acti v i t i es of 
chemical spec i e s  ( i ons , neutral s ,  i o n  pai rs , and compl exes ) i n  l eachate and 
.. ater samp l e s .  Cal cuI at i ons , whi ch as sume equi 1 i bri um i n  the aqueous phas e ,  
wi l l  part i t i on concentrati ons of each chemical spec i es among i ts monomeric  
forms and various  s o l u b l e  complexes with other i ons i n  s o l ution .  Spec i at i on 
wi l l  form the ba s i s  for eval uating avai l ab i l i ty of free and unreacti ve i ons i n  
sol uti o n ,  and for additi onal calcul ations i nvol v i ng mi neral equi l i br i a  and the 
i nf l uence of mi neral sol ubi l i ty reactions ( d i s s o l utio "  and prec i p i tation) on 
solution  compo s i t i o n .  The res u l tant mode l s  w i l l  be used to: a)  esti mate 
mi nera 1 ogi ca 1 control s on surface water,  ground water, and 1 eachate chemi ca 1 
speci ati o n ,  b )  predict l ater changes i n  sol uti on or l eachate compos i t i o n ,  and 
c) i nterface with hydro l og i c  model s of the demonstration s i te to pred i ct the 
envi ronmental fate of chemical mater ial s di scharged or found i n  ground and 
surface waters. 

Hydro 1 09i ca 1 Model i n9 

Hydrol ogical assessment wi l l  i n i ti a l l y  revi ew avai l ab l e  mode l s  for pre
dict i ng the fate of source terms di scharged or found i n  ground and surface 
wacers . Perti nent archi ved data w i  1 1  be revi ewed and eva 1 uated to i dent Hy 
data needs for hydro l ogical  asses sment. The most appropriate mode l s  and data 
sets wi l l  be used to es timate envi ronmental concentrations of contaminants 
resu l t i ng from water transport. 

95 

,- - - - -
I HYQROLOGIC MODEl - -, 

I . -
,- - - - ---, I ATMOSPHERIC MODEL I 

I 
1 
I 1 
1 
1 
I_ -
I 
1 ,00 CHA (0 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 '--

I 

1 X I -
I � w1m I i A 2 1 J ATMO� PHERE I <SURFACE SUBSURFAClJ I SOURCE I l  IGASES. INTERSTITI Al! 1 1 PARTICULATES< I I I - - - - l l  I I Q 

• I 3 , I 

; " 1 + + 6 1  
o '- f-

E2 J �t':�� � 1  
-= t:... i- =- -=-- J 12 .:..::..: 1- _ -, 

II 7 8 1 
• 8 �I 

7 "\ICR�810TA 
r- - I , DE C OMPOS ER S) 8 1'-13 

13 
1 

'0 <---, ,3 1 • F 4 PLA�TS ! 12 L.:. r-' I ! 
11 12 I I 

L ________________ �_9��� H 11 l .J TERRESTRIAL I 
i2D - -I AN IMALS J I 14 I 

12F I 
G i I'c. .'H I I ! A�IMAlS I J 

i "UATIC I ' l '  
I I_H�N�S�D� 

. -= = =-.:::: -=------- � -= =-= - - - I :19 I I .!C , L-____________ ..;... ________ --<�, �!]MANS I .  '------' 

Fi gure 8. Envi ronmental Dose Assessment Model 

96 

-.J 

-
I 
I 

_I 

-< I U1 \D 



Key for Food Transport Pathways and Processes Shown in F i gure 8: 

Aquatic d i s charge 

Atmospher i c  di scharges 

I rr i gation , water/sediment i nterphase exchanges 

Surface depos i t i on 

Leach i n g ,  eros ion,  mi neral i zati o n ,  water sediment i nterphase 
exchange 

Resuspens i on/evaporat ion  

Mi crobial  i ncorporat i on 

Microb i a l  rel eases , decomposition 

Water consumption,  skin  absorption 

10 I rr i gation p l ant surface exchange 

1 1  Root upta ke 

1 2  Ingestion 

1 3  Morta l i ty 

1 4  Inhalation 
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Three bas i c  categories of hydro l og i c  mode l s  to be used are: 

over l and runoff mode l s  that s imul ate prec i p i tation run off from 
watershed area s ;  

groundwater mode l s  that consi der waters that are not transported 
overland or lost  by evapotransp i rati on ; and 

surface-water mode l s  that use i nf1 ows determi ned by overl and runoff 
mode l s  and groundwater mode l s ,  and coup l e  this i n formati o n  with data 
on the i nstream base f1  ow to the outlet of the r i  ver system mode 1 ed. 

As is the case when estimati ng atmos pheric transport, hydro l og i cal  mode l 
i ng wi l l  only consi der compound c l asses of known b i omedi ca l  o r  eco l ogical  
concern. Background i nformation i s  needed on the contribution o f  mi n i ng and 
el ectri c-power generation effl uents in the Ft. Martin area rel evant to hydro
l og i cal concerns. Stud i es rel evant to the above are described in Phase IV.  

S i nce hydro l ogical  mode l i ng o f  complex organic mater i a l s  is  currently 
deve 1 opmenta 1 ,  no dec; sian concern; ng mode 1 i ng approach, data requi red ,  or 
f i nal  form of output relevant to assessment can be made. Phase I I  research 
wi l l  provi de on l y  a qua 1 itat i ve asses sment of SRC- II contami nant transport 
through surface and ground waters. However, Phase II wi l l  a l s o  def i ne needed 
mode l s  and data for more complete and quantitative assessment of potential  
dose through surface and ground waters. 

Food-Cha i n  Mode l i ng 

General model s  exi s t  for estimati ng food-cha i n  transfer of rad i onuc l i des 
through the envi ronment. These mode l s  wi l l  be revi ewed for the i r  appl  i cabi l 
ity a n d ,  where pos s i b l e ,  modi f i ed t o  consider metal and orga n i c  carci nogen 
food- cha i n  transfers based on steady-state cond i t i ons .  Avai l ab l e  l i terature 
on pathways mode l i ng and food-cha i n  transfer data wi l l  be used with data 
developed in Phase I biomedical and eco l ogical  studies to eva l uate and sel ect 
the most appropriate food chain mode l s .  If experimental data exist o n  SRC- I I  
organic mate ri a l s  of concern , they are certai n l y  not a s  comprehen s i ve a s  data 
on nuc l ea r  materi a l s .  Accord i ng l y ,  Phase II wi l l  i nvolve an i n i t i a l  qual i 
tat ive ( o r  quant i tat i ve) asses sment o f  food-chai n tra.lsport that w i  1 1  be 
h i ghly uncerta i n .  Defi n i t i o n  o f  app l i cab l e  mode l s  and data requi rements 
cannot be made at thi s time. Data for food-cha i n  transport model i ng wi l l  be 
developed principa l l y  in Phase II and Phase IV ecological stud i e s .  As data 
become avai l ab l e ,  porti ons of the conceptual model may be quant i f i ed ,  and 
coupled to atmo spheric and hydrol ogical model s to predict transfer of del ete
ri ous mater i a l s  to man. 

Ava i 1 ab le i n format i on wi l l  be used to describe envi ronmenta 1 routes of 
potenti a l  human exposure ( F i gure 8 ) .  Additi onal data needs wi l l  be i dent i fi ed 
through i ni t i a 1 model i ng efforts . 

Pathway mode l s  wi l l  consi der s i te-spec i f i c  factors near Ft. flarti n ,  .. est 
Vi rgi ni  a .  For examp le, mode l s  deve l oped for sedi ment chemi ca 1 processes and 
physi 01 ogi ca 1 data on materi a 1 s uptake from sedi ments by f i  sh and detri t i vores 
wi l l  be used to def i ne transfer of aromatic hydrocarbons from sediments to 
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organi sms i n  the Monongahe l a  R i ve r .  Data are needed on transfer functi ons of 
mater i a l s  from sediments to i nters t i t i a l  water to detri ti vores to f i s h .  

. The extent and camp 1 ex i ty of i n teractions among faci l i ty effl uents , eco-
l ogical  system s ,  and changing  envi ronments di ctate the need to s i mp l i fy ap
proaches wherever possi b l e .  F o r  examp l e ,  because i t  i s  not fea s i b l e  t o  obta i n  
complete data sets on every compound , w e  wi l l  study sel ected compound c l as ses 
which  have been i denti f i ed from studies of envi ronmental transport and fate. 
Experi ence in radi onuc 1 i de and metal pathway mode 1 i ng efforts i ndi cate that 
spec; fi c compounds can somet i mes be grouped accord; ng to phys i cochemi ca 1 
and/or b i ochem ical  propert i es . 

Bi omedi cal Asses sment 

Assessment of human heal th hazards from exposure to SRC- I I  products and 
po 1 1  utants i nvo 1 ves: 

i denti fication o f  mater i a l s  to which human popul ati ons are subjected, 
and estimation o f  the exposure l evel s to vari ous subpopul ati ons ; 

i denti fi cati on of pos s i b l e  heal th hazards and estimation of the 
potenc i es of these material s ;  and 

coupl i ng of exposure and potency i nformati on .  

Coup 1 i n g  mus t account for such factors a s  route and tempora 1 pat tern of expo
sures and important characte r i s t i c s  o f  the exposed popu l ations (e . g . , s i ze and 
age di stri buti on ) ,  to arrive at proj ected measures of morb i d i ty and morta l i ty .  
The g o a l  of t h e  b i omed ical  asses sment wi l l  b e  t o  de r i ve estimates of potenc i es 
of various SRC- I I  mater i a l s ,  and to rel ate th�se to exposure esti mates pro
v i ded by atmospher i c ,  hydro l og i c ,  and food-chain transport stud i e s .  

T h e  l a boratory data base f o r  bi omedi c a l  asses sment h a s  been descri bed 
previously .  Dose esti mates from a n  defi ned source. terms wi l l  be in vari ous 
stages o f  quanti tati on and certai nty. Phase II bi omed i cal  assessments may be 
qua l i tative or quantitat i v e ;  in any case , more certai n than Phase I estimate s .  

Several dose-effect model s  may b e  used t o  quanti tate heal th effects from 
the avai l ab l e  data base , i nc l ud i ng prob i t ,  mul ti - s tage , gamma , mul t i - h i t ,  and 
time-to- tumor format i o n  mode l s .  Ri gorous analys i s  o f  appropriateness o f  data 
to mode 1 and mode 1 to data wi 1 1  be performed. Phase I I  as sessment shaul d a i d  
t h e  experi menta 1 program by i dent i fyi n g  a n a  l y s e s  requi red t o  further quant i 
tate potent i a 1 heal th effects .  

Ecol ogical Asses sment 

Most data devel oped for the envi ronmental pathways model wi l l  a l so app l y  
t o  mode l s desi gned t o  assess eco l ogical  impacts of accidental or l ong- term ef
f l uent rel eases .  Envi ronmental assessment , unl i ke food-cha i n  mode l i ng ,  must 
consi der spec i fic tox i c  materi a l s ( e . g . , metal s ,  acid vapors , creso l s ,  pheno l s )  
i n  a g i ven eco l ogi cal system. Data uti l i zed must primari l y  de f i ne organ i sm 
sens i t i v i ty ( i . e . , behav i or or organi sm hea l th) , rather than just metabo l i sm. 
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Ana lyt i ca l l y ,  eco 1 ogi ca 1 assessment requi res i nformat i on on trans fer 
coeff i c i ents , s i mi l ar to that for atmosphe r i c ,  hydro l og i c  and food-chai n 
transport model s ,  and knowl edge of dose-response of organ i sms to compounds of 
concern at a gi ven s i te .  

Steady- state model i ng recommended f o r  predi ct i ng d o s e  to man wi l l  n o t  b e  
adequate t o  mode 1 ecosys tem effects ( i .  e . , mode 1 deve 1 opment , based o n  non
steady-state [ seasonal ] assumpti ons may be needed) .  Phase I I  eco l og i cal  
asses sment wi l l  i n i t i a l l y  be qual i tati ve. However , avai l ab l e  mode l s  wi l l  be 
analyzed for app l i cabi l i ty for quanti tative assessment. We wi l l  eval uate 
expanded model systems as they devel op for use i n  eco l og i cal  asses sment. 

Exame 1 e Of Phase I I Envi ronmenta 1 Asses sment/R i s k Ana 1 yses 

Gi  ven the compl ex scenari as for potential  human and eco 1 ogi ca 1 exposures 
to SRC mater i a l s ,  Phase II asses sment wi l l  be i l l ustrated by the fo l l owing 
hypotheti cal examp l e: 

Atmospheri c em; ss i ons from a wet coo 1 i ng tower may be contami nated wi th 
process mater i al s .  Engi neeri ng estimates suggest that contami nati on may 
res u l t  from ppm process sol vent at the poi nt o f  entry to cool i ng water. 
Process sol vent i s  mutagen i c  in i n  v i tro assays ; a s k i n  carci nogen of some 
potency; and a weak pul monary carci nogen in l aboratory anima l s .  Chemical 
anal yses and in v i tro bi omedi cal assays suggest that compounds and compound 
types caus i ng b i omedical effects may be aromatic ami ne s  and l arge (n > 3 )  
polynucl ear aromat i c s .  Based on the eng i neeri ng esti mates , i t  i s  anti ci pated 
that l es s  than % o f  ori g i nal  l eakage wi l l  be emitted from the coo l i ng 
tower. 

--

Dose-effect asses sment for i nhal ation ri s k  i s  performed u s i ng data on 
emi s s i ons o f  known mutagens and carci nogens a s  a functi on o f  d i stance from the 
coo l i ng tower. Th i s  i nformation i s  extrapo l ated from anima l  data based on a 
l i near extrapo l at i o n ,  not on thres ho l d  dose. T h i s  mode of data analys i s  
suggests a n  X percent i ncrease i n  rates of pul monary carci nogene s i s ,  adjusted 
for popu l ation age at t i me o f  i ni ti al exposure. Percent i ncrease i s  w i t h i n  
the standard dev i 3t i o n  ant i c i pated f o r  l ung tumor i nci dence i n  any group the 
s i ze o f  the expected target pop u l ation .  

Process sol vent a l s o contains  ppm of pheno l i c  compound s ,  and  i s  
acute l y  tox i c  t o  f i s h .  Thi s compound cl ass is h i gh l y  so l ub l e ,  and worst-case 
esti mates suggest that ppm o f  o r i g i nal l ea kage wi l l  be emi tted from the 
coo l i ng tower. Ava i l ablePfiotodecomposition  and atmo spheri c chemi stry data 
suggest that % of the origi nal dose enter i ng the atmosphere wi l l  be chem-
i ca l l y  al teredOr b i o l og i ca l l y  i nactivated per meter of p l ume travel .  
U s i ng a mul t i - h i t  mode l , surround i ng natural waters wou l d  be % l es s  tox i c  
t o  f i sh p e r  meter of p l ume trave l .  

--

On a qua l i tative bas i s ,  pheno l s  decompose i n  water and sediments through 
microb i a l  act i o n .  Therefore, effects wi l l  be conti ngent on pheno l l o ads 
versus rates o f  de:o:npo s i t i on versus periods of pl ant operat i o n .  
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The fol l owing uncerta i nt i es affect this  assessment: 

1 )  Extent of coo l i ng- tower water contamination by process sol vent 
may vary by fol d ,  depending on mai ntenance status of 
heat exchangOrSaiid process 1 i ne s .  

2 )  Pl ume output i s  a function of overa l l  plant heat l oad , which 
vari e s  by __ orders of magnitude. 

3) Noth i ng is known concerning atmospheric and photochemi stry of 
compounds tentatively i dent i f i ed as of b i omedical concern. 
Therefore , whether a 1 terati on woul d i ncrease or decrease ef
fective b i ol ogi cal concentration is unknown. 

4)  Low potency of process sol vent re l ative t o  pul monary carci no
gen i c i ty in mice may or may not reflect pul monary carci no
gencity in man. For exampl e ,  a l though c i garette-smoke conden
sate is a dermal carci nogen in m i c e ,  i nhal ed ci garette smoke 
does not appear to be a pul monary carci nogen in mice. Thus , 
present data may underestimate ri s k  to human populations from 
cool i ng-tower pl ume dri ft. Additional ly , present animal model s  
for pul monary carci nogenesi s may be poor quantitative pre
di ctors for l ung tumor i nci dence in man. 

5 )  Oepos i tion of  Inateri a l s  on crops meant for human consumption 
may change bioavai l ab i l i ty and , therefore, the i r  potenti a l  
effects on man. Fol i ar depo s i tion studies o n  fuel bl end A 
suggest that heavy coal 1 i qui ds adhere to pl ant l eaves and are 
not removed by was h i ng.  Howeve r ,  stud i e s  on i ngestion of l eaf 
tissue by anima l s  are not p l anned at thi s  time. 

6 ) L i ttl e or no data exi st on decompo s i tion rates of pheno l i c  spe
c i e s  in natural waters and sediments. Therefore , no estimates 
of pheno 1 i c  pers i stence and i ts ef fect on fi sh toxi ci ty can be 
made. 

7 )  L i tt l e  or n o  data exi st on the fate of known mutagenic and 
carcinogenic substances i n  soi l s ,  waters ,  and food cha i n s .  
Therefore n o  estimate of l ong-term r i s k  t o  man during a n d  after 
plant operations can be made. 

The above examp l e  is i l l ustrative only of  a poss i b l e  assessment of  one 
envi ronmental scenario. It  is noteworthy that no s i ng l e  generic path to 
overa 1 1  envi ronmenta 1 asses sment may be ava i l  ab le. Assessment wi 11 depend on 
the nature of  exposure scena r i os , the extent of  the envi ronmental data bas e ,  
and the avai l ab i l ity of appropri ate model s .  Given the l ac k  o f  standard, 
accepted assessment methods , assessments of d i fferent techno 1 ogi e s  (or even of 
the same technology, performed by d i f ferent asses sment groups) may not be 
quanti tatively or ( i n  some cases) qual i tati vely cons i stent. 
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PHASE I I I  

Phase I I I  b i omed i ca l , ecol ogi cal and chemical analyses wi l l  e.al uate 
mater i a l s whi ch may be produced by demonstrat i on and commerc i a l  faci l i t i e s  
under di fferent cond i t i o ns from those establ i s hed a s  basel i ne i n  Phase I I .  
Add i t i o na l l y ,  materi al s processed through .ari ous control technol ogy opti ons , 
or subjected to upgrad i ng pri or to end-use proces ses , wi l l  be analyzed. Re
.i sed .ers i ons of thi s program p l an wi l l  deal in greater depth with exact pro
cess streams , products and wastes to be ana lyzed as SRC- I I technol ogy p l ans 
de.e1 0p . 

Research i n  Phases I and I I  wi l l  establ i s h  process , product,  and waste 
streams of potenti a l  bi omed i cal  and ecol ogical concern and provide data on 
soeci f i c  chemical compounds and compound c l asses respons i b l e  for b i o l ogical  
and ecol ogical effects ( e . g . , mutageni c i ty ,  carci nogeni c i ty and acute and 
chronic toxi c i ty ) .  Phase I I I  bi omed ical  research wi l l  primari l y  use in v i tro 
assays shown to correlate w i th resul t s  from Phase II who l e-anima l  a s say sys
tems and o f  proven uti l i ty in determi ni ng compounds of concern. Phase I I I  
ecol ogical research wi l l  primari ly use acute and chronic screeni ng as says 
shown to corre 1 ate wi th l onger-term Phase I I  ecosystems approache s .  Si nce the 
number of mater i a l s  whi ch may require testi ng in Phase I I I  may be l arge , an
a l yses i n  animal and ecol ogical  systems wi l l  be l i mi ted to mater i a l s  most 
l i ke l y  to cause b i o l ogical  or eco l ogical  effects and/or most l i kely  to be pro
duced by a demonstrati on or conunercia1  faci l i ty. Only a l i m i ted number of an
al yses may currently b. described as appropriate to Phase I I I .  Studi es s i m
i l ar to those described bel ow for b i omedical  concerns wi l l  a l so be i ni t i ated 
to address eco l og i ca l  i s sues.  

UPGRADED PRODUCTS 

To i ncrease the uti l i  ty of SRC- I I 1 i qui ds as refi nery feed or potent i a l  
f i na l  product , Bart l esvi l l e  Energy Technol ogy Center wi l l  treat SRC- I I  l i qu i ds 
by cata lytic hydrogenat i o n ,  and hydrode s u l f ur i zation.  One set of materi a l s ,  
derived from a 2 . 9 : 1 b l end o f  SRC - I I  m i ddl e t o  heavy d i s t i l l ate and subjected 
to two d i f ferent hydrotreatmen, regimes , has been provi ded to PNL by UOP. 

The UOP samp l es were subjected to b i o l ogical  and chemical ana lyses u s i ng 
methods described on pp. 37-5 1 . Fractions were prepared by sol vent extrac
tion  and LH-20 chromatography and anal yzed by Ames assay. Re su lts  suggest 
that catalytic hydrotreatment l owers mutagen i c i ty of fue l s  rel ative to feed
stock by an amount proportional to the l o s s  of chemical compounds and compound 
types ( e . g . ,  aromatic ami nes)  which appear to be respon s i b l e  for mutageni c i ty. 
Hydrotreatment al so resul ted in major l os se s  of PHAs which were converted to 
more-saturated r i n g  compound s .  T h i s  resul t was antici pated and is of some 
b i o l ogical  i nterest, gi ven the estab l i shed role o f  PHAs in carcinogenesi s .  

To e s tabi s h  correl ati on w i th these res u l ts i n  whole-animal assay systems , 
upgraded materi a l s  consi dered most l i kely  to be produced fro'll SRC- l I  products 
wi l l  be subjected to in v i tro assay by methods desc ribed on pp. 37-51 , and to 
ana lyses o f  dermal carci noge n i c i ty in mice by methods descri bed on p .  76.  

1 03 

BOI LING-POINT FRACTIONS 

Du Pont Co. has been performi ng ana lyses of boi l i ng-po i nt fracti on s  de
ri .ed from a b l end of SRC- I I  heavy and m i dd l e  disti l l ate re l ative to mutagen
i c i ty i n  the Ames assay and carci nogen i c i ty i n  mouse s ki n  u s i ng an i n i t i ator
promotor a s s ay system. Resul ts from the Ou Pont study shoul d by avai l ab l e  i n  
the near future. 

PNL wi l l  a l so perform a study o f  bo i l i ng-po i nt fracti ons u s i ng the Ames 
assay and chem i cal  fracti onati on and analyses methods de scri bed on pp. 37-60.  
P&M is in the process of prep ar i ng 50°C boi l i ng-po i nt cut s ,  over the range 
400-950oC ,  of a 2 . 9 : 1  bl end of m i dd l e  to heavy disti l l ate. Dependi ng on re
s u l t s  of analyses on the 50°C cuts , further fract i o nation i nv o l v i ng d i s t i l l a
t i o n  cuts , at l Ooe i ncrements , may be performed. 

These ana lyses may have s i gn i f i cance for assessment and process envi ron
mental management, si nce pre l i m i nary PNL res u l t s on boi l i ng-p o i nt fr3ctions  
suggest that  mutagen i c i ty re s i des prima r i l y  i n  hi gh-mo l ecul ar-wei ght mater i a l s  
which  are found i n  hi gh-boi l i ng-po i nt end s .  

ENVI RONMENTAL ASSESSMENT / R I  SK ANALYSES 

Mode l s  for determ i n i ng atmospheri c ,  hydro l ogi c ,  and food- c h a i n  dose (F g
ure 7)  wi l l  be improved in Phase I I I  as sessment. Data from Phase II eco 1 0g -
cal  and b i omedical  assays wi l l  be i nc l uded i n  the improvea mode l s .  I n  part c-
u 1 a r ,  a cons i derab l e  body of food-chai n trans fer data wi l ,  be devel oped for 
reference compound types . Analyses suggested from Phase II asses s;nenL w i  11 be 
performed and res u l ts wi l l  be used in appropriate mode l s .  Analyses of e ffects 
of changi ng SRC- I I  p l ant operat i ng cond i t i ons and new control techoo l og i es en 
b i o l ogical  and eco l ogical  potency wi l l  b e  performed. Res u l ts wi l l  be used i n  
Phase I I  mOde l s  and new l y  deve l oped model s ,  for comparative purposes . 
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HEALTH EFFECTS MONITORING 

Heal th effects mon i tori ng at the Ft.  Lewi s ,  WA SRC p i l ot p l ant has con
s i sted of work'"'area and personnel mon i tori ng for cri teri a po l l utants , no i se ,  
and 1 i ght i ng condi t ions .  Standard methods for ana lyses of s i te and per sonne 1 
part i cul ate l oads , organi c vapors , H.S , SO. , and CO have been used by P&M to 
de f i ne areas of r i s k  and potential  work-force exposure. These analyses are 
performed on a routine bas i s  (monthly ,  quarterly or yearly , depending on area 
exami ned and nature of potentia 1 hazard ) ,  and a 1 arge body of data has been 
col l ected and reported i n  Quarterly and Annual Reports ava i l ab l e  to the publ i c  
through DOE-As s i s tant Secretary for Fos s i l  Energy. A s ummary of avai l able  
i nformation on SRC pi  l ot monitoring fol l ows.  

Surveys of ai  rborne organi c vapors have i ndi cated that i n-p 1 ant concen
trat i on s  of organ i c  vapors and hydrocarbon gases were genera l ly l e s s  than 0 . 1 
ppm. A s i mi l ar study has i ndicated occupati onal exposures to benzene were far 
bel ow the l -ppm l evel speci f i ed in the proposed Occupational  Safety and Hea l th 
Adm i n i stration (OSHA) standard. Suspended part i c u l ates measurements have 
shown some i nconsi stenc i es and are under more detai l ed exami nat i on .  Wel d i ng 
fumes from cutti ng or we l d i ng contami nated parts can pose an exposure problem. 
Several potential  sources of hydrogen s u l f i de and s u l fur d i ox i de have been 
ident i f i ed in the p l a n t ,  but the measurements thus far i ndi cate very l ow 
concentrations .  Pheno l s ,  because of the i r  presence i n  a number of process 
streams , pose a seri OU5 occupat i ona 1 5 1<.  in contact hazard nece55 i tat i ng pre
ventive measures and good personal hyg i ene.  H i gh coocentrati ons of carbon 
monoxi de , detected i n  several areas of the p l a n t ,  were traced to the use of 
p l ant i nert gas and readi l y  correctabl e .  Settleable part i c u l ates in the p l ant 
were genera l l y  l ower than those reported for a nearby urban commun i ty .  A 
noi se survey detected some exce ssive  noise probl ems i n  the p l ant,  primari l y  i n  
remote areas o r  i n  areas requ i r i ng only i nfrequent operator attention.  A 
survey of 1 i ght i ng condi t i ons i ndi cated i nsuffi ci ent 1 i ght i ng i n  several 
areas ; add i t ional i l l uminati on was i nsta l l ed.  

Duri ng i ni ti a l  operat i o n s ,  the Ft.  Mart i n ,  West Vi rgi n i a  demonstration 
fac i l i ty w i l l  use, at a m i nimum , a mon i tori ng program s i m i l a r  to that emp l oyed 
at the p i l ot p l ant. Data confi rming or negating potent i a l  hea l t h  hazards for 
po lyaromat i c  ami nes and other spec i fi c organi c consti tuents of SRC- II mater
i a l s wi l l  be used to def i ne further spec i f i c  needs for work- s i te and personnel 
mon i toring at the demonstration fac i l i ty .  A generic program address i ng i n
strumentation  that mi ght be used in such mon i tori ng i s  underway at ORNL. The 
chemi stry program affi l i ated with  b i omedical studies  described i n  t h i s  docu
ment shou l d  a i d  in def i n i ng i n strumentation and assay needs for th i s  effort. 

ECOLOGICAL MONI TORING - F I ELD S TUDI ES 

F i e l d  samp l i ng and rel ated measurements at the Ft. Mart i n ,  West V i rg i n i a  
SRC- I I  demonstrat i o n  s i te wi l l  a l l ow a rea l i st i c  evaluation of effects on key 
organi sms and on i ntegrat i ve eco 1 ogi ca 1 processes whi ch serve as useful i ndi
cators of ecosystem hea l th. To i dent i fy any abnormal variation s , i t  is neces
sary to f i rs t  estab l i s h the normal range o f  seasonal vari ations in sel ected 
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ecol ogical  vari ab l e s  pri or to fac i l i ty construction and operat i o n ,  then mon i 
tor these variables duri ng fac i l i ty operat i o n .  The absence of detectab l e  ef
fect after several years o f  mon i toring  may prov i de persuas i ,e evidence that 
the fac i l i ty is envi ronmenta l l y  safe, provided that samp l i ng effort was suit
ably  des i gned. 

However, due to the exi s t i ng pol l ut i on burden at the s i te ,  and the nature 
of the SRC - I I  fac i l i ty ,  add i t i ve effects of normal SRC- I I  operat i on s  may not 
be envi ronmenta l l y detectab l e. Addi t i ona l l y ,  it is currently not pos s i b l e  to 
i dentify prec i s e l y  which samp l es mus t be taken and which measurements need to 
be made. Therefore, a l arge number of b i o t i c  and abiotic  samp l e s  wi l l  i n i 
t i a l l y  b e  taken and archi ved. Based on res u l t s  of Phases I - I I I  of thi s pro
gram, deci s i on s  wi l l  be made on whi ch chemi ca 1 ana lyses to perform on archi ved 
samp l e s , and the need for add i t i onal  f i e l d  studi es.  

Samp l i ng des i gn wi l l  anti c i pate d i stribution of pol l utants from fac i l  i ty 
operations ( F i gure 9 ) .  Thi s wi l l  be determi ned by presently avai lable  i n for-
mat i on on p l an t  des i g n ,  area �ydro 1 ogy, meteoro l ogy , and other non- SRC- I I i n
dustrial  acti v i t i es in the area. We wi l l  concentrate on b i otic  samp l i ng of 
representative important spec i es to determine relative abundance and di stri
buti o n  at l ocations correlated with  antici pated hydro l ogical  or atmospheric  
pol l ut i o n  grad i ents.  "Ab i ot i c" samp l i n g  refers to sel ected phys i ca l  and chem
i ca 1 measurements at or near bi at i c samp 1 i ng 1 ocat i cns . Abi at i c measurements 
wi l l  incl ude factors contro l l i ng organ i c  producti v i ty or organ i s m  behav i o r  
( e . g. , i n  aquatic ecosystems , di ssol ved oxygen , water-qua l i ty measurements , 
etc. ; i n  terrestri a l  ecosystems , temperature, prec i p i tation,  !-)um i d i ty ,  etc. ) .  
I f  scree n i ng stud i e s  (described i n  Phase I ,  p p .  64-72) indicate that organisms 
are unduly sens i t i ve to any reference compound c l asses (other than pheno l s ,  
whi c h  wi  1 1  be determi ned ) ,  add i t  i ona 1 chemi c a  1 measurements wi l l  b e  mad�. 

Further chem i ca l  analyses o n  abiotic samp l es wi l l  a l so be i n i ti ated for 
compounds and compound types which are shown to have bi omedical or eco l og i cal 
effects and are found in SRC- I I  mater i a l s .  Laboratory bi oconcentration/ 
b i oaccumu l ati on/bi omagni fication stud i e s  ( Phase I I ,  pp. 84-88) wi l l  a l so be 
used as a bas i s  for maki ng these measurements . 

An i mportant i ni t i a l  phase of t h i s  work wi l l  be deta i l ed s i te observa
t i o n ,  and evaluation of extant eco l og i ca l  data ava i l a�> l e  in l ocal uni vers i t i es 
and l ocal  resource agenc i es ( Federal and State ) .  This  work wi l l  be coord i n
ated with o n- s i te moni tori ng stud i e s  currently being conducted by Stearns
Roge r ,  Inc. 

Aquat i c  ,�on i tori ng 

Aquat i c moni tori ng at the proposed Ft. Mart i n SRC- I I demons trat i on s i te 
wi l l  focus on potential  d i rect di scharges of SRC - I I  materi a l s  to the Mon
ongahe l a  R i ver,  or i ts tributari e s ,  and i n c l ude analyses of i n d i rect re l eases 
through ground water and 1 eachates from so 1 i d-waste di spos. l.  Much of the 
food base in r i  vers and streams ori g i  nates from a l l ochthonous organi c materi a l .  
These mater i a l s  may be taken di rectly from the water col umn by forag i ng aquatic 
anima l s  or may accumu l ate in bottom sediments , where they are uti l i zed by 
mi crobes and benth i c  detri ti vore s .  Heavy meta l s  and organic materi al s which 
may be rel eased from SRC- I I  materi a l s  a l so accumulate in  sediment s .  Thu s ,  
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F i gure 9. Map o f SHe- I I  Demo n s t ra t i on S H e .  f�o n l to r l ng s ta t i ons used to 
c o l l ec t  d a t a  for Env i ronme n t a l  Impact S t a tements are shown. 
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sedi ments serve as a pol l utant s i nk ,  and a n i ma l s  l i v i ng i n  or on sediments 
serve as potenti a l  sources o f  pol l utant uptake and entry to aqua t i c  and ter
restri al  food chai n s .  

B i o l ogi cal  Sampl i ng C r i teria  

Se 1 ect  i on o f  speci  e s  to  be samp 1 ed wi 1 1  be based on :  

Occurrenc e ;  

Known sens i t i v i ty ;  

Ro l e  i n  ecosystem funct i o n ; 

Pos i ti on i n  food cha i n s  l eadi ng to man ;  

Econom i c  o r  recreat i o nal i mportance ; 

Samp l i ng feas i bi l i ty ( adequate access , adequate numbers , hand
l i ng ease ) .  

Chem; ca 1 Measurements on B ;  0 1 09; ca 1 Speci mens 

Concentrat i ons o f  several bi 0 1 ogi cal l y  act i v e  po l l utants wi l l  be measured 
rout; ne 1 y .  These inc 1 ude cadm; um and mercury , and re ference organi c compounds 
for organi c acids  and pheno l s ,  bas i c  n i trogen compounds , and aroma t i c  and 
heteroaromat i c  hydrocarbons .  Mercury w i l l  be measured i mmed i ately on a l l  
orga n i sms . Spec i mens t o  be as sayed for other meta l s  may b e  archived. Spe
c i f i c  organic compo unds to be measu red wi l l  be based on res u l ts of work de
scri bed in Phases I and I I .  i�ethods for i norga n i c  and orga n i c  anal yses are 
descri bed on pp.  4B- 5 1  and p. 89. Body burdens of compounds and com-
pound cl asses of concern wi l l  be determ i ned. These data wi l l  be estab l i shed 
for sel ected benth i c  detr i ti vores and f i s h  in the f i s h- to-man food cha i n .  

Many f i s h  near F t .  Mart i n ,  Wes t  V i rg i n i a  bel ong t o  the sunf i s h  fami l y  
(Cent rarchi dae ) .  Two game speci e 5  i n  thi 5 group , b 1 uegi 1 1  ( Leoomi 5 macro
chnus ) and 1 argemouth bass ( M i  cropterus sa l mo i des ) ,  wi 1 1  be samp 1 edasrep
resentatives of the ent i re group. Both bTUegTITand bass are amenable to 
l aboratory and f i e l d  stud i e s .  Body burdens wi l l  a l so be measured in yel l ow 
and brown bul l head , and wh i te and channel catf i s h .  Bul l heads and catfi s h  feed 
on the bottom , i ngest sediment, and prov i de another route for pol l utant trans
port to man. 

Ducks and gees e ,  which frequent the �lonongahel a R i ver and i ts tribu
tar i es , feed on submerged aquat i c  pl ants and a vari ety of i nvertebrates. 
Because they are hunted and eaten by man , they wi l l  al so be moni tored. 

Other Measurements and Sarno 1 es 

The spec i e s  1 i s ted above reoresent a sma l l porti on of the aquatic fauna 
at Ft .  Ma:-ti n .  I f  effl uent or product rel eases suggest the l i ke l i hood of 
gross eco l ogi cal damag e ,  as when acci dent scenarios are cons i dered , i t  w i l l  be 
i mportant to consi der whether or not the damage i s  acute and whether reco l o n i 
zation of the af fected area b y  ur,affected ups tream or downs tream pop u l a tions 
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i s  pos s i b l e .  I f  damage i s  of a chronic nature , b i o l ogical reco l oni zati on may 
not be poss i b l e  wi thout c l eanup and miti gat i ve act i o n  ( e . g . , i ntroduction o f  
mi crobes t o  metabol i ze persi stent organ i c s ) .  Accord i ng l y ,  t h e  temporal and 
spatial di stri buti on,  abundance and other popul ation characteri stics  ( i . e . , 
growth rate s ,  fecund i ty ,  etc . ) of sel ected f i n f i sh and shel l fi sh wi l l  be 
determi ned. When s e l ecting " target" spec i es , s uch cri tical  l i fe- h i s tory 
requ; rements as spawni ng areas I nursery grounds , food habits I feeding areas , 
wi nteri ng areas and mi gration routes , and the i r  re l at i on to the demonstration  
fac i l i ty wi l l  be  cons i dered. Endangered and/or threatened species  and  those 
with spec i f i c  habitat requi rements are o f  part i c u l ar concern in thi s regard. 

Terres t r i a l  Mon i to r i ng 

Terrestri al  mon i to r i ng wi l l  prov i de the bas i s  for di fferenti ati ng between 
ecol ogical changes res u l t i ng from SRC- I I  operations and changes due to natural 
variati ons or unrel ated pol l ution  stresses extant in the area. F i e l d  samp l i ng 
can a l so defi ne a zone of effects and prov i de p l ant and ani ma l  t i s s ues for 
chemi ca 1 ana lyses requi red i n  the devel opment and val i dat i on of pathway mode 1 s .  

Pri mary effects o n  terrestrial  communi ti e s  are expected t o  re s u l t  from: 1 )  epi sodic depo s i t i on o f  a i rborne emi s s i ons from demonstrati on-fac i l i ty 
operat i ons , codi sti l l ation  from holding  ponds , and resuspension from s o l i d  
waste and coal p i l es ,  and 2)  surface run-off and groundwater transport of 
po l l utants resu l t i ng from l each i ng of waste and bu l k  storage areas , overfl ow 
of hol di ng ponds , and accidental spi l l s .  Studies described bel ow refl ect 
pri mary exposure routes. Samp l i ng des i gn wi l l  empl oy a series o f  fi xed s i tes 
at varying distances from the source of pos s i b l e  pol l utant emi s s i on s ,  and wi l l  
i ncl ude control s i tes i n  areas relatively unaffected by p l ant operati ons . 
Col l ection of several years ' data before p l ant construction wi l l  a l so prov ide 
contro l s  in t i me.  

Terrestri a l  Env i ronment at Ft.  Marti n  

The terrestri al envi ronment a t  the Ft. Martin  demonstrati on s i te i s  char
acteri zed by a mosai c of p l ant communi t  i e s  representative of eas tern deci duous 
forests and smal l agri cul tural f i e l ds .  Some f i e l d s  have been abandoned and 
are undergoi ng the natural process of secondary eco 1 o:li  ca 1 success i on. Other 
f i e l d s  are s ti l l  in crop product i o n .  Most forest stands have been sel ectively 
l ogged. 

Coa 1 mi ni ng has been practiced for years and some mi ned l ands are in var
i ous stages of revegetati on.  Gas e s ,  particul ates and uacid rai n , !! attributed 
to coal -burn i ng ,  s team- e l ectric p l ants , may have a l ready impacted i ndi genous 
b i o l ogi cal commun i t i e s .  

Soi l and topography a r e  the mai n factors respons i b l e  for the l ocal d i s
tribution of pl ant commun i t i e s .  The stony soi l s  and steep s l opes are for
ested. The better soi l s  have been or are sti l l  in crop producti on. Rainfal l 
i s  suffi ci ent so that i rrigation i s  not requi red to rai se f i e l d  crops and 
garden p l ants.  Rainfa l l  percolates through the s o i l and contri butes to ground 
water. 
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Important game species i nc l ude the whi te-ta i l ed dee r ,  s qu i rre l s  and 
cottontai 1 5 .  Migratory and breeding waterfowl dre associ ated w i th ponds and 
streams. General l y ,  wi l dl i fe pop u l at i ons at the s i te are l i ke those of the 
surround i n g  nonmetrapol i tan areas . 

Two general kinds of materi a l s  produced i n  the SRC - I I  process may be re-
1 eased i nto the surroundi ng terres tri a 1 env i ronment. Re 1 ease may be purpose
ful , a s  in the d i sposal of so l i d  wastes in l andfi l l s ;  or i nadverten t ,  as i n  
gaseous o r  1 i qui d effl uent spi  1 1  s .  These materi a 1 s may be organi c r i  ch or 
mineral rich (pp.  5 1 -5 4 ) .  

A l though organics  may have the h i ghest carcinoge n i c  potenti a l , l i tt l e  i s  
known concerning the i r  behav i o r  i n  s o i l s ;  the i r  uptake b y  p l ant roots ; whether 
carcinogens can be passed through food chains ; or the bi odegradab i l i ty o f  
organ i c s  i n  s o i l s  subjected t o  a g i n g ,  wett i n g ,  dryi n g ,  freez i ng ,  thawi ng dnd 
mi crob i a l  decompo s i ti o n .  Add i t i ona l ly ,  l i ttle  is known concern i ng poten t i a l  
i ncorporation of organ i c s  during f l ower production and seed set , a n d  i t s  
effect on seed v i abi l i ty a n d  germi nat i o n ,  a n d  seedl i n g  surv i va l . In contra s t ,  
extensive i n formation exi sts on t h e  behav i or a n d  fate o f  m i neral el ements i n  
the terrestri a l  envi ronment , der i ved from years o f  agri cul tural and forestry 
experience. 

Fie 1 d Exper i  ments 

Sma l l weighi ng- l each i ng lys i meters (p. 70) w i l l  be used outdoors at 
the demonstration s i te in support of greenho use or growth-chamber experiments 
to prov i de i n formation on uptake and tox i c i ty of organ i c-rich and m i nera l - r i c h  
SRC- I I  materi a l s  b y  p l ants . Lysi meters use s i te so i l ,  s i te c l i mate and s i te
adapted p l ants ; are l a rge and deep enough to a l l ow reasonab l e  root �enetra
ticn;  and provide a characteri s t i c  root-zone temperature profi l e  and normal 
seasona l patterns of soi l wett i n g ,  drJ i ng ,  freezing and thaw i ng .  Add i t i on
al ly , populations of soi l mi croorgani sms at the demonstration s i te can be 
maintai ned by p l ac i ng the lysimeters in experimental arrays outdoors. 

Res u l t s  o f  Dhase I studi es currently underway at PNL wi l l  a l l ow us to 
determine conditions  for use of lysi meters at the Ft. Ma rtin s i te.  Phase I 
studies  wi l l  estab l i s h types of toxic  effects and dose to effect for disti l l a
tion fractions and a 2 . 9 : 1 bl end of MD to HD. 

F i e l d  P l ots 

F i e l d-plot studies  di ffer from f i e l d  experiments i n  that p l ots are not 
purposefu l l y  treated wi th SRC- I I  material s .  Instead , the. p l ots are strate
g i ca l l y  l ocated i n  rel ation to the demonstrat i on faci l i ty at p l aces expected 
to receive wi nd-carried mater i a l s  and at other p l aces more remote and upwind 
from the fac i l i ty .  Changes in chem i c a l  compo s i tion  o f  p l ant t i s s ues and soi l 
wi l l  be moni t.ored in p l ots before and after faci l i ty operat i o n s .  Background 
chemi s try o f  po 1 1  utants contri buted by other i ndustri a 1 processes wi 11 be 
determi ned. Garden vegetab 1 es wi 1 1  be grown in sma 1 1  p l ots , harvested, and 
the i r  t i s sues chemical l y  analyzed. Some samp l es wi l l  be archived for future 
anaiyses.  F i e l d- p l ot stud i es may a l so aid i n  estab l i s h i ng food- chai n pathwdys 
to inan.  
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Other Measurements and Sampl es 

Revegetat i on .  SRC- I I  constructi on acti v i t i e s  and s hal l ow l and 
buri a 1 wi 11 create dl sturbances requi ri ng revegetation .  Sub stant i a l i nfor
mat i on ex i sts concern; ng revegetation of 5urface-mi ned 1 ands ; n the coa 1 
regi ons .  Th i s  i nformati o n  wi l l  provide gui dance for practical  revegetati on 
efforts at the demonstrati on s i te .  

Forest Mon i tori ng. Forests at the demonstrati on s i te provide pro
tection aga l nst sOl l erOS l o n  on steep s l opes , pro v i de habitat for wi l d l i fe ,  
and have esthet i c  appeal . Addi tiona l l y ,  wood i s  a val uabl e ,  renewab l e  re
source. In contrast to most crop p l ants , forest commun i t i e s  are re l atively 
unmanaged and trees are l ong- l i ved. Because of l arge l eaf surface areas , 
trees have h i g h  contact potent i a l  for ai rborne gases and parti c u l ates.  Some 
gase s ,  such as 502 and ozone, are i njurious to l eaves even at l ow concentra
t i o n s .  Parti c l es adhere to tree l eaves and fal l  to the forest fl oor i n  autumn. 
Thus , the forest fl  oor acts as a s i nk for ai  rborne fo 1 i ar contami nant s .  Over 
a l ong period of years ,  b i o l ogi cal l y  tox i c ,  nonbi odegradabl e  organics  and 
i norganics  may bui l d  up i n  the forest f l oor. Decompo s i tion  of l eaves and 
other p l ant materi a l s  may be s l owed to the poi nt where changes i n  nutrient 
cyc l i ng may reduce wood and l eaf product i on in the forest stand. Wi thout 
ons i te f i e l d  monitori ng , thi s woul d  nat be detected. The fal l ow i ng sur-
'lei 1 1  ance projects canst i tute an lIearly warn; ngll system to detect chemical 
contami nat i o n  (S02 is one ai rborne chemical of concern) of forests at the 
demonstrati on s i te :  

Photographi c  I nterpretat i o n .  Fal se-co l or i nfrared aeri a l  photog
raphy i s  a proven tool for detect l ng patterns of decreased vegetat i v e  v i gor 
res u l t i ng from a i r  pol l ution  and/or i nsect pests . Photographs wi l l  be taken 
curi ng the peak growi ng season. Areas showing unexpected changes wi l l  a l s o  be 
i nspected on the ground to eval uate speci f i c  damage. 

V i s i b l e  Injury .  On the ground, w e  wi l l  i dent i fy patterns of v i s i bl e  
l eaf i njury , l nclud i ng c h l oros i s  and necro s i s  characteri sti c of speci f i c  pol
l utant s .  In  the absence of v i s i b l e  i nj ury , a l ternative explanations for re
duced v i gor ( i . e . , paras i te or i nsect i n festations)  wi l l  be sought. Pre
operati onal moni tor i ng i s  required to s eparate demonstrati on-faci l i ty effects 
from those of other pol l utants origi nat i ng off s i te. 
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s .  Spec ies  sens i t i ve t o  502 , s uch a s  whi te p i ne 

( P i nus strobus and tu lp tree ( L i ri odendron tul ipifera) , wi l l  be p l anted to 
span the potent i a l  pol l utant gradlent at the demonstration s i te .  Survi val , 
growth , and v i s i b l e  i njury wi l l  be compared among study areas. 

Li tterfal l .  Systemat i c  c o l l ecti on of l i tterfal l wi l l  prov i de i n
format i on on vegetati v e  growth and reproduct i ve succe s s .  Spri ng col l ecti ons 
contai n fl ower parts , because most trees at the demonstrati on site f l ower 
before l eafi ng out. Fal l  col l ecti ons wi l l  i denti fy potent i a l  growth ( l eaf 
mas s )  and reproducti ve i mpai rment ( nuts and frui t s ) .  C o l l ected materi al s wi l l  
be archi ved for poss i b l e  chemi cal ana l yses . Amount o f  l i tterfal l can be 
estimated by p l a c i ng col l ectors on the forest f l oor i n  stati s t i ca l l y  des i gned 
arrays and peri odi ca l l y gatheri ng the contents. 
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Leaf Decompo s i tion .  Leaves are  eaten and fragmented by  sma l l  i nver
tebrates and further decomposed by m i  croorgani sms.  Eventua 11 y, mi  nera 1 e 1 e
ments bound in l eaf ti s s ue s  are i ncorporated i nto the soi l and are avai l ab l e  
for uptake by pl ant root s .  T o  determine i f  l eaf decompo s i ti o n  i s  affected by 
demonstration faci l i ty operati ons , newly fal l en l eaves wi l l  be pl aced i n  ny l o n  
m e s h  bags and periodical l y  weighed t o  determi ne rate a n d  amount of breakdown 
in vari ous forest stands i n  varyi ng proxi mities  to the fac i l i ty .  

Wi l dl i fe Moni tor i ng .  Wi l d  manvna l s  a n d  b i rds may be affected by 
SRC- I I  constructlon act l v l tl e s .  Al though some wi l d l i fe habi tat wi l l  be de
stroyed , some l and wi l l  l ater be revegetated wi th p l ant speci es that prov i de 
food and/or cover for deer , squi rre 1 5  and cottonta; 1 s .  Howeve r ,  demonstrat i on
faci l i ty operations may s ti l l  have subt l e  effects on animal popu l ati ons. One 
way to detect impacts on reproducti ve success of bi rds i s  to record number of 
eggs l a i d  per fema l e ,  number of eggs hatched and number of young fl edged. 
Unhatched eggs can al  so be chemi cal l y  analyzed. 

A wi l dl i fe mon i tori ng program in support of the Env i ronmental Impact 
Statement i s  currently underway at the demonstrat i o n  s i te .  Data from thi s  
effort wi l l  be used to sel ect speci e s  to be ana lyzed and ana lyses to be per
formed. 

Chemical  Transport and Fate 

Phase I I  l aboratory stud i e s  wi l l  i nvesti gate phys i cal , chem i ca l , and 
mi crob i o l ogi cal processes governing transport , pers i stence , and fate of trace 
metal s and b i o l ogical l y  acti ve organic  compounds (PNAs and PAAs) released from 
SRC- I I  l i qu i d  products and sol i d  waste s .  T h i s  wi l l  estab l i s h key contro l l i ng 
var i a b l e s  and estimate mob i l i ty and fate over a range of potent i a l  geographi c ,  
seasona l , and cl imatic cond i t i on s .  Phase I V  f i e l d  stud i e s  wi l l  b e  desi gned to 
val i date l aboratory resu l ts and i nvesti gate processes under the spec i f i c  
confi nes of the l ocal c l imati c ,  geo l ogi c ,  hydro l og i c ,  and b i o l ogical  reg i me s .  

I nvesti gations wi l l  b e  conducted a t  two f i e l d  s i te s  t o  defi ne pos s i b l e  
effects o f  product spi l l s  and di sposal o f  gas i fied s o l  i d  wastes on l ocal 
soi l s ,  surface and ground waters . F i e l d  s i tes may i nc l ude Ft.  Lewi s ,  Wash
i ngton and Ft. Marti n ,  West Vi rgi n i a .  

F i e l d- s tudy objectives a r e  t o  i dentify: 1 )  compo s i t i o n ,  quantity, and 
mobi l i ty of water- s o l ub l e  components of SRC- I I  product o i l s  and sol i d  waste 
l eachates in so i l s ,  s ubsoi l s ,  and ground waters ; and 2)  presence of de l ete
r i ous mater i a l s in l ocal soi l s  and subs urface waters relative to other sources 
of natural or i ndustrial ori g i n .  

A stepwi se approach i s  proposed t o  ful fi l l  these objecti ves . Pre l imi nary 
tasks are des i gned to eval uate avai l ab l e  chemi cal and hydro l og i cal  data on 
l ocal surface and subsurface waters and to i n i ti ate l i mi ted f i e ld work to de
f i ne the magni t ude of potent i a l  effects on waters. I n i t i a l  tasks wi l l  form 
the bas i s  for dec i d i ng i f  a comprehe n s i v e  fie l d  program i s  necessary. 

F i e l d  stud i es wi l l  uti l i ze Phase I I  l aboratory i nformation (pp. 89-93) 
and i nc l ude organ i c  and i norganic analyses to: 1 )  compare composi t i on of un
affected waters wi th contami nated or potenti a  l l y contami nated waters , and 2) de f i ne mi grat i on potent i a l  of water- s o l u b l e  materi al from product spi l l s  or 
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sol i d  wastes through soi l ,  subsoi l ,  and groundwater sys tems . Analytical stud
ies wi l l  i dent i fy soi l s  and waters contai ni ng SRC- I I  residua l s .  Ident i fi ca
tion  criter i a  may be based on the presence of trace meta l s  or organic com
pounds uni que to SRC- II or the presence of characteri s tic i s omer di stri but i ons 
of organi c compound types .  The camp 1 ex organi c chemi stry of SRC- I I  s o l i d 
wastes and l i qu i ds suggests that mu l t i p l e cri teria may be necessary to eval 
uate potenti al SRC- I I  contami nation .  F i e l d  i nvestigati ons entai l four pri n
c i pa l  tas ks . Magnitude of subs equent tasks depends on resu l ts of prev i ous 
tas ks . 

Task I - Pre l imi nary E va l uati on of Exi sti ng Water Qual i ty and Hydro-
1 ogi ca 1 Data 

E x i s t i ng water qua l i ty data (parti cul arly for trace meta l s ,  organi c  car
bon , and organic compound c l as ses i dent i f i ed in Phase II l aboratory studies)  
wi l l  be revi ewed and the fol l owi ng i nformati o n  eval uated: 

a )  we l l  samp l i ng procedure s ,  

b )  samp l e  preservat i o n  techni ques , 

c )  ana l y t  i c a  1 procedures and concentrati ons measured J 

d) usefulness o f  anal yses performed to i dent i fy l)  present state 
of surface and groundwater contami nat i o n ,  and 2) di stri but i o n  
of s o l utes wi th time.  

P l acement and construction of s urface-water mon i toring s i tes and wel l s  
wi 1 1  be eval uated to i dent i fy those that are unsui tab 1 e for further use and to 
recommend new 1 ocat i on s .  The fo 1 1  owi ng questions need to be cons i dered: 

1 .  Were cores o f  subsoi l l i thol ogy l ogged duri ng wel l p l acement? 

2. Were wel l s  constructed to prevent i nteraction between s urface 
and ground waters? 

3 .  How were we l l  screens constructed? C a n  samp l es b e  real i st
i cal l y  obtained from discrete depths i n  the aqui fer? 

4. What type of hydro 1 ogi c data were co 1 1  ected ( i .  e. , transmi s s 
i b i 1 i ty ,  we l l  draw-downs)?  

Tas k I I  - Limi ted Onsite Field  Program 

Limi ted onsi te f i e l d  stud i es , if warranted from eva l uations in Task I ,  
may be i n i ti ated to defi ne magnitude o f  potential  movement o f  sol utes.  So i l  
and groundwater samp l e s  wi l l  be col l ected and i n i ti a l l y  subjected to trace 
metal (Tab l e  25) and organic  ana l ys e s  as described i n  Phase II (pp. 89-93 ) . 
We wi l l  empha s i ze analyses of b i o l og i ca l l y  active anionic  trace rr.eta 1 s ,  or
gan i c  bases (ani 1 i nes and pyri di nes ) ,  and organic acids (pri nc i pa l l y  pheno l s )  
present i n  SRC- I I  products which may move through soi l s .  Trace meta l s  and 
organic compounds s o l ubi l i zed in s i gn i f i cant quanti ties  from gas i f i ed s o l i d  
wastes wi l l  b e  i nc l uded , a s  warranted. Deta i l ed studies  of_ -organ i c  compounds 
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wi l l  be conducted u s i ng derivati zation techniques and spec i fic  gas chromatog
raph;c detectors , mass spectrometry, and i somer d i s tri buti on patterns , u s i ng 
capi 1 1  ary gas chromatography to e 1 uci date compos i t  i ona 1 patterns character
i st i c  of s o l u b 1 e s  from SRC- I l  l i q u i d  products and,  perhap s ,  s O l j d  waste s .  
Addi ti onal s o i l  or water samp l es may be analyzed f o r  hydrocarbons a n d  l es s  
water- s o l ub l e ,  pol a r ,  organ i c  mater i a l s  t o  assess  t h e  potent i a l  of d i rect 
contami nat i on by contact wi th SRC- II product (as opposed to contami nat i on by 
migrat i o n ) .  However, compound types most l i ke l y  mob i l i zed i n  soi l or, u l t i 
mate l y ,  through chem i ca l /mi crob i a l  processes w i t h  t i m e  (as i nd i cated from 
1 aboratory studi e s )  wi l l  be emphas i zed. 

Product Spi l l s  - Ft. Lewi s 

S o i l  and Subso i l  Analrse s .  I n i ti a l l y ,  t h e  extent of product and 
sour water spl11 age wl11 be eva uated by sha 1 1  ow surface cori ng wi th a hand 
auger. Core samp l es (conti nuous or i nc rementa l ) wi l l  then be obtai ned , from 
the soi l surface to depths b e l ow the water tab l e ,  in a grid over any pos s i b l e  
spi l l  areas a s  fol l ows: 

1 .  Cores should be obtai ned at the s i te o f  any product spi l l  and 
the point of sour water di scharge ( i f  po i nt sources exi s t ) .  

2 .  Core segments wi 1 1  be l ogged , photographed , and subjected to 
organ i c  and i norga n i c  analyses.  

3.  Performing i norganic  and organ i c  analyses wi l l  depend on re
s u l t s  of l aboratory stud i e s .  At this  s i te ,  compounds and 
compound c l asses of concern ( e . g . , PNAs and PAAs ) wi l l  be 
emphas i zed ; i norganic anal y s i s  wi l l  be of second priori ty .  
Methods wi l l  i nc 1 ude aqueous batch equ i l  i brat i on s  a n d  subse
quent anal yses for pH,  e l ectrical conduct i v i ty ( EC ) ,  d i s so l ved 
organ i c  carbon (DOC ) ,  d i s so l ved i norgani c carbon ( D I C ) , major 
cations , ani o n s , and trace el ements a s  i denti f i ed in Tab l e  25. 

We l l -Water Ana 1 yse s .  T h e  e x i  sti  n g  array o f  groundwater w e  1 1  s wi 1 1  
be samp 1 ed 1 n the fo 11 OWl ng manner to defi ne water qua 1 i ty and chemi ca 1 com
pos i ti o n  of ground waters both down- and up-gradi ent from spi 1 1  and d i s ;>osa1  
s i  tes :  

1 .  

2 .  

3 .  

4 .  

Su i table  and uns u i tab l e  wel l s  i denti f i ed i n  Task I wi l l  be 
samp 1 ed . 

The samp 1 i ng procedure i nc 1 udes remova 1 of stagnant water by 
pumpi n g ,  fo 1 1  owed by samp 1 i n g ,  wi th time ,  to i dent i fy compo
s i ti onal changes wi th i nf l ow. 

Hydrologic  variabl es such as permeab i l i ty and transmi s s i b i l i ty 
wou l d  be obta i ned , i f  possi b l e ,  to eval uate the wel l s .  Stan
dard hydro l og i c  pump i ng tests wi l l  be used. 

Water qua l i ty wi l l  Oe measured a s  described above. I norganic  
anal ysi s may emphas i ze i denti fi cat i o n  of add i t i onal bas i c  
characteristics  which may affect mobi l i ty and form o f  i norganic  
or organ; c consti tuents , or refl  ect  addi t; ana  1 chem; ca 1 pertur" 
bations to the aqui fer. 
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5 .  Effort w i  1 1  b e  made t o  i dent i fy bac kground chemi ca 1 and hydro
l ogical  characteristics  of the prominent groundwater un i t  by 
wen samp l i ng up-gradient from the Ft .  Lewi s s i t e ;  a subsurface 
access wel l on the Du Pont tract is one pos s i b l e  l ocati on.  

Extractions on eari ngs and chemical analyses on s urface- and wel l -water 
samp l es in conjunct i o n  with l aboratory studies s houl Cl enab l e  i denti fication of 
ex.i sti ng po l l uti on burdens.  If additi onal studi e s  appear warranted, i nforma
t i o n  from Tas ks I and I I  wi l l  be uti l i led to: 1 )  des i g n  a samp l i ng program 
for those we l l s deemed useful , 2) propose additi onal s i tes for i nstal l ation  of 
groundwater access .wel l s ,  and 3) obta i n  additi onal (ores on both a temporal 
and spatial  bas i s to eva 1 uate mi grat i on rates of SRC- II so 1 ub 1 es from product 
spi l l s  in soi l and groundwater systems . 

So l i d  Waste D i sposal - Ft.  Marti n .  O u r  approach t o  s o l i d-waste 
stud es will be s l m11ar to that de scn bed for the spi l l  s i tuation  in Task I I .  
Prel mi nary reconnaisance stud i e s  have al ready been i n i t i ated a t  the Fort 
Mart n s i te ,  w i th emphas i s  on surface-water hydrol ogy/chemi stry. 

The s i te is not pri s t i ne ,  and is affected by previ ous surface and sub
surface coal -mi n i ng acti v i t i e s .  The s i te is drai ned by three runs which fl ow 
i nto the Monongahe l a  Ri ver: two , Robi nson Run and Crafts Run,  are typ i cal 
aci d mi ne dra i nages ; the thi rd , Crooked Run , exh i b i  ts better water qua 1 i ty. 
Sol i d  wastes from the demo nstration p l ant may be di scharged to the region  
above the headwaters o f  Crooked Run .  

Samp 1 i ng 1 ocat i o n s  on the  three runs  and  the  Monongahe 1 a R i  ver  were 
chosen, and a range of water and sediment types were col l ected and chemi cal l y  
anal yzed . Additiona l l y ,  hydro l ogi cal reconnai s s ance of the s i te was under
taken and the need for additi onal characteri zation del i neated. 

Thi s i nformat i o n ,  in conjunction wi th l aboratory studies of SRC- I I  gas
i fied and nongas i f i ed mi neral res i dues , wi l l  a l l ow eval uation of research 
needs and devel opment of proper pre- and postoperational moni tori ng to a i d  
pred i ction  of mobi l i ty of important residua l s  from sol i d  wastes t o  waters. 

Task I I I  - Comprehen s i ve F i e l d  P rogram 

Based on Task I I ,  a comprehens i ve f i e l d  program may be undertaken to 
i dent i fy: ( 1 )  extent, geographi c di stri but i o n ,  and f1  ow rates of s urface 
waters and groundwater p l umes ; and (2) movement and behavior  of pos s i b l e  
contami nants i n  surface waters , ground waters , and soi l systems w i t h  time .  
I norgani c and organi c chemi ca 1 ana lyses wi  1 1  be s i mi l ar to those out 1 i ned 
above. The study would i nc l ude: 

A. Del i neation of surface waters at the Fort Mart i n  s i te a s  to 
sourc e ,  f low rates , and water bal ance. 

B .  D e  1 i neat i on o f  contami nated o r  p r i  n c i  p a  1 groundwater p l umes at 
sel ected s i te s  through: 

1 .  Analyses o f  hydro l o g i c  data to accurately assess ground
water f l ow patterns ; i .  e . .  a contoured f l ow net;  
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2 .  P o s s i b l e  p l acement of additi onal we l l s  to bracket contam
i nant flow;  

a .  Pos s i b l e  use o f  m u l t i depth piezometers ; 

b .  Sampl i ng al ong surface-water marg i n s  to i aenti fy 
contami nated i n f l  ow. 

Assessment of the mob i l i ty of s o l ub l e s  in surface water , soi l s ,  
subsoi 1 5 ,  and groundwaters . Thi 5 w i  1 1  requi re a conti nuat i on 
of efforts i ni ti ated i n  Tas k I I ,  as fol l ows: 

1 .  A moni tori ng program wi 1 1  be i n i t  i ated to i dent i fy the 
f l ux of so l ub l e  trace meta l s  and organ i c  compounds oe
served , over t i me ,  in groundwater wel l s .  

2 .  

a .  Samp l e s  w i  1 1  b e  col l ected monthly. 

b .  Organi c  ana lyses performed on a routi ne bas i s  wi l l  
emphas i ze sel ect organ i c  components i dent i f i ed i n  the 
previ ous task and wi l l  be i ndi cative of SRC- I I  pro
duct o i l s  ( e . g . , pheno l s  and key ni trogen spec i e s ) .  

c .  I norgan i c  anal yse s ,  pri mari l y  i n  the case of s o l  i d  
wastes , wi l l  i nc l ude pH , EC , DOC, D I C ,  and major and 
mi nor cati ons and ani ons.  

d.  Rout i ne organi c and i f'lorgani c protoco 1 s wi 1 1  be 
organized to mi n i m i le analytical efforts and take 
advantage of i nd i cator chemi ,::a l  spec i es .  

Additi onal chemical analys i s  of core samp l es may be per
formed to furn i sh i n formation on mi gration  rates of sol
ub 1 e components and absorpti ve characteri s tics  of 1 oca 1 
s o i l  and subso i l s .  

Tas k I V  - Mode l i ng 

If s i g n i fi cant contami nation of so i l s ,  surface and ground waters i s  
observed , we wi l l  eval uate the feas i b i l i ty o f  app l y i ng chemi cal transport 
model i ng to enabl e  prediction  of the rate of movement and d i stri bution of 
rel ated organi c compounds in l ocal so;  1s and ground wate r s .  

Large l each i ng lysimeters wi l l  be e s tab l i shed as suff i c i en t  gas i fi ed 
s o l i d  waste becomes avai l ab l e  to:  1 )  demonstrate d i sposal feas i b i l i ty ,  
2) val i date l aboratory stud i e s  of s o l i d-waste weathering and l eachate compo
s i ti on ,  and 3) re f i ne the pred i ct i v e  model devel oped from l aboratory stua i e s .  
F i e l d  stud i e s  wi l l  b e  de s i rab l e  t o  quanti tate effects o n  l eachate compo s i t i on 
of several vari ab l es defi ned i n  l aboratory stud i e s .  These i nc l ude chem i c a l /  
m i c robial  weatheri ng ,  water vol ume , i n  s i tu heat product i o n ,  water app l i cati on 
rate and prom; s i ng remedi a 1 measure s ;  e .  g .  I s l udge di sposa 1 or soi  1 overburden. 
Lysimeters wi l l  be constructed and i nstrumented to measure profi l e  moi sture 
di stribut i o n ,  mi crobi al act i v i ty ,  tempe rature , and sal i n i ty .  Th i s  wi l l  a l l ow 
determi nati on of the i nfl uence of measurab l e  var i a b l es on l eachab i l i ty of 
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organi c carbon. speci fi c organi c compounds I sa 1 ts I trace meta 1 s I and trace 
metal comp l exes .  Measurements of i ncoming moi s ture , evapotranspiration and 
perco l a t i o n ,  and knowledge of l eachate compos i t i on wi l l  a l l ow us to develop 
material  bal ances on s o l ub l e  res i dual s and make proper comparisons w i th l ab
oratory studies  and ons i te measurements during Tasks I- I I I .  

A l though the efforts descri bed above are comprehens i ve , the proposed 
stepwi se approach wi l l  enab 1 e success i ve reeval uat i on of the need for further 
research after comp l etion  of each task. Chemi cal transport and fate studies 
should provide i nformati on to: 1) def i ne immedi ate operational impact at spe
cific s i te s ,  2)  estimate l ong-term transport and fate , 3 )  recommend mod i f i ca
t i ons to exi s t  i ng surface and groundwater moni tori ng systems to estab 1 i sh 
comprehens ive  chemical and hydro l og i c  networks and measure l ong-term effects , 
and 4) recommend techno 1 ogi ca 1 changes for waste-management practices whi ch 
wi l l  m i n imi ze envi ronmental and human hea l t h  effect s , and perm i t  ecol ogical 
restoration as necessary. 

ENVI RONMENTAL ASSESSMENT fRISK ANALYSES 

F i e l d  data on SRC- I I  faci l i ty emi s s i ons may be avai l ab l e .  These data, 
based on operating experience from a fac i l i ty of near-commerc i a l  s i z e ,  wi l l  
a i d  i n  determi ni ng val i d i ty of previous assessments and i n  provi d i ng assess
ment of envi ronmenta 1 effects of the commerci a 1 SRC- II process.  Pathways 
model s ( F i gure 8) used for dose assessment wi l l  be improved so that error 
l i mi ts for calcul ated exposures can be esti mated. 
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PHASE I 

Y-7 1  

MONTHS 
o 4 8 12 16 20 24 28 32 36 
I----�I ---+I--�I-----�I--�I----+I--�I----�I--�I 

CHEM ISTRY FOR FRACTIONATION AND ANALYSES BIOMEDICAL ASSAYS 8------------:6. 
SHORT TERM IN VITRO & IN VIVO ASSAYS 

BIOM EDICAL ASSAYS 8 6 

CHEM ISTRY FOR EXTRACTION A N D  ANALYSES 

ECOLOGICAL ASSAYS 0------------6 
SHORT TERM AOUATIC & T E R R E STRIAL ASSAYS 

ECOLOGICAL ASSAYS 8 .6. 

F I GURE 1 0 .  Estimated T i me to Comp l ete Phase I B i omed i c a l  and Eco l og i c a l  Stud i e s , Assllming Receipt  of MatH i a l  
A t  1 i me Zero. 
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Appendi x  Y . 2  

SUMMARY O F  SRC- I I - RE LATE D  HEALTH 
AN D ENVI RONMENTAL CHARACTE RI ZAT I ON ACT I V I T I ES 

S RC- I I -rel ated hea l th and envi ronmenta l c haracte r i za t i on acti v i t i e s  have been under way s i nce  
the  con struct i on of the  Fort Lewi s p i l ot p l ant i n  1 97 2 .  These acti v i t i e s  have been s i gn i fi 
cantl y i nten s i f i ed s i nce 1 977 i n  response to DOE ' s  dec i s i on to extend devel opmen t stud i e s  to 
demon stration-scal e operati ons . 

Y . 2 . 1 MAJOR PART I C I PANTS I N  THE CHARACTERI ZAT I ON PROGRAM 
The Assi stant Secretar ies  for Envi ronment ( EV )  and Foss i l  Energy ( FE )  have a s s i gned spec i f i c  
organi zati ons  the respons i b i l i ty for hea l th and envi ronmental stu d i e s  and for eng i neeri ng effort s 
on S RC- I I ,  respect ive ly .  Battel l e ' s Pac i fi c  Northwe st Laboratory i s  EV ' s  l ead l aboratory for 
the c hemi ca l , b i o l og i ca l , and eco l og ica l  c haracteri za t i on and assessment of S RC- I I  technol ogy . 
P i ttsburg & Mi dway Coal Mi n i ng Company , a whol l y  owned subs i d i ary of Gu l f  Oi l , i s  FE ' s  prime con
tractor for the process  and env i ronmental eng i neering  ana l ys i s  of S RC- I I  control technol ogy needs , 
opti on s ,  and performance . Add i t i onal subcontractors , severa l of DOE ' s  energy tec hnol ogy centers , 
and DOE ' s  nati onal l a borator ies  are contri buting  s i gn i fi cant l y  to the overa l l characteri zati on 
prog ram . 

Y . 2 . 2  MAJOR CURRENT SRC- I I  CHARACTERI ZAT I ON ACT I V IT I ES 
Cons i stent wi th the j o i n t  nature of i t s  program , DOE ' s  i n i t i a l  round of c haracteri zat i on acti v i 
t ies  has focu sed o n  a del i neati on o f  cu rrent regu l atory compl i ance i s sues  and screen i ng for area s 
of potent i a l  hea l th  and env i ronmental concern . FE and i ts contractors have ta ken the l ead i n  
i dent ifying  and scoping  E PA and OSHA compl i ance i s sues  necessary t o  keep the demon strati on 
program on schedu l e .  E V  and i ts contractors have l ed the effort to scope currentl y unregu l ated 
areas that cou l d  pose future hea l th or env i ronmental probl ems . Because the resu l t s of hea l th 
and env i ronmenta l screen i ng stud i e s  p i npoi nt areas of further FE control tec hnol ogy eva l u at i on , 
the se ta sks are i nterac ti ve and necessari l y  i terati ve . 
Pri nc i pa l  area s of cu rrent FE acti v i ty i nc l ude ( 1 )  comprehens i ve process- and s i te -spec i f i c  
stu d i e s  req u i red for compl i ance wi th  the Nati onal Envi ronmental Po l i cy Act and var ious  state 
and Federal env i ronmental permi t s ;  ( 2 )  exten s i ve i ndu stri a l  hyg i ene re searc h ,  devel opment ,  and 
mon i tori ng at the Fort Lewi s p i l ot pl ant ; ( 3 )  formu l at i on of a l arge- sca l e ,  mu l t i year compl i ance 
tox i c o l ogy test i ng prog ram for the analysi s of key S RC- I I  materi a l s ;  and ( 4 )  ana lysi s of poten
t i a l  env i ronmental i nc i dents and the devel opment and eval uat ion of remed i a l  act i on scenar i o s .  
Spec i f i c  proj ects a ssoci ated wi th these acti v i t i e s  are summari zed by program component ( i . e . , 
scree n i ng , l ong-term , parametri c ,  and moni tori ng ) i n  Tab l es Y . 2 . 1  throug h  Y . 2 . 4 .  FE i s  current ly  
rev i ewing avai l a bl e project resu l ts and  wi l l  u se th i s i nformation  a s  one  bas i s  for the spec i fi ca
t i on of the next round of proj ect stu d i e s .  
Pri nc i pa l  areas o f  current EV  act i v i ty i nc l ude ( 1 )  exten s i v e  met hodol ogy devel opment for soph i s
t i c ated c hemi cal , b i o l o g i ca l , and ecol og i ca l  anal yses of SRC- I I -rel ated materi a l s ;  ( 2 )  screen i ng 
c haracteri zat i on of the c hemi c a l , b i ol og i c a l , and ecol og ica l  propert i e s  of a range of generi ca l l y  
rel evant SRC- I I  materi a l s ;  ( 3 )  desi gn and i n i t i ati on o f  a seri es  o f  l ong -term basel i ne stud i es of 
acute and c hron i c  b i o l og i ca l  and eco l og i ca l  propert i e s  of key SRC- I I  mater i a l s ;  and ( 4 )  formu l a
t i on of a deta i l ed p l an for the compl et i on of a comprehe n s i ve heal th and envi ronmental data base 
adequate for i denti f icat i on and a sse ssment of envi ronmental ri sks  associ ated wi t h  the commerc i a l 
i zat ion  of SRC- I I  techno l ogy . Spec i fi c  projects associ ated with  DOE ' s  program act i v i t i e s  are 
a l so summari zed by program component i n  Tabl es  Y . 2 . 1  through Y . 2 . 4 .  As wi th FE , EV  rout i ne l y  
revi ews resu l ts o f  cu rrent projects a s  a part i a l  bas i s  for the add i t i on o f  new proj ect s .  Th i s  
wi l l  be part i c u l arly  true i n  the area of hea l th and envi ronmental moni tori ng . 
Both OSHA ( through the Nat i ona l  Inst i tute of Occupati ona l Safety and Hea l th )  and EPA ( th rough  
the I ndustr i a l  and Envi ronmental Researc h L i brary ( I ERL)  have strong i nterests in  the anal yses 
o f  DOE envi ronmental prog ram data and i n  the generati on of i ndependen t characteri zat i on data . 
DOE i s  commi tted to acti ve commun i cat ion , cooperati on , and support of OSHA/EPA and the i r  needs . 
Tab l es Y . 2 . 1  through Y . 2 . 4  a l so  l i st severa l EPA- and OSHA-sponsored data base proj ects to wh i ch 
DOE - and i ts contractors are contri buting  techn i ca l  and analyti cal  support. As i n  the pas t ,  each 
new stage of DOE ' s  conti n u i n g  commi tmen ts for SRC- I I  data base devel opment wi l l  recei ve the fu l l  
rev i ew o f  both the EPA and OSHA . Th i s  pol i cy wi l l  ensure the qual i ty and adequacy of the 
i nfo rma t i on base for both DOE and EPA/OSHA p urposes . 
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SUMMARY O F  CURRENT COMPONENT 1 ACT I V I T I ES : 
SCREEN I NG STU D I ES ON SRC- I I  RELATED MATER IALS 
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IIht l l lato.; 
fuol 011 blend, 
]/1 .Iddl. to 
hoavy d h t l l 
l a t  •• 

SRC- I I  
Pl Iot ".nt , 
111711 

SRC· I I  'l lot 
".nt , data 
un.pec lfled 

SRC- I I  
Pl Iot 'Jant , 
3Ql79 

Cha.lca l  fract iona
t ion and In.lylla 
of .etlve coepounol 
c l...... Dlst l l l.
t lon of blend Into 
lOOC bo l l l ni frac
t ion • •  

CII • •  leal .nd phyll
cal charactorhat lon. 

Ch •• leal fr.ct lon.
tlon and .n.I,. h ,  
.NA Ident l flcat lon. 

Che.lcal .nd el_nUI 
.naly. h .  

Ae .. telllni .nd 
"'u .. . Un palntlnl 

AlIa, t •• t Inl. 

Allaa t.ll ln. of .. hoi., 
fractlonaud and 0111-
t i l led .. terla l l ,  

�er t ier bloeedlc.1 
t •• t lnl, .cute toalelty 
tnt lnl , _ •• aU. 
palntinl Itudlea • 

.... nltorlnl of bol ler 
..Iulona for 502 , 
NOll' partlculat.a, 
VON, CO, laseou • •  nd 
part Iculat.·borne 
I'NA' • .  

.Iotle 01 En"honlOllnt ( ) 'lutu. 

Co.pl.t.d, 
4Q1 7'· IQlI0 

.co .... . uted. 
durlnl IY711 

Coap loled . 
durlnl 19711 

kut • •  nd chronic Co.p l.t.d, 
todelty te.tlnl 111711 
of dl Siohed 
or •• nlc. on .q ... . 
t i c  orl.nh •• • 

Acute todc char- On.o lnl. 
ac t .. l u t lon In 11I71- llIdO 
fresh ... ter .n" 
.. rlne eeo.y.to •• • 

Onlolnl, 
11180 

-< I ro w 



Table Y.2.1 (continued) 

5_rr of 5tllllll' 

Orl�nl latlon/Pro,rI8 Nat.rlll Sourc.CI) Che8h!!l.Cb) 
Abiot ic 

H.II th • sar.t,Cc ) Enyl ron • .Inl 

I St ruc u,ra I chan,n 
durin, coal "'1111_ 

FUll oil blind, SIC- I I  Pi lot Che.lcd frlctlonlt loll 
lonlrlc. Plant; Illd oraanlc Inaly.h. (�ct Ion. lQ/7' 

I An� l rt lcal ch�rac. Fllel 011 bl.nd. SIC- I I  Che.lcal anll y s h ,  
hrhnl lon o f  coal ,.nlrlc. Pi lot Pllnt; .cr.enln, for 
l I'1uldl . lQ/7' .p.c l flc hlzardoll. 

cOIlpOWldl .  

Footnot," 

(a) 

(b) 

(c) 

(d) 

(I) 

Fac l l ltl.s Inclllllil 
I SRC I I  Pi lot Pilat . SO toni per day capaelt,. located at Fort Levla • •  lIhln,tOll. 
I SRC II roo • I ton per dl,. CI"le lt,. located at Ha .... y l l l  •• P.nnsyhanla 
I Touco Pilot Plant Caslfler • 12 ton. per da,. capac ity located at Nontlb.l lo, Cal i fornia. 
Che.lcal frac t ionation p.rfo .. ed 1I . l n, .clel/b"I/n.lltral Ixtractlon, col_n p .. t ltlon chr.,. •• 
to.raph,., Thin Le,..r ChrDlDtoaraphy Dr "Iah P,rfo .. anci Ll'llliel Chr .. ato,rephy. D.u l l "  
chc.lcil analyds " "  Incllldo Ul,h Resoillt ion NilS Spect roscopy, cDlblned G .. Chr.,.atolr'phy/ 
.�sa Spectroacory. Nuclear Ma,net lc R.aonancl, U l t rlylol.t Dr Infrl-r.d Sp.ct roacopy. 

Lowor -I ler tu.ta can I nc i llde, bllt are not I I. It eel to. Mel Sal..,ne l l . ,  .-al lan cel l illite. 
,cno s i l  and I rana rura:a t i  on , rrorha,o I ndUCt ion, rueo.bln.t ion . ICllle orel and ;le .... 1 tod
elly und tc rutolen l c h r .  LOIIE - I er. tc.1O Can Include carclnolonlc h r ,  Inho l at lon lodcolo." 
dnelul .. ··n t a l  lol i c l t r alld "ouro-behnlor. 
A'I'I� t l c  orlonl ••• u."d I n  t U I i  I rrlca l l y  Incilldl .pccl .. repr.aentln, prl."r produc ... 
( •• , . , I l ,uul ,  ."dl ... nt dwu l l ln, oraa n l s  •• ( • • • • •  tnaect lune) and fl th apeel ...  
Int.u,lncy pro,ra .. : Hht .. n Alloc lat .. fWldld thfOll,h U . S .  EPA, Enylro-Control f""d.d 
thrOll,h NIOSII. 

.'otlc d Enylro .... nt ( ) �tltll. 

On,oln, 
l inc. 11711 
Onaoln, 
I lnci 
In, 

-< 
I co .I:> 



Tab l e  Y . 2 . 2  

SUMMARY O F  CURRENT COMPONENT 2 ACT I V I T I ES 
L ONG-TERM BASEL I NE STUD I ES ON SRC- I I  RELATED MATERIALS 



Table Y.2.2. Summary of current Component 2 activities: long-term baseline studies on SRC-I I -related materials 

OrC.lll lat lon/holr •• Matnlal Sourc.(·) 

B.l l e l l .  Hurth�ust Lab. 

• . l i e U ne chl'. lca l ,  Haphtho, .Iddl. SRC- I I  P i lot 
b i u  ... d i u l  and and heav,. d i a t U - Plant ; 
env I ron_ent il l  ch .. r .. l o t . ,  rec,.cl. 2Q110 
� c t r r l u t lon of SRC- .nd coal .1 urI")', 
II •• t n i a l l .  y;acuUJI bot to •• , 

procell ".ter.  

'iut f .1i ",: r oa l  Resource, Co. 

• ruml,l i ""<0 toa lcolo,,. 
t .·.I IIIM o f  511C- 1 I  
""'tn l . " .  

!!ldrusdcncu, I nc .  

• ·(I". ; c - l  chnacterl
I.t  Ion o f  I,rocul 
.�terl fro. 
l'u.co C . . I flcat Ion 
oi SRC · I I  .. cu� 
bot to.s. 

iii tt •• n Anoe lat .. (.) 

• I:PA Luel I I  ...... -
.cRt of tho SRC- I I  
prucc •• to quont l f,. 
l'OICII I I.1 env l ron-
• enl d effoctL 

Roc,.c l o  .nd coal 
s l urr),. YUCUUII 
bolto •• . 

PrOCCl1 .,.tcrl: 
• quonch blowlo�n , 
• c l arifier ovn

flo" . 
• lodhoppur 

overflo" • •  nd 
• Ie rubber blow

down , 

Coa l ,  n8l'Mb. , 
.Iddl. ono! 
hUvy d l st l l -
131et.  cal l 
.nd ncyd. 
. l ur r), .  ¥1It'U" 
botto.s . proco •• 
an'" t rCiltcd 

SIIC- I I  Pi lot 
P1.nt ; 2Q/80 

Tuaco Pi lot 
Plant ; 
IQlIO 

SRC- I I  'l lot 
PI.nt ; 1-2Q110 

" .. h.·r� . St ret ford 
.uHur, ••• t r".t
"'11' t. l u�duwn .olu
t i ntls . ",a"'t�wut.r 
I rL'�lt "l'nl It ludlU. 
OIn'" l'l!t yen t l .  

(b) 
__ .....;:C""hc ..... .-I .!!l..:.....: 

S,-ry 0' Studl •• 

H •• l t h  • Saf.tr(c ) 
Abiotic 

Envl ron.ont 
Ilot l c  

Envl ron.ont (01) 

5TUDILS ON PROCESS INTERMEDIATES 

Che.lea I froct lon.t lon 
.nol .c t h. co-pound 
c I  ... . n. l y . " ,  trace 
.eta I .nd Inor,anlc I 
.na I YI I I .  

Ch.rac t er l aU loD ., 
lnor •• nlca,  tr.c. 
.. t a h ,  oIl .. oh.oI 
..... . nd prior It,. 
pollut.nu. 

Ch •• leal  trac t lona
t Ion and an.ly." 
'or or •• n l e . ,  lnor
•• nlc .nd t rac. 
..t.1o .nalyl ll , 
volat I I .  or.anlc 
.. Un .n. IYlla.  

Ful l r.n •• blo.edlcol 
t .. Un •• 

Acut. ,  oral .nd derul 
todc It,.;  Inh. l at ion 
toalcolo.,., anl.at 
.kln p. lntlnl,  carc lno
.0nO l h ,  DNA repa i r .  

_ . .. t ••• n •• " ,  
._ 1 1  .. cel l  t . .  t
lnl, acuta/chronlc 
todcll,. • 

Acute and chronic t u t l n. "lth .quatlc 
or.anh •• • nd terre.trlal ly.tollS. 
Deter.ln.t IDn of .nv I ron •• nta I fau, 
t ran.fo r ,  �no! blDaccullUlat lon , 

Turoltrl., .oll 
r .. plratlo". 

Aquat i c  .cut. 
.t.tlc biD .... ,. . 

�tatus 

To bOl l n  
b,. lWMU 

To bo.ln 
b,. SQ/80 

On,o ln. 
thru 2Q/80 

On,oln., 
IlIlO 

-< I co '" 



OrEa n l  : a t  1 0n/Prolra. 

1.l u c l l e  Norlhwest Lab. 

• Ba s e l  inu envi ron.-cna 
l a l  t e . t in, oC . 1 . ,  
produced b y  hueo 
la. H i c . 1  Ion oC SMC· 
1 1  �acu ... botto ••. 

u�� M idge Nat iona l Lab. 

• l o. i d l y  lut l nl oC 
. I J� I'r<ldu«d by 
TCla�o Cal i f i cal ion 
oC SIIC· I I  ncu ... 
bot lUllS, 

lIydrosc i ence, I nc .  

• Ph)·s l c a l ,  che.leal 
and b i o l oa l c . 1  t reat. 
.cnt of rrocu'lis waters 
fro. T ... co aas l f lc •• 
I Ion o C  SHe· I I vacuLill 
',ot tnm s ,  

Bal t e l l e  Northwest Lab. 

• Ba . e l l n e  che.le a l ,  blo. 
.eJ I < 3 1  and env l ron· 
•• nl a l ch.rac t e " " ,  
t I o n  oC uPlraded 
nopht ha,  

• ' .. scl inc chemlea l .  
b l o.cJi�al anu env i ron
.�nl il l  charac t e r l l.· 
l ion o C  SRC· I I  Cuel 
o i l ·  

Maeerlal 

C •• l fler .b,. 

COi l fler ala,. 

Quench blow· 
down and c l u r l ·  
f l e r  ovvr Clow 
wat e r .  

Product Naphtha • 

SRC· l I  Cuel 
0 1 1  blend, 
ral lo not 
.J.t.nolned . 

Table Y.2.2 (continued) 

S_ry 01 Seudl •• 

Sourc.(a) Che.ht ry(b) • H.alth • Saf.e,(C) 

SnJDIES ON SOLID WASTE AND DISPOSAL 

Texaco P l Ioe 
P l ant ; 
IQl80 

Teuco P l 1 0e 
P l ant ; 
IQ/80 

Teuco P l Ioe 
Plant;  
IQ/80 

SRC· I I  PlIoe 
P l an t ;  2Q/80 
lIyd roueat · 
In, p 1 1 0 t  
un i t . ;  t l .ln, 
undet e no l ned. 
SRC· l l  P i l ot 
Plant ; 
2Q1BO 

Ch .. lcal  ana l Y l h  for 
t race •• tah/conta.l· 
nant ; aqueous and 
or,an l c  leachln,. 

ASTlI/EPA leach ta.e· 
In" che.leal analy
I I I  oC I .. chate. Cor 
t racu .. eta l s ,  prIorI. 
ty pol lutan t s . 

Orl.n l c  e u n c t lon 01 
. I a ,  Cor t race or,anlc 
charac t e r l .at lon. 

Che.leal ch ... cterha· 
t lon oC I luda •• pro· 
duced durin, phy. lca l ,  
che.le a l , blolo,lc" 
t real.ent . 

Dewot.r lnl ond Incln· 
erot lon d rylnl t.lt • •  

TOl lc lty te.t ln, oC 
, l udle l ,  trace .et i l i .  

Oral and d .... 1 tOil. 
city,  t.rato,en l c l ty, 
Inhalat ion and dev.lop. 
..ntal tOllclty, nturO 
behavior;  I.achae. 
corclno,en l c l  ty anel 
todc l t y  test In, . 

SnJD I ES ON SRC· I I  PRODUCTS 

Che. l c a l  Crac t l onat lon Ful l ran,. blo.ed l-
and analy.1s Cor ac t l v. col t •• t ln,. 
r,o.pound cia .... . 

Che.l c a l  C ... c t lonat lon 
and analy' I I  Cor oct tv. 
co,""ound c l U I  . . .  

Ful l  ran,e b l o  .. dl· 
col t.st In,. 

Abiotic 
Envl ronunt 

Ilot ic • 
Envl ron .. nt ( ) 

Acute and chronic t e s t  In, with aquatic 
or,an ls •• and t.rres t r l a l  .ysteas. 
Peter.lnat lon oC env l ro_ntal fat., 
t rao.Cer and bloacc .. u)at l oD. 

LYII.eter telt In, 
to deter.ln • .ab i 
l i ty and Cate of 
I la, leachatel . 

Acute tollcolol l 
cal tes ln, oC 
.Ia, I.achate. on 
aquat Ic or,a n l s  •• 
and terres t r i a l  
.y.te •• • 

Tode l  ty t.st In, 
of truted wote .. 
and I l ud,. "ach· 
ate. usln, aquatic 
ora·nls •••  

Acut. and chronic test Inl with aquat ic 
or,anls •• and terre.trlal .ysteas . 
Det er.lnat lon oC .nvlro .... nul Cote, 
t ran.rer and bloaccullubt Ion. • 

Acute and chron i c  test In, with aquatic 
or,.nls •• and t e r r e s t r i a l  .yst ... . 
Peunolnatlon oC env l ron.onul Cat., 
t ransfer and b l oaccuau l a t ion • 

S�.eu. 

To belln 3-�QI'O 

To be,ln 
lQ/80 

In prolre .. , 
I!J'O 

To bealn 
by lat. 
· 1!Jao 

To be,ln 
by 4Q110 

-< I CP ...... 
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Table Y.2.2 (continued) 

5_.., of Studle. 
OrB�nl l��lon/Prolral MDterlll Source(' ) (") __ ---'C�h_e_I_1 1 !!l.:..: 

. Abiotic 
Hellth • Sataty(C) Envl ron ... nt 

Gut f M i nrrill Rrsources Co. 

e To " �olo, I�. 1 tul lnl 
of SRC· I I  proJuct 

SHC· I I  1 1 1M 
fuel a l l  

"iddle d l s
t l i l atel .  

nC· 1 I  P i lot 
'lant ; 

Acutl,  or. I ,  de ... 1 
tOl l c l t y ;  Inh.I.· 
t lon tollcolol1 ; fuel a l l . 2Q110 
.nl ... sUn palnt
Inl, care lnolene s l l ;  
1UlI,.nes l l ,  DNA 
Iynt h . .  . , .  

ruo t n u r '.' I :  

(al Fae l i l t ios Include: 
e SRC II Pi lot rllnt - ]0 tons per d.y c.p.c lty loc.ted It Port ..... Is. '1Ih lnlton. 
e SRC II Poo - I tOIl per d.y capac ity located .t Herlarv i l le.  '.nnlylv.nll 
a To .. co P i lot P 1 .nt C .. l f ler - 12 toni per d.y c,plc l t y  loc.ted It IIonteb. 1 l 0 .  Ca l l fornll. ("I Che.lcal  (ruc t l on.tlon p.r(orlcd U, lnl .cld/ ..... /neutral eat ractlon,coluan part i t ion chr ... -
tOKul,hy. Th i n  L.yer ChrOOl. to,ral'hy or IIIlh Perfo",Ance Liquid Chroeatolr'phy, Det . l l ed 
che.l eol anal y s i s  can Include IIIlh Resol u t i on Mass Spect roscopy. cOlb lned CIS Chroeatolrlphy/ 
N .. s Spect roscopy. Nuclear �"'Ine l l c  H •• onance. U l t rav i ol et or Infra-red Spectroscopy. 

(c ) Ful l- ranlo .. Iolod icil tnl lnl CAn Include both lo .. er t i er and lonl t.", tesl lnl. depend In. upon 
the eatent of tho Icreenlnl study daubue. Lo .. er- t ler t e s t s  cln Include Ales S.llOne l ll .  
la_al lan c e l l  lutllene s l s  a n d  t ransfor.ll Ion. proph •• e Induc t ion. recoab ln.lIon • •  c u t e  .oral 

(dl 

(e) 

and d . ... 1 t o d c l t y  .nd l e ratolon l c l t y .  Lon.-ter. tOits c.n Inc l ude carc lnolenlc lty. Inhalltloa 
to';coIOIY. develop.enu l  todc l t y  and n.uro·"ehavlor. 
Aqua t i c  orK.nl ••• used In tc.l O typica l l y  Include spec ies ropresent lnl pr l.uy produce .. (D • • • • all.e ) ,  sodlaunt d .. c l l lni orlanls •• (e.  I .  , Insect larvae) .nd fish Ipee la, . 
Intenauncy prolral; 1II11 .. n "',oelates funded "y U . S .  EPA. 

Ilot lc d Envl ron_nt ( ) �t. tul 

To belln 
"y 3Q/IU 

-< I (Xl (Xl 



Tab l e Y . 2 . 3  

SUMMARY O F  PROPOSED COMPONENT 3 ACT I V I T I ES : 
PARAMETRIC STU D I ES ON SRC- I I  RELATED MATERIALS 



Or��n l za t lon/Prolr.a 

b. 1 I  d h· �orth .. est Labs 

• \ .. . .  1 Ion of chulc�1 
�nd b l o lo. l c� 1 proper. 
I I C S  of SRC- I I  
., ' o r l . l s  .. I th chan, •• 

an pro('t'ss 
cond i t ions ;and con
f l �lIra l i Dn, Ineludln,: 

<0� 1 tyrc . 
d i st i l lale endpo int . 
rc.a( tor (onfi ,Ura-
t ion, and 
opcr.;lt inK .udus lind 
cond i t lon!i. 

�.bh i n�I olI Stale Ilnlv . 
• Charoac h : r  hat lon of the 

f.te and for. of t race 
a.c . 1 s  n le •• cd froa 
cua l dur i n, t he SRC· 
I I  coal l iquefac t ion 
l)ro� ess 

htlc lie  North .... t Lab. 

• Cltcel u l  and bloaed l ·  
cal charac terist ic. o f  
treated SRC- I I  proco .. 
.... t e r  • •  

• I:h.alcal and blaedl. 
u l  charaeterhtlca 
o f  o ft'1311 •• fro. 
,·ollt ro l l." c .. ""ust lon 
t ut l n, of SHC- I l 
hyd ru.arl,oll '""uri ....  

Table Y.2.3. Summary of proposed Component 3 activities: parametric studies on SRC·I i ·related materials 

.... url.1 

Coa l ,  coa l .nd 
recyc le .lurrlOi 
naphth., alddl. 
and heav, " " t i l· 
l.t�J,  procell woter , VICUUII 
bot to •• , 

Coa l ,  coal .nd 
rvcyc Iv . I urrle., 
napht ha , alddl. 
an" heavy dht I I ·  
l at el , proce.1 
w.1tcra, vacu_ 
bOl loa., las 
SI rc ... ,. S t re l "  
ford . u l  fur . 

Prue,," •• wat.",; 

NIl} rCllOval 
tar ac l  .. 
rc"",va l ,  all" 
blo lo. l ca l 
t reat.cnt . 

COlli and rocyc l. 
. I u r r l o o .  dht l l .  
lates an" vac ..... 
bot t .... . 
Part lculat .. , 
oH.u •• • 

5.-r, ot 5tuoll .. 

Sourc.'·) (b) 
__ -=CII",e::.;.=I Im.:...:. He. lth • 5afotl'c ) 

STIIDIES ON SRC - I I  PROCESS INTER)I;DIATES 

SRC - I I  P i lot 
PI.nt , SRC
" YOU; 
1 91 1 - 1984 

SRC- I I  Pi lot 
PI.nt ; 1979-
IQ/II 

Che.lcal fr.ct ion • •  
t lon .nd .nal,.h for 
.c t I va co.pound 
c l  ... I • •  

Tree . ..  tel anel, .... 

Lo .. er· t ler blo.edlcal 
test In., Ion ... ten 
.. cendve tIn In. 
b.led on coaparl sun 
with resu l t s  of b�so· 
l ine studies . 

§IUPI!!S ON ENYIIMI!NTAL c:otmOL SYSTEMS 

Iypro.luct 
recovery 
pilot ""hi 
lench- scd. 
b lot r •• tllOnt 
uni t s  

1911 and 
I.ter 

SRC - "  Pi lot 
p l ullt ; 
4Q/IU a .... 
Iutcr.  

CO.bustor 
Poo ' I ,  4Q/ID 
.nd I.Ur. 

CII •• ice I fr.c tlon.t lonl 
extractlon .nd .nal,lh 
for act i va co.pound 
c la,i.,. 

Ch •• lcal fractionation! 
.. t r.ct lon and .n.I,Il. 
of part lcul."· .... m. 
hydrocarbons, .... ous 
hydrocar .... n • •  
Tr.ce .etal charactarl· 
lIt 1on, conv.nt lonal 
pol lutant cha r.curl z.· 
t ion. 

'-or· t ler blOaftdi .  
c . 1  t • •  tln., lonl 
tIn t .. t lnl b.lld 
"I>on r.lult I of 
lower· tler tUII 
and buellne 
nuoll .. . 

L1.lted lower· t ler 
blo •• d lcal t •• t ln. 
whe .. qu.nt h I .. 
.va l l .bl • •  

Abiotic 
Envlron .. nt 

'Iotlc 
Envlronalnt (d) 

Tenlnl In .nvlron .. ntel an" IcolOI I ·  
ca I .,lta • •  1 1.1 t.d t o  us. of .cuU 
.nd chronic Icr •• nln . .... , ••  b .. ed 
upon r .. ult. of bas. l Inl nudl ... 

I!nvlrollMnt.1 and ecolollcel t .. t llIl 
U_lted to UI. of .cut. and chronic 
Icr •• nln • ••• a, • •  furth.r work ba •• d 
on cGap. rhon to b ... l ln. r •• ul II • 

'tatUI 

To b. con· 
.. uet ... . 
1111 1 - 1914 

IIIlloln • •  
thru 
IQ/II 

To bl COli· 
dueted , l91 1  
an d  laur 

To be con
duc:ud, III .. 
alld I.ur 

-< I 
1.0 
o 



Or,�nl tat lon/Prolra. 

1I 11 I",.n Auoe laUsl') 

• Il� u n od characterl
zat Ion o f  SRC- I I  pi  lot I.hnt Str.t
iord unit per fonance. 

'� l I d  It North .. "n Lah • 

• ':1o,,::o l e . 1  and b l u.cd l 
c�1 choractuht lc s  of 
.01 101 .. �st • •  I . l udcu 
produced fro. the SRC
I I  proc e u .  

lI�t l D I I " Nurthvuot l..1bs 

Material 

Ac 101 and o ff, •• 
.t r .... . ab.orber 
• o l ut Ion. venu. 
product .ul fur. 

Trut.ent .y.-
, •• .,alt •• : 

che.lc.l . 
b lo l ",lca l .  and 
byproduct 
recD,.rr. 

Inc Incer�tor 
.ol lds. 
Co.bustor 
.ol ld •• 

• Chc. i c � 1  .nd blo.edl - Tar .cld. 
c.1 char�ct.r l. t l c .  of 
SaC- I I  byproducU. 

1I. l I e l l o  �"rthv .. t L.b. 

• Hfcc t .  of hydrot rGi&t
.cnt on tho ch •• lcal  
�lId bln •• dical  rrul,crI it" oJl' SIU : - "  pro

GuCI .�t C' r j a l l .  

e L Heet. of r .  flnuy 
ur.r�dln. on the 
ch�. i c u l  ond blo.udl ·  
cd p ropert I u .  of SRC
I I  product .aterlu I • .  

Raw anol hydro
treated d l lt l l 
lutu: 

nuphtha. 
.Iddle. 
huyy. and 
fuc l o i l  
blend. 

R.v '111.1 ul •• r"ded 
d l u i  l I at .. : 

nal,Mh •• 
. 1 0101 1  •• 

heavy_ .. nd 
fuel al l 
b lend. 

Table Y.2.3 (continued) 

S_I'}' or Studle. 
AbloUe 

Health • Satltrle) Enyi ron •• nt 
lioUe (d) 

EnyirolllNlnt Source (a) Che.lltrrlb) ---==.;..;; 'lUtu. 

SIIC - I l  P i l ot 
Plant ; 
- 1 911 

Tr •• t .. nt 
.yue. " U · 
In. un i t . ;  
evaporator/ 
Inc inerator 
un i t .  con· 
trol led co.
bus-Dr • .  

Ch •• leal frut lon.tlon 
.nd .n. l y . l I :  

trace • •  tal • •  

trace or •• n l e t ,  
.Inor Inor •• n l c ,  and 
eontaaln.ntl • •  nd 
. I eunul co.pod-

S IUll l rs ON SOL I D  .AST� AND DISI'O!IAL 

Che.lc.1  fr.ct lonet Ion 
.nd .nu ly." for orlln· 
Ic •• Inor,.n l c o .  tr.c. 
.cu h . leach t l l t lnl 
of potent II I solld. 
for d lspo •• 1 .  

Low.r· t ier bloeedl
cal telt Inl. furth.r 
t.st In. b ... d "" 
co.par hon to b ... • 

l ine studle • .  

STW I ES ON SRC - I I  If PRODUCT MATER I ALS 

Iyproduct 
recovery 
pi lot un lU; 
1981 and 
later. 

lIyd ro t reat· 
.ent pi lot 
uni t s ;  4Q/BO unol 
Iner 

Re finery 
up,r.dlnl 
pi lot un l u :  
1 9 1 1  M nd  
I.ur 

Che.lcal fr.c t l on.Uon 
.nd .na lYI I I  for traca 
or,.nlcs .nd .. tal •• 

Lower. t ler b l_dl 
cd t . .  t lnl. 

STUDllS ON SRC- I I  PRODUCT MATER I ALS 

Che.l c . 1  fr.ct lonetlon Low.r- t l e r  blo.edl
and .n. ly." for actlva cal tut lal. 
c ... pound e I  ..... . 

Ch •• l c . 1  fr.ctlon.tlon Lower. t I.r b lollOd l 
. nd  an. ly. 1 I  for .cthe c a l  t . .  t lnl . 
coepound cl ••••• . 

To be con
ducte,' ''' I!I'I 

Eny l roneenul .nd .col",lc.1 .y.u. 
t .. t Inl 1 l.It.d to u •• of .cute 
.nd chronic .cr.lnln, .... y •• further 
work based on co.parl son to b.s. l 1ne 
r .. ul t a .  

Envlroneental .nd ecolollcal Iylte. 
t •• t ln, 1 1.lted to u.t of .cutt .nd 
chronic .cnlnlnl .... y • •  

Tn b e  I'rrl'o . .  "d 
19. 1 an" l ac"r 

To be con
ducted. 1911 
.nd laur 

To be con
ducted. 1!l1I 
.n" I.tor 

To be con
ducted. 1 94 1  
Ind Iotar 

-< I � 
� 



Table Y.2.3 (continued) 

S_rr of Studl .. 

Orll.nl lilt lon/Pro,re. Material Sourc.(a) (b) ____ Ch;,;.,e ...... _h !!!.:...:. Health , Saf.ty(c) 

S1\IDIES ON SRC - I I  PRODUCT END-US!! Tl!STING 

bt l o l l . Northw •• t Lab. 

o lnv i ron..,ntal e rr.cta 
of ul i l i l in. SIIC- I I  proliu<1 fuel 0 1 1 .  In 
end-usa t.ll ln. 
sylh· ••. 

"oul note. : 

(e) Fac l l I U  .. Inc ludll 

mlllll� .nll he.,y 
II l s t l l l ale., full 
bo l l l". ran.o 
fua l olh. 

rarllculuo. 
off' ... . .  

SIIC- I I  P 1 101 
phnl ; 1911 _nd laur. 

End u .. I .. t
In. pi lot 
un i t t :  

bo l l urs , and 
lurblnes . 

Che.lcal fract lonatloll 
and analy.1I for traca 
or.anlc and .otal 
cont •• lnant • • •••• ou. 
and part lculata -borna 
hylirocurboRl ,  conven· 
t lonal pol lutonl char· 
acterl lOt ion . 

Lower t ier b lo .. dl· 
cal characterlut lon 
If .. pia quanl l t laa 
of part Iculu .. 
.allarated. 

• SRe II ,I lot Plant - SO ton. p.r day capac ity louu" It Fort Lewll,  ... hln.tOll, 
• SRe I I  POll - I Ion per IIay upaelty localed at lIar.ln l l l o ,  •• nn.ylnnll 
• T •• aeo 'i lot .Ianl Ca. l flor - II Ion. p.r IIay capac ity localad II Monlebal l o ,  Cal l forllla, 

(b) Ch�.lcal fractlonallon parfor • •  d udn. acld/ba .. /neut ral .. tractlon,col ... n parl lt lon chr_
tOlraphy , thin Layor ChrONlo.raphy or IIIlh Perfor •• nc. Liquid Chr .. alo.raphy , D.IIII.d 
che.lcal analyall un Include lIIah I .. olut l on Ma .. Spocl rosropy, ecablned Cn Chr_alo.raphy/ 
Mall Spectro.copy, Nucl.ar Ma.n.t lc "Ionanc.,  Ultra,lol.t or Infrl.rod Sp.ctro.copy, 

(c)  Lo .. er-tler  blo...,IIlnl Inl ln. can Inc luoto All .. SallOnol la,  ._lIan cell .. U.an .. 11 Ind tran.
foraol lon , aculo oral and deraal 101lc lty and urato.enlc lty.  

(d) Aquatic or.anls • •  usell In 1 .. 1 1  Iyplca l l y  Include Ipec le. represanl ln. prlury produce,. ' ( ••••  , 
a l ia.) ,  .elli •• nt d ... ll ln. or._nh •• ( • . • .  , In.ect larno) and fl lh .paclea .  

(.) Intera.ency pro.n.: Hltlun A .. oclal •• funded by U.S.  EPA. 

Abiot ic 
EnYI ron .. nt 

Ilot lc d En,lron.ont ( ) �Utu. 

To b, con· 
dueled, I!ldl 
and hter 

-< I 
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Tabl e Y . 2 . 4  

SUMMARY O F  CURRENT COMPONENT 4 ACT I V I TI ES : 
MON ITORING STUD I ES 



Table V.2A. Summary of current Component 4 activities: monitoring studies 

Orl�nl llt lon/Prolra. lliaUrlal SOlircI 

Batte l le Northweat .... b. 

I In.iu.lrhl h,..lene In-rl�nt contul· Fort Lewh 
.anltorln •. n:ant •• 

I leolo.lcal .n ... • Plant l iquid, SIC· 1 I  
• ene . • olld and G.ls·  procl .. 

. Ion ralaa .... 

• Terroltrlal  ve.et.· Product and I I �I' Fort Low" 
t Ion COntlCt tod· 111711 
cit,. 

Gas l  flor bOttO.I , Fort Lewis 
procesl water. 11110 
Inc inerator .ol ldl, 
l iquid product •. 

P i t  t >bur. ' Mldwlr: COil 
Iii n i nK Co!!fanr: 
• Air 'Iua l lt, d�tl col· Area .Ir  '1111 I I t,. 

Icel ion, 

• SlIrbcI .. �tcr 'IuaUt,. Area water 
qllll lt)'. 

I " .. l h,G .onltor ill •• 

U cctr lc Power Research 
In.t hute 

• lIulth, personnel 
prouctlon and r •• • 

ul;atory condd.rat lon. 
In til • •  1.cUlc 
ut i llt, UI' of c, .. ,. 
derh •• fll." 

VUlutat·lon. 

Fort Le .. 1s 
Sit. 

Fort Le"'. 
SIU 

Fort L ... h 
Arel 

�::;try:..... __ 

S.-ry of Stud I .. 

Health , brIg 
Abiot ic 

Enylron .. nt 
Ilotlc 

En,lronaent �tatll' 

FOlT LEWIS PILOT PLANT STUDIES 

101ltln. Inll,tlcll 
tntln. of todc 
capon.nu. 

Earl, warnln • •  )'.te. Leve l s  of contl.l· 
dlYllop.lnt • nlnt s chlracurh· 

t ic of plant 
Itre •• product 
fill It hI 1.llIlon • •  

Adlpt uht I n  • .adell  (solircl-trlnlfar) t o  the SIC· I I  pro· 
cu. lD .enlrll • 

Orlanlc and lnor· 
.anlc trlnsfer 
fro. folla •• to 
... d • •  

IS  .onltorlnl 
.utlon • •  
alr qlNlllt)' char· 
Icurlst Ie. Ind 
.. Ind .p •• d/ 
dlr.ctlon. 

Peieralno YOlotl' 
tlon rllpon.. to 
It.a'pherlc 
rll ..... of SRC· 
11 produce and 
.olld .. alt ••  

Iloull re.pon ... 

Ve.ecatlon 
rllpon ...  

SlIrflC. ,,"ter 'Iullt)' lacUrll . 
.onl tor In. It J 
.Ut lon • •  ph),dcII,  
orlanlc and Inorllnlc 
chlractorhtlc • •  

FoUa11 fro. J leo ... rd and 
I IIpwllld lit •••  

Onloinl 

1 980 to 
11111 

111711 

11180 to 
1111 1 

11172 to 
Onlolnl 

11172 to 
onlolnl 

IY76, 
11171 to 
onloln. 

inlut lon and potent hi us. of uhlln, lI.alth and .nvhon· onlolnl 
.. nul reaulltlon. · stud, r .. IIIU to the han. Un. of cool 
..rived filii oU.. Penn. Ir ... for additional rellerell . 
IlIUUII 'xpo.llr • •  tr.cu . Drift auld.UII .. ead procedllre • •  

-< 
I <.0 .po 



Or".n I :�t ion/P rolra. 

l;u l a  .hn�r", 1 Ihnou,,,:» 
(ulIl,·ny 

e �orLpla<. p�rsonnc l 
.cni to r l n  • •  

a SHC- I I  Indus t rial  
hYl lene p roceolur .. , 
.�tho.h and pro
h<th. dn lc •• • 

e SAC- I I  c l inin I 
aonl l o rlnl . 

O.L Ald.e Hilt lon�1 Labs 

• COllputerhed data 
... nall •• nt for .n, lron
•• ntal effect. d.u .  

M. d l a n  Corporation 

!btorial 

Wc rkpl.<o. 

Workplace. 

Personnel . 

• Ground "ator qua l i t y ,  Product 
hydrolo,y and ... odhl 
actlan p i on .  

P i l hbura � .1I 00"ay Coal 
m n i ns Co.".ny 

COr-SAP Aue. rch Carp. 
• Soc loocono.l< ba .. -

l i n. Inull i,.Uon •• 

Sour�u (a) 

Fort Lo·,, 1 1  

Fort Lew .. 

Fort Le"h 

SRC- I I  

Fort Le,,1s 
pl lot plant 

Table Y.2.4 (continued) 

(b) 
__ -::Ch:::e:.:.;;.:1 � m:::...:. 

S.-ry of Stud Ie. 
Abiotic 

Hoalth S Safoty
(c) 

En,l ron .. nt 

11" 1'1I1nn"" and U1"(";1 
...nho,lnl. SUa 
conta.lnaUon. 

rononnol tralnlna 
In the u.. of pro
tecthe clothlna. 
nnt ald, penonal 
hYllene. diaclpl l 
nary prolra •• 
Pre-eaploy .. nt phy
Ilca l .  annual ph,.I
cIl , and periodic 
pulaonuy funcUon 
..... . UD t .. u .  

hrt l <lIl lIh'" or ... n l �  
,.-pow."' . no i I V  , 
lllu.lnetion. 

IloUc d 
En,lro_nt

( ) 
�t.tus 

01111011'11 

Onlolnl 

Onlolnl 

ColIPuterhed data .anale.ent to catalolue daU re.ulu • 
SYlte. c'pabi l l t l  .. to lnclud • •  erllnl. atatbtleal 
an.ly.o. and lraphlea l -tabular dhplay • •  

1179 to 
OIIlolnl 

Cnluate hu.an 
h .. lth con
.oqu.nc •• of 
product .pl l l .  

Cro ... d "ater quai l ty 
and hydro IDlY char
acterhaUan. In
.Ul laUan of _
horl.1 .yate.. Dey
elop .. nt of r ...... .  l 
product .pl l l  plan. 

halu.te ecoiD- onlolnl 
Ileal con- 1110 
.equeDce. of 
product .pl l i .  

PRE-CXlHSTROCTICII DENlHSTRATlCII PLANT SllJDIES 

Morlanto"n 
.Ite . ,ea 

Site acce .. lbl l l  ty, 
re,lo.al econDIIY .  
lIou.lnl. c_ ... U, 
.enlce. and fhcal 
capablll U .. . 

Deao,raphlc ••  
labor awalla
bll lt, and 
anUcipated 
lllPacti. 

1971 to 
1871 

-< I <D U1 



OrK.ml .. , lon/Prolu. 

Stc.;aml",ROICI' 
• Surhce .. al er In.ea

t i l�' lon., 

• ho i .e InvO I I I lal lon •• 

a Aqu. t l c  EcololY. 

a V.leUl lon In.o.U
,., Ion. 

a lernllrhl anl •• l 
InvOIU.a, Ion • •  

• S o l  h Invall l,aUon. 
(liest Ylrlln18 Unh . ,  

(1)>1 Lab., NUS Corp. ,  
In" Culf Sclanc. and 
Technolo." eo..,an,,) 

a Ground .. ater In •• stl
,aUon •• 

(D' Ap .... lonll Con.ul t
In. Enlln •• n ,  Inc: . l  

.... ud.1 Sourca 

Morlanto .. n 
.Ua araa 

Morlan'own 
.Ua ara. 

Morlantown .h. ar.a 

Morlan,o .. n 
. I t. araa 

Morlantown 
. I t. ar.a 

Mor,an'own 
l1u area 

Morlanto"n 
.he ar.a 

Table Y.2.4 (continued) 

S_r, of Stud I •• 

the.l lln HaaUh , Safa'y 
AbloUC: 

EnYlron •• nt 

Sea.onal IIOnhorlnl 
of all .urfac. drain-
al", eo.plata ran •• 
of ph".lcal and 
ch •• lcal characlerh-
,Iu. 

.loUc 
E"Ylro"""1 'lUlU. 

1117. '0 
111711 

'ack,round noho lo.el • •  111711 
Sea.onal, dl" and nllht, 
24 hour .  

Monolahela River, 1117. to 
Robln.on RUII , 111711 
Crooked RUII, 
Creftt RUII. Fhh, 
lc:h,h"opll"Hon, 
benthiC: ucrol". 
yart.brat .. , .. cro-
ph"u. , 1'er Iph"ton 
ph"toplank'on aid 
zoopla"kton. 

Mappl"l and chlr- 11171 '0 
IctullaUon of 111711 
vela,.tloD co_-hla • •  Spael •• 
IdanUncaUon and 
cOllflCl' h Ion. 

Ma_h, bird., 1117. '0 
rep,l l  .. and 111711 
a-t>hlbllna, 
sp.ela. co..,ol1Uon, 
habitat, ralatha 
abUllclanc .. , aad 
dhtrlbutlon. 

Type. - 10caUon, 111711 
Tnca .la.antl ,  
h"drocarbon., ph,,-
11  .. 1 charactarh-
,Ies.  Soil .alvala-
racl_Uon. 

Occurrence, h"drau- 1117. '0 
lIc characterhUc., 1 lilt 
and "aur quai l'" 
(orlanlc and I"or-
.allic - Laval I 
h"drocarbon) • 

-< I lD 0\ 



Table Y.2.4 (continued) 

5.-ry 01 5tll4l .. 

OrK .. " i  ���!��l�!�-,r •• 

• Geoloay In •• U I,U lono, 
( D ' loppo lonla Conluh lnl 
Ln,in.lu, Inc . )  

I 1I,:l eorololY .nd . I r  qu�1 ilY i n  ...  1 il.l lon., 
(O.Hartio an4 McFarl anti 
lIi .. ;uhlr So rv lel) 

• Ar�ht.:Q 1 Q " i �  .. 1.  tU :tlori .. 
•• 1 ,,,,d pal.onlolollcal 
I n  •• u llal lon., 

!Wurhl 

( � e u  V l r,lnh Geol o a l e . l  
,Inti Eeono.le Sur • •  y )  

!'.!..!.! ,hur¥ , Hiolw.y Cool 
.l i n inK Co. 

Gll i f  .h nera l Mcsources 
COllp.ny 

• Io i r  .on llor lna P IOInl •• I u lonl. 
rCicir,h. 

• Ill -Vol ..... PAA l i h c r  P l anl ella. ionl. 
... ..,ran. fi l lo r  10Uti 
• orbenl .... pUnl 
n: .... r'h. 

Source 

."uaanlo"",, 
ait. or .. 

Mo raanlown 
Ih. area 

Moraanlo .. n 
aiu or .. 

�1�r:.lY'-
__ Hoollh • 5d� 

PIU:-OPERATIONIoL DEMlNSTRATION PLANT STUDIES 

Dall to b. Ul04 for 
llitiult rlol hYalin' 
pro,ru, 

IYII to b. IllOti for 
In4ultrl81 hUllM 
prolr ... 

I s�c uni 101111$ .nd 
prollcth. e IIIlhinl· 

P I ""I po l lutanU , Unl fora and prot.e
t hl ciothlna for 
plraOlln.l ,  

Slt.:olrni-RoMa:r 
• Su..: u,h:..::onoa l ' l .  

o SO I l I , 

Moraanlo .. n 
1 1 1 1  or .. 

Mora.nlown 
Ih. n.1 

AIIlot I, 
Envl ronaone 

'IoU, 
�nvl ron.ont �Htul 

Strll1lraplly ,  1 1 thol-
011, Itruc:turl, 
haurdl, soh.le 
hlnory , rllk, Inti 
.Inorll nlOllrell.  

Conl 1nuou. IIOn llorlnt 
of .. llIti Ip .. 4 til rlet on , 
oIr t •• p"rllurl, b .... ld
I t y ,  pr.e lpltltlon, 

pOl Ont b l  po Ulllanu. 

llI.olop IIOro lend
Ihl UI" for 
arllulle 1.lnu ,  
eYlnldOl , Ihioeya-
1111 1 1 ,  Inti helro
eyeHel . 

Do.oIop IIOre senl1-
t hi PHIo IIOnitllr Inl 
IYIIO • .  

Eeonollie eon41 1 10nl. 

Aaronollli c  t raco e l o 
ao p t  Inti hytiroearbon 
anoly ... II 6 loca-
1 1001 . O" •• lop ... nl 
ot oporal lond 
IIOn l lo r l nl IIU 
plou . 

In» 

Ina to 
lUll 

Idon i l fleilion 11171 10 
IIf arehlololl - onlolnl 
col , bhlorleal 
anti pahontolol-
leal ehlneur-
htlca,  

On�olnl 

OnJ:o inl 

Oo�olnl 

LMbor .llr"l 1on OOlolnll 
anti ticlIOlr.phlelo 

1kI •• lop •• ol of Onloinl 
.01.lIl1on IIper-
1I IIInai IIOni -
lorinl 1 .. 1 plgU. 

-< I <.0 ..., 
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Or��n l l  .. ' lon/Pro.ran 

b .. l I � l I . " .. rl l".a i l  wbo 
• _ ", loM ied to,.· 

.. � ... " i '  0Ylun. 

a Terruulal uptake. 

• l"oloKical  lou· 
101 id "Mlta leve.c. 
... , i�n . 

• b U lloM Le.1 f .. ,o· 
l .:rr':llri.l  CCQ5Y' ''!., 

• b i o l o M i < o I  f .. ,c . 
;,UIU-l' i� U'UI)'�'C •• 

• I htJ l u , a �  .. l i"h' ... 
.'..,.ph .. rlc ,nhslunl. 

Maurl al 

Wil'er cOlic.m," • 

TO& icanl • •  

Soh4 .. asul. 

Air .:aL ::ulons. 

Su l iol ..... 'u. 

"af �. u : u '�n:l. 

Table Y.2.4 (continued) 

S_ry of Stll4l .. 

Soure. f!!!$!.t!<rrL-__ Heal tll I I�(m 

PItES�NTLY ANTICIPATED DENlNSTllATIIIH pLANT STUDIES 

III>r,lnto"n 
. l e. ar •• 

III>r&lIIIlo"O 
plant 

NorManlown 
planl 

III>rM�nlown 
planl 

III>rMllnlo"n 
plant 

Nor&lInlOwn 
plant 

AbloUc 
Eovlron .. nt 

liotlc 
EAvlroDunt �tatu. 

Phydeal ·eh.nleal 
eha raetar 15 Uea. 

'h,deal ·chenleal 
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Append ix  Y . 3  

OVERALL HEALTH AND SAFETY PROGRAM PROPOS ED  
FOR  THE  SRC- I I  DEMONSTRAT ION PLANT 

The hea l th and safety p rogram p roposed for the SRC - I I demonstrat i on p l ant wi l l  cons i s t  of ( 1 )  a 
Hea l th Protec t i on Program a i med at p rotect i ng personnel from potent i al tox i co l og i ca l  effects of 
some coal -deri ved mate r i a l s and  ( 2 )  a General I ndustri a l  Hea l th and  Safety Prog ram a i med at 
p rotec t i ng personnel from con d i t i on s  and materi al s common throughout much of the chem i ca l  and 
petro l eum proce s s i n g  i n dustri es . Both p rog rams a re d i scussed in the fol l owing  secti ons . 

Y . 3 . 1  HEALTH PROTECTION  PROGRAM 

A comprehen s i ve hea l th p rotection  p rogram p l anned for the SRC- I I  demonstrat ion  pl ant wi l l  i nc l ude 
the fol l owing  subprog rams : 

1 .  Educa t i on , 
2 .  Hyg i ene , 
3 .  Medi ca l , 
4 .  Mon i tori ng , and 
5 .  Tox i co l ogy . 

The demonstrati on p l ant hea l th p rog ram wi l l  be patterned after and  based on i n fo rmati on obta i ned 
and devel oped s i nce 1 974 from the hea l th prog ram for the SRC p i l ot p l ant at Fort Lewi s ,  Wash i�g ton . l  

Y . 3 . 1 . 1  Education  

Object i ves of the  demon strati on p l ant educat ional  p rog ram wi l l  be to  ( 1 )  i nform the  worker of the 
known and potenti al  hazards in the work envi ronment , parti cu l arl y  those associ ated with  exposure 
to coa l -deri ved materi a l s ,  and ( 2 )  moti vate the worker to use appropri ate p rotecti ve mea s u res . 

At the Fort Lew i s  SRC p i l ot p l ant , a l l  new empl oyees recei ve a heal th p rotec t i on i ndoct ri nation 
that beg i n s  w i th an  aud iov i sual  s l i de p resentat i on .  Th i s  s l i de p resentat i on s hows the emp l oyee 
the potent i a l  hea l th hazards p resent i n  the p l a n t ,  the measu res taken by the company to p rotect 
the emp l oyees , and what the emp l oyees mu st do to p rotect themse l ves . The p resentat i on beg i n s  
wi th a b r i e f  expl anat i on of the p l ant p rocess , then progresses t o  cover a vari ety of top i c s  
rang i n g  from hazardous compounds , a i r  mon i to ri ng , a n d  an imal toxi c i ty stud i es t o  cl othes chan g i n g  
d u r i ng sh i ft ( when c l othes g e t  exces s i ve ly  contam i n ated ) ,  ear p rotection , footwear ,  g l oves , sk i n 
barri ers and emol l i ents , s k i n  cancer , s k i n  w i pe samp l es , report i ng of s k i n  abnormal i t i es and 
i nj u r ies , res p i rators , and fi rst- a i d  equ i pmen t .  The s l i de p resentati on conc l udes by encoura g i ng 
the empl oyee to ask  quest ions  concern i ng the hea l th p rotect i on p rog ram . Al l new emp l oyees a re 
i ssued a heal th p rotect ion  manual . Emp l oyees a re then taken through the l ocker/changehouse a rea 
and shown the l ocat i on of ( 1 )  entrances and ex i ts ( fo r  both before and after work ) ;  ( 2 )  the i r  
l oc kers and  stal l s ;  ( 3 )  the showe r ,  soap , and towel s ;  and ( 4 )  c l ean and d i rty c l ot h i ng storage 
a rea s .  Du ri ng the tour of  the l ocker/changehouse , the emp l oyee i s  encouraged to a s k  quest i on s . 
Fol l ow i ng the tou r ,  the new empl oyee i s  taken to the n u rse ' s  office for comp l et i on of the hea l th 
protection i nduct i o n .  

Hea l th p rotect ion c l asses o n  various subj ects have been hel d for S R C  emp l oyees s i nce the spri ng 
of 1 974 .  Genera l l y ,  the c l asses a re p resented by  the Superv i so r  of Hea l th Protecti on ,  who  is  
a s s i sted by  the  SRC i ndustri a l  hyg iene techn i c i an .  Occas i ona l l y ,  various members of the Corporate 
Medi ca l  Departmen t ,  such as the Reg i ona l  Medi ca l  D i rector or the Reg i onal Sen i or I ndust r i a l  
Hyg i en i st ,  have g i ven hea l th protec t i on p resentat i on s .  In  add i t i on to the SRC hea l t h  p rotect i on 
s l i de p resentation , c l asses i n  the S RC Hea l th P rotection  Program cover the fo l l owing  top i cs : 
heal th and hyg i en e ,  tox i c  hazards to the human body , and tox i c  gases ( S02 ' H2S ,  and CO ) .  
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Y . 3 . 1 . 2  Hyg i ene 

Workers i n  the demonstration  p l an t  wi l l  be provi ded wi th protect i ve equ i pment , cl oth i ng , 
faci l i ti e s , and techn i ques to mi n imi ze exposure to coal -deri ved materi al s .  

At the Fort Lew i s  p i l ot p l ant , each process  area emp l oyee i s  i s sued rubber boots , l eather h i gh
top safety shoes , a hard hat , work coats , sk i n  emo l l i ent , barri er c reams , and  two weeks ' s upp ly  
of  work u n i forms , underc l othi ng , and  socks . Each  empl oyee i s  ass i gned a l ocker i n  the  l oc ker 
room ( c l ean area ) and a sta l l i n  the changehouse ( d i rty area ) . 

To protect the worker and to prevent carry i ng coal -deri ved contami nants off the p l ant s i te ,  
spec i a l  procedures have been deve l oped for process area workers . 

Upon com i ng to work , the emp l oyees go d i rectl y to the l ocker room and change i nto a c l ean un i form ,  
wh ich  i nc l udes underwear , s h i rt ,  pants , and socks . Then , proceedi ng to the change house i n  shower 
shoes , the empl oyees don work footgear , headgear , and rai n  s u i t ,  i f  needed . They then proceed to 
the work area , and the procedure i s  reversed at the end of thei r s h i ft .  O n  the way to the s howe r ,  
d i rty undercl oth i ng i s  l eft i n  a mesh  bag i n  the change house ( d i rty area ) , and the d i rty un i form 
i s  dropped i n  a d i rty-cl othes b i n  to be l aundered . The emp l oyees are encouraged to thoroug h l y  
wash  any coal product from the i r  body . S k i n  exami nati ons wi th an u l trav i o l et l i ght  are peri od
i cal l y  g i ven by the p l ant nurse to determi ne the effecti veness o f  the empl oyees ' showers . Any 
empl oyee experi enci ng a s p i l l  of coa l -sol ut ion sol vents or c hemi cal s duri ng work i s  requ i red to 
s hower and change c l othes as soon as pos s i b l e .  

Empl oyees enteri ng vessel s o r  underta k i ng exceptional l y  d i rty jobs  are requ i red to wear rai n  
s u i ts o r  coveral l s  over the i r  u n i forms and appropri ate g l oves .  Impervious  g l oves prov id i ng g ood 
gri p  and wri st  protecti on are favored by the empl oyees .  Neoprene appears to be more resi stant 
to the sol vent than other mater i a l s .  

Y .  3 . 1  . 3  Med i ca 1 

The demonstration  p l ant medi cal program wi l l  seek to ( 1 ) detect any occupational l y  rel ated 
changes in worker med i cal profi l es at the very earl i est  stages ; ( 2 )  reverse , to the extent 
poss i b l e ,  any untoward i mpact ; and ( 3 )  establ i s h  causa l i ty and preventi ve strateg i e s  i f  any 
occupat i onal l y  rel ated heal th probl ems are detected . The ant i c i pated approach wi l l  be an 
extens i on of the SRC p i l ot pl ant prog ram and wi l l  use preempl oyment and per i o d i c  med i ca l  
exami nati ons together w ith  i nten s i ve ana l ys i s  of  such exami nations and  the  occupat ional  and 
personal hi stori es  of the workers . 

The medi cal program for a l l exposed empl oyees at the S RC p i l ot p l ant was started i n  1 97 4 ,  before 
the pl ant was put i nto operat i on . Before an appl i cant i s  h i red and annua l l y  thereafter , a medi cal 
exami nation  is performed that con s i sts of a medi cal h i story and a compl ete phys i ca l  exami nati on . 

A compl ete b l ood count i s  performed cons i st i ng of a w h i te b l ood cel l count ,  hemog l ob i n ,  hematocri t ,  
mean corpuscul ar hemog l ob i n  concentration , and a d i fferent i a l  count o f  w h i te cel l s .  B l ood chem
i stries  are performed that i nc l ude total prote i n , a l bumen , cal c i um ,  i norgan i c  phosphoru s ,  
chol esterol , uri c  aci d ,  creati n i n e , total b i l i rub i n ,  a l kal i n e  phosphatase , creati n i ne phospho
k i nase , l acti c dehydrogenase , serum g l utami c oxal acet i c  transami nase , potas s i um ,  sod i um ,  b l ood 
urea n i trogen , and g l ucose .  A u r i n a l ysi s ,  i ncl udi ng mi croscopi c  exami nat i on , i s  al so done . 

The s k i n  i s  exami ned carefu l l y  for evi dence of l es i on s , and the empl oyees are as ked to report 
any unusual  s k i n  condi tions  or l es i on s . The annual s k i n  exami nati on i s  suppl emented by a 
quarterly s k i n  exami nation  by the p l ant nu rse . Empl oyees wi th dermatol og i c  probl ems requ i r i ng 
a physi c i an ' s  care are referred by the p l ant nurse to a board-certi f i ed dermatol og i s t .  

Posteri or-anter i or and l ateral chest x-rays are taken a n d  i nterpreted b y  a board-certi f ied  
rad i ol og i s t .  Pul monary function  tests are performed by the p l ant nurse . 

Eval uat i on of the fi ndi ngs of the survei l l ance med i cal prog ram has i nd i cated no d i scern i b l e  
changes i n  the medi cal profi l es o f  the exposed empl oyees . The on ly  known occupati onal  heal th 
probl em encountered at the S RC p i l ot p l ant is mi l d  trans i en t  dermati t i s  from s k i n  contact wi th 
coa l -deri ved materi al s .  

The most  common med i ca l  probl em has been eye i rr i tati on ; 50 to 6 0  cases , approximate l y  1 0  of 
whi ch i nvol ved substanti a l  quanti t i es of coal -deri ved sol vents contac t i ng the emp l oyees ' eyes , 
have been treated . I n  al l cases , these eye i rr i tations  responded sati sfactor i l y  to f i rst-a id  
treatment  con s i st i ng  of eye i rri gation  wi th sal i n e  sol u t i on . Fol l ow-up medi cal exam i nati ons 
by an optha l mo l o g i s t  confi rmed the absence of any pro l onged or permanent eye damage . The 
strong ly  i rri tati ng character i s t i c  of the l ower boi l i ng fractions of S RC l i qu ids  i s  probab ly  
due  to  the i r  pheno l i c  content . 
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About 25 cases of tran s i ent erythema and mu l t i p l e  cases of m i l d  fol i cul i t i s  ( mec han i c s  acne)  
have been observed . These cases have res ponded wel l to temporary suspen s i o n  of exposure .  

Two empl oyees devel oped squamous  ce l l  cancers . One empl oyee had prev i ous ly  worked n i ne years 
in a petro l eum refi nery and was a c i garette smoker .  The Was h i ngton State Board of I ndustr i a l  
I n surance Appea l s determi ned that t h e  l i p cancer was unrel ated t o  h i s  empl oymen t  i n  t h e  S RC 
p i l ot p l an t .  The other empl oyee had on ly  worked at the p i l ot p l ant for one year i n  a super
v i sory capac i ty ,  and the cancer was d i agnosed a s  the resu l t  of exposure to sun l i ght from h i s  
past work h i story i n  such areas a s  Kuwa i t .  

Current experi ence w i th the S RC p i l ot p l ant empl oyee popu l ation  h a s  not revea l ed any o f  the 
probl ems experi enced in the I nst i tute p l ant popu l ation  where 60 s k i n  l es i ons  were exci sed from 
a group of 359 coal hydrogenation workers duri ng a fi ve-year peri od . 2 The i n tens i ve empl oyee 
heal th prog rams , i n  p l ace at the SRC p i l ot p l an t  essenti al l y  s i nce start-up , are fe l t  to be 
the maj or d i fferences between the p l ants . 

Y . 3 . 1 . 4  Mon i to r i ng 

The demonstrati on p l ant mon i to r i ng prog ram wi l l  mon i tor the workp l ace for conventional  toxi c  
mater i a l s and phys i ca l  agents common to refi nery and  chemi cal  operati on s  a s  wel l a s  to those 
exposures un i que to coal l i quefacti on . Devel opment work is currently under way on techn i ques 
for mon i to r i ng dermal contami nation  by potenti a l l y  tox i c  materi a l s ;  if successfu l , these tec h
n i ques wi l l  be i mp l emen ted in the demonstrati on fac i l i ty .  

I n  l ate 1 972 , before construction  o f  the SRC p i l ot p l an t  a t  For� Lewi s ,  Was h i ngton , a n  ambi ent 
a i r  and water qual i ty study was  i n i t i ated around the p l ant s i te .  Des i gned a s  a basel i n e  assess
men t  of the  a i r and  water qual i ty in  the  v i c i n i ty of the pl ant , the study wou l d  then  be used 
fo r compari son wi th a s im i l ar study to be accompl i shed during  fu l l  p l an t  operat ion  to assess  
the impact of the p l ant on the surround i n g  commun i ty .  Th i s  study subsequent ly  was expanded to 
i nc l ude determi nat i on of the fate of trace e l ements i n  the SRC p roces s .  

The base l i n e  study was conducted duri ng the per i od o f  December 1 972 to December 1 97 3 .  A n  a i r 
qual i ty network composed of 1 5  sampl i ng l ocations  wa s establ i shed around the new faci l i ty i n  
areas where a receptor wou l d be exposed to a change i n  a i r qual i ty .  Measurements were made 
for suspended part icu l ates , carbon monox i d e ,  carbon d i ox i de , ox i des of n i trogen , hydrocarbons ,  
s u l fur d i oxi de , and hyd rogen sul f i d e .  Water qual i ty was measured through a seri es of sampl i ng 
stati on s  at l ocations  on the adjacent l ake , streams , swamps , and  dra i nage d i tches that m i g ht 
be i nfl uenced by the p l ant operati on . Samp l es were col l ected and ana lyzed duri ng the peri od 
December 1 972 to August 1 97 3 .  A b i o l og ica l  exami nation  of the l ake , spri ngs , creeks , and 
marshes adjacent to the fac i l i ty was conducted i n  J une 1 973 . 

Start-up  of the p i l ot p l ant began i n  l ate 1 974 wi th i ntegrated operation  of the p l ant accom
p l i shed in  February 1 97 5 .  Envi ronmental sampl i ng and anal yses wi l l  cont i nue fo r the durat ion 
of the p i l ot p l ant operati on s . Resul ts of the water sampl i ng program for stat ions  surround ing  
the  pi l ot p l ant a re s hown i n  Tab l e Y . 3 . 1 .  Hundreds of samp l es have been obta i ned and  anal yzed 
wi th these typ i ca l  resu l ts for various materi a l s .  

Ai rborne orga n i c  vapors , ppm 
Benzene vapo r ,  ppm 
Tota l suspended part icu l ates , mg/m3 
Asbestos fi bers , fi bers/ml 
Hydrogen s u l fi de , ppm 
Su l fur d i ox i d e ,  ppm 
Pheno l i c  vapors , ppm 

SRC - I  

<0 . 1  
« 1  
�O . 7  
<0 . 1  
Trace 
�0 . 04 
< 0 . 008 

aNo asbestos u sed i n  p l ant dur ing SRC- I I  operati on . 

As a resu l t of th i s  program , the fol l owing  can be conc l uded : 

SRC- I I  

<0 . 1  
« 1  
�0 . 6  

a 
Trace 
� . 04 
< 0 . 008 

1 .  A i r  qual i ty around the S RC p i l ot p l ant i s  es sent i a l l y  unchanged from those condi t i on s  that 
exi sted duri ng the base l i n e  study . 

2 .  Overal l ,  l i ttl e change occurred i n  the vari ous waters sampl ed around the SRC pi l ot p l ant 
between the basel i ne period and the p l ant operati ng peri od . 

3 .  Fol i age  stud i e s  i n  a reas adjacent to the S RC p i l ot p l ant that wou l d  be probabl e receptors of 
a i rborne pol l utants i nd i cate no d i scern i b l e  effect upon the dom i nant vegetat ive s pec i e s . 
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Table Y.3.1. Surface water quality at the Ft. Lewis SRC plant 

Average values ( seven sam pl ing stat ions) 

1 973 a 1 976 1 977 1 978 1 979 1 980 

D issolved oxygen,  m g/ liter 8.8 7.6 7.2 6.8 7.0 7 .2  
Specific conductance, /lohm/cm 1 03 1 39 1 6 1  1 38 1 35 1 1 0 
pH 6.8 7.1  6.6 6.4 6.8 7.7 
S ulfate, mg/l iter 1 0.8 9.9 26 1 6  1 7  2 1  
Phenol ,  fl g/l iter <50b < 50 b < 5  <5 <5 < 5  
C hem ical oxygen demand, 2.7 7 .1  1 1 .2 9 . 1  4.6 1 1 .2 

m g/ l iter 
Phosphate, mg/ l iter 0.05 0.01 0.08 0.08 0.06 0. 1 6  
N itrate, mg/l iter 0.26 0. 1 9  0.26 0 . 1 9  0. 1 1  Not available 

a Basel ine. 
b D etectable l im it of analytical method then i n  use. 

Y . 3 . 1 . 5 Toxi col ogy program 

I n  earl y 1 97 5 ,  a toxi col ogy p rogram on SRC - I  materi al s was i n i ti ated . The proposed work i ncl uded 
vari ous  acute and s ubacute tests and chro n i c  s k i n  pai nting  studies  on l aboratory an ima l s .  The 
scope of work was s ubsequentl y expanded to i nc l ude chro n i c  i nha l at i on studies  and teratoge n i c  
stud i e s . An i mal  testi ng a t  a contract l aboratory , I ndustri a l  B i o-Test ( I BT ) , began early i n  1 977  
and is  summari zed in  Tabl e Y . 3 . 2 .  I n i t i a l l y ,  the program was devoted to SRC - I  products and  process 
materi al s ,  but it was termi nated in J une 1 978 d ue to several probl ems experi enced by the contract 
toxi col ogy l aboratory . 3 A rev i sed toxi col ogy p rog ram that i nc l udes stud i e s  of  SRC- I I  mater i a l s 
has been proposed to DOE . The SRC- I I  porti on of the p roposed prog ram i s  summari zed i n  Tabl e Y . 3 . 3 .  
A compl ementary p rog ram devel oped a t  the Battel l e  Pac i fi c  Northwest Laboratory i s  descri bed i n  
Tab l e  Y . 3 . 4 .  

The rev i sed and exten s i ve toxi col ogi cal p rogram has been desi gned for product and i ntermedi ate 
streams from the S RC- I I  process  to eval uate the acute , i nhal ation , dermal , reproducti ve , and 
mutagen ic  properti es  of these materi al s on various  test an imal s .  Th i s  i s  an i ndustri al  p rog ram 
des i gned spec i f i cal l y  to prov i de i nfo rmation  on effects that may occ u r  through pl ant operator 
exposure to these materi al s as wel l  as  exposure of the general publ i c  through commerc i a l  trans
port and product use . The prog ram has been cl osel y i ntegrated wi th the Battel l e  prog ram , wh i ch 
i s  pr imari l y  research o r i ented , to mi n i mi ze overl ap and prov i de the max i mum amount of i n formati on . 

Approval has been recei ved from DOE to award s u bcontracts to ( 1 )  I nternati onal Research & Devel op
ment Corporati on , Mattawan , M i ch i gan , to conduct the acute , i nhal ati on , and reproducti ve stud i es ; 
and ( 2 )  SRI  I nternational , Menl o Park , Cal i fo rn i a ,  to conduct the mutageni c i ty studi es . Approval 
i s  expected i n  the near future fo r awardi ng a subcontract to conduct the dermal stud i es . I n i t i a 
t i on o f  the prel im i nary studi es i s  anti c i pated by September 1 980 . Col l ected duri ng a spec i a l  run 
earl i e r  thi s yea r ,  al l materi al s requ i red for these stud i e s  are bei ng sto red at the Fort Lewi s 
p i l ot p l ant .  

Y . 3 . 1 . 5 . 1  Resu l ts of the o rigi nal IBT toxi co l ogy program 

The on ly  stud i e s  accompl i shed by IBT that were j udged to be compl ete and acceptab l e  were a number 
of acute stud i es i ncl udi ng eye i rri tati on and several p i l ot stud i es desi gned to determine  appro 
pri ate dose l evel s f o r  use  i n  t h e  s ubsequent chron ic  ( two-year)  studi es . T h e  p r i nc i pal  res u l ts 
of these stud i es we re that the l i g ht  o i l and was h  sol vent produced severe acute eye i rr i tat ion  
i n  rabb its  and  the  wet mi neral res i due produced extreme acute eye i rri tati on . Pi l ot teratoge n i c  
stu d i e s  on rabb i ts i nd i cated that t h e  wet mi neral res i due a n d  the f i l ter feed , wh i l e  not g i v i ng 
convi nci ng evi dence of teratogeni c  effects , d i d  show some evi dence of fetal toxi c i ty through 
i ncrease in  resorpti ons , decrease  in  percent of l i ve young , and s l i ght decreases in  pup  body 
we i g hts . Th i s  i nformation  was repo rted to the EPA under the requ i rements of the Toxi c S ubstances 
Control Act .  

Y . 3 . 1 . 5 . 2  Resu l ts o f  stud i es a t  Battel l e  Pac i f i c  Northwest  Laboratories4 

Mi crobi a l mutagene s i s .  The Ames  Salmonella mutagenes i s  as say and mod i fi cati ons were used to 
study the mutagen i c  properti es of naphtha , mi ddl e di sti l l ate , and heavy d i st i l l ate from the 
SRC- I I  process a s  wel l as several other materi al s for comparat i ve purpose s .  Res u l ts i nd i cate 
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Table Y.3.2. SRC process summary of original toxicology program 

Process Coal F i lter 
D ry Wet 

L ight  Wash Pu lverized P u lverized 
Test material solvent slu rry feed 

m ineral m ineral 
o i l  solvent SRC coal 

res idue residue 

Acute ora l  range f inding X X X C X X X C 
in rats 

Acute dermal toxicity in  X X X C X X X C 
rabbits 

G u inea pig skin X X X X X X X X 
sensitization 

Eye irritat ion in rabbits C C C C C C C C 

Acute i n halation range C C C 
f ind ings in rats 

Subacute dermal study in X X X 
rabbits 

Subacute in halation C C C C C C 
toxicity in Swiss m ice 

Dermal teratogen icity X X X X X X 
in rats 

Dermal teratogen icity P P P P P P 
in rabbits 

Inha lation teratogen icity P D P X P P P 
in rats and rabbits 

Two-year sk in  paint ing X X X X X X X 
in m ice 

Two-year in halation X X X X 
carc inogenesis 

X = material to be stud ied 

C = study completed 

P = pi lot study completed 

D = study del�ted ; im practical to aerosol ize f i l ter feed 



Materials  

Coal  s l u rry 

Stripper tower 

bottoms 

Product fuel o i l  

Vacuum bottoms 

Oral 

L D 50 

X b 

X 

X 

X 

a pi lot study necessary. 
b Mater ia l  to be studied. 

Dermal 

LD50 

X 

X 

X 

X 

Table Y.3.3. R evised toxicology program proposal for SRC-I I 

Acute stud ies 

E ye 

i r r i tation 

X 

X 

X 

X 

G u i nea 

pig 

sensitiv ity  

X 

X 

X 

X 

Aspiration 

hazard 

X 

Task N o .  

2 

Dermal stud ies 

90-da 

rabbit  

X 

X 

1 8-montha 

mouse 

X 

X 

X 

3 

Reproductive toxicol ogy 

Teratology 

Dermala 

rat/rabbit 

X 

X 

X 

X 

I n ha lationa 

rat/rabbit 

X 

Dermal 

Mutage n i c ity 

rat 

X 

X 

4 5 

I nhalation Muta-

I n h alation 90-d" 2-year gen ic ity 

LC50 rat rat In vitro -< I 
C> (Xl 

X 

X 

X X X X 

X 



Assays 

Cel l ular studies  
Microbial mutagenesis 
Mammal ian ce l l  tox i c i ty and transformation 
Chinese hamster ovary cell m u tagenesis 

Oral studies 
Acute toxicity 
Subchronic toxicity 
Developmental tox i c i ty 

Prenatal effects 
Postnatal effects 

Transplacental carcinogenicity 
Dominant letha l ity 

Dermal Studies 
L D 5 0  
Carcinogenesis i n  mouse 

I n halat ion studies 
Teratology 
Subchronic toxicity (gO-day) 
Chronic  (carcinogenesis) 
P u l monary function 

Other tox icity tests 
Absorption and d i stribution 
E n zyme induction 
Metabolism of known carcinogens 

"P Proposed. 
b C Completed. 
C I P i n progress. 

Coal 
slu rry 

P" 

Table Y.3.4. SRC-II studies by Battelle PNL 

Naphtha 

f!1 
I P  

C 
C 

I P  

C 
I P  

M idd l e  
d I S t i l late 

C 
I P  

C 
C 

I P  
I P  

I P  
P 

P 

Heavy 
dist i l late 

C 
I P  
P 

C 
C 

I P  
I P  
P 
P 

C 
I P  

P 
P 

S R C - I I 
product 

P 
P 
P 

P 
P 

P 
P 
P 
P 

P 
P 

S R C - I I  materia ls ' 

Vacuum 
bottoms 

P 
P 
P 

P 
P 

Stripper 
tower 

bottoms 

P 
P 

P 
P 

P 

M i neral 
residue 

P 
P 

P 
P 

P 
P 
P 
P 

M i neral 
residue 

leachates 

P 
P 

P 
P 

Fractions from S R C  
an d  other 

reference materials 

I pC  
I P  
P 

P 
P 

P 

P 
P 

I P  
I P  

P 
P 
P 

-< 
I 

C> lD 
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that , of the three maj or process stream mater i a l s from the SRC- I I  proce s s , the heavy d i st i l l ate 
i s  the most acti ve mutage n i cal l y .  The l i ght  and m i ddl e d i s t i l l ates s howed no mutagen i c  act i v i ty .  
The known chemi cal carci nogen , benzo[aJ pyrene , s hows approxi mately  three t imes the acti v i ty of 
heavy d i sti l l ate , whi l e  another wel l - known chemi cal carci nogen , 2-ami noanthracene , i s  about 
1 00 t i mes as acti ve . Raw s ha l e  o i l  s hows a smal l deg ree of act i v i ty ,  and crude petro l e um showed 
no acti v i ty i n  the Ames  system . Further  separation  of the heavy d i s t i l l ate i nto a number of 
d i screte frac t i ons , Ames as says , and add i ti onal i denti f i ca t i on stud i es have suggested that much 
of th i s  acti v i ty may be attri buted to the aroma t i c  ami nes present in the materi al . 

The actual compari son of the mu tagen i c i ty of S RC materi a l s ,  s ha l e  o i l s ,  and crude petrol eums i n  
Salmonel la Typhimurium TA98 g i ves the fol l ow i ng res u l ts : 

Materi al s 

SRC- I I  
Heavy d i st i l l ate 
Mi ddl e d i sti l l ate 
L i g h t  d i st i l l ate ( naphtha)  

SRC- I 
Process  sol vent 
Wash sol vent 
L i ght  o i l  

Shal e o i l 
Paraho - 1 6 
Paraho-504 
L i vermore LOl  

Crude petrol eum 
Prudhoe Bay 
W i l m i ngton 

Pure carc i nogens 
Benzo[aJ pyrene 
2-Ami noanthracene 

Number of revertants 
per �g of materia l  

40 . 0  ± 23  
0 . 01 
0 . 01 

1 2 . 3  ± 1 . 9 
0 . 01 
0 . 01 

0 . 60 ± 0 . 1 9  
0 . 59 ± 0 . 1 3  
0 . 6 5  ± 0 . 2 2 

0 . 0 1 
0 . 0 1  

1 1 4 ± 5 
5430 ± 394 

Oral tox i c i ty .  Acu te tox i c i ty studi e s  were done on S RC- I I  naphtha , mi ddl e ,  a n d  heavy d i st i l l ates 
u s i ng the fema l e W i star rats . The L Ds o val ues ( dose in g / kg body weight req u i red to k i l l  50% of 
the an ima l s i n  3 day s )  of the S RC- I I  materi a l s were a l l between 2 . 3  to 3 . 8  g/kg as compared w i t h  
s hal e o i l , d i esel o i l , a n d  crude petrol eum , al l of wh i c h  were i n  excess of 9 . 0  g/kg . Subchron i c  
tox i c i ty stu d i e s  gave substanti al l y  l ower val ues than the acute stud i e s .  Data a l so i nd i cate that 
e i ther the materia l  or  the effects are cumu l at ive  for al l three substances . 

Devel opmental tox i c i ty .  Because  the prenatal i n d i v i dua l  i s  s i gn i fi cantly more sen s i t i ve t o  a 
number of tox i c agents than are adul ts , studi e s  have been performed to determine  the effects of 
S RC- I I  materi al s admi n i stered dur ing  pregnancy in rat s .  The study mater i a l s were admi n i stered 
once da i l y for fi ve consecuti ve days at each of two d i fferent peri ods , 7 to 1 1  and 1 2 to 1 6  days 
of  gestat i on ( d . g . ) .  The fi rst represents the early peri od of organogenesi s ,  when organs are 
beg i nn i ng to form , and the second represents l ate organogenes i s ,  a peri od of rap i d  growth and 
early maturat i on .  

Admi n i strat i on o f  l i ght , mi dd l e ,  or heavy d i st i l l ate at 7 to 1 1  d . g .  d i d  not s i g n i fi cantly 
i ncrease the i n c i dence of mal format i ons  over that found in  the control gro u p .  Feta l we i g ht was 
on ly  affected at doses produci ng symptoms of maternal tox i c i ty ( i nh i b i t i on of we i ght ga i n  or 
deat h of some dams ) .  The i nc i dence of prenatal morta l i ty was i ncreased by a l l three materi al s ,  
but aga in  at doses produc ing  some maternal tox i c i ty .  

These materi a l s  produced more severe fetal effects when admi n i stered at 1 2  to 1 6  d . g .  than when 
g i ven from 7 to 1 1  d . g .  The frequency of prenatal mortal i ty was i ncreased by al l three mater1 a l s ,  
and the i nc i dence of ma l formati ons was i ncreased by heavy d i sti l l ate . The i ncreased frequency of 
prenata l mortal i ty occu rred i n  the absence of s i gn s  of maternal tox i c i ty ,  but i ncreases in i n c i 
dence o f  ma l formati ons produced b y  heavy d i st i l l ate were accompan ied  by i nh i b i ted maternal wei g ht 
g a i n s  duri ng pregnancy . The pri nci pal ma l formations  observed were c l eft pal ates , immature l ung s ,  
and hern i ated d i aphragms . 

Dermal toxi c i t  carc i no enes i s .  I n i t i a l l y ,  pi l ot stu d i es were performed o n  the SRC- I I  l i ght 
d i st i l l ate naphtha and heavy d i st i l l ate in wh i ch m i ce were exposed to the max imum tol erated 
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dose as determi ned by response i n  terms of i nfl ammati on , cel l u l ar changes , etc . Th i s  was done 
as a pre l imi nary to the carci nogenes i s  study to sel ect proper dose l evel s .  Both materia l s were 
then s ubj ected to a two-yea r derma l carci nogenes i s  study at three dose l evel s and compared wi th 
shal e o i l ,  crude o i l ,  and two known chemi cal  carc i nogens . At the end of two years , both the 
heavy and med i um dose l evel s of the heavy d i sti l l ate showed a 1 00% tumor response w ith  a m i n i mum 
l atency peri od of 56 d .  The l i ght di sti l l ate , however,  showed essent i a l l y  zero tumor response 
at a l l dose l evel s .  For compari son , crude petrol eum gave a 1 00% tumor respon se at the h i g h  dose 
l evel  but a mi n i mum l atency of 260 d ;  s hal e o i l a l so gave a 1 00% tumor response at a m i n i mum 
l atency of 95 d .  

Y . 3 . 2  GENERAL I N DUSTRIAL H EALTH AND SAFETY PROGRAM 

In add i t ion  to the prog ram spec i f i cal l y  a i med at protecting  the workers and the surround i ng 
commun i ty from the potent i a l  toxi co l o g i cal  effects of the coal -deri ved materi a l s ,  a program w i l l 
be devel oped to protect them from the acute and chro n i c  heal th and safety hazards res u l t i ng from 
exposure to such  thi ngs as tox i c  gases , coal dust , no i se , combus t i b l e  and exp l os i ve materi a l s , 
and h i g h  pressures . Most of these heal th and s afety hazards wi l l  be s im i l a r to those encountered 
in a petrol eum ref i nery ,  pet rochemi cal pl ant , or steam power pl ant . Through appl i cation  of 
current l y  ava i l ab l e  techno l og i es and i ndustri al  pract i ces ( i nc l ud i ng safety hazards anal yses ) ,  
m it i gation  of the hazards pro ba b l y  can be reduced to equ i val ent l evel s of the refinery ,  petro
chemi cal , and e l ectri cal generat i on i ndustri es . Bri ef di scussi ons of p l anned act i ons fol l ow .  

Y . 3 . 2 . l  Hydrogen su l f i de ( H2S )  and carbon monox i de ( CO )  

W i t h  regard t o  these two tox i c  gases , t h e  SRC- I I  demonstrat i on pl ant i s  q u i te s i mi l ar t o  a 
petrol eum refi nery ;  each hand l es l a rge quanti t i es of these tox i c  gases . 

The demonstrati on pl ant wi l l  fol l ow the same procedures as refineries  use  to protect empl oyees 
a nd the surround i ng commun i ty from these materi a l s ,  that i s ,  ( 1 )  proper des i gn ,  i nc l ud i ng con
struction materi a l s ,  ( 2 )  the ab i l i ty to rap i d l y  i so l ate and depressure the affected system , 
( 3 )  burn i n g  of the vented materia l s to great l y  reduce tox i c i ty ,  ( 4 )  a wel l -des i gned fi re pro
tect i on system , and ( 5 )  trai ned fi re fi ghting  personnel on duty at a l l t imes , backed up by 
l oca l f i re departments . 

Data col l ected i n  the Fo rt Lewi s pi l ot pl ant heal th protect i on and s afety prog ram have shown 
that normal a i rborne concentrations are so l ow that there i s  no hea l th hazard due  to l ong-term 
exposure to hydrogen su l f ide  or carbon monox ide . I n  i so l ated cases , however , sUbstant i a l  rel eases 
that occurred for short per i od s  of t ime have created safety hazards . Quant i t i e s  hand l ed i n  the 
demonstrati on pl ant wi l l  be much greater than those hand l ed in the pi l ot p l an t ,  but , i f  a l arge 
l eak  occurs , a l a rger a rea of h i g h  concentration wi l l  i ncrease the potent ia l  of short-term 
expos ure . Howeve r ,  note that the quanti t i es of hydrogen su l f i de and carbon monox i de handl ed i n  
the SRC- I I  demons trat ion  pl ant wi l l  be  much l ess  than those handl ed i n  l arge petrol eum refi ner i es , 
many of wh i ch are l ocated i n  h i g h l y  popu l ated areas . 

I n  compari son with  the Fo rt L ewi s pi l ot pl a n t ,  the demonstration  pl ant wi l l  have many more el evated 
opera t i ng areas , some w ith  numerous  l evel s that wi l l  make evacuat i on more d i ffi cul t .  As such , 
the hazards of these tox i c  gases wi l l  more nearl y approxi mate those of a refi nery or some l arge 
petrochem i ca l  pl ants . 

A more comprehens i ve prog ram wi l l  be requi red for the demonstration  pl ant than for the p i l ot p l ant 
to protect person nel from these two tox i c  gases . S uch a program may inc l ude ( 1 )  restri ction  of 
the number of persons a l l owed a bove g round-l evel at any one time , ( 2 )  requ i rements that empl oyees 
have gas masks  on thei r  person when in certai n  a reas ( espec i a l l y  when above ground l evel or i ns i de 
vessel s ) , and ( 3 )  i nstruments that conti nuous ly  mon i tor  the gas concentrations  and sound an a l a rm 
above a spec i fi ed concentrati on . 

As i n  a refi nery ,  howeve r ,  the re l ease of l arge quant i t i es of hydrogen su l f i de and carbon monox ide  
wi l l  be  prevented or  mi n i m i zed by proper des i gn of the equi pment and  pi pi ng ( i ncl udi ng materi a l s 
of construct i on ) , by prov i d i ng emergency re l ease systems to control l ed combustors and/or fl ares , 
and by tra i n i ng personnel i n  the accepted operating  and ma i n tenance procedure s .  

Y . 3 . 2 . 2  Coal dust 

H i gh concentrations  of  coal dust  present a safety hazard due to potent ia l  exp l o s i on and a hea l th 
hazard due  to l ong-term i nha l at i on . Coal pu l veri zation  and hand l i ng of the dust wi l l  take p l ace 
i n  an i nert atmosphere . Equi pment wi l l  be desi gned to mi n i mi ze the rel ease of dust to the env i 
ronment , i nc l u d i n g  dust recovery equ i pment such as bag f i l ters . Experi ence ga i ned i n  the des i g n  
a n d  operation  of coa l - f i red power pl ants a n d  pu l veri zed coal gasi fi cati on p l ants wi l l  b e  ut i l i z ed . 
Duri ng some mai ntenance acti v i t i e s , dust  mas ks  or respi rators wi l l  be req u i red . 
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Y . 3 . 2 . 3  No i se 

No i se l eve l s throug hout the p l ant wi l l  be l im i ted to accepta b l e  l i m i t s  by proper equ i pment des i gn , 
l ocati on , and soundproofi ng to l i mi t workers ' exposure to acceptabl e l evel s whenever fea s i bl e .  
For some spec i f i c  s hort-term acti v i ti e s  and duri ng emergency cond i t i ons , ear muffs o r  ear p l u g s  
may b e  req u i red i n  some a rea s .  T h e  des i g n  wi l l  b e  s u c h  that t he no i se l ev e l  at the pl ant boundary 
wi l l  mee t  regu l a tory standards .  

Y . 3 . 2 . 4  Combu sti b l e  and expl os i ve mater i a l s 

The S RC- I I  demonstration  p l ant , as wel l as petro l eum ref i neri es , hand l e  l arge quanti t ies  of com
bust i b l e  and exp l os i ve ma teri a l s - oi l s ,  l i quefi ed ga ses , methane , and hydrogen . Al though the 
quanti t i e s  of these mater i a l s wi l l  be l arge in the S RC- I I  demonstrati on p l an t ,  the quanti t ies  
hand l ed i n  most  modern refi neries  are far greate r .  The  desi gn , operat i ng , mai ntenance , and  
emergency procedu res for handl i ng these materi a l s  wi l l  be  patterned after those devel oped for 
petrol eum refi neri e s .  

Y . 3 . 2 . 5  H igh-pressure equ i pment and pipi ng 

Aga i n ,  th i s type of equ i pment and p i p i ng i s  not u n i que to the S RC- I I  demonstration  pl ant . 
Materi a l s such  a s  pol yethyl ene , ammon i a ,  and methano l  are preval ent i n  petrol eum refi neri es  
and  petrochemi cal  pl ants . S im i l ar safety practi ces wi l l  be fol l owed . 

Y . 3 . 2 . 6  Corrosi on and/or ero s i on 

For muc h  of the SRC- I I demonstrati on pl ant , the desi gn , operat i on , and materi al s of construct i on 
req u i red to prevent seri ous corro s i on and/or ero s i on can be patterned after experi ence ga i ned i n  
refi neri es  and petrochem i ca l  pl ant s .  Th i s  experi ence wi l l  be suppl emented by the l arge amount 
of corro s i on and/or eros i on data obtai ned on many d i fferent materi al s of con struct ion at the 
Fort Lewi s and P-99  pi l ot pl ants . 

Y . 3 . 2 . 7  N i ckel  carbonyl 

Under certa i n  condi t ions , h i g h l y  tox i c  n i ckel  carbonyl can be formed from n i c ke l  catal yst dur ing  
i ts coo l  down . Howeve r ,  procedu res to  prevent i ts formati on have been devel oped and u sed succe s s 
ful l y  for many years i n  refi neri es  a n d  hydrogen production  p l ants . Such  procedures wi l l  be 
fol l owed r i goro u s l y  i n  t he S RC- I I  demon strati on p l ant wi th the re l at i v e l y  smal l amount of n i c ke l  
cata l yst that  wi l l  be i nc l uded in  the  pl ant . 

Y . 3 . 2 . 8  Safety analyses 

Formal safety hazards anal yses wi l l  be performed during the des i gn of  the SRC- I I  demon strati on 
pl ant.  The di rect effects of fi res , expl os i ons , and acute exposures to process materi a l s wi l l  
be eva l u ated to the extent poss i bl e .  These anal yses wi l l  i ncorporate e l ements of probab i l i st i c  
ri s k  assessment , fa i l ure modes , effects analys i s ,  o r  fau l t-tree anal ysi s ,  a s  appropri ate . 
Ana l yses wi l l  be performed by hazards anal ysi s teams composed of i nd i v i d ua l s who are knowl edge
abl e of the process , equ i pment , and safety i ss ues  associ ated wi th the project .  A subcontractor 
experi enced in these types  of anal yses wi l l  tra i n  the anal ysi s teams i n  proper procedures and 
wi l l  superv i se and a ud i t  thei r work .  

I n i t i a l l y ,  duri ng the process  desi gn , the teams wi l l  concen trate o n  rev i ews o f  the process  f l ow 
d iagrams wi th each team respon s i bl e  for a spec i fi c  area of the p l an t .  A s  r i s k s  or hazards are 
i denti fi ed , the team wi l l  eval uate the potenti a l  i mpacts . As deta i l  des i gn progre sses , add i 
ti onal  anal yses wi l l  be made . Some pre l i m i nary safety anal yses work  has been performed and i s  
summari zed i n  Tab l e s  Y . 3 . 5  and Y . 3 . 6 .  

These tabl es i denti fy hazards and protecti ve acti ons but not t he i mpact of a fa i l ure or a poss i b l e  
even t .  T he safety ana lyses wi l l  eval u ate the i mpact o f  spec i f i c  events such  a s  a bl oc kage i n  the 
pi p i ng downstream of the d i sso l vers , tri p-out of the gasi f i ers , and tube fai l ure in a preheate r ,  
and wi l l  i denti fy the need for add i t i onal methods ,  measures , des i gn c hanges , o r  equ i pmen t to 
m i t i gate the poten ti a l  i mpac t s .  

The documented fi ndi ng s  o f  the des i gn safety hazards ana l ys i s  teams wi l l  b e  pu bl i s hed i n  a Safety 
Ana l y s i s  Report .  
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Table Y.3.S. Process safety evaluation: definitions 
01 hazards, risks, and protective actions 

Hazard R isk P rotective actions a 

b 
c 

d 

e 

g 

h 

k 

m 

n 

o 

p 

B u rns, leak potential 

H ig h  energy release, leak potential 

H igh energy release, maintenance exposure 

F i re ,  explosion 

I g n ition source 

POison ing ,  burns 

Leaks, noise, mainten ance exposure 

Equ ipment damage 

Person nel exposure 

Personne l  exposure, exceed ing of 
regu latory l im its 

F reezing of process and instrument l ines, 
poor v is ibi lity, sl ipping 

Loss of control ,  mainten ance exposure, 
pol lution potential 

I nju ry to operating and maintenance personnel  

Catastrophic fa i lure of vessels and/or pip ing 

Catastrophic fa i lure of vessels and/or piping 

1 , 2, 3  

1 , 2, 3  

1 , 2, 3 , 4  

1 , 2, 3 , 4, 5  

3 

4, 5 

4, 5 

2, 4 

1 , 2, 3 , 4, 5  

1 , 2, 3 , 4  

3, 4, 5 

4, 5 

3, 4 

4 

4 

a Oefinit ions of protective actions: ( 1 )  extensive use of systems for vapor recovery, 
enclosed pressure relief, l iq u id drainage, and waste recovery for normal operating and 
emergency situatio ns; (2 )  h ighly autom ated eq u ipment with e laborate i nstrumentation 
to aid in  control of the process and to m in im ize the number of person ne l  subject to 
exposure; (3) careful ly planned eq u ipment locations and overall plant layout 
arrangement;  ( 4) special and specific desig n ,  operational and mainten ance 
proced u res, practices, and m ethods; and (5) protective cloth ing and gear, p lus 
mon itoring equ ipment. 

b H igh tem peratu res. 
C High pressures. 
dLarge reactors. 
6 F lamm able materials. 
' Fi red heaters. 
gAcidic l iq u ids,  gases, and solids. 
h Com p ressors, pumps,  and valves. 
iOynamic f luctuations. 
i Toxic gases and chem icals. 
k poliution (air and water) . 
{ Weather. 
m Plugging and cok ing .  
n Moving eq u ipment (conveyors and elevato rs) .  
o Hydrogen emb rittlement. 
P Stress corrosion cracki n g .  
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Table V.3.S. Process safety evaluation: summary of plant 
hazards and protective actions 

Plant u n it and number 

D issolver plant, 1 1  

Hyd rogen treating and recovery, 1 2  

Syngas p roductio n ,  2 1  

Syngas sh ift conversion, 22 

Hyd rogen pu rification and com pression, 23 

Syngas pu rification, 24 

Methanation ,  25 

Low-pressure gas compression and 
treat ing ,  31  

P roduct gas p lant ,  32 

Su lfur  recovery, 33 

Refin ing plant ,  34 

Hyd rodesulfurization u n it, 35 

Ammonia recovery, 41 

Tar acids recovery, 42 

P lant water reclamatio n ,  43 

Oxygen plant ,  44 

S team generat ion, 5 1  

Raw water system ,  52 

C ool ing water system,  53 

Coal-supply system ,  61 

Coal-crush ing system , 62 

Fine-coal-handl ing system, 63 

S lag hand l ing system, 64 

S lag d isposal system,  65 

a H ig h  temperatu res. 
b H ig h  pressures. 
C Large reactors. 
d F lammable materials. 
eF i red heaters. 
'Acidic l iqu ids, gases, and sol ids. 
gCompressors, pumps ,  and valves. 
h D ynam ic f luctuations. 
iToxic gases and chem icals. 
iPol iut ion (air and water ) .  
k Weather. 
'P lugg ing and coking . 

Degree of risk 

H ig h  

Med ium high 

Med iu m  high 

Medium 

Med ium 

Med i u m  

H ig h  

Med ium 

Med i u m  

Medium 

Medium 

Med ium 

Med i u m  

M ed i u m  

Medium 

H ig h  

Med ium 

Low 

Low 

H ig h  

H ig h  

Med i u m  

Med iu m  

Med iu m  

m M oving eq u ipment (conveyors a n d  elevators). 
n Hyd rogen embrittlem ent. 
°Stress corrosion cracki ng .  

H azards 

a, b, c, d, e, t, g, h, i, j, k, I, m, n, 0 

a, b, d, t, g, h, i, j, k, n, 0 

a, b, c, d, e, t, g, h, i, j, k, I, 0 

a, b, c, d, t, g, h, i, j, k, 0 

b, d, t, g, h, i, j, k, 0 

b, d, t, g, h, i, j, k, 0 

a, b, c, d, g, h, k 

d, t, g, h, i, j, k 

b, d, t, g, h, i, j, k 

a, c, d, e, t, g, h, i, j, k, 1 
a, d, e, t, g, h, i, j, k, I, 0 

a, b, c, d, e, t, g, h, i, j, k, m 

d, t, g, h, i, j, k 

d, t, g, h, i, j, k 

d, e, t, g, h, i, j, k 

b, d, e, g, h, i, j, k 

a, b, e, g, h , j, k 

t, g, i, j, k 

d, t, g, i, j, k 

d, i, j, k, I, m 

d, e, i, j, I, m 

d, g, i, j, I, m 

t, g, i, j, k, I, m 

t, g, i, j, k, I, m 
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Appendi x  Y . 4  

COMPARISON O F  H EALTH R ISKS I N  PETROLEUM REF I NERI ES AND SRC PROCES S I N G  

Probab ly  the two maj or s im i l ar i t i e s  i n  S RC process i ng and oi l refi n i ng are : 

1 .  Both fac i l i ti e s  proces s  hydrocarbon materi a l  at h i g h  temperatu res and pressure s .  The 
temperatures and pressures  requ i red for coal hydrocrac k i ng and hydrogenati on reac ti ons 
tak i ng pl ace in the d i ssol ver vessel  are equ i va l ent  to the operating  con d i t i on s  of a 
refi nery ' s hydroc rac k i n g  u n i t .  

2 .  Both fac i l i ti es must hand l e  l arge quanti t i e s  of tox i c  gases such  a s  H 2S .  S imi l ar processes 
can be used to convert it to by-product e l emental su l fur .  

Wh i l e  such  s im i l ari t i e s  do exi st ,  the  mai n  d i fferences between S RC- I I  and  a petrol eum refi nery ,  
e spec i a l ly  i n  regard to heal th effects , are a di rect resu l t  of the d i fference i n  feed stoc k ,  
namely  coal vs  petrol eum c rude o i l .  

Coa l  u n l oadi n g ,  stori ng , conveyi n g ,  and c rus h i n g  can be sources of a fug i t i ve coal dust .  
S i mi l ar ly ,  the  maj or sol i d  waste from the  S RC - I I  p l an t ,  s l ag , can  be  a source of  fug i t i ve 
emi ss i on s .  Whi l e  these types of emi ss i ons  are not found i n  petrol eum refi neri e s , they are 
not pecul i a r  to SRC- I I  and can be control l ed by con vent i onal  control tec hno l ogy. 

Undou bted l y  the major d i ffe rence between SRC and refi neries  is the rel ati vely h i g her  b i ol og i cal  
acti v i ty of some coal -deri ved l i qu i d s  when compared to petrol eum d i st i l l ates .  Coa l i s  hi g h l y  
un saturated , that i s ,  i t  h a s  a much  h i g her carbon-to-hydrogen rati o  than petrol eum . Al though  
the  S RC- I I  process resu l ts i n  products wi th a decrease i n  thi s rati o ,  i t  sti l l  i s  somewhat 
h i g her than petrol eum products . The u n saturati on i n  some coal -deri ved l i qu i ds i s  primari l y  i n  
the form o f  condensed a romat ic  ri ngs often referred t o  as pol ynu cl ear a romati cs ( PNAs ) . Some 
PNAs are known to be carci nogen i c .  Because o f  coal ' s  h i g h  n i trogen conten t ,  coal l i q u i d s  con
tai n  a h i g her  n i trogen content than petrol eum products .  Th i s is true even thou g h  the S RC- I I  
process converts some o f  the ori g i na l  coa l -n i trogen to ammon i a  that i s  recovered a s  a by-produc t .  

Recent i nvesti gati ons a t  Battel l e  Northwest Laboratori es  have i nd i cated that the l i g ht ( naphtha ) 
and m i dd l e  d i st i l l ates have l i ttl e b i o l og i cal  acti v i ty but that the heavy d i st i l l ate has s i g n i f
i cant acti v i ty .  Stu d i e s  attri bute a su bstanti a l  porti on of th i s  b i o l o g i ca l  act i v i ty to aromati c  
ami nes , for exampl e ,  pol ynuc l ear a romati c s  wi th n i trogen . Note that heavy di sti l l ate wi l l  be 
hand l ed i n  on l y  a few areas of the pl ant ( coa l d i s so l ver , product separa t i on , l i q u i d  refi n i ng 
and fracti onati on , hydrogen recovery ,  and naphtha hydrogenati on ) and that i ts vapor pressure 
at ambi ent temperatu re i s  qu i te l ow. A compari son of the mutagen i c i ty of sol vent-refi ned coal 
materi al s ,  s ha l e  o i l s ,  and crude petrol eums in Salmonella Typhimurium TA98 tests fol l ow :  

Ma teri a 1 s 

S RC- I I  
Heavy d i st i l l ate 
M idd l e d i st i l l ate 
L i g ht d i sti l l ate ( naphtha ) 

S RC- I 
Process sol vent 
Wash sol vent 
L i g ht o i l 

S ha l e  o i l 
Paraho- 1 6  
Pa raho-504 
L i vermore LOl 

Crude petrol eum 
Prud hoe Bay 
W i lmi ngton 

Pu re ca rc i nogen s 
Benzo ( a ) pyrene 
2-Am i n oanthracene 

Number of revertants 
per m i crogram of materi a l  

4 0 . 0 ± 2 3  
0 . 01 
0 . 01 

1 2 . 3  ± 1 . 9 
0 . 01 
0 . 01 

0 . 60 ± 0 . 1 9  
0 . 59 ± 0 . 1 3  
0 . 65 ± 0 . 22 

0 . 01 
0 . 01 

1 1 4  ± 5 
5430 ± 394 
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Z . l  I NTRODUCT I ON 

Appen d i x  Z 

S P I LLS I N  TRAN S I T  

Al though  acci dental rel eases on t h e  p l ant s i te are n o t  expected to resu l t  i n  publ i c  exposure , 
i t  i s  l i ke l y  t hat transportat i on of the products wi l l  resu l t  i n  acc i dental  rel eases that res ul t 
i n  d i rect and i nd i rect exposure of the publ i c  to process materi al s .  D i rect exposure may resu l t  
from contact w i t h  the materi al  because o f  i nvol vement i n  the acc i dent or res ponse and cl eanup 
operati ons  or because o f  i n hal ati on of mater i al s aeroso l i zed as a resu l t o f  f i re .  I nd i rect 
expo sure may resu l t from contam i na t i on o f  surface water and groundwater affect i n g  mun i c i pa l  
water suppl i es a n d  aquat i c  l i fe .  

Based on obs erved ra i l  sp i l l  frequen c i es for s imi l a r products , sp i l l s  of SRC - I I l i qu i ds to bod i es 
o f  water can be expected to occur every 3 0  to 60 months ( Sect .  Z . 4 . 1 ) .  The worst-case sp i l l  
o f  SRC-I I l i q u ids  i n  tran s i t  i s  cons i dered to be a l oss of 75 ,800 l i ters ( 20 ,000 ga l ) i nto the 
Potomac Ri ver at the H arper 1 s  Ferry , West V i rg i n i a , cross i n g .  Such  a sp i l l  cou l d  cause a m inor  
water supp ly  emergency for  Was h i ngton , D . C . , because the  c i ty 1 s  water i ntake i s  80  km  ( 50 mi l es )  
downstream from the cros s i ng . S uch  a worst-case sp i l l  i s  consi dered exceed i ng l y un l i ke ly  
( Sect .  Z . 5 . 2 . 1 ) .  

Of a l l l i q u i d  petro l eum products and crude o i l  s h i pped on the  Chesapeake Bay duri ng 1 976 -78 , 
about 1 . 4 bbl  were sp i l l ed for each 1 00 ,000 bbl  s h i pped . T h i s  acc i dent rate wou l d  res u l t i n  
about 5 0  b b l  o f  SRC - I I l i qu i d  be i n g  sp i l l ed i n  estuaries  and oceans per yea r .  A worst -case 
sp i l l  duri ng mari ne tran sport wou l d  be the l oss o f  an ent i re barg e ,  equal l i ng  3 ,4 1 1 ,000 l i ters 
( 900 ,000 ga l ) of SRC - I I l i qu i d .  

Poten t i a l  impacts o f  s p i l l s  o f  by-products such  as anhydrous ammon i a ,  s u l fu r ,  butane , propane , 
and tar aci d during  tan k truck transporta t i on are not  consi dered i n  t h i s sp i l l  ana l ys i s .  The 
fi rst fou r of these products are standard i tems o f  commerce , and al l wi l l  be produced in vo l umes 
that are i n s i g n i fi cant compared w i t h  the vol ume of e x i s t i n g  commerce and the vol ume of SRC- I I 
l i q u i d  fuel o i l s  ( Tabl e Z . l ) .  The one product that i s  v i ewed w i t h  some concern from a heal th 
standpo i n t  is  tar  ac id , of wh i c h  only 43 bbl /d wi l l  be produced . Therefo re , only about s i x  
truckl oads o f  tar ac i d  per month wi l l  b e  transported . A sp i l l  of tar aci d to a stream wou l d 
have impacts s imi l ar to those  of SRC - I I l i q u i d  al though  the  vol umes wou l d  be smal l er 
( Sec t .  Z . 5 . 2 ) . Best stand ard practi ce safety precaut i ons wi l l  be used i n  the  s h i pment of the 
tar ac i d , but if such s h i pments are determi ned to i nv o l v e  ex ces s i ve ri s k , the tar acid cou l d  be 
b l ended with the SRC - I I l i q u i d  fuel product or  bu rned ons i te as a p l ant fuel . 

I n  t h i s  append i x , the l i kel i hood of sp i l l s  i n  tran s i t  i s  d i scussed , al ong  w i th poten t i a l  impacts 
o f  such sp i l l s ,  c l eanup  and m i t i gat i on measu res that mi g ht be ta ken , and regu l at i ons  re l at i n g  to 
the t ranspo rtat i o n  of hazardous materi a l s .  Th i s  ana lys i s  assumes ful l p l ant product ion , al though  
the  faci l i ty wi l l  operate at we l l  bel ow 1 00% capac i ty fo r the  fi rst 3 to 5 years . 

Z . l . l  Heal th r i s ks and market sel ect ion  

T h ree l i q u i d  products wi l l  be  produced by  the  SRC - I I  Demons trat i on P l an t :  a naphtha component 
t hat wi l l  be s o l d  to petrol eum refi ners to make gaso l i ne ,  a l i g h t  fuel o i l , and a heavy fuel o i l . 
Prog rams a re i n  p l ace to define any heal th r i s ks assoc i ated w i t h  u s i ng these products ( see Sec t .  
4 . 1  and Appendi xes T ,  Y ,  and AA) . I t  i s  not yet poss i bl e  t o  speak wi th certai nty , b u t  prel imi nary 
resu l ts suggest  that o n l y  one of the t hree has poten t i al l y  h armful l ong -range  effects . An i mal  
tests at Battel l e 1 s  Pac i fi c  Northwest Laboratory , funded by DOE , i nd i cate that prol onged exposure 
to heavy fue l  o i l  may h ave the poten t i a l  to cause cancer i n  humans and may be hazardous to the 
human fetus . Prel  imi nary researc h  s uggests that the  naphtha or 1 i g ht fuel o i l  products may not  
pose  s im i l ar h azards ( s ee Sect .  4 . 1  for a more compl ete d i scuss i on o f  the heal th r i s ks ) .  

The naphtha product expo rted from the p l ant wi l l  be fa i r l y  s i mi l ar to gas o l i ne .  
fore pose the same dangers ( f i re and exp l o s i o n  hazards , etc . )  t o  product us ers . 
o i l  i s  a s k i n  i rri tant and can produce s k i n  burns . 
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Table Z.1.  Population o f  selected towns along 
the southern alternative SRC rail route 

from Morgantown, West Virginia, 
to B altimore, Maryland 

Town S tate Popu lation 

Morgantown West V irg i n ia 30,000 
Fairmont West Virg in ia 26,300 
G rafton West V irg i n ia 6,433 
Rowlesbu rg West V irg i n ia 829 
Terra Alta West V irg in ia 1 ,474 
Oakland M aryland 1 ,786 
Piedmont West Virg i n ia 1 ,763 
Keyser West V irg i n ia 6,586 
Cumberland Maryland 25,700 
H ancock M aryland 1 ,881 
Mart insburg West Virg i n ia 1 3 , 1 00 
Harper's Ferry West V irg i n ia 423 
B runswick M aryland 3,566 
Mount A i ry Maryland 1 ,825 
Sykesvi l le M aryland 1 ,399 
E l l icott C ity M a ryland 2 , 1 00 
Balt imore M aryland 786,000 

Sources: Rand McNally Road A tlas, Rand 
M cNal ly & Co., Ch icago, I I I . ,  1 980; Rand McNal ly 
1 979 populat ion est imates for cit ies over 25,000; 
1 970 census or latest avai lable est imates for other 
c ities and towns. 

Research i s  beg i n n i ng to suggest that the potent i a l l y  hazardous components of heavy fuel o i l  may 
be a rel a t i v e l y  sma l l fract i on of the total produc t .  One control strategy that cou l d  deve l op i s  
to remove such components from the heavy fuel oi l product by further process i ng ( d i scus s ed i n  
Sec t .  Z . 6 ) . Another approach i s  for DOE to i mpose the restri c t i o n  that the heavy fuel o i l  product 
be used o n l y  in markets where product handl i ng and use can be carefu l l y  control l ed .  

The commerc i a l p l ant wi l l  be a pr i vate venture , and operat i on of i t  wi l l  be under the control of 
the i ndustri a l  part i c i pant . The res u l ts of ongo i n g  heal th  effects research , as d i scussed i n  
Sec t .  4 . 1  and Append i x  Y ,  wi l l  b e  used i n  estab l i s h i n g  procedures for s afe l y  hand l i n g  the 
product i n  the pl ant and at  the end u ser . Cu rrent l y ,  DOE i s  s tudyi ng the app l i cab i l i ty of the 
Tox i c  Su bstances Control  Act to SRC- I I  products ( see Append i x  T ) . 

A market ing s trategy has  been devel oped that takes d i s tr i bu t i on safety i nto accoun t .  Poss i b l e  
mar kets were eval uated i n  terms o f  the ease o r  d i ffi cul ty o f  assur i ng s afe product d i str i but i on 
and u s e .  The  home heati ng market , for examp l e ,  was q u i c k l y  ru l ed out  for heavy fuel oi l because  
the fue l  d i stri but ion  sys tem i s  too  compl ex ( hundreds of  del i very trucks a re requi red to  move 
fuel through res i dent i a l  areas ) and becau se the del i vered fuel must be stored i n  thousands of 
home storage tanks  and used i n  many d i fferent types of furnaces and bo i l er s . The commerci a l  
market  ( department s tore s , off i ce bu i l d i ng s ,  etc . ) was  excl uded fo r s i mi l a r  reason s .  

Th i s  type of ana lys i s  l ed t o  the concl u s i o n  that e l ectri c ut i l i t i e s  offer the most control l ed ,  
and therefore the safes t ,  market for SRC- I I  heavy fuel o i l .  A s i ng l e ,  l a rge bo i l er i n  an e l ec 
t r i c  ut i l i ty wou l d  consume a substan t i a l  fract ion  o f  t h e  total heavy f u e l  oi l product from even 
a commerc i a l  sca l e S RC- I I operat i on .  Th i s fact great ly  s i mp l i f i e s  the d i s t r i b u t i o n  system because 
very l arge vol umes of fuel wi l l  be moved to on l y  one or two l ocat i on s . Th i s  p l an wi l l  be more 
amenabl e to control than  send i ng sma l l s h i pments to a wide  range of cu stomers . I n  commerc i a l  
p l ants  o f  the future , d i stri but i on t o  e l ectri c ut i l i t i e s  wou l d  probab ly  i nvol ve ded i cated p i pe
l i nes that  wou l d  further m i n i m i ze the r i s k  of probl ems dur i n g  prod uct di str i but i on . I n  addi t i on , 
el ectr i c  ut i l i t i es have rel at i ve ly  smal l ,  but  s k i l l ed ,  s taffs respon s i b l e for fuel s torage and 
u s e .  Th i s  fact s iwp l i f i es educat i ng and . safeguardi ng personnel through the estab l i s hment and 
pol i c i ng of appropri ate opera t i n g  procedures . 

Z . 1 . 2  Product transportat i on 

D i s t r i but ion  of products from the demonstrat i o n  p l ant i s  s t i l l  under study .  I t  i s  i mpos s i b l e at 
th i s  t i me to speci fy the transportat i on routes that wi l l  be u sed . The fol l owi ng a l ternat i ves are 
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under study and wi l l  be used  to eval uate the envi ronmental i mpacts of transporting  SRC- I I products , 
i nc l u d i ng the fate of S RC- I I p roducts shou l d  acc i dents and resu l tant s p i l l s  occur .  

1 .  Un i t  tra i ns wou l d  transport fuel o i l  and gasol i ne b l end i n g  s tock to a barge termi nal  al ong 
the At l an t i c  seaboard between Norfol k ,  V i rg i n i a ,  and Ph i l ade l phi a ,  Pennsyl van i a .  Ba l t i more 
Harbor was chosen as an exampl e  for th i s  analys i s .  These products wou l d  then be transferred 
to ocean barge for del i very to the u l t i mate c us tome r .  F u e l  o i l wou l d  go  t o  o n e  or  more 
ut i l i t i es w i th barge un l oad i ng capabi l i ty . The gasol i ne product wou l d go to  an East  Coast 
refinery for b l end i n g . 

2 .  Al l products wou l d  be s h i pped by un i t tra i n  to the end u ser .  Thi s al ternati ve i s  not con 
s i dered to be very l i ke l y  s i nce mos t  end u sers do not have the capabi l i ty of unl oad i ng un i t 
trai ns . 

3 .  The gasol i ne b l end i n g  stock cou l d  concei va b l y  be s h i pped by barge to refi ner i es a l ong the 
O h i o  Ri ver . 

4 .  Samp l e s  of m i ddl e d i s t i l l ate fuel o i l  cou l d  concei vabl y be s h i pped i n  carl oad quant i t i es to 
potent i a l  i ndustri al  end u sers . S h i pments under t h i s  a l ternati ve  wou l d  be on an ad hoc 
bas i s  as poten t i a l  i ndustri al  customers were deve l oped and arrangements were made for them 
to accept samp l e  s h i pments . 

I t  s hou l d  be noted that al ternati ves 1 and 2 are mutual l y  excl u s i v e .  Al ternati ves 3 and 4 wou l d  
app l y  t o  a sma l l port i on o f  the product output and wou l d  b e  i n  conj u nc t i on w i t h  e i ther a l terna-
t i ve 1 or  a l ternat i ve 2 .  

Propane and butane are expected t o  be s h i pped by ra i l  and/or tru c k .  Methane , i f  transported 
offs i te , wou l d  be connected i nto a natural gas p i pe l i ne in the v i c i n i ty .  

The bu l k of the products wi l l  b e  go ing t o  a very l i mi ted number o f  cu stomers . Therefore , once 
the d i s tr i b u t i o n  network has been estab l i s hed , the trans portat i on and handl i ng of SRC- I I products 
can be t i g ht ly  control l ed .  

Z . 2  DESCR I P T I ON OF TRANSPORTAT I ON ROUTE FROM FORT MART I N , WEST V I RG I N I A ,  TO END  USERS 

Z . 2 . 1  Descri pt i on of the rai l road route from Fort Mart i n , West  V i rgi n i a ,  t o  Ba l t i more , Maryl an� 

For purposes of t h i s analys i s  i t  was a ssumed that the SRC- I I d i s t i l l ate product wi l l  be transported 
to Bal t imore , Maryl and , al though a l terna t i ve ports under consi derati on range from Norfol k ,  V i rg i n i a ,  
to Ph i l adel ph i a ,  Pennsyl van i a .  A n umber of poss i b l e  routes ex i s t  from t he s i te to Bal t i more , and 
i dent i fi ca t i on of the s peci f ic  route to be used has not been made . Two ra i l  routes were chosen 
by computer ana l ys i s  as representati ve of typi cal routes from the proposed Fort Mart i n  s i te to 
B a l t i more . One route l eaves the s i te to the north through Pennsyl van i a  to Maryl and . The other 
route l eaves the s i te to the  s outh through Morgantown and travel s throu gh West V i rg i n i a  and 
Maryl and to Bal t i more . Both routes wou l d  use c l ass  A and c l ass  B ma i n l i ne track onl y .  The 
northern route wou l d  be 7 1 3 km ( 445 . 9  mi l es )  i n  l ength , wi th termi nati on in Ba l t i more on the 
Conra i l  system ; the s outhern route wou l d  be 485 km ( 30 3 . 0  mi l es )  i n  l ength wi th terminat i on i n  
Ba l t imore o n  the Chess i e  sys tem ( s ee Sec t .  Z . 2 . 1 . 5 ) . I t  i s  assumed that both routes wi l l  be 
cons i dered i n  order to assu re compet i t i ve tari ffs , but  the southern route i s  s i gn i fi cantly  s horter 
and is thought much more l i ke l y  to be used . The s outhern route i s  d i scussed bel ow .  

Z . 2 . 1 . 1  Town s al ong the route 

Sh i pments of S RC - I I p roducts from the Fort Mart i n  p l ant  v i a  the Ches s i e  system wi l l  ori g i nate on 
the Monongahe l a Ra i l road at the rai l road spur  at p l ants i d e .  The s h i pment wou l d  be routed south 
i nto F a i rmont , West V i rg i n i a , where it wou l d  be trans ferred to the B&O l i nes of  the Ches s i e 
system . The s h i pment w i l l  make i ts f irst  ri ver c ross i ng over the Monongahe l a  R i ver at Fai rmon t .  
The s h i pment wi l l  then proceed al ong a B & O  c l ass  B ma i n l i ne to Grafton , West V i rg i n i a ,  where i t  
wi l l  be swi tched onto t h e  B &O c l ass A ma i n l i ne . 1  

From Grafton the s h i pment wi l l  be routed a l ong the mai n l i ne of the Maryl and d i v i s i on of the B&O 
Rai l road i nto Bal t imore . The mai n route for the l ong-haul  segment of the SRC - I I  s h i pment i s  
al ong a h i g h  traffic  den s i ty l i ne that has demonstrated the capab i l i ty t o  hau l  a n  addi t i onal  
765 ,000 tons  annua l l y .  

The s h i pment i s  routed eas tward i nto Cumber l and , Maryl and , and through numerou s towns i n  the 
Potomac Ri ver val l ey .  The  SRC s h i pment wi l l  conti nue east through Harper ' s  Ferry , West V i rg i n i a ,  
i nto Frederi c k  J uncti on , Maryl and , and fi nal l y  to Bal t i more (Tab l es Z . l  and Z . 2 ) . The B&O mai n
l i ne genera l l y  paral l e l s  the Potomac Ri ver unti l Harper ' s  Ferry , cros s i ng the Potomac four times 
and c ros s i n g  more than 1 00 smal l er creeks and s treams . 
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Table Z.2. Population of selected counties along 
the southern alternative SRC route 

from Morgantown, West Virginia, 
to Baltimore, Maryland 

County S tate Population 

Monongal ia West V i rg i n ia 67, 1 1 6  
Marion West V irg i n ia 62,805 
Taylor West Virg in ia 1 5 , 1 88 
Preston West V i rg i n ia 26,844 
G arrett M aryland 23,694 
M inera l  West V i rg i n ia 24,757 
A llegany Maryland 83, 1 75 
Hampsh i re West Virg in ia 1 2,997 
Morgan  West V irg i n ia 8,8 1 8  
Berkeley West V irg i n ia 40,288 
J efferson West V irg i n ia 24, 1 32 
Washington M aryland 1 08,045 
F rederick M aryland 96, 1 58 
C arro l l  M aryland 80,607 
Howard Maryland 97,994 
Balt imore M aryland 637, 1 1 4 
Balt imore C ity M aryland 851 ,698 

Source: U .S .  Department of Commerce, B u 
reau o f  t h e  Census, County a n d  City Data Book 
1977-A Statistical A bstract Supplement, U .S .  
Govern ment Print ing Office, Washington, D .C . ,  
1 978. 

From G rafton to Frederi ck  Junction  the B&O ma i n l i ne has doubl e ,  and i n  some l ocati ons tri p l e ,  
tracks . Th i s  fact a l l ows for f l ex i b i l i ty of schedu l i ng and routi ng of a l arge vol ume of traffic . 
The fina l  s egment of the S RC- I I del i very route from Frederi ck  Junct i on i nto B a l t i more i s  s i n g l e  
trac k .  The traffi c o n  t h i s  segment i s  heavy and conges t i on i s  often a prob l em .  A rev i s i on and 
upgrad i ng of the a utomat i c  s i gnal i ng sys tem wou l d  i mprove the traffi c fl ow a l ong t h i s  final route 
segment . 

Becau se the B&O m a i n l i ne i s  a ma in  ra i l  artery i nto Bal timore , i t  carri es a h i gh vol ume of com
mod i t i es from Oh i o ,  West V i rg i n i a , Pennsyl van i a ,  and western Maryl and . The major  commod i t i es 
trans ported a l ong th i s  route are grai ns , coal , auto parts , and tra i l ers on fl at cars . The annual  
tonnage vol umes vary between 1 0  and  50 m i l l i on g ross tons  on the  d i fferent s egments of  the  B&O 
ma i n l i ne route . The l i ne s egment be tween Grafton and Cumberl and h as a traffic  dens i ty between 
20 and 30 m i l l i on annual  gross tons . East of Cumberl and to Frederi c k  Junct i on and Bal timore , 
traffic  fal l s  to a 1 0-20 mi l l i on annual  gross ton range . 

I n  add i t i on , the route i s  u sed for pas senger serv i ce ; Amtrak has two pas senger tra i ns i n  each 
d i rect i on , u s i ng segments of the B&O ma i n l i ne from i ts ori g i n  in Was h i ngton , D . C . , to i ts des t i 
nation i n  C i nci nnati and othe r mi dwestern poi nts . 

Z . 2 . l . 2  Water courses a l ong the route 

For most of the l ength of t h i s  route , the rai l road l i nes fo l l ow streams i n  order to reduce the 
d i ffi c u l ty of travers i n g  the rugged terra i n  that i s  found in the Al l egheny Pl ateau and r idge  and 
val l ey phys i ograph i c  regi ons . The prox i m i ty of the ra i l  l i nes to these streams poses a threat 
to the aquati c ecol ogy of the streams and downstream mun i c i pa l  water s u pp l y  sys tems in the event 
of a s p i l l  of SRC l i q u i ds in trans i t .  Two streams that are fo l l owed for s i g n i f i cant di s tances 
a re the t�onongahel a and Potomac r ivers , both of whi ch are i mportant sources of water for mu l t i p l e  
mun i c i pa l  systems . The B&O l i ne fol l ows the Youghi ogheny Ri ver and i ts tri butari es for approx i 
matel y  1 5  mi l es i n  Garrett County ,  Maryl and . The Youg h i ogheny i s  a part of the Maryl and State 
W i l d  and Scen i c  Ri vers system and is be i ng consi dered fo r i nc l u s i on in the nati onal  W i l d  and 
Scen i c  R i vers system . As such , water qual i ty i s  of cr it i cal  concern for the Yough i og heny water
s hed . Tab l e  Z . 3  l i sts the major s treams adj acent to the ra i l road route from Fort Mart in  to 
Bal ti more . 
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Table Z.3. Water courses along the railroad route 

Stream 

Monongahela R iver and trib utaries 

C h eat R iver 

Salt l ick C reek (tr ibuta ry to C heat R iver) 

Yough iogheny and tributaries 

Savage R iver, Westernport Reservoir, 
and tr ibutaries to Savage R iver 

North B ranch Potomac R iver 

Potomac R iver 

Brush C reek (tr ibutary to M onocacy R iver) 

Patapsco R iver 

Z . 2 . 1 . 3  Water cross i ngs 

D istance fol lowed 
(m iles) 

57 

4 

8 

1 5  

1 4  

32 

48 

7 

27 

On the B &O mai n l i ne route from Fai rmont to Ba l t i more , there are 1 5  maj or r i ver cro s s i ngs  (Tab l e 
Z . 4 ) . I n  total , a l ong th i s  route , there are over 1 00 br i dges that cross  both major r i vers and 
sma l l er streams and c reeks . As noted prev i ou s l y , the major r i ver a l ong th i s route i s  the Potomac , 
wh i ch the B &O m a i n l i ne cros ses four  t imes . The ra i l  bri dges al ong th i s  route are constructed of 
concrete , wood , and s teel and are capab l e  of accommodat i ng 1 25 -ton rai l cars . 

State 

West V irg i n ia 

Maryland 

Table Z.4. M ajor river crossings of the B&O mainline 
from Fairmont, West V irginia, to Baltimore, Maryland 

Fairmont 
Fairmont 
G rafton 

Town a 

Cum berland 
Cum berland 
Patterson C reek J u nction 

R iver 

Monongahela R iver 
T h ree F orks R iver 
Cheat R iver 

W i l ls C reek 
Potomac R iver 
Patterson C reek 

West V i rg in ia G reen S pring South B ranch (Potomac R iver) 
Potomac R iver 

Maryland 

Paw Paw 
Paw Paw 
Berkley Springs 
Cherry R u n  
Fa l l ing Wate rs 
Harper's Ferry 

Frederick J u nction 
Catonsv i l le 

Potomac R iver 
Cacapon R iver 
S leepy C reek 
O pequon C reek 
Potomac R iver 

Monocacy R iver 
Patapsco R iver 

a Identifies the nea rest town associated with the river c ross ing .  
Sou rce: E .  R .  L ichty, General M anager of  Operations and P lann ing.  

B&O Rai lroad, personal com m u n ication ,  Oct. 3, 1 980. 

The maj ori ty of these streams and ri vers that the B &O mai n l i ne crosses are part of the Potomac 
R i ver watershed reg i o n .  On the ori g i nat i ng segment of the SRC s h i pment , the ri vers that the 
s h i pment crosses ( the Monongahel a ,  Cheat , and Th ree Forks ri vers ) fl ow north i nto the Ohi o 
R i ver watershed regi o n .  Al ong the dest i nat i on segment  of the route , one r i ver ( the Patapsco )  
fl ows east  i nto Ba l t imore Ha rbor and  the  Chesapeake Bay .  The  Potomac Ri ver and  i ts tri butaries  
have d i rect expos u re to a ra i l  s p i l l  occurr i n g  al ong the  maj ori ty of the B&O mai n l i ne .  I t  i s  
at  these c ros s i ngs  that s tream systems are mos t v u l nerab l e  t o  s p i l l s o f  SRC-I I l i qu i d s , wi th 
no opportun i ty for deten t i on or attenuati on of hazardous chemi cal s .  C l eanup procedures for 
s p i l l s  to su rface water are d i scussed i n  Sect . Z . 6 .  
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Z . 2 . 1 . 4  Mun i c i pal  water i ntakes a l ong the route and downstream 

S p i l l ed S RC- I I l i q u i d  cou l d  contami nate mun i c i pa l  water supp l i es s u ppl i ed by su rface water and 
groundwater a l ong the rou te . Sp i l l s  on l and cou l d  contami nate g roundwater by i n fi l trating  the 
so i l and percol at i ng to grou ndwater.  Howeve r ,  the so i l tends to retard and attenuate many 
chem ica l  s pec i es .  The  ro l e  of the soi l in attenuati ng sp i l l ed chemi ca l s  i s  d i scussed i n  Sec t .  
Z . 5 . 2 . 2 .  Th ere i s  no  s u c h  buffer agai nst contam i nation o f  s u rface waters i n  the event of a 
s p i l l  d i rectly i nto open water .  L i sted i n  Tabl e Z . 5  are the mun i c i pa l  users of water al ong the 
ra i l road route from Fort Marti n to Bal t imore , pl us some of the downstream users . The most w i d e l y  
u sed water body t h a t  i s  su bject to be i n g  contam inated by SRC l i qu i d  s p i l l s  i s  t h e  Potomac Ri ver . 

Table Z.S. Municipal water intakes along the railroad route from Fort M artin, 
West Virginia, to Baltimore, M aryland, and selected communities downstream 

M u n ic ipal ity or commun ity 

Morgantow n ,  W.va. 

R iversv i l le ,  W.va. 
Fa i rmont,  W.va. 
Monongah, W.va. 
G rafto n ,  W.va. 
Tun nelton ,  W.Va. 
Rowlesburg, W.va. 
Terra Alta, W.va. 
Hopemont, W.va. 
Oakland, M d .  
Westernport, Md .  
P iedmont, W.va. 
Keyser, W.va.  
Paw Paw, W.va.  
Mart insburg ,  W.va. 
K earneysv i l le ,  W.va. 
Shenandoah J u nctio n ,  W .va.  
H arper's Ferry ,  W.va. 
B ru nswiCk,  M d .  
M o u n t  A i ry, M d .  
Balt imore, Md.  

Washingto n ,  D .C .  
(m etropol itan area) 

Hagerstown,  Md.  

Sou rce(s) of  water 

Wells, Monongahela R iver, 
Cobun C reek 

Tygart Val ley R iver 
Tygart Val ley R iver 
Tygart Val ley R iver 
Tygart Val ley R iver 
G roundwater 
Cheat R iver, K eyer R u n  
G roundwater 
Snowy C reek 
Youghiogheny R iver 
Savage R iver 
Savage R iver 
G roundwater, N ew C reek 
G roundwater 
Spri ngs, wells 
G roundwater 
G roundwater 
Wells,  springs, Potomac R iver 
Spr ings 
G roundwater 
Streams ( intakes are not in 

d ra inage area of RR route) 
Potomac R iver 

Potomac R iver 

Population served 

58,000 

5,200 
54,000 

3 ,500 
1 2 ,000 

700 
967 

1 ,649 
721  

2,200 
3,900 
2,300 
8,300 

950 
23,000 

790 
350 

5,600 
4 ,500 
1 , 200 

1 ,500,000+ 

1 ,500,000 

57.000 

Sources: EPA Public Water Sys tem Report, computer printout form FRDSO 1 , 1 979 ed . ;  
J .  D .  Thomas and S .  G .  H eidel ,  Chemical and Physical Characteris tics o f  Municipal Wa ter 
Supplies in Maryland, M aryland Geological S u rvey R eport of I nvestigations No. 9, 
A n napolis, Md. 1 969. 

I t  i s  est imated that , i nc l ud i ng the metropol i tan D . C .  area , more than 2 m i l l i on peopl e rely on 
the Potomac for water ( Kevi n F l ynn , I nterstate Comm i s s i on for Potomac R i ver Bas i n , personal  
commu n i cat i on , Oct . 6 ,  1 980) . Al though the water i ntakes for the Wa s h i ngton , D . C . , area are 
south of Harper ' s  Ferry , downs tream from the poi n t at wh i c h  the ra i l  route l ast crosses and 
d i verges from the Potomac , the water supply cou l d  be th reatened by any sp i l l  upstream of the 
treatment p l an t .  

Z . 2 . 1 . 5 Al ternate ra i l  route 

The second rout i ng i s  primari l y  over Conra i l  rai l l i nes in Pennsyl van i a  after the Monongahe l a 
Rai l road ori g i n ates the SRC s h i pmen t .  The route i s  north from the Fort Mart i n  pl ant to P i ttsburgh 
on the Monongahel a Rai l road . The sh i pment wou l d  then i nterl i ne with Conra i l  and travel east 
through Pennsyl van i a  on the Conra i l  mai n l i ne .  At Harri sbu rg , Pennsyl vani a ,  the s h i pment wou l d  
be routed south to Havre de Grace , Ma ryl and , and south i nto Bal t imore . The a l ternate route pro 
v i des a second carr ier  to compete w i th Ches s i e  and poss i b l y  ensures the sh i pper a more compet i t i ve 
tari ff . Beca use Conra i l  al so owns one th i rd of the Monongahe l a  Rai l road , there shou l d  be no 
impacts or  add i t i onal  costs to Conra i l  that Ches s i e  wou l d  not i ncur . 
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The Conra i l  route t hrough Pennsyl vani a pres ents a few i mpacts worth not i ng .  The route i s  approx i 
mately one t h i rd l onger than the B&O ma i n l i ne route and i s  through another maj or metropol i tan 
area - P i ttsburg h .  The route at  Havre de Grace , Maryl and , i ntersects w i t h  t he northeast corri dor 
( NE C )  m a i n l i ne head i n g  i nto Bal t i more . Thi s segment of the a l ternate route cou l d  have seri ous 
i mpacts u pon the passenger serv i ce tra i ns operated by Amtrak on the NE C .  Th i s  secti on of the 
NEC  has frequent passenger tra i ns , and the s h i pment of hea v i er and hazardous commod i t i es may 
i nte rfere w i t h  pas senger schedu l es and/or accel erate deter i o rati on of the track bed . For these 
reasons , th i s  a l ternate route i s  not expected to be used , and i ts i mpacts upon popu l at i on and 
watershed areas are not anal yzed i n  deta i l . 

Z . 2 . 2 Trans fer o f  SRC- I I product from ra i l road c ars to barges and 
s h i pments from Ba l t i more to end users 

The exact l ocat i on of the barge term i na l  that wi l l  transfer the SRC s h i pment i s  unknown , but 
s ome assumpti ons and desc ri pt i ons of the necess ary fac i l i ty can be stated . The ra i l -to-barge 
trans fer poi nt  wi l l  mos t  l i ke l y  requ i re a s torage and hand l i ng fac i l i ty w i t h  the neces sary 
storage tanks  and p i p i ng connect i ons . The S RC s h i pments cou l d  probabl y use the fac i l i ty of a 
previ ou s  oi l tank termi na l . T here are pri vate o i l  term i na l s i n  the Bal t i more Harbor ; for the 
pu rpose of t h i s  ana lys i s  i t  is a s sumed that there is excess capa c i ty to s tore the s i m i l a r  SRC 
product . The end u sers and the i r  l ocat i ons are not known at  t h i s  t i me .  For th i s  ana l ys i s ,  i t  
i s  ass umed that the f i nal  des t i nati on o f  the SRC- I I  l i qu i d  w i l l  be New York C i ty .  The probabi l i ty 
and l i ke l y  vol ume of s p i l l s  from barges are d i s cussed  i n  Sec t .  Z . 4 .  

As s um i ng that the annual  product ion of SRC  a t  the Fort Mart i n  p l ant i s  765 , 800 tons , approx i 
mately 255  barges wi l l  b e  requ i red t o  hau l  the product  t o  marke t .  Th i s  wi l l  req u i re about two 
3000-ton barges every three days for trans s h i p p i n g .  Al s o , depend i ng on the spec i f i c  cus tomers 
of SRC and the i r  l ocat i on , barge equ i pment des i gn ated for ocean transport may be req u i red for 
s h i pp i ng .  Sma l l er barges are acceptab l e  for i n l and water s h i pments . Add i t i onal  res earch i s  
requ i red for t he mari ne s egment  of S RC s h i pments . I s s ues and el ements of the water transport mode 
i nc l ude the m i x  of barges and tows , the rou t i ng ( e i ther ocean or i n l and waterway ) ,  and s torage and 
hand l i ng faci l i t i e s . 

There i s  one pri vately operated 1 i q u i d  bu l k storage term i n a l i n  the Bal t i more Harbor comp l e x .  
Th i s  fac i l i ty ,  S kyl i ne Term i nal s ,  I nc . , i s  cu rrent ly  handl i ng and s tori ng vegetabl e o i l s  and 
chemi cal  1 i qu i ds . S kyl i ne te rm i nal s have rai l connect i ons wi th the Che s s i e  Sys tem ; th i s fac i l  i ty 
appears to be the poss i bl e  trans s h i ppi ng and s torage termi na l . 

The Cheasapeake Bay i s  over 200 m i l es l ong and has two s h i p p i n g  l anes , one at each end . The 
sOl lthern exi t from the bay i s  i nto the Atl ant i c  Ocean at the mouth  of the bay at V i rg i n i a  Beac h .  
Th i s  route wou l d  b e  u sed for S RC - I I s h i pments t o  southeastern u t i l i t i e s  a l ong the Atl anti c 
Sed board . The northern e x i t  from the bay i s  through the Ches apeake and Del aware Cana l  i nto the 
Del aware Bay . Th i s  route wou l d  be u sed for s h i pments to New Je rsey , New York , and New Eng l and 
Ut i l i t i es .  The Chesapeake Bay is the l a rgest  body of water that cou l d  be affected by a SRC - I I 
transportat i on -re l ated sp i l l .  

Data frolll the u . s .  Coas t  Guard ' s  Po l l ut i on I nc i dence Reporti ng Sys tem ( P I RS )  i nd i cates that 
s p i l l s  are somewh at more l i ke l y  to occur at mari ne shore fac i l i t i es and/or at  moda l  i nterfaces 
( i  . e . , ra i l -to-barge transsh i pment )  than they are for tank barges or tank  s h i ps ( see Tab l e  Z . 1 5 ) . 
However , the average vol ume of s p i l l s  for s h i ps i n  trans i t  i s  much l arge r .  

Z . 3  CHEMI CAL ANALYS I S  O F  S RC- I I  PRODUCT 

Z . :l . l  fTom Rad i a n  Co rporatj on reJ:l.QI.1: 

Sallip l es of SRC- I I produ ct  f l u i d , cons i s t i ng of a 2 . 9 : 1  mi dd l e  d i s t i l l ate to heavy d i s t i l l ate fuel 
oi l b l end , were ana lyzed by the Rad i an Corporat i on ;  a s i m i l a r S RC- I I  prod uct fl u i d  was ana l yzed 
by the Gu l f  S c i ence and Technol ogy Center of the Gu l f Mi nera l Re so urces Company . Al though thi s 
part i cu l ar b l end i s  on ly  one of many poss i b l e  bl ends , i t  i s  a s s umed for the purpose of t h i s  
ana l ys i s  that S RC- I I l i qu i ds produced at  the Fort Mart i n  demonstration  p l ant wi l l  be s i m i l a r i n  
compos i t i o n .  The deta i l ed reports o f  the two l aboratory tests may b e  found i n  a report by the 
Rad i an Corpora t i on . 2 Li s ted bel ow are s ome of the general res u l ts of those tests . 

Approximate ly  60 wt % o f  the product was i dent i f i ed by chromatography/mas s  spectrometry ( GC /MS ) . 
Tabl e Z . 6  shows a compari son of GC/MS we i ght-percent d ata wi th the wei ght-percent data by s i mp l e  
separa t i on . 

Among these c l asses  of organi c compounds , atten t i on has been focused on the pheno l and pheno l i c  
cOllipounds ,  because they are so l ub l e  i n  water and thus  mo b i l e  i n  the env i ronment . The pheno l i c  
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Table Z.6. S ummary of analytical results of SRC-II fluid 

F raction type 
Found after extract ion 

(wt % )  
Found by G C/MS a 

(wt % )  

Aromatic a n d  a l iphatic com pounds 
Phenol ic compounds 
Basic compounds 

Total 

a G as chromatography/mass spectrometry. 

82 
1 1  

6.9 

99.9 

52 
5.4 
2.3 

59 . 7  

Sou rce: Radian Corporat ion ,  Remedial Measures Plan for a Spill of SRC Liouid a t  the 
SRC Pilot Plant, Ft. Lewis, Washington, August 1 980. 

( base -extractab l e )  compounds compr i s e  1 1  wt % of the fl u i d  tes ted . Therefore , i n  a sp i l l  of 
average vol ume , approx imatel y 950  gal  of pheno l i c  compounds wou l d  be s pi l l ed ( see Sec t .  Z . 4 ) . The 
ba s i c  ( a c i d -extractab l e )  compounds , such  as am i nes , are genera l l y  n i trogenous and are s l i ght ly  
so l ub l e i n  wate r .  These compounds  make  u p  approx i mate ly  7 wt  % of the  SRC - I I  fl u i d .  

The l argest port i on o f  the SRC  fl u i d  ( 82 wt % )  cons i sts  o f  aroma t i c  and a l i phat i c hydrocarbon s , 
wh i ch are s ubstan t i a l l y  s o l u b l e  i n  water .  However , these hydrocarbons may s l i ght ly  d i s so l ve 
i n  water and be present at l evel s of a few parts per b i l l i on .  I n  the case o f  s ome tox i c  or 
otherwi se haz ardous materi al s ,  avai l ab l e  wate r qua l i ty cr i ter i a  are a l so at l eve l s  of parts per 
b i l l i on . )  

The i norgan i c  c hem ica l  content o t  the SRC f l u i d  was not determi ned fo r the Radi an Corporat i on 
� tudy . However , data are avai l abl e descri b i n g  the metal content of SRC- I I  process s treams . ?  
The breakdowns o f  pri ori ty pol l utants from the Gu l f  Sc i ence and Technol ogy Center ' s  chemi ca l  
ana lys i s  are  l i s ted i n  Tabl e Z . 7 .  

Table Z.7. HPLC/TLC a analysis of polynuclear 
aromatics priority pollutants in SRC-II 

liquid, in  parts per million 

Naphthalene 
Acenaphthene 
P henanthrene 
Anthracene 
F luoranthene 
F luorene 
Pyrene 
Benz [a]  anthracene 
Chrysene 
Benz [e ]  pyrene 
Benzo [ b ]  fluoranthene 
Benzo [k ]  f luoranthene 
Benzo [a]  pyrene 
D i benz [ a , h ]  anth racene 
Benzo [g,  h, i ]  perlene 
I ndeno[ 1 ,  2, 3-cd ] pyrene 

1 780 
1 1 90 
498 
1 45 
1 30 
560 

1 2  
38 
85 

5 
1 7  
28 
1 5  
57 
28 

9 

a H igh-pressu re l iq u id c hromatography/thin-layer 
ch romatog raphy. 

Sou rce: Radian Corporation ,  Remedial Measures 
Plan for a Spill of SRC Liquid at the SRC Pilot Plant, 
Ft. Lewis, Washington, A ugust 1980.  

Al so i nc l uded i n  the ana lys i s  by the Rad i an Corporati on is a breakdown on aromat i c  hyd rocarbon s , 
a l i phat i c  hydrocarbons ,  phenol i c  compounds , and bas i c  compounds . 2 L i sted i n  Tabl e Z . 8  are the 
anal yses performed by the Gu l f  Sc i ence and Technol ogy Cen te r .  
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Table Z.B. Chemical tests perfonned o n  a sample of SRC-Ii distiilate 
by G u lf Science and Technology Center 

Test Description 

Analyses of pheno l ics by l iqu id chromatog raphy 

2 A nalysis of n itrogen compou nds by mass spectrometry- n itrog en 
g roup type 5298 

3 Analysis of n it rogen-Test No. 2594 

4 F IA separation of neutral o i l  fraction-Test No.  5 1 00 

5 P reparative separation of neutral oil  fraction by l iq u id 
chromatog raphy-Test No. 5479 

6 Ana lysis of a romatic cut of neutral oi l  fraction by gas 
chromatog raphy-polyp henyly ether cap i l lary column 

7 Ana lyses of a romatic cut of neutral o i l  fraction by mass 
spectrometry-Test No. 5374 

8 Normal paraffin ana lysis of satu rate cut of neutra l  oi l  
fraction by gas chromatog raphy-Test No.  5299 

9 Analysis of saturate cut of neutral oi l  fraction by 
mass spectrometry-Test No. 5380 

1 0  Analysis o f  saturate c u t  of neutra l  oi l  fraction by 
mass spectrometry ( h ig h  boi l ing range)-Test No. 5378 

1 1  A nalysis of a romatic cut of neutral oi l  fraction by 
mass spectrometry ( h ig h  boi l ing range)-Test No. 5375 

1 2  Analysis o f  p riority pol lutants 

1 3  G as chromatog raphy s imu lated disti l lation-Test N o .  5210  

Sou rce: R adian C o rporation ,  Remedial Measures Plan for a Spill of SRC 
Liquid a t  the SRC Pilo t Plant, Ft. Lewis, Washington , Aug ust 1 980. 

Z . 3 . 2  Compari s on between SRC l iqu i d  product  and petrol eum fuel o i l 

The compos i ·c i on of SRC l i qu i ds i s  s u ff i c i ent ly  d i fferent from petrol eums that i t  i s  not pos s i b l e  
t o  make pred i c t i on s  o f  compo s i t i on o r  envi ronmenta l  effects based sol e ly  o n  experience w i th crude 
and refi ned o i l s .  Howeve r ,  we may use what  knowl edge we have of the phys i ca l  and chem i ca l  
propert i e s  o f  S R C  l i q u i d  fuel fracti ons to make some u sefu l  compari sons and poi nt o u t  poten t i a l  
probl ems that may b e  u n i que . 

Z . 3 . 2 . 1 �en s i� 

SRC l i q u i d  fuel fract i ons h ave a smal l er percentage of hydrogen than crude o i l does and are there
fore more dense . Th u s , a s p i l l  of th i s  mater i a l  i nto an open waterway wou l d res u l t in rap i d  
s i n k i ng o f  some o f  the materi a l , crea t i ng d i f f i cu l t  c l eanup probl ems . Any sp i l l ed o i l  that  
reaches the bottom of a waterway wou l d  u ndoubted l y  m i x  wi th sedi mentary mate r i a l  p roduc i n g  con
s equent i mpacts On benth i c  l i fe ,  a s  we l l  a s  creat i ng a pos s i b l e l ong -term source of water 
contam i nat i on . Any rou t i ne dredg ing opera t i ons wou l d  further comp l i cate potent i a l  probl ems . 

Z . 3 . 2 . 2  Pheno l i c  content 

A maj or d i fference between petrol eum crude oi l ( or i ts d i s t i l l at i on produ cts  l i ke No . 2 fuel  o i l )  
and SRC l i qu i ds i s  the h i g h  content of phenol s i n  the SRC l i qu id s . 3 Some of the SRC l i q u i d  fuel 
frac t i on s  tes ted to  date h ave shown a phenol i c  concentra t i on of as much as  1 1 % .  The pheno l s i n  
SRC l i q u i ds s pan a fa i r l y  w i de mo lecu l ar wei g ht range , s o  that the sma l l es t  mo l ec u l es wou l d  
read i l y  l each out  o f  the fuel  i n  the  pres ence of water , whereas the l a rger mol ecu l es wou l d  perhaps 
l each out over a l onger per i od of t ime , potent i a l l y  crea t i ng a l ong-term s ou rce of chron i ca l l y  
tox i c  mate r i al s .  T h e  h i g h  water sol u bi l i ty of p heno l s cou l d  l ead t o  poten t i a l  contami nati on o f  
water supp l i e s . T h i s  fact s uggests t h a t  t h e  i mmedi ate consequences of a s p i l l  o f  SRC l i qu i ds 
e i ther on l and or i n  waterways wou l d  be more severe than a petrol eum s p i l l  from a d i rect chem i ca l  
tox i c i ty s tandpo i n t .  Phenol s ,  however , c a n  b e  rap i d l y  deg raded natura l l y  i n  t h e  envi ronment , 
and thus  l ong -term effects after re l ease  of these compounds i s  not l i ke l y .  Stu d i es o f  the 



Z - 1 4  

envi ronmental  behav i o r ,  so l ub i l i ty ,  b i odegrad ab i l i ty ,  a n d  tox i c i ty of th i s  i mportant fract i on o f  
S RC l i q u i d products a re needed t o  accurate l y  a s s e s s  t h e  l ong-term consequences of d i s charg i ng them 
to the envi ronment ( s ee Sect .  Z . 5 . 2 . 1 ) .  

Z . 3 . 2 . 3  Organ i c  content 

Based upon what is  known of i ts hyd roca rbon compos i t i on ,  a s p i l l  of SRC l i q u i ds , part i c u l ar ly  i n  
a waterway , wou l d  proba b l y  create more short-range probl ems than a crude o i l  s p i l l over and above 
the probl ems c reated by pheno l s . 3 M i x tu res of SRC l i q u i d  and water cou l d  res u l t  in re l at i ve ly  
h i g h  concentra t i on s  of naphthal ene and  phenanthrene compounds i n  the water . F rom o i l - re l ated 
stud i es , these compou nds are known to be more tox i c  to fi s h  than benzenes or saturated hydrocarbons 
( ne i ther of wh i ch are found in S RC i n  apprec i ab l e amounts but wh i c h  represent a su bstanti a l  por
t i on o f  petrol eum c rude o i l  and i t s  products ) . 4 The l ong-range probl ems to be encountered from 
the hydrocarbon port i ons of a commerc i a l  S RC product i f  d i scharged to the envi ronment are not 
eas i l y predi cted at t h i s  t ime because  the d i s tr i but i on of compounds  is q u i te d i f ferent from 
crude o i l s  and i s  not we l l  estab l i shed ( see Sec t .  Z . 5 . 2 . 1 ) .  

Z . 3 . 2 . 4 Heterocyc l i c  n i trogen- and s u l fur-conta i n i ng mol ecu l es 

At the present t i me , l i tt l e i s  known about the compos i t i on of SRC- I I l i q u i ds w i t h  respect to 
heterocyc l i c  n i trogen- and s u l fur-conta i n i ng mo l ecu l es .  One of the envi ronmental  probl ems 
ant i c i pated for the sha l e i ndustry i s  the h i gh concentrati on of n i trogen components ( e . g . , 
pyrrol es , pyr i d i nes , i ndol es , ami des , and ami nes ) found i n  the s ha l e  o i l .  These compound c l asses 
have had l i m i ted s tudy wi th respect to thei r tox i c i ty to terres t r i a l  and aquati c  l i fe ,  pers i s tence , 
mutagen i c  potenti a l , etc . S i nce S RC fue l s  a l so have a s i g n i f i cant n i trogen content ( petro l eum i s  
very l ow i n  n i trogen ) , t h i s  a spect o f  the mater ia l  shou l d  be addressed through appropri ate 
research prog rams . 

I n  summary , prope rties  of S RC l i q u i ds - h i gh den s i ty ,  h i gh phenol conten t ,  h i gh concentra t i on 
of b i o l og i ca l l y  acti ve hyd rocarbons , and rel ati ve ly  h i g h  concentrat ion  of n i trogen components 
make it l i ke l y  that the envi ronmental  consequences of a sp i l l  of the mater i a l , whether on l and 
or water , wou l d  be more severe i n  the s hort-term than a petrol eum-type s p i l l . The magni tude of 
these s hort -range effects and an assessment of the l ong -range effects can be e st imated on ly  
through further research ( s ee a l so Append i xes T and  Y and  Sect . 4 . 1  of the  E I S ) . 

Z . 4  PROBAB I L I TY AND VOLUME OF S P I LLS 

Because S RC - I I l i q u i d  fuel  i s  a new energy produ ct , very few s h i pments have been made , and no 
acci dent data have been reported . To meas u re the probabi l i ty of a poss i b l e  acci dent i nvol v i ng 
futu re SRC - I I s h i pments , an ana l ys i s  of s h i pments of s i m i l ar commodi t i es and reported ra i l  
i nc i dents i nvo l v i ng hazardous mater i a l s i s  presented . The number of s p i l l s  pred i c ted fo r the 
S RC- I I  demonstration p l ant i s  presented i n  Tab l e  Z . 1 5 .  

The d i scu s s i on that fol l ows o ffers an ana l y s i s  of rai l and barge data perta i n i ng to hazardous 
l i qu i d s traffi c ,  s p i l l  p robabi l i t i es , and s p i l l age vol umes s pec i f i ca l l y  i nvol v i ng wate rways . 
Data for 1 975-79 we re supp l i ed by t he Federal Rai l road Adm i n i s tration  ( FRA ) , the U . S .  Army 
Corps of Eng i neers , and the U . S .  Coast Guard . 

Z . 4 . 1  Acc i dent probab i l i t i es 

SRC-I I l i qu i ds may be c l as s i fi ed as hazardous  because they conta i n  naphtha , po l ynuc l ear aromati c s  
( PNA) , tar , a n d  other chem i ca l  compou nds prev i o u s l y  determi ned t o  b e  hazardous . Three commod i ty 
c l asses  f rom the S tandard Trans porta t i on C l a s s i fi cati on Code ( STCC )  we re chosen for anal ys i s : 
I ndus t r i a l  I norgan i c  Chem i cal s ,  M i s ce l l aneous  C hemi ca l Products , and Products of Petrol eum 
Refi n i ng .  These product groups conta i n  hazardous mater i a l s and a re cons i dered a val i d  bas i s 
for compar i son . The  number o f  s h i pment s  for each of these product c l as ses dur i ng 1 976 -78 i s  
presented i n  Tab l e Z . g .  

Acc i dent s p i l l  stat i s t i c s  for s h i pments of haz ardous l i q u i d  cargos  were determi ned for the 
1 976 -78 period u s i ng the fol l ow i ng data : 

1 .  Carl oad Waybi l l  S tat i st i c s  ( 1 976 , 1 977 , and 1 978 ) , U . S .  Department of Transportat i on , 
Federal Rai l road Admi n i s trat i on , Offi ce of Ra i l  Sys tems Ana lyses and I nformati on .  The 
data i nc l uded agg regate commodi ty total s for three commodi ty c l as ses : ( a )  I ndustr i a l  
I norgan i c  Chemi cal s ( STCC n umber 28 1 ) , ( b )  M i s ce l l aneou s Chem i ca l  P roducts ( STCC number 
289 ) , and ( c )  P roducts of Petrol eum Refi n i ng ( STCC number 29 1 9 ) . 



Table l.9. Railroad statistics for hazardous commodities 

1 976 1 97 7  1 9 78 
STCC 

Ton-mi les Car-mi les 
No .a Shipments Tons Shi pments Tons 

Ton-m i les Car-mi les 
Shi pments Tons 

Ton-mi les Car-mi les 
( X l 03 ) ( X l 03

) ( X l 03
) ( X l 03 ) ( X l 03 ) ( X 1 03 ) 

281 702,400 55,560, 700 38,743,900 484, 1 00 779,200 56,825,500 38,822,800 485, 1 00 759,700 6 1 ,628,200 4 1 ,940,400 5 1 6,500 N I 
289 1 1 0,900 6,9 1 7,400 5, 1 46,800 89,300 1 1 0,330 6,848,000 4,85 1 ,800 84,200 1 08,500 6,757,900 4,882,400 82,200 U"1 
291 3 1 5,000 2 1 ,522,600 1 0,930,700 1 72,600 333,400 22,995, 1 00 1 1 ,9 1 3 , 700 1 83,700 3 1 3,800 2 1 ,6 1 6,800 1 1 ,4 1 8,600 1 74,800 

Total 1 , 1 28,300 84,000, 700 54,8 2 1 ,400 746,000 1 , 222,900 86,668,600 55,588,300 753,000 1 , 1 82,000 90,002,900 58,241 ,400 773,500 

a281 , i ndustrial  i n organic c hemicals; 289, m i scel laneous chemical products; 29 1 ,  products of petroleum ref in ing. 
Source: U .S. Department of Transportation, Federal R a i l road Administration, Carload Waybill Statistics, 1 9 76 ,  1 9 77 and 1 978. 
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2 .  RYMDSM Data Base , U . S .  Department of T ransportat i on , Federa l Ra i l road Admi n i stra t i on , 
Offi ce of Hazardous  Materi al s .  Data u sed i nc l uded numbers o f  reported acci dents i nvol v i ng 
s h i pment of haza rdou s mater i a l s that res u l ted i n  l os ses /damages g reater than $2900 . 

3 .  Pol l u t i on I n c i dent Reporti ng System ( P I RS ) ,  U . S .  Department of Transportat i on , U . S .  Coast  
Guard . Data u sed i nc l u ded the number and vol ume of reported s p i l l s of hazardous l i q u i d s  
i nto bod ies  of wate r .  

The data are presented i n  Tabl es Z . 9 , Z . l O ,  and Z . l l .  C a l c u l ated acci dent probab i l i t i es are 
presented i n  Tabl e Z . 1 2 .  

Table Z . 1 0. Reported accidents and spills of hazardous 

l iquids into water bodies 

1 9 76 1 9 77 1 9 78 

Acciden tsa 

Nu mber 982 899 1 1 9 1  

Spi l l  incidentsb 

Number 65 35 37 
Vol ume,b tons 80 1 .9 756.2 468.2 

Probabi l ity of acc ident 0.0009 0.0007 0.00 1 0  
occu rrencec 

Probab i l i ty of spi l l  0.000 1 0.00003 0.00003 
occurren cec 

a Accidents i nvolv i n g  loss or damage tota l i ng more than 
$2900 as reported in  the R Y M D S M  data base. 

b Volu mes of s p i l ls i n to water bodies repo rted i n  the P I R S  
data base and converted to tons based o n  a n  average o f  294 
gal/ton . 

c Proba b i l i ty of acc idents is calcu lated by d iv id ing  the 
nu mber of acc idents in a g iven year by the number of 
s h i pments i n  that year, shown i n  Table Z.9.  Probabi l ity 

of spi l ls ca lcu lated i n  the same man ner, u s i n g  the ratio of 

spi l l s  to sh i pments i n  a given year. 

Table Z.l l .  Aggregate accident and spill statistics for hazardous 

commodity shipments, 1 976-1 978 

( 1 ) Shi pments 
(2 ) Tons s h i pped 
(3 ) Ton·m i l es 
(4 ) Car·mi les 
(5 ) R eported accidents 
(6 ) Reported s p i l l  i ncidents ( i n to water) 
( 7 )  R eported spi l l  volu mes (tons i n to water) 

3,533 ,200 
260,672,200 
1 1 6 ,234, 1 00,000 
2,272,500 ,000 
3,072 
1 3 7  
2,026 

I t  i s  ass umed that the SRC-I I l i q u i d  products , produced at a rate of 1 3 ,800 bbl /d , wi l l  be 
s h i pped by u n i t  tra i n  to Ba l t i more , Maryl and ( about 485 km ) , every 2 . 5  d .  Each u n i t  tra i n  wi l l  
cons i s t  of 74  tank  cars , each hav i ng a capa c i ty of 75 ,800 l i ters  ( 20 ,000 ga l ) .  

Summa ry s tati s t i c s  for projected S RC - I I  product movements are g i ven i n  Tab l e  Z . 1 3  and represent 
one of the bases for th i s  s p i l l probabi l i ty ana lys i s .  U s i ng the u n i verse o f  acc i dent and sp i l l  
i n c i dent rates from Tab l e  Z . 1 2 ,  rates of SRC- I I acc i dents  and s p i l l s  can be expressed i n  terms 
of the number of sh i pment s , vol umes s h i pped , ton-mi l es trave l ed , and car-mi l es trave l ed . These 
data are presented in Tabl e Z . 1 4 .  
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Table Z.12. Aggregate accident and spill rates, 1976-1978 

No. of reported accidents per: 
Shipment 
Ton shipped 
Ton-mi le  
Car -m i le 

No. of reported spi l l  i ncidents 
into water per: 

Shipment 
Ton shipped 
Ton-mi le 
Car-mi le  

0.000869 
0.0000 1 1 8  
0.0000000 1 9  

0.00000 1 35 

0.00003878 
0 .00000053 
0.00000000 1 1 8 
0.0000000603 

Derivationa 

(5 ) ';'  ( 1 ) 
(5) ';' (2 )  

(5 ) ';' (3)  

(5) ';' (4) 

(6 ) ';'  ( 1 ) 

(6) ';' (2) 
(6 ) ';'  ( 3 )  
(6 ) ';'  (4) 

aDerivation is keyed to the data e lements in Table Z . l l .  

Table Z.13. Summary statistics 
for projected SRC-I I movements per month' 

a. Volume shipped, tons 
b. No. of shipments 
c. Ton-miles 
d. Car-mi les 

a30 days. 

63,000 

1 2  

1 9,089,000 

269,064 

Table Z.14.  Aggregate statistics on SRC· I I  
accidents and spills into water 

No. of shipments per: 
e. Accident 
f. Spi l l  incident 

Tons shipped per: 
g. Accident 
h .  Spi l l  i ncident 

Ton-miles per: 
i .  Accident 
j .  Spil l i ncident 

Car-mi les per: 
k. Accident 
I .  Spi l l  i ncident 

1 , 1 50 
25,786 

84,746 
1 ,886,793 

52,63 1 ,579 
847,460,000 

740,741 
1 6,587,59 1 

Us i ng Tab l e s  Z . 1 3  and Z . 1 4 ,  the frequenci es of " reportab l e  acc i dents " and " reportab l e  sp i l l  
i n c i dences " for the proj ected s h i pments of S RC- I I  l i q u i d s  can be determi ned . These frequenc i es 
are pre sented i n  Tab l e Z . 1 5 .  

Reportab l e  sp i l l s  ( defi ned as res u l t i ng i n  l os s  or damage i n  excess of $2900) can be expected 
to occur eve ry 1 . 3 to 2 . 8  months . I t  i s  be l i eved that the pred i ct i on of acci dents based on 
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Table Z . 1 5. Predicted accident and spi l l  frequencies 

for shipment of SRC- I I  l iquid products 

Reporta ble accidents 

in terms of:  

No.  of s h ipments 

Volume sh ipped 

Ton·m i les 

Car·mi les 

Reporta ble sp i l l  inc idents 

to water bodies in terms of:  

No.  of  s h ipments 

Volume sh ipped 

Ton-mi l es 

Ca r-mi les 

Frequency" 

95.8 

1 .35 

2 . 76 

2 . 75 

2 , 1 48.8 

29.95 

44.4 

6 1 .65 

Derivationb 

e ';' b  

g ';' a 

i ';' c 

k ';'  d 

f ';' b  

h ';'  a 

j .;. c 

I ';' d  

a Frequency is defined in  terms of months:  for example, 95.8 

equals  1 occurrence every 95.8 months; s i m i lar ly,  1 .35 equals 1 

occurrence every 1 .35 months.  

b Derivat ion is keyed to the data elements i n  Tables Z . 1 3  and 

Z. 1 4. 

number o f  s h i pments s i gn i f i cant l y  underes t imates the s p i l l  l i kel i hood because  the s h i pments of 
SRC- I I  l i q u i d  produ cts wi l l  be much l arger than the average vol ume s h i pped . ( The average we i ght 
of s h i pments d u r i ng 1 978 for the three commod i ty c l asses  u sed in  th i s  ana lys i s  was 76 tons , and 
each s h i pment o f  SRC- I I l i qu i d s  wi l l  i nvol ve about 5300 tons ) .  Reportab l e s p i l l s  i n to bod i es 
of water w i l l  be much l es s  f requen t ;  s p i l l s  are pred i cted to occur once every 30 to 60 months . 

Track characteri s t i c s  and traff i c cond i t i ons are not expected to i ncrease acci dent or sp i l l  
r i s ks because  of the re l at i ve ly  sma l l vol umes o f  s h i pments over norma l l y hea v i ly  trave l ed l i nes . 
Both routes , however , pass  through popu l a t i on centers , thus  expos i ng c i t i zens of these c i t i es 
to the hazardous products . These ri s ks cannot be expected to be s i gn i fi cant ly  d i fferent from 
those of any other comparabl e petrol eum product a l ready mov i ng a l ong those corri dors , however .  
The pos s i b i l i ty o f  contami nat i on o f  water supp l i es i s  expected t o  b e  h i ghest a l ong the sect i on 
of the route that i s  adj acent to the Potomac R i ver , part i c u l arly at ri ver cros s i ngs . 

Z . 4 . 2  Marine  traff ic  and spi l l s  i nto water 

Based on U . S .  Army Corps of Eng i neers s tat i s t i c s 5  total traff ic  o f  crude petrol eum and ref i ned 
petrol eum produ cts  on the Chesapeake Bay and as soci ated r ivers and estuari es ( Bal t i more , Maryl and , 
and Norfol k ,  V i rg i n i a  d i stri cts ) was as fol l ows : 

1 976 - 25 , 1 53 , 755  tons , 
1 977 - 2 3 ,9 1 6 ,81 4 tons , and 
1 978 - 3 3 ,277 ,884 tons . 

Us i ng an average o f  8 barre l s  per ton ( 1  bbl  
determi ned : 

42 ga l ) ,  the fol l ow ing  s p i l l  chances were 

1 97 6  - s l i gh t l y  more than three barre l s  out of every 1 00 , 000 barrel s s h i pped , 
1 977  - s l i ght ly  l es s  than one barrel out of every 1 00 ,000 barre l s  s h i pped , and 
1 978 - s l i gh t l y  more than four barrel s out of every 1 , 000 ,000 barrel s s h i pped . 

The three-year average o f  1 47 barrel s s p i l l ed for each 1 00 ,000 s h i pped wou l d  res u l t  i n  an average 
o f  74 barre l s  o f  S RC l i qu i d  sp i l l ed each year , assumi ng that the pl ant operates at  1 00% capac i ty .  

Z . 4 . 3  �l l vol ume d i stri bu t i on 

The s ec t i on that fo l l ows presents data on the vol ume-frequency d i stri bu t i on of ra i l  and barge 
sp i l l s  i nto water .  Ra i l  data were extracted from P I RS for 1 97 5 - 1 9 7 9 .  Barge data , a l s o extracted 
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from P I RS ,  are for 1 976 - 1 97 8 .  Al so i nc l uded i n  t h i s  sect i on i s  a d i scuss i on of the average sp i l l  
s i ze for both ra i l  and barge onl y .  

l . 4 . 3 . 1  Rai l s pi l l  vol ume d i str i buti on 

Tab l e  l . 1 6  presents the frequency of ra i l  s p i l l s  of hazardous l i qu i ds i nto water for 1 97 5- 1 979  
based on P I RS .  Tab l e l . 1 7  is  a more d i sagg regated presentat i on o f  the same data . Over the f ive
year per i od ,  1 69 s p i l l s  were reported . I n  both tabl es i t  can be seen that 42% of al l s p i l l s  are 
i n  amounts l es s  t han 1 000 gal . Fu rther , over hal f ( 53%)  of the s p i l l s  rec orded were for amounts 
of l ess  than 2000 gal . 

Table Z.1S. Volume-frequency 
distribution of rail spills into water 

for 1 975-1 979 

Spi l l  volume 
N um ber  of spi l ls  

(gal )  

0- 1 000 71  
1 ,001 - 2,000 18  
3,001-3,000 9 
4,001-5,000 4 
5,001-6,000 7 
6,001- 7,000 7 
7,001-8 ,000 6 
8,00 1 -9 ,000 3 
9,001 - 1 0,000 7 

1 0,00 1 - 1 5,000 10 
1 5,00 1 - 20,000 1 0  

20,000+ 1 0  

Total 1 69 

Sou rce: U .S .  Coast G uard,  Pol lu-
t ion I ncident Reporti ng System 
(P IRS) .  

Cal c u l ati ng a s i mpl e ar i thmet i c  average s hows the average ra i l  s p i l l  s i ze to be 8780 gal . T he 
wei ghted mean s i ze of a sp i l l  of haza rdous l i qu i d s  i nto water i s  ca l cu l ated based on the formu l a :  

where 

n 
I X ·f · 

i= l  '/- '/-
n 
I f ·  

i = l  '/-

� average s p i l l  s i z e ,  

x ' " s p i l l  gal l onage i nterval m i dpo i n t , 
'/-Ii frequency of t he sp i l l  t hat fal l s  i nto the i nterval , 

n number o f  i nterval s .  

Wi th  regard to rai l s p i l l s ,  t h i s  mean i s  5041 ga l . The ari thmet i c  average sp i l l  s i z e  i s  h i g her  
because  of  the record i ng of s ix  s p i l l s  between 1 9 ,50 1  and  20 ,000 ga l , and  ten s p i l l s  of vol umes 
greater than 20 ,000 gal . Therefore , the worst-case anal ys i s  u sed i n  t h i s  report con s i ders a 
vol ume of sp i l l  ( 2 0 ,000 gal ) that i s  a l most  fou r t i me s  the vol ume of the average sp i l l .  
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Table Z . 1 7. Frequency a n d  cumulative percentage 01  
rail spills into water lor 1975- 1 979 

Spi l l  volume N um ber 
Percentage 

C u m u lative 
(ga l )  of spi l ls  percentage 

0-250 45 27 27 
25 1 - 500 1 4  8 35 
501 - 750 5 3 38 
751- 1 ,000 7 4 42 

1 ,001 - 1 ,250 2 1 43 
1 ,25 1 - 1 ,500 7 4 47 
1 ,501 - 1 ,750 2 1 48 
1 ,751-2,000 7 4 52 
2,001-2,500 2 1 53 
2,501-3,000 7 4 57 
3,001-3 ,500 4 2 59 
3 ,50 1 -4,000 3 2 61 
4,001-4,500 0 0 61 
4,501 - 5 ,000 4 2 63 
5,001-5 ,500 0 0 63 
5,501-6,000 7 4 67 
6,000-6,500 2 1 68 
6,501-7 ,000 5 3 71  
7,001-7 ,500 1 1 72 
7 ,501-8,000 5 3 75 
8,001-8 ,500 0 0 75 
8,500-9,000 3 2 77 
9,001- 9,500 0 0 77 
9,50 1 - 1 0,000 7 4 81 

1 0,00 1 - 1 0,500 2 1 82 
1 0 ,501- 1 1 ,000 2 1 83 
1 1 ,001 - 1 1 ,500 0 0 83 
1 1 ,501 - 1 2,000 2 1 84 
1 2 ,00 1 - 1 2,500 0 0 84 
1 2 ,50 1 - 1 3,000 0 0 84 
1 3 ,00 1 - 1 3,500 0 0 84 
1 3 ,50 1 - 1 4,000 3 2 86 
1 4 ,00 1 - 1 4,500 0 0 86 
1 4,501 - 1 5,000 1 87 
1 5 ,00 1 - 1 5,500 1 1 88 
1 5 ,501 - 1 6,000 0 0 88 
1 6,00 1 - 1 6,500 0 0 88 
1 6,50 1 - 1 7,000 0 0 88 
1 7 ,001 - 1 7 ,500 1 89 
1 7 ,50 1 - 1 8,000 1 1 90 
1 8 ,00 1 - 1 8,500 0 0 90 
1 8 ,50 1 - 1 9,000 1 1 91 
1 9,001 - 1 9,500 0 0 91 
1 9,50 1 -20,000 6 4 95 

20,000+ 1 0  5 1 00 

Sou rce: U .S .  Coast G uard, Pol l ution I ncident Report-
ing System (P IRS) .  

Z . 4 . 3 . 2  Mari ne mode average spi l l  s i ze and d i s tr i bu t i on 

U s i n g P I RS data , the fol l owing  vol umes of crude o i l and refi ned petro l eum products were repo rted 
as s p i l l ed i nto the Chesapeake Bay and i ts s urroundi ng r i ve rs and estuar i es : 

1 976 - 259 , 503 gal , 
1 977 - 79 ,707 ga l , and 
1 978 - 4 7 ,999  gal . 

The d i stri but i on of s p i l l  i nc i dent vol umes WdS determi ned for each of the th ree years under 
ana l ys i s  and i s  presented in Tabl e Z . 1 8 .  

I n  1 97 6  the average reported s p i l l  i n to the Ches apeake Bay was 1 1 ,898 ga l . However , the 1 976 data 
are heav i l y  s kewed by one s p i l l  of 249 ,858 gal ; more than 7 1 %  of a l l reported s p i l l  i nc i dents 
i nto the Ches apeake Bay were of l ess  than 10 gal . 
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Table Z.1 8. Marine mode spill 
volume distribution 

Volume 
1 976 1 97 7  1 978  

(ga l )  

(}- 1 0  1 5  41 1 7  
1 1 - 50 3 1 9  1 4  
5 1 - 1 00 0 8 9 

1 0 1 - 200 0 4 5 
200+ 3 4 6 

un known 3 5 1 1  

Total 24 82 62 

Source: U .S .  Coast G uard, Po l lu-
tion Inc ident Reporting System 
( P IRS ) .  

For 1 977 , the average reported sp i l l  s i ze wa s 1 035 gal . Once agai n ,  data we re s kewed by one 
l arge sp i l l  of 7 5 ,000 ga l . I n  1 977 53% of a l l  reported s p i l l s  were l es s  than 1 0  gal ; mo re than 
78% were l ess  than 50 gal . 

I n  1 978 , the average reported s p i l l  was 941  gal . Two l arge s p i l l s  ( 25 , 600 and 1 8 , 500 gal ) 
dom i n ated t he data ; 33% of the reported vol umes were l es s  than 1 0  ga l  and 6 1 %  were l es s  than 
50 gal . 

For t h i s  ana lys i s ,  a worst-case spi l l  of 900 ,000 gal o f  SRC- I I  l i qu i d  i s  ass umed , represent i ng 
the enti re cargo o f  one 3000-ton barg e .  

Data from t h e  P I RS s umma ry show that acc i dents a re s l i gh t l y  mo re frequent a t  mar i ne s hore 
fac i l i t i e s  and/or a t  moda l i nterfaces ( i  . e . , ra i l -to-barge tran s s h i pments ) than they are for tank 
ba rges or  tank s h i ps .  However , the averag e vol ume sp i l l ed from tank barges and tank sh i ps i s  
much  greater . These res u l ts a re s umma r i zed i n  Tab l e  Z . 1 9 .  

Table Z.19, Spill incidence, source, and volume 

1 976 
S p i l l  

Source N um ber of Volume 
inc idents (gal )  

-�--�-�------- - ---�---- -- ----- - ---

Other trans-
portation-
related 
mar ine 
fac i l ity 

Onshore bu lk  0 0 
cargo 
transfer 

O nshore 7 9, 1 1 5  
fue l i ng 

O nshore non-
bulk cargo 
transfer 

Tank barge 1 2  250,386 
or  sh ip  

1 977 
--- .----- -

N u mber of Vo lume 
incidents (ga l )  

1 5  55 1 

1 9  767 

1 4  377 

2 1 30 

27 77 ,882 

. _ . . - - - --_ . _ - - - - ---- --

1 978 3-year total 

N um ber of 
inc idents 

9 

7 

7 

0 

28 

Volume N u m ber of 
(ga l )  i nc idents 

62 1 25 

588 26 

440 28 

0 3 

46,350 67 

- ------------- . . . 

Volume 
(gal )  

1 . 1 73 

1 ,355 

9,932 

1 3 1 

374,6 1 8  

Source: U .S Coast G uard, Pol lu t ion I n c ident Reporting System ( P I RS) .  
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Z . 5  D I SCUSS I ON O F  I MPACT IS SUES AND DETE RM INAT I ON O F  WORST-CASE SCENARI O  

Z . 5 . l  Hazard ran k i ng o f  the poss i b l e  avenues o f  re l ease 

The resu l t i n g  vari ety o f  poten t i al routes for ecol og i cal  e ffects may be qua l i tat ive ly  ranked as 
to degree of concern based u pon t he appl i cat i on o f  the fo l l ow ing  c r i ter i a : 

1 .  l i ke l i hood o f  occu rrence for t he sp i l l  event ; 

2 .  adeq uacy o f  avai l abl e i n fonnat i on on pos s i b l e phys i cal , chem i cal , and b i o l og i cal effects ; 

3 .  severi ty o f  t he e ffect s ; and 

4 .  s pati al  d i mens i ons o f  the a rea affected . 

Al though these cri ter ia  cannot be ri gorou s l y  app l ied i n  th i s  gene ri c analys i s , the app l i cat ion o f  
these cri ter i a  t o  t h e  poss i b l e  avenues o f  rel ease yi e l ds an approxi mate ran k i ng , from h i ghest to 
l owes t  degree of concern ( and concomi tant need for further res ea rch ) as fo l l ows . 

Z . 5 . l . l  Pri ori ty 1 :  S RC l i qu i d  products re l eased d i rect l y  t o  s ur face water 

As d i scus sed above , acci dental  sp i l l s  of maj or  and minor  vari eties  may be expected to occu r .  
Avai l ab l e  i n formati on o n  the organ i c  con sti tuents of the S R C  l i q u i d  products s uggests res u l t i n g  
eco l og i ca l  e ffects g reater than those for crude petrol eum o i l . 3  There i s  a h i g h  potenti a l  for 
waterborne di spersal of these const i tuents over l arge a reas and for l ong-term accumu l at i on s  i n  
bottom s ediments . Con sequent ly  th i s  route o f  re l ease i s  regarded w i th the g reatest degree 
of  con cern . 

Z . 5 . l . 2  Pri ori ty 2 :  i nd i rect effects through l eachates deri ved from SRC l iqu i d  products 
rel eased on l and 

So l ub l e  mater i a l s  from SRC  l i qu i d  product s p i l l s  may penetrate to g roundwaters and l ead to 
s econdary e ffects becau se of  ( 1 )  uptake by pl ant roots or ( 2 )  d i scharge i nto s u rface wate r 
systems . Al though groundwater transport can i n fl uence l arge areas , the med i a t i ng proces ses of 
d i l ut i on and tran s forma t i on ( e . g . , so i l attenuat i on )  may act to moderate the ecol og i cal  and 
hydrol og i cal  e ffects , espec i a l ly  i f  groundwater movement is s l ow .  As a resu l t ,  th i s  avenue of 
re l ease i s  regarded w i th s l i ght ly  l ess  concern than are d i rect rel eases to s urface waters . The 
d i rect effects to s urface p l ants  and anima l s  are l i ke l y  to be severe but  extremel y  l ocal i zed i n  
compari son wi th other avenues o f  rel ease . The pos s i b l e  severi ty s uggests th i s  avenue o f  re l ease 
shou l d  rece i ve s ome attent ion , but the l ocal i zed nature suggests a l ower pri o r i ty than for other 
avenues  o f  rel eas e .  

Z . 5 . 2  Impacts o f  spi l l s  and wors t -case s cenari o 

The worst-case scenari o for a sp i l l  o f  SRC - I I materi a l s  i s  bel i eved to be a s p i l l  d i rectly i n to 
the Potomac Ri ver because  of ( 1 )  the h i gh pr i ori ty th i s avenue of re l ease rece i ves on a generi c 
bas i s , ( 2 )  the  l arge number o f  peop l e  that are dependent on the Potomac for water s uppl i e s , and 
( 3 )  the prox imi ty to sen s i t i ve envi ronments in the Potomac es tuary .  Such  a s p i l l  event i s  con
s i dered to be more seri ous than the max imum credi b l e barge sp i l l . 

Z . 5 . 2 . l  Impacts to water qual i ty and aquat i c  ecol ogy 

Sp i l l s  of SRC- I I  product cou l d  occu r  at many l ocat i ons ; the s i ze of s p i l l s cou l d  a l so vary g reat l y .  
Sp i l l ed SRC- I I product m i ght  enter a water-course d i rect l y  o r ,  more probab ly , a s p i l l  on l and 
m i ght  fl ow i n to a stream or r i ve r .  The i mpacts of s p i l l s  cou l d  vary enormous ly  depend ing  on 
streamfl ow , the access i b i l i ty of the s i te for c l ean -up , the su bstrate ( rock , g rave l , etc . ) ,  
channel morphol ogy ( p oo l , r i ffl e ,  channel i zed r i ver , etc . )  and many other factors . To i l l u strate 
the potent i a l  envi ronmental  consequences of  a ser i ous s pi l l ,  a n umber of ass umpt i ons wi l l  be 
made to def i ne a worst-case scenar i o .  

S i te o f  spi l l  

I t  i s  a s s umed that a s p i l l  occurs near Harper ' s  Ferry , West V i rg i n i a .  O f  the three s i tes where 
the rai l l i ne crosses the Potomac Ri ver ( Tabl e Z . 4 ) , t h i s  s i te c l early const i tutes the worst 
case , because  i t  is rough ly  80 km ( 50 m i l es )  upstream from the water supp ly  i ntake for t he 
Was h i ngton , D . C . , metropo l i tan area . 
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S i z e  of spi l l  

Tab l e  Z . 1 3  i nd i cates that on ly  5% of the ra i l  sp i l l s  i nto water exceed 75 ,700 l i ters ( 20 ,000 gal ) ,  
the capac i ty of a s i ng l e  rai l tank car . For th i s  an a l ys i s ,  i t  i s  assumed that t he rupture of one 
tank car s p i l l s  the enti re contents ( 7 5 , 700 l i ters ) d i rect ly  i n to the Potomac Ri ver .  

D i spers i on of spi l l ed materi al 

We assume that the so l ub l e  components of sp i l l ed mate r i a l  are d i spersed i n  the ent i re fl ow of the 
Potomac bel ow i ts confl uence wi t h  the Shenandoah R i ver , as  gauged at Po int  of Rocks , Maryl and 
( USGS S tati on No . 01 638500 ) , R i ver M i l e  1 59 . 5 .  

Streamfl ow 

Average di scharge at P o i n t  of Roc ks i s  262 . 6  m3/ s ; m l n l mum s tream fl ow 1 5 . 0  m 3 / s .  For thi s 
ana l ys i s , the mean 7 -day l ow f l ow for 78 yea rs of record , 39 . 4  m 3/s  ( 1 392 cfs ) , i s  a ss umed . 
Th i s  i s  a typ ica l  s tream f l ow for l ow-fl ow per i ods such  as m ight  occur i n  Aug ust  or September .  

Qi s so l ut i on of pheno l i cs 

The S RC - I I product i nc l udes a wi de array of phenol i c  consti tuents (Tabl e Z . 20 )  w i th vary i ng 
sol u b i l i t i es . Co l l ec t i v e l y  these phenol i c  materi a l s  consti tute 1 1 %  of the fuel (Tab l e Z . 6 ) .  We 
exam i ne the s hort-term i mpacts to water qua l i ty by assuming  that al l the phenol i c  compounds enter 
sol u t i on at a cons tant rate over a 24-h peri od . Thu s , we as sume an effecti ve re l ease rate for 
pheno l i cs of 0 . 096  kg/s , res u l t i ng i n  an i n stream concentrati on of phenol i c s  of 2 . 44 mg/ l i ters 
( Tabl e Z . 2 l ) .  Al though s ome pheno l i cs ( e . g . , phenol , creso l s ,  and xyl eno l s )  are very so l u bl e 
and wi l l  enter po l l u t i on rap i d l y ,  th i s  e st imate prov i des a rough i n d i cati on of the average 
concentrati on .  

I!�nsport and fate of hydrocarbons 

Most of the hyd rocarbons in the S RC- I I fuel have l ow so l ub i l i t i e s . Al though sma l l quan t i t ie s  
wou l d  enter t h e  s o l u t i on , hydrocarbon components of t h e  sp i l l ed f u e l  wou l d  genera l l y  form bottom 
or s u rface s l i c ks and , perhaps eventual l y ,  a co l l o i da l  s u spen s i on .  Fo l l owi ng a l arge sp i l l , mos t  
hydroca rbons wou l d  b e  at concentrations  c l ose to satu ra t i on (Tabl e Z . 2 2 ) . T hese di s s o l ved hydro
carbons wou l d  add to the t ox i c i ty of the d i ssol ved pheno l i c  compound s .  I t  i s  as s umed for th i s  
ana lys i s that much  of the s p i l l ed hydrocarbons wou l d  d i sperse s l owly and become trapped on the 
s u bs tra te ( sand , g ravel , and roc k ) , form i ng a tarl i ke coati ng of the ri ver bottom and shorel i n e .  

C l eanu p effort 

C l eanu p  efforts wou l d  be d i ffi cu l t  because the SRC- I I  fuel s i n k s  rather than fl oats . However , i t  
i s  as sumed that marg i na l l y successfu l c l eanup efforts wou l d  recover 50% o f  the s p i l l ed mater ia l  
w i th i n  one  week .  

G i ven the above scenari o for a seri ous sp i l l  of SRC-I I product , a very rough assessmen t  of i mpacts 
can be made . Short-term and l ong -term impacts are cons i dered separate l y ,  and only the mos t  
s i gn i fi cant  i mpac t s  are cons i dered . 

��ort-term i mpact s  

A s  t h e  ri ver f l owed pas t t h e  s p i l l  a re a , a s l ug o f  h i g h l y  contami nated water wou l d  form a n d  be 
c arri ed downstream . Contam i nants  i n  so l ut i on wou l d  be rap i d l y  carried downstream at roug h ly  
the  vel oc i ty of s tream fl ow ; i nso l u b l e  mater ia l  m i g ht contami nate on ly  a l i m i ted area ( perhaps 
1 -2 km of r i ver c hannel ) .  The combi nati on of many d i s sol ved contami nants ( Ta b l e  Z . 23 )  wou l d  be 
acute l y  tox i c ,  k i l l i n g  many or  mos t  of the organ i sms i n  the ri ver near the s p i l l  area . Pheno l i c  
compounds ( e s pec i al l y  xyl enol s )  and bas i c  compounds ( such  a s  the aroma t i c  ami nes ) wou l d  make 
the l argest contr ibut i on to the tox i c i ty of the contaminated water .  The proj ected concentrati ons 
for pheno l i cs and bas i c  compounds are esti mated averages for a 24-h  period . The most sol ub l e 
compounds , however , wou l d  d i sso l ve rap i d l y , pos s i b ly  cau s i ng h i gher concentrati ons i n  the fi rs t  
hours after a s p i l l . A s  the contam i nated s l ug of water moved downstream , the concentrat ions  of 
pol l u tants wou l d  be reduced by d i l u t i on , uptake by organ i sms , and adsorp t i on to  sed iments . The 
PNA compounds wou l d  probab l y  a l so dec l i ne i n  concentrati on due to photo l ys i s  and vol at i l i za t i on 
( see Appen d i x  S ) . Mas s i ve morta l i ty of r i ver  bi ota m i ght therefore be l i mi ted to 5-1 5 km 
i mmed i ate l y  downstream from the sp i l l . 
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Table Z.20. Phenolic compounds Identllled I n  the 
middle/heavy distillate SRC-II product 

Compound 

D imethylphenol 
P henol 
o-Cresol 
o-Ethylphenol 
m-/p-Cresols 
D imethylphenol 
C , -A lkyl phenol ( isomer 1 )  
2,3-Xylenol and m-Ip-Ethyl phenol 
C , -A lkyl phenol ( isomer 2 )  
3,5-Xylenol 
C , -Alkyl  phenol ( isomer 3) 
C , -Alkyl  phenol ( isomer 1 )  
3,4-Xylenol 
C , -A lkyl phenol ( isomer 4) 
C , -A lkyl phenol ( isomer 2 )  
C , -A lkyl phenol ( isomer 5 )  
C , -A lkyl phenol ( isomer 3)  
C, -A lkyl phenol  ( isomer 4)  
Methyl i ndanol ( isomer 1 )  
4-lndanol 
Methyl i ndanol ( isomer 2) 
C. -A lkyl phenol ( isomer 5) 
Methyl indanol ( isomer 3) 
5-l ndanol 
Methyl i ndanol ( isomer 4) 
Methyl i ndanol ( isomer 5) 
o-P henylphenol 
1 -Naphthol 
2-N aphthol 
Methyl naphthalene ( isomer 1 )  
Methyl naphthalene ( isomer 2)  
Methyl naphthol  ( isomer 3)  
m - or p -Phenylphenol 
m - or p -Phenylphenol 
Hyd roxyfluorene 

Concentration 
(mg/ 1 00g ) 

33 
450 
620 

37 
95 

420 
48 

960 
1 1 0  
370 
1 70 

1 3  
9 1  

730 
8.8 

37 
22 

1 30 
24 

400 
55 
26 
70 
40 

240 
47 
23 

6.4 
1 9  

7 .2  
5 . 1  
5 .2 

7.6 
1 1  

3.5 

Sou rce: Radian C orporation, Remedial Measures 
Plan for a Spill of Solvent Refined Coal Liquid a t  the 
SRC Pilot Plant, Fort Lew is ,  Wash . ,  1 980, Appendix I .  

Table Z.2l .  Assumptions and calculations for estimating short·term 
impacts of phenolic compounds on water quality 

Location of sp i l l  Harpers Ferry,  West V i rginia 

1 kg/liter Density of spi l led m aterial 

Size of spi l l  

Quantity o f  phenolics released 

Duration of release 

Average release rate 

Stream flow 

Predicted average concentration of phenolics 

1 tan k  car = 75,700 liters ::: 75,700 kg 

75,700 kg X 0.1 1 � 8327 kg 

24 h = 86,400 s 

8327 kg 24 h = 0.096 kg/s = 96,000 m g/s 

39.4 m3/s = 39,400 l iters/s 

�,OOO mJl/� = 2 44 mg/liter 
52,600 I iters/s . 
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Table Z.22. Published values for the solubility o f  PAH in 
distilled water at 25-27" CB 

N u mber of 
Solubi l ity 

Compound aromatic 
r ings 

( 1' 9/ l iter) 

Na�hthalene 2 12 .500. 22.000. 3 1 .200. 
3 1 ,300, 34,000 

1 -M ethylnaphthalene 2 25,800 
1 .5-Di methylnaphthalene 2 2.740 
2-E thylnaphthalene 2 8.000 
Acenaphthalene 2 3,470 
F l uorene 2 1 ,685 
Anthracene 3 30, 44.6, 75, 75 
2-M ethylanthracene 3 21 . 3  
Phenanthrene 3 1 ,002, 1 ,070, 1 , 180, 1 ,600, 1 ,600 
1 -M ethylphenanth rene 3 269 
4,5-Methylenephenanth rene  3 1 , 1 1 0  
F l uoranthene 3 206. 236, 240, 265 
Pyrene 4 1 32. 1 65. 1 7 1 , 1 7 5  
Naphthacene 4 1 .0 , 1 .5 
C h rysene 4 1 .5 , 1 .8, 6 
Triphenylene 4 38, 43 
Benz[ajanthracene 4 9.4, 10 ,  1 1  
1 O-M ethylbenz[ aj anth racene 4 55 
1 O-Ethylben::[aj anth racene 4 45 
1 O-Bu ,ylbenz[a j anth racene 4 8 
1 O-Amylbenz[aj anth racene 4 0.8 
9,1 O-Dimethylbenz[a j anth racene 4 43 
D ibenL[a.cj anth racene 5 0.5. 0.6 
Benzo[aj pyrene 5 0 . 1 72, 0 .5.  4.0, 6 05 
5-Methylbenzo[ajpyrene 5 0.8 
Benzo[ej pyrene 5 - 4  
Perylene 5 <0.5 
P icene 5 2.5 

a Data compiled from nu merous sou rces in  Table 30, from J. M. Neff , Polycyclic 
Aroma tic Hydrocarbons in the A qua tic Environment: Sources, Fa tes, and Biological 
Effects, Appl ied Science P ub l ishers Ltd .. Londo n ,  1 979.  

Table Z.23. Estimated concentration of contaminants following spill of SRC-I I  
fuel compared with draft criteria or estimated permissible concentrations, in J1. g/liler 

D raft criteriab 

Constituent 
Estimated 

concentrationa 

( I' g/ l iter) 

F reshwater aquatic l i fe 

24-h 
average 

Not to 
exceed 

H u man 
health 

Estimated 
permissible 

concentrationC 

Phenol ic compounds 
Basic compounds 
N aphthalene 
Acenaphthene 
F luoranthene 
F luorene 
Anthracene 
P henanth rene 
Pyrene 
Benz[a j anthracene 
Benzo[aj pyrene 
B enzo[ej pyrene 

2440d 

1 5 30 
40 
27 

3 
1 2  

1 
1 1  

0.3 
0.8 
0.3 
0. 1 1  

600 3400 340 
Various cr iteria fo r i nd ividual  co mpounds 

1 43 
1 1 0  240 20 
250 560 200 

none 
2000 

280 
8333 

4 
20 

1 09 
-------------------------------------------------------------

a Concentration for phenol ics from Table Z . 2 1 ;  PNA concentrations are assumed to satu rated 
solution ,  averag e of values in Table Z .22. 

b D raft criteria from Table S .3 .  
C Estimated permissible concentrations from Table S .4 .  
dConcentration of  phenol ics is the estimated average fo r 24 h ;  h igher max imum concentrations would 

probably occur at the start of the spi l l  event. 
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Downstream from the zone  of m as s i ve morta l i ty wou l d  be a zone of sel ect i ve mortal i ty ,  in  wh i c h  
o n l y  the mo re s en s i t i ve s pec ies wou l d  b e  k i l l ed .  Farther downstream , organ i sms wou l d  su ffer 
sub l ethal  effects of contam i nat i on rather than outright  morta l i ty .  As the contam i nated s l ug 
moved down stream , the decl i ne i n  concentra t i on of contam i nants wou l d  depend on many unknown 
factor s . Therefore the s i ze  or l ocat i on of the above zones of i mpact cannot be est imated . 

The water i ntakes for the Wash i ngton , D . C . , metropol i tan a rea are l ocated near L i tt l e Fa l l s , 
Maryl and , Ri ve r  M i l e  1 1 7 . 4 .  At t h i s po int  average stream fl ow i s  323  m3/s , i nd i cat i ng rough ly  
1 . 3-fo l d  d i l u t i on between Po i nt o f  Rocks  and  L i tt l e  Fal l s .  I f  phenol i c  concentrat i ons were 
reduced by d i l u t i on only , an average concentration  of 2 . 0  mg/l i ter cou l d  be expected when the 
contami nated s l ug reached t h i s  po int . 

I n  a l l  probab i l i ty ,  the s p i l l  of S RC- I I fuel  descri bed above wou l d  resu l t  i n a m i nor  water supp ly  
emergency for  the Was h i ngton , D . C . , metropol i tan area . The t ime of t ran s i t  from the s p i l l  area 
to Was h i ngton ( 1 -3 d) wo u l d  a l l ow for advance preparati on .  W i t h  such advance not i ce the l ocal  
author i t i es wou l d  have adequate t i me to bu i l d  up  a reserve so that i ntake from the Potomac cou l d  
be term i nated u nt i l  the  contami nated s l ug had passed the i ntake . Househo l ds cou l d  a l so be 
i n structed to s tore d r i n k i ng wate r .  However , mos t u ses for water other than d r i n k i n g and 
cook i n g  wou l d  be unaffected . Fol l owing the pas sage of the most contam inated s l ug of water , 
pu b l i c  heal th assessmen ts wou l d  be needed to determ i ne the r i s ks as soci ated w i t h  the res i d u a l  
contam i nation  l evel s .  Many u n known factors wou l d  b e  i n vol ved , a n d  i t  i s  n o t  poss i bl e  t o  est i mate 
how much t i me wou l d  be needed unti l the water supply wou l d  be safe to dr i n k .  

Long-term i mpacts  

Long-term i mpacts wou l d  res u l t  l arge l y  from the  l es s -sol u b l e  compo unds in  the SRC- I I product . 
C l ose to the sp i l l  s i te ,  the g ross contami nati on wou l d  cause s i gn i f i cant aesthet i c  damage . Oi l 
covered rocks and shorel i ne cou l d  cause  l im i ted mortal i ty to b i rds . Substanti al  q uant i t i es of 
s p i l l ed product  wou l d  be m i xed wi th grave l , s ed i ment , and other debri s in the r i ver . Contami nants 
adso rbed to fi ne s ed i ment and organ i c  detr i tu s  cou l d  be transported downstream , thus  a l l owi ng 
d i spers i on o f  l ow-so l ub i l i ty PNAs . 

The h i gh mo l ec u l ar wei gh t  PNAs , a l though u n l i ke l y  to be acute l y  tox i c  ( see F i g .  S . 2  and Tabl e Z . 22 ) , 
a re suscept i b l e  to b i oaccumu l at ion and b i oconcentrat i on .  Some of the PNAs cou l d  become ser i ou s  
contami nants i n  down s tream ecosystems . Benzo [aJ pyrene , for i n stance , i s  a potent carci nogen 
t hat cou l d  cause  cancer in f i s h  or peop l e who ate them . Both the so l u b l e and the  l es s -sol ubl e 
pheno l i cs wou l d  cause taste and odor probl ems i n  fi s h  and she l l fi sh of the Potomac Ri ver and i ts 
estuary .  Recreat i onal fi s h i n g  i n  the  Potomac cou l d  be e l i m i nated for one or more years , and 
contami nati on o f  she l l f i s h  beds in t he estuary m i g h t  cause econom i c  i mpact . Beca use  of the many 
un known factors affect i ng the d i stri buti on of organ i c  contami nants i n  aquat i c  ecosystems , i t  i s  
not poss i b l e  t o  e st imate the s ever i ty o f  these i mpacts . 

Z . 5 . 2 . 2  On g roundwater and s o i l s  

The effect on grou ndwater qual i ty o f  a s p i l l  i n  the Potomac R i ver  wo u l d  depend on the nature of 
the bottom sediments ,  so i l s , and aqu i fers and on the fl ow in  the ri ver .  The SRC- I I  product 
l i q u i d  is  pr imari l y  composed of ( 1 )  s u b stant i a l l y  i n s ol ub l e aromat i c  and al i phat i c  hydrocarbons ,  
( 2 )  more sol ub l e phenol i c  compounds , and ( 3 )  bas i c  n i trogenous compounds such  as  ami nes ( see 
Sec t .  Z . 3 ) . A s u bg roup of part i c u l ar concern , because of i ts s uspected carci nogen i c  propert i es ,  
i s  the pol ynu c l ear aromat i c  hydrocarbons ( PNAs ) . These various  chemi cal  const i tuents may be 
evaporated , carri ed in the s u rface water ( e i ther  fl oat i ng or d i ssol ved ) , ox i d i zed chemi cal l y  
o r  b i o l og i cal l y , o r  l eached i nto  the sediments and underl yi ng roc k .  

The i n sol u b l e  hydrocarbon s ( from c l a s ses 1 and 3 above ) that d o  not fl oat on the s ur face may b e  
sorbed by so i l part i c l es and bottom sed i ment o r  may seep i nto underl y i ng aqu i fers , coat i ng t he 
roc k su rfaces . Sorpt i on by so i l has  been found by Has sett et a l . 6 to be rel ated to the organ i c  
matter content o f  the s o i l . Other so i l properti es such  a s  pH , cat i on exc hange capac i ty ,  and c l ay 
content a re poorl y correl ated w i t h  sorpt i on .  Because the water sol ub i l i ty of such  compounds i s  
very l ow ,  on ly  m i nute quant i t i es are to be expected i n  the g roundwater pumped from a contami nated 
aqu i fe r .  I f  t h e  s p i l l  i s  l arge enough or t h e  su r face area of t h e  roc k sma l l enough , underground 
" pool s "  of hydrocarbons ( anal ogous to o i l f i e l d  depos i ts )  may form . I f  we l l s  i ntersect such  
poo l s , the product  l i q u i d  wou l d  be pumped out before the water . Thi s s i tuation  i s  most l i ke l y  
t o  occu r i n  g rave l  depos i ts a n d  aqu i fers w i t h  fracture fl ow ,  both of wh i ch are known t o  occ ur  
i n  the  Potomac Ri ver val l ey .  

Phenol i c  compounds a re more so l u b l e i n  water than are the hydrocarbons d i scussed above and have 
been found i n  t he grou ndwater beneath t he spi l l  a rea at the Fort Lewi s p i l ot p l an t . 2 Grou ndwater 
concentrations  rose from l ess  than 1 mg/ l i te r  ( background ) to approx imate l y  1 0  mg/ l i ter at wel l s  
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wi t h i n  60 m of the s p i l l . 2 Under the C l ean Water Act recommended concentrati on l i mi ts on the 
ba s i s  of human heal th cr i teri a i s  3 . 4  mg /l i ter ; the recommendat i on for aqu a t i c  l i fe s tandards  
i s  a maxi mum 24-h  average of 0 . 6  mg/l i te r .  The  quant i ty spi l l ed at  the  Fort Lewi s pl ant was 
ca l cu l ated to be 8840 l i ters ( 2336 gal ) ;  the quant i ty contai ned in one car of a 74-car un i t  tra i n  
i s  7 5 ,680 l i ters ( 2 0 ,000 gal ) and l o ss o f  one car i s  u sed as  the worst-case rel ease because  i t  
exceeds the hi ghest average vol ume rel eased during  1 97 6 - 1 978 ( s ee Sect . Z . 4 . 3 . 1 ) .  

The Fort Lewi s s i te proba b ly  represents a worst-case s i tuat i on w i th res pect to soi l s  beca use the 
su rface l ayers are composed o f  gravel w i th l ow c l ay contents . The aqu i fer bel ow i s  composed of 
sand and gravel , wh i ch wou l d  pro v i de l i tt l e  attenuati on of the contami nants but wh i ch wo u l d  
provi de s ome phys i ca l  d i spers i on and s u rface area for format i on o f  o i l y  coati ngs . A wo rs t case 
wi th res pect to the aqu i fer wou l d  be a cavernous l i mes tone , wh i c h  provi des l i tt l e s u rface area 
or chemi cal  attenu at i on but has h i g h  groundwater fl ow rates . The Conococheague l i mes tone , 
s upp ly ing water to central Maryl and and eastern West V i rg i n i a ,  i s  an exampl e of such an aqu i fer. 7 

Several PNA compounds were a l s o moni tored i n  the groundwa ter near Fort Lewi s . 2 I ncreases over 
the bac kground concentra t i ons we re noted for severa l compounds . Spec i es whose concentra ti ons 
i ncreased near the s p i l l  i nc l uded acenaphthene , fl uorene , anthracene , fl uoranthene , and chrysene . 
Al l concentra t i ons rema i ned be l ow recommended l evel s . 2 I ncrea s i ng the amou nt  s p i l l ed ( from 
8840 l i ters at Fort Lewi s to 7 5 , 680 l i ters i n  one car of a u n i t  tra i n )  cou l d  i ncrease PNA concen
trat i on s  to above the recommended s tandards . The f i na l  concentra t i ons in the groundwater wou l d  
depend upon the s i te geol ogy , the m i crob i a l  act i v i ty i n  the so i l s ,  and the effecti veness o f  the 
c l ean up  opera t i ons . 

Sp i l l s  o f  o i ly  substances and appl i cati on of o i l  wastes to so i l s  have occu rred i n  the pas t .  I n  
a l aboratory s i mu l at i on of a crude oi l sp i l l  i n  Al a s ka , T .  E .  LoynachanB  found that 5 . 9� o f  the 
hydrocarbons were deg raded by so i l  m i croorgani sms at 1 0° C  at an appl i cat ion rate s i mi l ar to that 
wh i ch wou l d  be expected by a tra i n  s p i l l . D i s k i ng o f  the so i l  and appl i ca t i on of fert i l i zer and 
sawdust  i ncreased the  amount of decompos i t i on to 1 2 . 9% .  Successful  treatment of oi ly  res i dues 
by l and appl i cat i on and mi crob i a l degrad ation  has been demonstrated . 9  However , appl i cati on rates 
were con s i derab ly  l ower than that ant i c i pated in a tra i n  sp i l l . I n  a s u rvey of ex i s t i ng l a nd 
appl i cat ion  systems , l oa d i ng rates ranged from 1 0  to 2020 l b  acre- 1 d - 1 of BOD . 9  Assumi ng a com
p l ete degrada t i on of three representati ve compounds (methyl naphtha l ene , o-cresol , and q u i no l i ne ) , 
one car ' s  contents wou l d  conta i n  approx i mate ly  480 , 000 l b  BOD . The maximum l oa d i ng rate of 
2020 l b  acre- 1 d - 1 wou l d  requ i re approx i mate ly  240 ac res per car l oad sp i l l ed .  

I n  s unmary , a s p i l l  due  to a tra i n  acci dent cou l d  i n c rease the concentrati on s of  pheno l s and PNAs 
i n  grou ndwater above acceptab l e l evel s .  T h i s  excess  wou l d  be most l i ke ly  to occur in areas w ith  
shal l ow gravel or cavernou s l i mes tone aqu i fers and th i n  or  s andy so i l s .  S uch  depos i ts are 
known to occur in the Potomac Ri ver va l l ey .  

Spi l l s on l and o r  wat e r ,  e i ther at  the s torages s i tes or whi l e  i n  trans i t  i n  uni t tra i n s o r  barges , 
wou l d  have the i mmed i ate effect of rel eas i ng h i g h concen trati ons of nonmethane hydrocarbons 
i nto the atmos phere . Those 1 i g ht , i n sol u b l e  d i s t i l l ates that wou l d  rema i n  above the water s u rface 
wou l d  a l so evaporate .  Some of the vapors re l eased are kn own tox i c  gases , such  as  the vapors 
from naphthal ene and phenol port i ons of the  S RC - I I product ; proper protecti ve resp i ratory equ i p 
ment shou l d  be worn near such  sp i l l s .  

Sp i l l s  on l and vlO u l d  have a temporary e ffect on a i r  qua l i ty bec ause the l i q u i d  wou l d  be absorbed 
by the so i l s  i n  the area or c l eaned up as  q u i ck ly  as pos s i b l e .  Sp i l l s  on water wou l d  a l s o  have 
a temporary effect on a i r  qua l i ty because  they wou l d  be conta i n ed , rec overed , and c l eaned as soon 
as pos s i b l e .  

I f  the vapors o f  a s p i l l  i gn i ted , the  res u l t i ng comb ust ion wou l d  emi t  various  other compounds 
i nto the atmos phere , such as  carbon monox i de and sooty part i cu l a tes from the i ncomp l ete comb u s 
t i on of organ i cs .  Such  an event wou l d  al so b e  temporary i n  nature . 

Because of the un pred i ctabi l i ty of such  acc i dents , the un known components re l eased by the uncon
trol l ed combust i on o f  S RC- I I  l i q u i d , and the temporary nature of such acc i dents , i t  is  not 
poss i b l e  to quant i fy the rel eases of pol l utants and thei r effects on a i r  qua l i ty except to s tate 
that the emi s s i ons wou l d  be l arge unt i l  the s p i l l s  were abs orbed or recovered and any fi re asso
c i ated wi th the s p i l l  were exti ng u i s hed . 

Z . 6  L I QU I D  S P I LLS AN D CONTROL 

Th i s secti on fi rs t  anal yzes past ra i l  bu l k  l i qu i d  s p i l l s  that have affected bod i es of  water in a 
three -s tate reg i on :  West  V i rg i n i a ,  Maryl and , and Penn syl van i a .  The data on h i stor i c a l  s p i l l s  
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are col l ected through the Coas t Guard ' s  Pol l ut i on I n c i dent Report i ng System . The second part of 
t h i s  sect i on expl a i n s  the techn i ques for contro l l i ng a bu l k  l i q u i d  s p i l l .  The techn i ques  are 
des i gned by the U . S .  Navy for the contai nment and recovery of s pi l l s  o f  o i l , wh i c h  i s  the b u l k 
l i q u i d  most s im i l a r  to SRC- I I  l i q u i d  products . DOE wi l l  col l aborate w i t h  the Coast Guard , EPA ,  
and s tate and l ocal  agenc i es t o  deve l op strateg i es for m i n i m i z i ng the l i ke l i hood o f  s p i l l s  and 
to deve l op p l ans for act i on i f  sp i l l s  of SRC- I I l i q u i d  occu r .  

Z . 6 . 1  Bu l k  l i qu i d  spi l l s  and a hypothet i ca l  SRC  spi l l  

The Federal Water Pol l ut i on Contro l  Act of 1 970 ( Sect . 3 1 1 )  req u i res t hat any d i scharge of an 
o i l or a hazardous s u bstance in a harmful  quan t i ty be reported to the " appropr i ate agency of 
the Un i ted States Government ; "  Execu t i ve O rder 1 1 735 , March 5 ,  1 970 , des i gnated the U . S .  Coast 
Guard as  one such  agency . The Pol l ut i on I n c i dent Report i n g  System ( P I RS )  is  a computeri zed data 
base devel oped as  an adjunct to  the Coast Guard ' s  Mar i ne Envi ronmental  Protect i on Prog ram . 
I n i t i a l l y  des i gned for t he col l ect i on and ma i ntenance of d i sc harge data , t he program was sub
sequent ly  modi f ied to perm i t  the i nc l u s ion  o f  add i t i onal  data on c l eanup ( response ) acti v i t i es 
and penal ty act i ons . Fol l owi ng a re the data P IRS  has col l ected s i nce 1 973 for pol l ut i on i nc i dents : 

1 .  d i sc harge : t ime of occurrence , l ocat i on , state , water body , source , cause , operat i on ,  
materi al , quant i ty ,  affected resou rces , weather ,  and not i f i e r ;  

2 .  response : c l eanup party , equ i pment u sed , personne l , c l eanup d u rat i on ,  amount recovered , 
and c l eanup  cost ; 

3 .  pena l ty :  i n i t i at i ng agency , autho r i ty , acti on agai nst , act i on date , penal ty proposed , 
penal ty col l ected , hear i ng resu l ts ,  appeal  resu l ts ,  and cause s tatus .  

I n  order for a sp i l l  t o  be recorded , i t  must : ( 1 )  be water con nected , ( 2 )  occu r  w i t h i n  the 
terr i tori al  boundar i es of the Un i ted States , ( 3 )  be reported by an i nterested party , and 
( 4 )  reveal a s heen on t he water ( genera l l y  recorded to  be a quant ity of at l east one gal l on of 
materi a l ) .  

A request was made to t he U . S .  Coas t Gu ard for a p ri ntout of ra i l  and barge sp i l l s  of l i qu i d  
s h i pments i n  a zone between Mo rgantown , We st V i rg i n i a ,  and Bal t i more , Maryl and , that i nc l uded 
the s tates of Pennsyl van i a ,  West Vi rg i n i a ,  Maryl and , and V i rg i n i a  for 1 975  to present . These 
data were used to deve l op an i n i t i a l  u nderstand i ng of s p i l l  probl ems in the v i c i n i ty o f  the 
route anal yzed . 

Hypothe t i cal  SRC spi l l  

The techn i que  to c l ean u p ,  an SRC  s p i l l  wou l d  be s i mi l ar c l eanup techn i ques for a heavy No . 6 
petro l eum fue l  o i l .  For the purpose o f  t h i s  ana lysi s ,  i t  i s  ass umed t hat the chemi cal  c ompos i 
t i ons of No . 6 fue l  o i l  and SRC l i q u i d  are s i mi l a r .  

S i nce SRC- I I l i q u i d  h a s  not been commerci al l y produced , there i s  not a h i story o f  s p i l l s .  When 
o i l i s  s p i l l ed on water , a vari ety of processes occu r ,  as  weathe r i ng , d i s so l u t i on , emu l s i fi cat ion , 
chemi cal  re acti on , b i ol og i cal  degrada t i on , and format i on of tar l umps . Col l ec t i ve l y ,  these tend 
to d i s perse the o i l i nto a thi n fi l m .  I t  can be assumed that most o f  the SRC- I I  l i qu i d  i s  a 
compl ex mi xture of many varyi ng compounds , e ach  of wh i ch may have a d i fferent den s i ty ;  however , 
on t he average the overa l l  dens i ty wou l d  most l i ke l y  be l ess  than that o f  water ( see Sect . Z . 2 . 3 ) . 

W i th the SRC-I I l i qu i d  fl oat i ng and s prea d i ng i n  wate r ,  l i g ht -end naphthas and s i ng l e-r i ng  
pheno l i c  compounds wou l d  probab l y  evaporate ; t h i s  evaporat i on wou l d  be en hanced by i ncreased 
w i nd s peed and water temperature . Some of the heav i e r  naphthas that do not evaporate may mix  wi th 
the water to form an emu l s i on ;  some may u ndergo oxi dat i on under the i n fl uence o f  the u l trav i o l et 
band of s un l i ght . Ox i da t i on i s  a l so enhanced by wave act i on or swi ft curren t .  The remai nder of 
the naphthas wou l d  p robab l y  mix w i th the heav i er  phenol i c s , po lynucl ear a romat i cs ,  and tar 
compounds . 

B i o l og i ca l  degrada t i on may occu r w i th t he p heno l i c  compou nds , but  wou l d  probabl y  take months  or 
years wi th  t he pol ynuc l ear a romat i cs , i f  i t  ever occurred at a l l .  I n  any case , cl eanup opera
t i on s  wou l d  be underta ken , because  t h i s  rema i n i ng m i xture of the heav i er naphthas , p henol i cs ,  
polynucl ear a romat i cs , and tar compounds cou l d  combine  under ox i dat i on or pol ymer format i on to 
form tar bal l s ,  wh i ch c reate a ser ious  prob l em upon reachi ng the s hore . I t  i s  assumed that 
s ome o f  the S RC- I I l i q u i d  wou l d  sett l e to the bottom of a r i ver or  other body of water , but the 
chemi cal  fract i on and quan t i ty cannot be i dent i f i ed at t he p resent t i me .  
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Z . 6 . 2  Oi l spi l l  contro l  

Th i s  sect ion  presents genera l  i n format i on on c orrec t i ve act i on to  be taken on an o i l  s p i l l . 
Because S RC - I I l i qu i d  i s  essent i a l l y  an o i l ,  i t  i s  con s i dered to be respons i ve to normal o i l  
sp i l l  treatment . There i s  n o  s i ng l e  system o r  procedu re for c l ean i ng up  o i l  s p i l l s  that can be 
appl i ed i n  al l l ocat i on s  regard l e s s  of t he c haracteri s t i c s  of the water body and terra i n .  Geo
grap h i c  d i fferences , exposu re , and ease of acces s , and other variab l es req u i re that each system 
be carefu l l y des i gned for a s pec i fi c  area . 

An oi l sp i l l  sets i n  mot i on the fol l owi ng opera t i onal  phases that are bas i c  to a l l s p i l l s :  

1 .  d i scovery and not i f i ca t i on ;  

2 .  eval uat i on and i n i t i at i on of acti on ; 

3 .  contai nment and countermeasures ; 

4 .  recovery , m i t i ga t i on , and d i sposal ; 

5 .  c l eani ng and repos i t i on i ng equ i pment ; and 

6 .  documentat i on and cost recovery . 

These phases are not neces sari l y  sequent i a l  and u s ua l l y  over l a p .  The degree o f  appl i c at i on of 
each phase i s  d i ctated by the sp i l l  cond i t i on s  and sever i ty .  

Th i s  E I S  cannot addres s  al l o f  the operati onal phases o f  soi l sp i l l s b u t  wi l l  concentrate on 
t he s tate of the a rt of o i l  s p i l l  removal equ i pment that has pos s i b i l i ti es for use on i n l and 
waterways for contai nment , countermeasu res , and recovery . 

Part i c i pa t i on i n  the Manu facturing  Chem i s t  Assoc i at i on ' s  CHEMTREC program s hou l d  be o f  add i t i onal 
a s s i stance in the event of a transportat ion  acci dent i nvol v i ng SRC - I I  l i qu i ds ; CHEMTREC provi des 
24-h access to i n forma t i on concern i n g  spec i f i c  c hemi ca l  materi al s and prov i des g u i dance on what 
to do i n  case of a s p i l l , f i re ,  or  exposure to those c hemi cal s .  

Sp i l l s  o f  hazardous materi al s on l and have rece i ved con s i dera b l y  l es s  l eg i s l at i ve and program
mat i c  attent i on than s p i l l s  i nto water bod i e s , a l though t he poten t i a l  for s i gn i fi cant contam i n a 
t i on o f  so i l , groundwate r ,  a n d  a i r  i n  t h e  v i c i n i ty o f  a sp i l l  i s  of concern as wel l .  T h e  s u rface 
s p i l l  of S RC- I I fl u i d  that occu rred at Fort Lewi s ,  Washi ngton , on December 1 9 ,  1 979 , provi des 
val uabl e i ns i ght  i nto the effects of a sp i l l  on l and . The measures deve l oped to counteract the 
effects of that s p i l l  wi l l  be of hel p i n  des i gn i ng s p i l l  m i t i gat i on proced ures for other s i tes , 
al though s i te-spec i f i c  d i fferences i n  so i l , geol ogy , and g roundwater cond i t i ons wi l l  req u i re 
certa i n  vari a t i on s  i n  t he m i t i gat i on p l an s . 2 

The remed i a l measures p l an for treatment of the Fort Lewi s sp i l l  s i te i nc l uded the fol l owi ng : 

1 .  excava t i on o f  contami nated s oi l , 

2 .  seal i ng o f  the l and s u rface at the s p i l l  s i te to prevent further i nfi l trati on of preci p i tati on , 

3 .  pump i ng of groundwater near the sp i l l  s i te to control groundwater transport of contami nated 
groundwater , and 

4 .  i mp l ementation  of a l ong-term surface and g roundwater mon i tor i ng prog ram . 

Z . 6 . 2 . 1  Contai nment and countermeasures 

These measures are perhaps the most i mportant i n  the removal  of an o i l s p i l l . T hey are the fi rst 
correct i ve acti ons taken and shou l d  be i n i t i ated a s  soon as  pos s i b l e .  Countermeasures are 
usua l l y  of four types : 

1 .  i so l at i on and evacuat i o n  of sp i l l  area to protect l i fe or hea l t h ,  

2 .  s hutti ng off the source o f  the s p i l l , 

3 .  p l ac i ng booms or other phys i cal  or adsorbent barr iers to prevent contami nat i on of 
s u rround i ng terra i n  or  adjacent waterways by spread i ng , and  
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4 .  prepl anned construction of trenches o r  d i tches to i so l ate poten t i a l  s p i l l  a reas on l and . 

Conta i nment i s  the c r i t i ca l  fi rst  s tep of any coordi nated s p i l l  c l eanup acti v i ty .  Q u i c k  res ponse 
t i me i s  i mportant and i s  dependent u pon vari abl es such  as  geog raphy that l im i ts access to a 
s p i l l , equ i pment des i gn and ava i l ab i l  i ty ,  personnel capab i l  i ty ,  the s i ze of the s p i l l , and i ts 
phys i ca l  and chem i cal  propert i es . 

Contai nment i s  accompl i s hed through four  pri nc i pa l  method s : booms , conta i nment dams , a i r 
barri ers , and s u r face ten s i on mod i f i ers . Al l fou r are cu rrent l y  s tate of the a rt .  

Booms a re man-made barri ers t o  t he movement o f  o i l .  There are many d i fferent types o f  booms , 
and research cont i nues  to i mprove the i r  use  and performance . Booms are des i gned to e i ther conta i n  
o r  d i rect fl ow o f  a n  o i l  sp i l l  and cons i s t  o f  fi ve pri nc i p l e  components : fl oat , s k i rt ,  ten s i on 
member ,  ba l l ast  or we i g h t i ng member , and coup l i ng .  

The sel ect i on o f  the proper boom must  b e  carefu l l y  made . Many va ri ab l es o f  construc t i on , mate
ri a l s ,  and opera t i on a re ava i l ab l e  and must be con s i dered in the des i gn of a sys tem . Booms 
a re the most effec t i ve cont a i nment devi ce . They are ava i l ab l e i n  various  s i zes ( i n 50-ft l engths ) ,  
wh i ch a re j oi ned to form a cont i nuous  barri er .  They may be u sed i n  e i ther a dynam i c  mode or 
fi xed pos i t i o n .  Booms can be u sed to d i rect the fl ow to a s k i mm i ng dev i ce that removes the o i l . 

S treams , creeks , and other sma l l drai nage c hanne l s are often too na rrow and fas t fl ow i ng or s teep 
s i ded for proper boom dep l oyment . Contai nment d ams then offer a good choi ce for t rapp ing the 
o i l .  They can be earthen , straw , or  sorben t .  A n  earthen dam c a n  b e  cons tructed i n  a d ry creek 
bed or mov i ng stream by e i ther mechan i ca l  or manual method s .  A s i te must  be se l ec ted s u ff i c i ent ly  
downstream to a l l ow comp l et i on before the  o i l  arri ves . A sorbent dam can be read i l y b u i l t  w i th 
l oca l l y  ava i l ab l e  materi a l s  s uch  as w i re mesh or fenci ng stretc hed across a s tream and s traw 
or other sorbent materi a l s p l aced on the upstream s i de . 

Ai r barr iers a re an a l ternat i v e  to booms for s p i l l  contai nment . The pr i nc i p l e  i s  s i mp l e :  a 
stream of a i r  bubb l e s  r i ses i n  the water to fo rm a turbu l ent  barrier  of e l evated water that can 
e ffecti vely b l ock the f l ow of f l oat i ng o i l .  The a i r barr i er is formed by pl ac i ng a perforated 
p i pe across the bottom of the water area to be i s ol ated and i nj ecti ng a i r  i nto the p i pe . T h i s  
system h a s  t h e  advantages over fl oat i ng booms o f  be i ng traversab l e  by mari ne traffi c a n d  o f  
be i ng operated when des i red by s impl y swi tch i ng o n  an a i r  source . 

Ai r barri ers are normal l y  i nsta l l ed a s  a permanent system where cont i nuous  or i ntermi ttent 
control o f  s u rface pol l ut ion i s  neces sary .  They are genera l l y  not econom i c a l l y  feas i b l e  where 
currents exceed 1 . 7 fps or  1 . 2 mph or where w i nd and wave acti on i s  h i g h .  

An o i l  s p i l l  s preads over a l a rge s u rface o f  water ; the s i ze o f  the s p i l l  su rface i s  a funct i on 
o f  the d i fference between t he surface ten s i on s  of water and o i l .  S u rface tens i on mod i fiers , 
or col l ec t i ng agents , a re c hemi ca l s  that have h i gh s u rface acti v i ty and s pread ra p i d l y  over 
wat e r .  The s pread i ng force of the c hemi ca l  i s  s uffi c i ent to overcome the s pread i ng forces of 
the o i l .  The chem i ca l  wi l l  push  the o i l  l ayer back unt i l i t  reaches a l i m i t i ng o i l thi ckness 
wh i ch the chem i c a l  c annot exceed . The col l ec t i n g  agent can be s pread around an o i l  s p i l l  for 
conta i nment , or t he o i l  s p i l l  can be moved ahead of the c hemi cal  towards a col l ecti ng dev i c e .  

Severa l  s u c h  chem i ca l s  are now ava i l abl e ;  two are ma rketed by o i l compan i es : O i l Herder from 
S he l l O i l  Company and OC-5 from Exxon Corporat i on .  The U . S .  Navy uses an agent known as " p i ston 
f i l m , "  wh i ch i s  a sorbent monool eate s i m i l ar to the o i l company products . Several compa n i es 
manufacture t h i s  agent . 

Col l ect i ng agents must  be approved on a case  by case bas i s .  I t  i s  adv i s ab l e  to obta i n  the 
consent o f  the state and Federa l agency h a v i n g  j u r i s d i c t i on in such matters . 

Another type of col l ect ing  agent i s  the gel l i ng agent s . They a re not w ide ly  used because of 
the i r  expense , d i ffi cu l ty to pump and separate from water , and more d i ff i cul t d i s posal  probl ems . 

Z . 6 . 2 . 2  Removal  

Removal o f  an o i l  s p i l l  c an be accompl i shed i n  severa l  ways , i nc l u d i ng evaporat i on ( g asol i ne ,  jet 
fuel , l i ght  d i s t i l l ates ) , phys i ca l  remova l , b i odegradat i on ,  burn i ng , d i s pers i on ( emul s i f i cat ion ) , 
and pump i ng i nto l and fi l l s .  The l atter three methods are not des i rabl e because o f  thei r detriment 
to the env i ronment and hazard to l i fe and property . Rel i ance on b i odegradation  i s  not recommended 
because  o f  i ts l engthy reac t i on t ime and the po s s i b i l i ty of tox i c  products . Evaporati on i s  a 
natural l y  occurr i ng phenomenon for l i ght , h i gh l y vo l at i l e  product s . 

Phys i ca l  removal i s  exten s i ve l y  used and i s  benefi t i ng from i nten s i v e  research . Pr i nc i pa l  methods 
of mecha n i ca l  removal are vacuum i ng and s k i mm i ng by mechan i cal  s k i mmers or suct i on . 
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Vacuum u n i ts 

Vac uumi ng is  one of the most acceptab l e  methods for remov i ng a contai ned o i l  sp i l l  un l ess  the o i l  
i s  too vi scous t o  b e  s u c ked i nto t h e  un i t .  Truck-mounted u n i ts vary i n  capac i ty from 5 0  to 
1 00 bbl . S k i d -mounted u n i ts are good for sma l l o i l  sp i l l s .  Vacuum un i ts a re most effect i ve when 
a sp i l l  has been contai ned in t h i c k  pockets of re l at i ve l y  pure o i l .  

Some of the d i sadvantages o f  the vacuum truck that  shou l d  be cons i dered are as fo l l ows : 

1 .  I t  i s  l arge , expen s i ve ,  and mec ha n i ca l l y  compl i cated . 

2 .  I ts s i ze and we i g ht precl ude access i b i l i ty to many o i l  sp i l l  area s .  

3 .  P roper mai ntenance i s  mandatory and i s  expen s i ve i f  t he truck i s  not used reg u l arl y .  

4 .  I t  i s  n o t  t h e  most cost effective  method for removal o f  smal l o r  w ide ly  d i spersed th i n- l ayer 
o i l  s p i l l s .  

S k i mmers 

S k i mmers are obta i nabl e in smal l ,  med i um ,  and l a rge s i zes . The sma l l un i t  i s  s u i tab l e  for harbor 
areas and i s  based on the wei r  pr inc i p l e .  I t  f l oats on the water and perm its  oncom i n g  o i l to 
pass over the we i r  pl ate i nto a tank where the con f ined o i l is s ucked or pumped off .  

The med i um - s i zed s k i mmer emp l oys the  end l e s s  bel t pr i n c i p l e and i s  ope rated from a p i e r  or stream 
bank  by hand-he l d  control s .  The rotati ng bel t s u bmerges the o i l and d i rects i t  to a col l ect i on 
wel l where i t  concentrates and can be pumped to temporary s torage . The pri nci p l e  i s  ca l l ed the 
dynami c  i nc l i ned p l ane ( D I P ) , i n  reference to the rotat i ng and p i tched bel t .  

The l arge s k i mmer i s  a l a rger vers i on o f  the medi um D I P  mode l and i s  vessel  mounted for use  i n  
protected open waters i n  the mov i ng mod e .  

A u n i q ue s ki mmer has  been devel oped i n  France and i s  ava i l ab l e  i n  t h e  Un i ted State s . Cal l ed the 
Cyc l onnet , it operates on t he pri nci p l e of o i l -water separati on by rotat i on . The s k immer i s  
attached to the s i de o f  a boat and moved through a s p i l l . O i l and sma l l  amounts o f  water are 
forced i nto the dev i ce , cau s i ng a rotation  of i nternal parts that separate the two components . 

Another s uc t i on type ut i l i zes t hree types o f  en l a rged suct i on heads that fl oat on the water w i th 
the open i ng a t  the o i l -water i nterface . These u n i ts are portab l e  and q u i ck ly  depl oyab l e .  They 
work  wel l on sma l l s p i l l s  of med i um to l i ght o i l ; they a re not good for heav i e r  b l ac k  o i l s .  

Another type of mechan i cal  s k i mmer operates on the pr inc i p l e that o i l  rather than water wi l l  
adhere to an o l eoph i l i c materi a l . These o l eoph i l i c  type s k i mmers have a cont i nuous  bel t that 
d i ps i nto the o i l s p i l l  and carries  the o i l i n  the mater i a l  i nto a col l ect ion  tank where sma l l  
amounts o f  o i l and water a re squeezed out . The o i l  and water separate and a re pumped out o f  the 
co l l ec t i n g  tan k .  

Z . 6 . 2 . 3  S i te-spec i f i c  c l eanup and contai nment procedu res 

Autho ri ty for c l eanup and contai nment procedu res used i n  case of a s p i l l  a l ong the proposed route 
are found i n  the Nat i onal  Oi l and Hazardous Subs tances Pol l ut i on Conti ngency P l an ( the P l an ) . The 
Pl an provi des for coord i na ted Federa l  act i on to try to p revent d i s charges of o i l  and haz ardous 
s ubstances and to protect the env i ronment from damage when d i scharges occu r .  The Pl an promotes 
Federal -s tate coord i nat i on and encourages l oca l  governments and pr i vate fi rms to bu i l d  
capab i l i t i es for c l ean i ng u p  sp i l l s .  Devel oped i n  comp l i ance w i t h  Sect i on 3 1 1 ( c ) ( 2 ) o f  the 
C l ean Water Act ,  the P l an prov i des for : 

1 .  a s s i gnment o f  respons i bi l i t i e s  among Federal agenc i es , i n  coord i nati on w i th state and l ocal 
agenc i es ; 

2 .  i dent i fi cation , procurement , mai ntenance , and storage o f  equ i pment and supp l i es ; 

3 .  establ i s hment or des i gnation  of a stri ke force to carry out  the P l an and trai ned and 
adequate l y  equ i pped emergency task forces at maj or ports ; 

4 .  a system o f  surve i l l ance and reporti ng to g i ve respon s i b l e Federal and state agen c i es the 
earl i es t  pos s i b l e noti ce of d i scharges of o i l  and hazardous s ubstances or  immi nent threats 
o f  such  d i s charges ; 
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5 .  es tabl i s hment o f  a nat i onal center to p rovide  for coord i nat i on and d i rect i on o f  opera t i ons 
in  carry i n g  out  the P l an ;  

6 .  proced u res for i dent i fyi ng , contai n i ng , d i s pers i ng , and remo v i ng o i l and h azardous 
s u b stance s ; 

7 .  a s chedu l e ,  prepa red i n  cooperati on wi th the s t ates , i dent i fying  any d i spersants or 
other chem i cal s that may be used i n  carryi ng out  the P l an ; 

8 .  a system for reimburs i ng s tates for reasonabl e costs  i ncu rred i n  remo v i ng d i scharges ; 

9 .  a procedu re for coord i nating  s c i enti fi c s u pport of c l eanup operati on s , a sses sment o f  damage 
a fter a s p i  1 1 , and research efforts ; and 

1 0 .  a system for referra l and appeal of dec i s i on s  of the Reg i ona l  Response Teams and On-Scene 
Coord i nato r .  

B ased o n  t h e  P l an ,  dependi ng u pon where a s p i l l  of S RC- I I  l i qu i d  occurs a l ong t h e  proposed 
route , e i ther E PA o r  U . S .  Coast Guard offi c i a l s wou l d  be ca l l ed in to oversee the procedu res . 
The Coast Gu a rd wou l d  hand l e  s p i l l s  i n  the B a l t i more area ; EPA Reg i o n  I I I  i s  consu l ted for s p i l l s  
a l ong the Potomac R i v e r .  

T h e  P l an desi gnates f i ve sequenti al s teps t o  be taken b y  Federa l authori t i es once t h e  sp i 1 1  i s  
reported : 

1 .  i nvesti gate the report to determ i ne perti nent i nforma t i on such  as the threat posed to publ i c  
heal th o r  wel fare , the type and quanti ty o f  materi al  d i scharged , and the sou rce o f  the 
d i s charge ; 

2 .  not i fy Reg i ona l  Res ponse Teams and the Sc i enti fi c Support Coord i nator i n  accordance wi th 
the  appl i cabl e reg i ona l  p l an ;  

3 .  determi ne whether the  person o r  acti v i ty res pon s i b l e for the pol l u t i on i s  proper l y carrying  
o u t  removal act ion s ; 

4 .  offi c i al l y  c l as s i fy the severi ty o f  the d i scharge and determ i ne the course to b e  fol l owed ; 
and 

5 .  determ i ne whether s tate acti on to e ffect removal i s  neces sary wi thi n the mea n i ng o f  the 
C l ean Ai r Act .  

I n  genera l , accordi ng t o  the P l an ,  the company sp i l l i ng the hazardous substance i s  fi ned $5000 
( regard l ess  of the amount s pi l l ed )  and i s  res pons i b l e  for i nst i tut i ng t i me l y  and effect i ve 
c l eanu p .  I n  addi t i on , the company i s  req u i red t o  ca l l the Nati onal  Response Center a t  
( 800)  424-8802 . Once the center i s  noti fi ed , act i on s  are taken a s  s pec i f i ed i n  the P l an to 
both ensure a proper c l eanu p and assess  pos s i b l e envi ronmenta l damage ( e . g . , contam inat ion of 
the water s upp ly) . In the event that the company does not s at i s factor i l y  c l ean up  the s p i l l , 
Federal , s tate , o r  l oca l  author i t i e s  wou l d  i ntervene , c l ean u p  the s p i l l , and charge the c l eanup 
cost  to t he company . 

Reg i on a l  Coast  Gu ard and E PA offi c i al s ,  a sked to d i scuss  the res ponse they wou l d  execu te i n  the 
event o f  an S RC- I I l i q u i d  s p i l l , offered two s i te-spec i f i c  c r i teri a for determ i n i ng c l eanup and 
contai nment procedures : c l imati c cond i t i ons ( s eason and geograph i c  sett i n g )  and type of water 
body . The bas i c  ass umpt i on i n  these d i s cu s s i ons was that SRC- I I  wi l l  behave when s p i l l ed l i ke 
heavy petro l eum No . 6 fuel  o i l .  

Regard i ng the t i me of year , i t  was p o i n ted that No . 6 fue l  o i l  s p i l l ed on water behaves di fferent l y  
i n  summer than i n  wi nte r .  I n  t h e  s umme r ,  No . 6 f u e l  o i l  wi l l  rema i n  on the surface . I n  th i s  
case , c l eanup and contai nment wou l d  u s ua l l y  i nvo l ve boom i ng the area for conta i nment , then 
s k imm i ng , vacuumi ng and mopping  w i t h  absorbent materi a l s for c l eanu p .  On the other hand , i n  co l d 
w i nter weather , heavy No . 6 fuel  o i l  wi l l  s i n k  to the bottom of the wate r .  T h i s  fact , i n  con
j unct i on w i th the second cr i ter i a  menti oned above ( type of water body) , cou l d cause contai nment  
and c l eanup to be d i ff i cu l t .  For examp l e ,  if  the  o i l were to s pi l l  i nto a smal l ,  s l ow-movi ng  
s t ream and s i n k  to the bottom , it  wou l d  not be d i ff i cu l t  to l ocate the o i l  and  c l ean i t  u p .  How
ever , i f  the oi l were to s p i l l  in a fast-movi ng r i ver ( l i ke the Potomac ) and s i n k  to the bottom , 
i t  wou l d  be much harder to l ocate and c l ean u p ,  a s  i t  wou l d  be mov i ng down stream . Nei ther the 
EPA nor  t he Coast Guard s po kesperson cou l d  be more s pec i fi c  in regard to potent i a l  s p i l l s .  
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l . 7  HYD ROTREAT I NG AS A MEANS O F  M I T I GATI NG S P I LL I MPACTS 

Pre l i mi nary fi nd ings from an Ames test i nd i cate that hydrotreati ng may res u l t i n  s i gn i fi cant 
reduction  of the mutagen i c  acti v i ty of the SRC- I I l i q u i d  product . 1 1  I f  these res u l ts are con
fi rmed ,  i t  wou l d  appear that the  poten t i a l  heal th effect s  of sp i l l ed S RC- I I  l i qu i ds  cou l d  be 
s i gn i fi cantly redu ced by such treatment .  

Di st i l l ate coal  l i q u i d  f rom the S RC- I I process was hydrotreated i n  a bench-scal e process  u n i t  at 
the Bartl esv i l l e  Energy Tec hnol ogy Center to  prov ide  a range of mi l d l y  upgraded products for 
compo s i t i onal  c haracter i z at i on and subsequent screen i ng of b i o l og i ca l  acti v i ty by the Ames tes t .  
The process i nc reased hydrogen content from 8 . 4  t o  1 0 . 8  w t  % ,  wh i l e  3 0  t o  1 00% o f  the combi ned 
n i t rogen was removed . When 3 5% of the n i trogen was removed , mutagen i c  acti v i ty was reduced by 
an order of mag n i tude . Removal  of 65% of the n i trogen from the SRC-I I p roduct resul ted i n  a 
l evel  of mutage n i c  act i v i ty that was i nd i s t i ng u i shab l e  from that of a control test .  See Sec t .  4 . 1  
o f  the E I S  for further d i s c u s s i on of hydrotreati ng . 

l . 8  TRANSPORTAT I ON REGULATI ONS 

The U . S .  Department of Transportati on ( DOT ) , Offi ce of Hazardous Mater i a l s  ( OHM ) , i s  ass i gned 
the  respons i b i l i ty of regu l at i ng hazardous  materi al s s im i l ar to SRC- I I l i q u i d  whi l e  in transport . 
An exten s i ve set  of reg u l at ions  cover i ng a l l phases of transportat i on from the t i me the mate r i a l  
l eaves t h e  s h i pper t o  t h e  t i me i t  reaches t h e  cons i gnee h a s  been created by OHM t o  protect the 
pub l i c  i nterest .  The fol l ow i ng s ec t i on presents the regu l at i on s  perti nent  to the s h i pment of 
S RC- I I l i qu i d ,  as wel l as  the most l i ke l y  means by wh i c h  it wi l l  be sh i pped . 

S i nce the pri mary equ i pment for SRC-I I l i q u i d  s h i pments are ra i l  tank cars , a descri ption  of the 
u n i t  tank car  tra i n  i s  presented in the second part of th i s  sect ion . 

The DOT regu l at i on s  most c l ose ly  appl i cabl e to t ransport of SRC - I I  products  a re new and amended 
regu l at i on s  and do not yet s pec i fi ca l l y  i nc l ude SRC- I I  products . The m i s ce l l aneous category 
" not other spec i f i ed" ( N . O . S )  wou l d  apply to SRC- I I  l i q u i d  t ransport at t h i s  t i me .  The component 
e l ements  of S RC-I I l i q u i d  are s im i l a r  to both the m i dd l e  and heavy petro l eum d i s t i l l ates . For the 
pu rpose of t h i s prel i m i n ary anal ys i s ,  federal reg u l at i on s  for d i s t i l l ate transport can be as sumed 
to be appl i cabl e for S RC- I I l i qu i d  s h i pments . 

The DOT regu l ati ons dea l i ng w i th the s h i pment of hazardou s mater i a l s are stated i n  49 CFR  
Parts  1 00- 1 77 . There a re f i ve subsect i ons of  the Federa l Code that  are appl i cabl e to  s h i pments 
of S RC- I I product s :  

l .  Subsec t i on 1 7 2 . 1 00 fo r s h i ppi ng proper name , 

2 .  Su bsect i on 1 72 . 200 for descr i ption  o f  hazardous materi al s on s h i pp i ng papers , 

3 .  Su bsecti  on 1 72 . 300 for mark i ng and l abel i n g requ i rements , 

4 .  Subsec t i on 1 72 . 400 for packag i ng spe c i f i ca t i on s , and 

5 .  Subsect i on 1 7 3 . 1 1 9  for s pec i fi cati on of tank cars . 

I t  wi l l  a l s o  be necess a ry to mark each tank car wi th e i ther t he proper s h i pp i ng name or the common 
name of the c hemi cal . The ma rki ngs  must  be of a spec i fi c  s i ze , 4 i n .  or more i n he i gh t  and a 
m i n i mum of 3 /4 i n .  between eac h  l etter . They must be affi xed to both s i des of the tank car and i n  
pl a i n  v i ew .  F i nal l y  any tank  car ma rked i n  th i s  way may not be u sed t o  transport any other 
mate r i a l  u n l ess the marki ngs  are removed . 

The l as t  regu l at i on that wou l d  appl y to S RC- I I  l i qu i d  s h i pments i s  the use  of pl acard s . P l acard i ng 
on ly  appl i e s  to vol umes over 640 ft3 and/or  1 200 l b  and requ i res t hat the s h i pper i dent i fy the 
hazardou s mater i a l  by means of t he appropriate pl acard . The pl acard must be d i spl ayed at each 
end and each s i de of the s h i pp i ng conta i n e r .  For SRC- I I  l i q u i d  s h i pments the pl acard wou l d  
i den t i fy the contents a s  e i ther combu s t i b l e o r  fl ammab l e ,  depend i ng o n  the exact chem ica l  compos i -
t i on o f  the produc t .  

l . 9  DESCRI PT I ON O F  TRANS PORTAT I ON EQUI PMENT AND SAFETY FEATURES 

The t ransportati on anal ys i s  i s  based u pon s pec i f i c  a s s umpt i ons regardi ng produc t i on and sh i p p i ng 
quan t i t i es o f  the S RC- I I l i q u i d  products . Al though t he p roposed Fort Mart i n  demonstrat i on pl ant 
i s  capab l e of produ c i ng a mix of u s ab l e energy products , the transporta t i on analys i s  exami nes 
t he l argest pos s i b l e  produc t i on ( 1 3 ,800 bb l /d )  for transport requ i rements and/or transportat i o n-
rel ated acc i dents . 
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I t  i s  a s s umed that the l 3 ,800-bb l /d production  capac i ty i s  of a s i ng l e homogeneous product for 
transpo rt . P l ans are to use  two un i t tra i ns of 74 tank cars each ; the capaci ty o f  each tank  car 
is  20 ,000 gal , or 72 . 4  net tons , ma k i ng each 74-car un i t  tra i n  capab l e  o f  hau l i ng 5357 . 6  tons of 
SRC - I I products . Each  u n i t  t ra i n  i s  capabl e of hau l i ng 2 - 1 /2 days ' production  from the Fort 
Mart i n  demon strat i on p l ant w i th extra capac i ty of 1 1 2 . 2  tons , or a pprox i mate l y  1 . 55 tank cars . 

I t  has been estab l i shed , however , that actual  product i on rate duri ng the f i rst  fou r to f i ve years 
o f  opera t i on wi l l  be cons i derab ly  l es s  than 1 00% of fu l l p l ant capaci ty .  Duri ng the f i rst year 
of operat i on ,  the p l ant i s  expected to operate at on ly  about 1 8% of capaci ty .  P roduct ion  i s  
expected to i nc rease to 50% i n  the t h i rd yea r and to 80% i n  the fi fth year o f  operat i on ( see 
Append i x  C ) . Because of the l im i ted produc t i on rate dur ing  those years , i mpacts con s i dered i n  
th i s  sec t i on are somewhat overstated . 

l . 9 . l  U n i t  tank  car  tra i n  

The s pec i f i c  transportat ion req u i rements of the Fort Mart i n  pl ant suggest the ut i l i zat ion  of tank  
car  u n i t  tra i n s  for  the s h i pment of S RC - I I l i q u i d .  The  cu rrent state of the  art for  the  s h i pment 
of homo genous bu l k l i qu i d s  i s  a system of i nterconnected tank  cars devel oped by Genera l Ame r i can 
Transportat i on Corpora t i o n  ( GATX ) ( Domi n i c  Conova , GATX Termi na l  Corporat i on , personal commun ica
t i on ,  Oct . 28 , 1 980) . The  system , whose reg i s tered trademark  i s  "Tan kTra i n , "  offers a wi de 
range o f  advantages over conventi onal  u n i t  tra i n  des i gn .  The un i que i nterconnect i on system of 
e l bow p i pes and f l ex i b l e hose enab l e the u n i t  t ra i n  to be l oaded and un l oaded from an i nd i v i du a l  
t a n k  car , an apprec i ab l e improvement over the convent i ona l  method of l oad i ng a n d  un l oad i n g  each 
car i nd i v i dua l l y .  

Th i s  mod i fi cat i on , i t  i s  though t ,  wou l d  have a pos i t i ve i mpact o n  both the human envi ronment 
and the envi ronment i n  genera l , as wel l as prov i d i ng a number of cost advantages for the s h i pper . 
Because o f  the s i ng l e prod uct l i ne connect i on feature , the number of persons handl i n g l oa d i ng and 
un l oa d i ng operat i ons i s  d ramat i ca l l y  reduced . The harmful  effects of c l i mb i ng on cars , open i ng 
manways , handl i ng f i t t i ngs , and bei ng exposed to the commod i ty and i ts harmful  vapors are a l l 
m i n i m i z ed .  Th i s  s ame feature a l l ows d i rect tran s fer of the l i q u i d  commod i ty to hol d i ng fac i l i t i e s  
or subsequent tran s portat i on modes , reduc i ng t h e  poss i b i l i ty of s p i l l age o r  vapor l os s  t h a t  i s  
u sua l l y  assoc i ated w i th convent iona l  un i t  tra i n s .  The cap i tal  costs are reduced through th i s  
system by m i n i m i z i ng l oad{ng and un l oad i ng t i me and thus  m i n i m i z i ng tu rnaround t imes . 

l . 9 . 2  Spec i f i cat i on for ra i l  tank  car  and barge cons tructi on des i gn and requ i red s afety features 

l . 9 . 2 . l  Ra i l 

T i t l e  49 Code o f  Federa l Regu l at i ons Part 1 79 ,  Subparts ( A ) , ( B ) , and ( D )  deal  exc l u s i ve l y  wi th 
the des i gn requi rements for ra i l  tank  cars . There are several areas i n  tank  car des i gn  that must  
meet the  s pec i fi cat i ons out l i ned in  these  regu l a t i ons . The  most i mportant area s are the  th i c k 
n e s s  of t h e  tan k wal l s ,  t h e  type of wal l materi a l s ,  a n d  t h e  types of l oadi ng-un l oad i ng and 
s a fety rel i e f  va l ves . 

A major  manufacturer  of rai l tank cars was contacted to determ i ne wh i ch DOT spec i f i ca t i on s  are 
the current s tandard for petrol eum tank cars and wou l d  the refore be acceptab l e  for S RC - I I  l i qu i d  
prod ucts . The man u factu rer i dent i f i ed three des i gns that are i n  use  today for petrol eum products  
( Domi n i c  Conova , GATX Term i na l  Corporat i on , personal commu n i ca t i on , Oct .  28 , 1 980 ) . The DOT 
s pec i fi cat i ons fo r these three des i gns  are 1 03W , l l l A60Wl , and l l l A1 00Wl ( Tab l e l . 24 ) . De s i gn 
1 03W ra i l  cars are too he avy and costly compared to cars bu i l t  i n  accordance w i th the other two 
s pec i f i cat i ons . The  maj or i ty of petrol eum ra i l  cars a re b u i l t  to meet s peci f i cat i on l l l A1 00Wl 
beca use  they can then be down rated to a l l l A60Wl car by u s i ng a 35-ps i  val ve i n  l i eu of a 7 5 -ps i  
va l ve . Th i s  system permi t s  greater c ar u t i l i zati on by upgrad i ng to  a l l l A1 00Wl car , when 
necessary .  Th i s  fl ex i b i l i ty i n  car des i gn makes pos s i b l e  the mai ntenance of a l ower i nventory of 
cars . Thus , e i ther of the two des i gns i s  acceptabl e for the s h i pment of S RC - I I  l i qu i d ,  a fact 
that i ncreases  the avai l ab i l i ty of ra i l  tank cars . These are examp l es of ava i l ab l e equ i pment 
u sed to s h i p s i m i l ar commod i t i es . DOE w i l l  se l ect equ i pment w i th equ i va l ent or  greater s a fety 
features as deemed appropri ate .  

l . 9 . 2 . 2  Bar� 

The barges that wi l l  hau l  the SRC fuel to consuming  u t i l i t i es wi l l  probabl y be converted o i l  
barges . The standard s i ze s  o f  l i qu i d  ca rgo ( tank ) barges used i n  the i n l and and coa s ta l  waterway 
t rade are l i s ted i n  Tab l e l . 2 5 .  
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Table Z.24. I ndividual rail lank c a r  specification requirements 

1 03W 1 1 1 A60W 1 a 1 1 1 A 1 00W1 a 

M aterial  (see 1 79.200-7) Steel Steel Steel 
I nsulat ion (see 1 79.200-4) Optional O ptional O ptional 
B u rsting p ressure, psi (see 1 7 9.200-5) 240 240 500 
M in im u m  plate thick ness, i n .  

S he l l  (see 1 79.200-6) 1 70.201 -2 7/ 1 6  7/ 1 6  
H eads (see 1 79 .2 00-6 and 1 79.200-8) 1 79.201 -2 7/ 1 6  7/ 1 6  

Dome Required None None 
M in imum expansion capacity (see 1 79.200-14)b 2"10 in dome 2"10 in tank 2"10 i n  tank 
Test p ressure, psi (see 1 79.200-22) 60 60 1 00 
Safety relief devices (see 1 79.200- 1 8 )  Valve or vent Valve or vent Valve or vent 
Valve start-to-d ischarge pressure, psi (±3 psi) 35 35 75 
Valve vapor tig ht p ressu re (m in imum psi) 28 28 60 
Valve flow rating p ressure ( m ax im u m  psi)  45 45 85 
Vent bu rsting pressure, psi b 60 60 1 00 
Gaging devices (see 1 79.200- 1 6 )  O ptional Requ ired Req u i red 
Top load ing and u n load ing devices O ptional O ptional Optional 

(see 1 79.200-1 6) 
Bottom outlet [see 1 79.200-1 7(a)J Optional O ptional Optional 
Bottom washout [ ( see 1 79,200-1 7 (b ) J  O ptional O ptional Optional 
C losure fo r manway (see 1 79 .200-1 5)  1 79.20 1 -6(a) 1 79.201 -6(a) 1 79.201 -6(a) 
Postweld heat treatment (HT) (see 1 79.200-1 1 )  HT HT HT 
S pecial references 1 79.202-1 1 79 .202-2 1 79.202-1 

1 79.202-2 1 79 .202-3 1 79.202-2 
1 79.202-3 1 79 .202-5 1 79.202-5 
1 79 .202-4 1 79 .202-6 1 79.202-6 
1 79.202-6 
1 79 .202-1 9 

aTanks converted to D OT -1 1 1  A series f rom existing forge-welded specification. DOT -1 05A300, 
400, or 500 tanks, by mod ification using conversion deta i ls  complying with DOT -1 1 1 A specifi
cation requ i rements, sha l l  be stenci led by substitut ing the letter "F" for the letter "w" i n  the 
specification desig nation. 

b M andatory com p l iance with 49 CFR Part 1 79.20 1 -1 is J a n .  1 ,  1 979. 
Sou rce: Hazardous Materials Regulations o (  the Department o( Transportation, Tariff No.  

BOE-600, Association of Am erican Ra i l roads, Dec. 3, 1 979, p .  453. 

Table Z.25. Standard sizes o f  liquid cargo barges 

used in inland and coastal waterway trade 

Capacity " 
Length B readth D raft 

Tons Ga l lons 
---. ---------- - ----�.- .-.------

1 75 26 9 1 ,000 302,000 

1 95 35 9 1 ,500 454,000 

290 50 9 3,000 907,200 

a Based on an average 7.2 bbllton and 
42 gal/bbl .  

Sou rce: The A merican Waterway Operators, 
I nc . ,  Big Load Afloat, Wash ington,  D C , 1 973, 
p. 27.  
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Z . l O  FATE AND E F FECTS OF  COAL L I QU E FACTI ON PRODUCTS I N  AQUAT I C  E COSYSTEMS 

Z . l O . l  I ntroduc t i on 

Sp i l l s  of l i q u i d  products are among the major potent i a l  envi ronmental  hazards of coal  l i que
fact ion techno l og i es . I t  has been e s t i mated that a commerci a l l i quefact i on i ndustry produ c i n g  
500 ,000 b arrel s per d ay of syntheti c  o i l wo u l d  resu l t  i n  acc i dental rel eases of from 1 000 to 
1 50 ,000 barrel s per year i nto aquat i c  ecosystems . 1 2 Based on these con s i derat i ons , the Advanced 
Fos s i l  Energy Program ( AF E P )  of Oak Ri dge Nat i onal  Laboratory ' s  Envi ronmenta l  Sc i ences D i v i s i on 
has  been conducti ng research on the trans port , fate , and e ffects of synthet i c  oi l s  i n  fres h 
water ecosys tems . Th i s  section  presents the major resu l ts t o  date from the AFEP res earch . 

Object i ves of the synthet i c  o i l s  res earch program are : ( 1 )  compari son of the tox i c i ty o f  
c o a l  l i quefact i on products , s ha l e o i l s ,  a n d  petrol eum products to aq uati c p l ants a n d  a n i ma l s ;  
( 2 )  i denti f i c at i on o f  the pri n c i pa l  water-so l ub l e tox i c  con s t i tuents of synthet i c  oi l s ,  ( 3 )  
exam i n at i on o f  the effects o f  ref i n i ng and proce s s  condi t i ons on the tox i c i ty o f  synthet i c  
o i l s ,  ( 4 )  exami nat i on o f  the i n fl uence o f  weather ing  processes  ( es pec i a l l y  d i s s ol u t i on , 
photodegra t i on , and evaporati on )  on the tox i c i ty of synthet i c  o i l s ,  and ( 5 )  i nvesti gati on of 
the  l ong -term fate , and the  poss i b l e  e ffects on aquat i c  organ i sms , of synthet i c  oi l res i dues 
i ncorporated i nto s ed iments . 

Object i ves ( 1 )  through ( 3 )  have been i nves t i gated to some depth to date . Pre l i m i nary resu l ts 
that address object i ve ( 4 )  h ave been obta i ned ; work on objecti ve ( 5 )  has not yet been i n i t i ated . 

Z . l O . 2  Exper i mental  approach 

Z. 1 0 . 2 .  1 Water-so l u bl e  frac t i ons ( WSFs ) 

The f i rs t  two years of t h i s  research have focused on water-sol ub l e  fract i ons (WSFs ) of o i l s  
for s everal  reasons . ( 1 )  Stud i es w i th petrol eum products i nd i cate that t he water-sol ub l e 
components of o i l s  are res pons i b l e  for most of the o i l ' s  acute effects on phytopl ankton , zoo
pl ankton , and fi s h . 1 3 , 1 4 ( 2 )  The components o f  an o i l that d i sso l ve rap i d l y  i nto water after a 
s p i l l  are l i ab l e to a ffect a l arger area than the o i l  s l i ck i tsel f .  ( 3 )  Expos ure o f  orga n i sms 
to d i ss o l ved oi l components wi l l  occu r even i f  the und i s s ol ved oi l i s  recovered . ( 4 )  B i oassays 
wi th WS Fs av o i d  the experi mental d i ffi cu l t i es i nherent i n  tests wi th i ns o l ubl e and i mmi s c i b l e 
mater i a l s .  

After a rev i ew of the  l i terature , a procedu re was se l ected that has been w ide ly  used i n  
stud i es on petrol eum for W S F  preparat i on .  O i l i s  fl oated on water i n  a c l osed g l ass  vessel  
at  a rat i o  of 1 : 8 , a rat i o  widely u sed in  petro l eum tox i c i ty tes t i n g . The m i xture i s  st i rred 
gent l y  for a predetermi ned l ength of t i me , and the aq ueous phase ( the WS F )  i s  then separated 
from the o i l  and f i l tered to remove o i l drop l ets . Except in experiments on photodegrada t i on , 
WSFs are prepared i n  the d ark ( o r under g o l d  fl uorescent l i gh t s )  to avo i d  photoc hemi ca l  
changes i n  the o i l s  or W S Fs . Th i s  procedure res u l ts i n  reprod uc i b l e ,  eas i l y handl ed sol uti ons 
t hat can be compared wi th many publ i shed stud i es on petrol eum . 

A s im i l ar experimental apparatus  has been u sed to q uanti tate concentrati ons and rates o f  d i s 
so l ut i on o f  synthet i c  o i l  contam i nants . O i l  i s  l ayered onto water i n  a c l osed g l a s s  ves se l  
at a vol umetri c rat i o  of 1 : 1 40 to perm i t  the  o i l  added ( 25 ml ) to s pread to a t h i ckness  o f  
n o  more than 2 mm to s im u l ate a t h i n  o i l  s l i ck i n  t h e  envi ronment .  A rec i procat i ng st i rrer 
i s  u sed to prevent vortex format i on .  Water s amp l es are wi thdrawn at  i n terval s ,  and d i s sol ved 
contami nants are extracted wi th s o l vents i nto ac i d/neutral  and base fract i ons . Contami nants 
are quant i f i ed after gas chromatograph i c  separat i on ;  i dent i f i cati ons are made by co-chromato
graphy o f  s tandards and by gas c hromatog raphy-mass s pectrometry ( GC -t�S ) ana lys i s .  

Gent l e equ i l i brat i on o f  petrol eum wi th underl y i n g  water i n  a c l osed sys tem may not model  
accu rate l y  e i ther the  mode o f  tox i cant i ntrodu ct i on i n to s eawater or the f i na l  contami nant 
compound d i s tri b u t i on . l s However , ocean i c turbul ence i s  far greater than that of mos t nav igab l e 
ri vers , where synthet i c  o i l  s p i l l age  i s  mos t  l i ke l y , and d i s s o l u t i on of synthet i c  o i l  tox i cants 
is  far more rap i d  t han tox i c ant  d i sso l u t i on from petrol eum ( as wi l l  be presented in l ater 
secti ons of t h i s  append i x ) . Therefore , t he experi mental  di s s ol ut ion system empl oyed i s  more 
l i ke l y  to s imul ate correct l y  contam i nant movement from o i l s  i n to fresh  water than i s  an 
exper imental  sys tem dom i nated by emu l s i fi ca t i on ( i . e . , rap i d  and v i o l ent ag i tat ion ) . Further 
model i ng of actual synthet i c  o i l s p i l l s  may be req u i red to demonstrate concl u s i ve l y  the 
va l i d i ty of t h i s  as sumpt i on .  
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Z . 1 0 . 2 . 2  O i l s  tested 

�10st of the o i l s  u'sed i n  th i s  research were recei ved from the Fos s i l  Fue l s Research Materi a l s 
Faci l i ty of the U . S .  Env i ronmental P rotect ion  A� ency ( EPA) and the U . S .  Department of Energy 
( DO E )  l ocated at the Oak R i dge Nati onal Laboratory . These o i l s  and the i r  E PA/DOE i dent i f i cation  
numbers are  l i sted in  Tab l e  Z . 26 .  Fu rther i nformati on can b e  found i n  ref .  1 6 .  

Table Z.2S. O i ls tested 

O i l  

S R C · I I p roduct 
S R C · I I fue l  o i l  b lend 
Coal  l i q u id A 
Coal l i q u i d  B 
Coal l iqu id C 
Coal  l i q u id 0 
Coal l iqu id E 
Coal l iq u id F 
Coal l iqu id  G 
Coal l iq u i d  H 
Coa l l iqu id I 
Coal l i q u id J 
Coal l iqu id K 
Coal l i q u id L 
Coa l l iqu id M 
Coal l i q u i d  N 
Petroleu m crude oi I 
Petro leu m N o . 2 d iesel fue l 
Petro leum mar ine d iesel fuel  
Petro l e u m  JP·5 jet fu el 
Petroleum resid u a l  A 
Petro i"u m resid u a l  B 
Petroleu m resid u a l  C 

a O bta ined from producer. 
b O btai ned from local d istr ibutor .  

EPA/DOE No.  

C R M · 1  
1 70 1  

a 
1 1 1 6 
1 1 0 1  
1 308 
1 309 
1 3 1 0  
1 3 1 2  
1 3 1 3  
1 3 1 4  
1 60 1  
1 602 
1 603 
1 604 

a 
C R M ·3 
b 
46 1 6  
46 1 4  
5401 
5402 
6 1 0 1  

Tab l e  Z . 27 s hows d en s i t i es a n d  v i scos i t i e s  of the o i l s  u sed i n  d i sso l ut ion  stud i es . Two SRC- I I  
products were tested as wel l a s  three other coal -deri ved l i qu i d s  and a petro l eum crude o i l .  The 
SRC- I I  produ cts ( wh i ch were col l ected from d i fferent p i l ot p l ant product i on runs ) are i nter
med i ate in v i sco s i ty between a raw coal  l i qu i d  ( A) and l i ght and heavy d i sti l l ates of a hydro
treated oi l ( B  and C ,  respect i ve l y ) ; they are con s i derab ly  l ess  v i scous than the pet ro l eum c rude 
tested . The SRC- I I  products were the densest of the s i x  o i l s .  At 5 ° C  the den s i t ies  are greater 
than that of water , and at 2 5 ° C  the dens i t i e s  a re l ess ; thus at temperatu res bel ow about 1 5 ° C  
the S RC- I I  o i l s  s i n k ,  a n d  at h i gher temperatures they fl oat . 

Table Z.27. C haracteristics 01 oils tested lor 

dissolution 01 water-soluble contaminants 

O i l  

.. _ - --------

C o a l  l iq u id A 
Coal  l iq u id B 
Coal  l iqu id C 
Petro leum crude 
S R C -I I product 

----------- -- - - - -- - -

Dens ity 
V Is cos ity at 25° C (cS ) ------- - -. 

5° C 25° C 

2.82 0 .9 1 68 0.91 1 1  
1 .23 0. 8276 0.8 1 25 

2 1  0 .9731 0.9581 
202 0.9453 0.9320 

7.42 1 .0088 0.9940 
S R C - I I  fue l  o i l  b lend 7 09 1 .0094 0.9950 
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Z . 1 0 . 3  ��lpa ra t i ve tox i col ogy of o i l s  

Z .  1 0 . 3 . 1  Al gae 

water-sol u b l e  frac t i ons ( WS Fs ) of natural  and synthet i c  o i l s  were tes ted for the i r effects on 
photosynthes i s  by freshwater a l gae .  The  test organi sms were Se lenas trum capricornutum, a 
u n i cel l u l ar green a l ga that has been recommended by the EPA fo r chem ica l  hazard asses sment , 1 7  
and Microcy s tis aeruginosa, a nonni trogen - f i x i n g  u n i ce l l u l ar b l ue-g reen a l ga .  The b i oassays 
measu red effects o f  WSFs on organ i c  ca rbon u ptake in 4-h exposu res . 1 8 , 1 9 Resu l ts a re exp res sed 
a s  percentages of control s .  I n  some experi ements , EC 2 0 va l ues ( WS F  concentra t i ons cau s i ng 20% 
i nh i b i t i on of photosynthes i s )  were e s t imated by i nterpo l at ion on a p l ot of phytosynthes i s  versus  
l og concentrati on . 

Tab l e  Z . 28 l i s ts E C2 0 s  for a l l WS Fs tested . 2 o Val ues fo r coal  l i qu i d  WSFs were one to two 
orders of magn i tude bel ow those for petro l eum WSFs . Crude petro l eum was not tested , but 
petrol eum c rudes a re genera l ly l ess  tox i c  than refi ned petro l e um products . 1 4 , 2 1 , 2 2  

Table Z.28. Acute tox icity o f  WSFs to freshwater algae 

0 [ 1  

S R C - I I  fue l  o i l  b lend 
Coa l  l iq u [d A 
Coal  l iq u [d 0 
Coal  l iq u id E 
Coal  l iq u id  F 
Coa l  l i q u id G 
C oa l  l i q u id H 
Coal  l i q u id I 
Coal  l iq u id J 
Coa l  I [q u id K 
Coal  l iq u id L 
Coal  l i q u [d M 
Coal  l iq u id N 
P etro leum N o .  2 d [esel f ue l  
P etro leum mar ine d iesel fuel 
Petro leum J P-5 jet fue l  
Petro leum res idua l  A 
Petro leum res idua l  B 
Petro leum res idua l  C 

E C ,o "  

Selenastrum 
capricornutum 

-- - - --- - - --- - --- - -

0.83 
0.29 
0.25 
0.30 
0.063 
0.0 1 9  
0 . 1 6  
0 .0 1 9  
0 .42 
0 .57  
0 .68 
0.60 
0 63 

1 5  
1 3  

1 00 
1 00 
1 00 
1 00 

Mlcrocys tis 
a e rugmosa 

0.63 

0.46 
0.26 
0 1 3 
1 . 4 
0 . 1 5  
0 . 1 3  
0 . 9 1  
0 . 7 5  
1 . 4 
1 . 6  
1 1  

25  

1 4  
1 0 0  

63 

" WS F  concentrat ion ( pe rcen t  d i l u t [ o n )  caus i n g  20% I n h [b [ t [on  
of p hotosyn thesis 

Z . 1 0 . 3 . 2  Daphnia maUna 

Water-sol u b l e  fract i ons ( WS Fs )  of o i l s  deri ved from coal and petrol eum were tested fo r acute 
tox i c i ty to the freshwate r cru s tacean Da�hnia magna i n  48 s tandard b i oas says . 2 3 Several of the 
WSFs were a l s o  exami ned i n  28 stat ic-renewal experi ments to mea s u re c hron i c  effects on D. mauna . 
The res ponses measu red i n  the c hron i c  tests i nc l uded l i fe s pan , day o f  f i rst brood rel ease , 
number of broods per fema l e ,  number o f  young per fema l e ,  and number of young per brood . Res u l ts 
are summari zed i n  Tabl e Z . 2 9 .  WSFs of two refi ned petrol eum prod ucts were s l i ght ly  tox i c to 
D. mauna wi th 48 -h LCs o va l u es o f  30 and 67% res pect i ve l y .  Petrol eum res i dua l  C was nontox i c .  
I n  contrast , the WSFs  o f  the coal  l i quefac t i on products had LC s o s  rang i n g from 0 . 2  to 4 . 6% .  The 
SRC- I I  fuel o i l  bl end was the second mos t  tox i c  product tes ted wi th an L C � o  of 0 . 3% .  

At much l ower W S F  concentra t i ons , more chron i c  effects than acute effects were observed . The 
number of young produced per fema l e  ( over her enti re l i fetime)  was the mos t  sens i t i ve parameter 
measured i n  the 28-d test s .  Coal  L i qu i d  G a ffected reprod ucti on a t  a concentration  o f  0 . 0 1 6% 
WS F .  Petrol eum No . 2 d i esel  fuel  produced no chron i c effects be l ow 20% WSF . Thus , the d i ffer
ences between the tox i c i t i es of coal  l i qu i ds  and petro l eum were greater i n  the chron i c  b i oassays 
than i n  the acute b i oa s s ays . I n  separate stud ies , l ow concentra t i ons of Coal  L i q u i d  A WSF 
reduced res p i ra t i on rates and g raz i ng rates in  D .  magna . 
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Table Z.29. Acute a n d  chronic toxicity 01 
WSFs to Daphnia magna 

O i l  

SRC - I I  f u e l  o i l  b lend 
Coa l  l iq u id A 

Coal  l iq u id E 
Coal  l iq u id F 
Coal  l iq u id G 
Coa l  l iq u id H 
Coal  l iq u id I 
Coal  l iq u id J 
Coal  l iq u id K 
Coal  l iq u id L 
Coal  l iq u id M 
Petro le u m  N o . 2 d iesel f ue l  
Petroleum marine d iesel fue l  
P et role u m  res idua l  C 

48-h Lc./ 

0.3 

4 . 6  
2 . 5  
0 .24 
1 .0 
2 . 5  
0 .4  
0 . 5  
1 . 5 
1 7 

30 
67 

1 00 

28-d L O E Cb 

0.58 
0 92 
0 .0 1 6  
0 25 

20 

H WSF co ncentrat ion ( pe rcent d i l u t ion )  that  k i l led 50"/0 of 
the test  o rgan isms i n  48  h 

b Lowest WSF concent rat ion ( pe rcent d i l u t ion )  at w h ich 
s i g n i f icant effects o n  reproduct ion  were observed I n  2 8  d 

Z . 1 0 . 3 . 3  Sed i ment mi crobi al  commu n i t i es 

Sed i ment m i c ro b i a l  commu n i t i es i n  l aboratory m i c rocosms were treated wi th Coal L i qu i d  G and 
petro l eum mar i ne d i ese l  fuel  semi -conti nuou s l y  for three month s .  Dehydrogenase acti v i ty ( a  
mea s u re o f  m i crobi a l  res p i rat i on )  and adenos i ne t r i phosphate ( ATP , a meas ure o f  mi crob i a l  b i o 
mas s )  were s i gn i f i cant l y  redu ced by t h e  l i quefacti on product ; on ly  dehydrogenase was affected by 
the  mari ne d i ese l  fuel . At t he end of the experiment , four other structural  features and seven 
other m i crob i a l  func t i ons were assayed in the mi crocosm sedi ments . None of the structural  
mea s u rements showed s i gn i fi cant effects from the oi l treatments . However ,  many of the mi crob i a l 
fu nct i ons (m i neral i za t i on of g l u cos e ,  protei n ,  starc h ,  l i p id , and naphtha l ene ) were s i gn i f i cant l y  
h i gher i n  t h e  m i crocosms treated w i th the l i quefact i on produ ct  than i n  t h e  control s .  Starch , 
prote i n ,  and l i p i d  m i neral i zat ion were a l s o  s t imu l ated by the mari ne d i ese l  fuel . 2 4 

Z . 1 0 . 3 . 4  Pond ecosystems 

The WS F of the S RC- I I fue l  oi l b l end was appl i ed to two SO - l i ter pond mi crocosms conta i n i ng 
wate r ,  sed i ment , and a comp l ex b i ot i c  commun i ty .  The WS F concentrat ion i mmed i ate l y  after treat
ment was 1 % ,  near the th res hol d for photosynthet i c  i nh i bi t i on as determi ned by a l ga l  bi oassays 
( Sect . Z . 1 0 . 3 . 1 )  and approx i mately  three t imes the 4S-h L C s o  for Daphnia magna ( Sect . Z . 1 0 . 3 . 2 ) . 
The t reatment res u l ted i n  a gradual  dec l i ne i n  pr i mary product i on to very l ow l evel s over a two 
wee k peri od . A l arge port i on of the domi nant p l ant popu l at ion ( the pondweed E lodea ) was 
destroyed , and the major a l ga l  taxa ( Spi�ogy�a and benth i c  d i atoms) were e l i m i nated ; zoopl ankton 
d i sappeared . Sna i l s  moved out of the water and rema i ned above the waterl i ne on the wal l s  of the 
m i croco sms . For two to four weeks after the WSF  was added , the systems were near ly  anaerob i c .  
A gradu a l  recovery ensued . E lodea res umed growth , and b l ue-green a l gae repl aced the benth i c  
d i atoms . The s n a i l s  returned to the water and began produ c i ng egg masses . Pr i mary product i on 
rebou nded , reac h i ng pretreatment l evel s after 6 to S week s .  These experimental ecosystems thus  
res ponded more dramat i ca l l y  than the s i mp l e  a l ga l  b i oassays to t h i s  WSF , but the  major  effects 
were trans i ent . Ecosystem funct i on ( energy and nutr i ent  f l ow )  recovered f rom the treatment ,  but 
certa i n  changes in commun i ty structu re ( such  a s  the repl acement of d i atoms by b l ue-green a l gae ) 
persi s ted unt i l  the experiment was term i nated at e i ght  weeks . 2 5 

Z . 1 0 . 3 . 5  Summary 

Water-sol u b l e  fracti ons ( WS Fs ) o f  the S RC- I I  product and other coa l  l i q u i d s  we re tox i c  to fresh
water a l gae and i nvertebrates at much l owe r concen trati ons than  WSFs  of petro l eum products . 
E ffects on Daphnia magna reproducti on occurred at W S F  concentra t i ons as l ow as 0 . 01 6% for  coal  
l i qu i ds , compared wi th 20% for petrol eum No . 2 d i ese l  fue l . Coa l  l i qu i d s  and the i r  WSFs pro
duced s i gni fi cant e ffects  on pr imary produ cti on , mi crob i a l act i v i ty ,  and other functi ons of 
aqu a t i c  ecosystems . 



l . �O . 4  Compo s i t i on of WS Fs 

l . l O . d . l  C hemi cal  analyses 

l-40 

In  contrast to the wel l -known compl ex i ty of synthet i c  o i l s ,  WSFs  are rel ati ve l y  noncompl ex ; more 
than 99% o f  the total water so l u b l e mater i a l  ( on a mass bas i s )  cons i st s  of about 30 compou nd s .  
An al yses o f  WS F s  o f  several  o i l s  a re shown i n  Tab l e  l . 3 0 .  Maj or consti tuents i nc l ude phenol , 
cresol  i somers , CH2 -phenol s ,  an i l i ne , tol u d i nes , and C2 -an i l i nes ; C 3 - and C4 -pheno l s and ani l i ne 
i s omers have al so been detected at l ow concentrat i on s . I n  contras t ,  v i rtual l y  no phenol i c  or  
bas i c  compounds were measured i n  water equ i l i brated wi th a petro l eum c rude o i l  ( cons i s tent with  
reports by  other  i nvesti gators ) .  Gas  c hromatograph i c  s cans of the WS Fs of coa l  l i qu i d s  we re 
nearl y i dent i cal , i nd i cat ing  l i tt l e  qua l i tati ve d i ffe rence among t he va ri ous  synthet i c  o i l s .  I n  
no case was chromatograph i c  or  m a s s  s pectrometri c ev i dence for n aphtho l s  or  polyhydr i c  pheno l s  
( e . g . , resorc i nol  o r  catechol ) found , a l though these compounds may be present at concentrati ons  
bel ow t he procedura l  detection  l i m i t  ( 1  mg/ l i te r ) . I n  the Coal  L i qu i d  A base  fract i on , pyr i d i ne 
and a l kyl pyr i d i nes we re tentat ive ly  i denti fied on the bas i s  of e l u t i on pos i t i on but at concen
trat i ons of l es s  t han 0 . 1  mg/l i ter ; they were not observed in the SRC- I I  fuel oi l b l end . 

Table Z.3D. Concentrations (mg/liter) of contaminants in 3500 m illiliters of water 
equilibrated with 25 m il l iliters of oils in laboratory extraction apparatus at 22" C 

Coa l  Coa l  SRC- I I 
SRC- I I  

Petro leum 
l iqu id A l iqu id  B p roduct 

fuel o i l  
c rude 

b lend 

Acids 

Pheno l  39 35 1 75 2 1 0  
o -C resol 26 48 
m-/+p-C resol 57 62 

260 456 

2-ethy lpheno l  1 . 6 5 2  
2 , 4 - /  + 2 , 5-d l methy lpheno l  16  3 1  

1 40 1 78 4-ethy l -/  + 3 ,  5-d imethy lpheno I 27  24 
2 , 3  -d imeth y l p heno l  1 8 2 9  
C . -phenols  ( 2  isomers )  1 3  1 7  46 58 
I ndo le  0 2  1 .8 a 2 1  
C , -phenols  ( 2  Isom e rs )  0 . 1 1 1  a 1 5  

Neutrals 

Toluene 2 6  9 .2  0 5  0 1 0 2  
Xy lenes 1 6  3 9  0 1  0 6  0 1  
N a p h tha lene 5 1  1 5 a a 0 03 
Methy lnaphtha lenes 0 .3  0 7  a a 0 03 

B ases 

n-Ethy l a n l l tne 1 . 5  a a 1 6  0 03 
A n i l i n e  5 3  a a 1 3 6 0 03 
a -T o l u i d i n e  4 . 6  a a 3 5  0 03 
m -/ + p -T o l u id ine  8 .0  a a 23 0 .03 
2 . 4  -d Imeth y lan  i l l n e  1 . 5  a a 6 9  . 0 03 
2 ,3 -/ + 3 , 5 -d imethyla n i l i n e  3 . 2  a a 7 6  0 03 
m -Ethy lan l l i n e  1 1  a a 4 4  0 .03 
C j-an i l t n es ( 5  Isomers) 3 .9 a a 8.0 0 03 

----- - -------- - -

a N ot d eterm ined .  

Al though m - and p-cresol i s omers are not d i s t i ng u i shab l e  under the gas chromatog raph i c  cond i t i ons 
emp l oyed , the  two compounds part i t i on to s i m i l ar extents between o i l  and water and thus  shou l d  
b e  present i n  water i n  t he same proport i ons a s  i n  the o i l . I n  Coal L i q u i d  A ,  rel at i ve concentra
ti ons of m �  and p -cresol i somers were about 3 : 2 (M.  R.  Guer i n ,  ORNL , personal commun i ca -
t i on ) , wh i c h  impl i es a s i mi l a r  rat i o  between m- and p- i somers i n  t h e  WS F .  

Both S RC- I I product o i l s  tested produced concentrati ons of pheno l i cs i n  underl y i n g  water three
to fi ve-fo l d  h i gher than for e i ther Coal L i q u i d  A or B .  S i m i l ar l y , l evel s o f  an i l i nes were 
seve ra l -fo l d  greater in the S RC- I I  fuel o i l b l end WS F than in that of Coal L i q u i d  A .  Concentra
ti ons of mono- and d i aroma t i c s  were an order of magn i tude l ower in t he S RC- I I  WSFs  than i n  
e i ther of the other coal l i qu i d s .  
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Z . l O . 4 . 2  Contri but i on of WSF  c ons t i tuents to tox i c i ty 

As a fi rs t  step towards i denti fyi ng  the pr inc i pal tox i c  con s t i tuents of WSFs , acute b i oassays 
were cond ucted w i t h  a l gae and Daphnia magna on the ether-so l u b l e  ac i d ,  ether-so l ub l e base , and 
neutral s ubfracti ons of WSFs ( p repared u s i n g  an oi l :water rat i o  of 1 : 8 )  from Coal  L i q u i d s  E ,  F ,  
G ,  H ,  and I ,  and Petrol eum No . 2 d i esel  fuel . Tab l e  Z . 3 1 presents the resu l ts of the a l ga l  
b i oas says . Photosynthet i c  i nh i b i t i on of the  two tes t spec i e s  was  most  severe dur ing  expos ure to  
the ether-s o l u b l e bases ; the  neutra l  su bfracti ons were the  l east  tox i c , except in  the  case  of 
petrol eum d i es e l  fuel . These trends we re l es s  con s i s tent in the D. magna b i oassays , but the 
b a s i c  components were s t i l l  the most tox i c  s ubfract ion in three of the WSFs ( Tab l e  Z . 32 ) . The 
neutral  s ubfrac ti on was t he most tox i c  to D .  magna i n  one WS F ,  and i n  one case the fiduc i a l 
l im i t s  for the 48-hr LCs o s  of the three s u bfract i ons overl apped compl ete l y .  

Table Z.31 .  Acute toxicity o f  acid. base. and n eutral 

subfractions of WSFs to two freshwater algae" 

Selena strum Mlcrocystls 
capll c o rn u tum aerugll10sa 

Coal l iq u id E 
ACids 66 89 
B ases 22 43 
N eutra ls  88 (98)  

Coa l  l iq u id F 
AC ids  (87 )  50 
B ases 25 30 
N eutra ls  (90)  ( 9 7 )  

Coa l  l iq u id G 
ACids 32 8 
B ases 2 1  34 
N e u t ra ls  44 60 

Coa l  l iq u id H 
AC ids  1 7  33 
B ases 4 9 
N eutra ls  94 (94 )  

Coa l  l iq u id I 
AC ids  56 ( 1 00 )  
B ases 23 4 1  
N e u t ra ls  ( 1 03 )  (98 )  

Petroleu m N o  2 d iesel fue l  
AC ids  ( 9 7 )  ( 9 9 )  
B ases 7 1  88 
Neut ra ls  87  9 1  

" P hotosynthesIs ( as perce nt o f  cont ro ls )  I n  two a lg a l  cu l tu res 
exposed for 4 h to aC id .  base. and  neut ra l  subf ract lons of  WSFs 
p repa red f rom f ive u n ref i ned coal  l i qu ids  and  one ref ined petro leum 
product .  Each f ract ion w as tested a t  o n e-tenth I tS  concentrat ion in 
the o r i g i n a l  WS F .  N u m bers I n  paren theses i n d icate p h otosyn thet ic 
rates not  s i g n i f icant ly  d i fferent f ro m  cont rols ( P  0 05 )  ( f rom K E 
Cowser. H-Coal Pilot Pla n t  Pro/8ct  Qua rterly Progress Report for 
Pellod Ending June 30. 1 980. O R N L T M -7469. Oak R idge N at iona l  
L aboratory .  Oak R idqe.  Tenn . 1 980)  

To test for l oss  of tox i c i ty dur ing  the fract i onat i on procedure , the s ubfracti ons were combi ned 
to form a reconst i tuted WSF and assayed wi th D. magna . For a l l five Coal L i q u i ds , the 48-h 
LC s o s  of the reconst i tuted WSFs were not s i g n i f i cant l y  d i fferent from those of the ori g i n a l  . WS Fs . These res u l ts confi rmed earl i er f i n d i ngs that the fract i on a t i on proces s does not s i gn i fl 
cant l y a l ter the tox i c i ty of the i nd i v i dua l  subfract ions . 2 3 

Further i ns i gh t  i nto the re l a t i ve contri but i ons of WSF const i tuents to WSF tox i c i ty comes from a 
compari s on of the concentra t i ons of orga n i c  compounds  i n  WSFs wi th t he acute tox i c i t i es of these 
compounds to a l gae  and LJ .  magna ( Ta b l e  Z . 33 ) .  The concentrati ons of pheno l s and an i l  i nes 
in these WSFs are i n  most cases hi gher than the 48-h LC s o  for D .  magna or the EC2 0 for a l gae . 
Of the neutra l  WSF  components , on ly  naphthal ene approaches the acute tox i c i ty concentra t i ons for 
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Table Z.32. Acute toxicity to Daphnia magna of acid, base, and neutral 

subfractions of water extracts of five coal l iqu ids 

S u b f ract lon 

C o a l  l iqu id  E 
C o a l  l iq u i d  F 
Coa l  l iq u id G 
Coa l  l iq u i d  H 
C o a l  l iq u id I 

Acute toxic i ty ( LG.  " ) 

AC ids 

6 .4  ( 5 . &- 7 . 4 )  
1 1 .4 ( 1 0 2- 1 3 .5 ) 
0 48 ( 0 .42-0 .56 )  
1 9 6  ( 1 80- 2 . 1 6 )  
2 .62 ( 2 26- 3 . 08 )  

B ases 

2 .74  ( 2 3- 3 .3 )  
5 .6  ( 4 8- 6 .8 )  
0 . 1 8  ( 0 03-0 .28 )  
4 . 1 4  ( 1 . 4&- 1 3 4 ) 
3.84 ( 3.24 4 62 )  

Neutra ls  

4 60 ( 3 5 7 0 ) 
7 0  (6 2- 8 0 ) 
2 70 ( 2 . 44 3 00 )  
2 08 ( 1  5 8  2 50 )  
0 . 6 2  ( 0 32 1 2 )  

" The  percentage of  t h e  fract ion ated m ateria l  f rom 1 l iter of water 
extract that ,  when d issolved In 1 l i te r  of d i lu t ion  water,  was est im ated to 
h ave k i l led 50% of  the test  an imals  In  48 h .  N u m bers I n  p are ntheses are 
95% f iduc ia l  l i m its ( from K E.  Cowser ,  H-Coal Pilot Pla n t  ProJect 
Quarte rly Progress Report for Period Ending June 30, 1980, ORNLlTM -
7469. O a k  R idge N at iona l  L aborato ry ,  Oak R id g e ,  Tenn  1 980) 

Table Z.33. Concent rations of  organic compounds in WSFs compared with 
acute toxicity concentrations for algae and Daphnia magna 

V a l u es a re in mg/ l i ter 
.-���- .. �-.- . .  �-- -- ------ �- .. -- - . ---

C o m p o u n d  

P henol 
o-C resol 
m-C resol 
p -C resol  
2,4-d imethy lpheno l  
2 ,5-d imethy lpheno l  
C,-pheno ls  
T o luene 
N a p hthalene 

1 -methyl naphthalene 
2-methy l n a ph tha lene 
A n i l i nes 

C oncentrat ion in WSFa 

Coa l  
l iq u i d  A 

39 
26 

57  

1 6  

1 3  
2 ,6 
5, 1 

0. 1 
0 . 2  

29. 1 

S R C - I I  
fue l  o i l  b lend 

2 1 0  

456 

1 78 

58 
0 1  

e 

0 7  

1 00 
.--. - ----

Acute tOXic ity 

Sele n as trum 
capncornutumb 

1 74 

1 1 5 
5 . 7  
3 . 8  

Mlcrocystls 
aeruglnosab 

54  
2 5  
4 6  

25 1 
2 1  

1 4 8d 

80 
0.85 
3 .6 

Daphnia 
magnaC 

30 
1 6  
1 8  

1 . 4 
2 .3  

0 .28
d 

646 
8 
1 .2 

a Data f rom Table 0 0 ,23 .  
b4-h EC" [J M ,  G id d i n gs ,  "Acute Toxic i ty to Selenastrum capncornutum o f  A romatic 

Compounds  from C oa l  C on vers ion,"  Bull, EnViron. Contam, TOXlco l, 23 360-364 ( 1 979 ) :  and 
u np u b l ished d ata] . 

c48-h LG"o  (Parkhu rst, u np u b l ished data ) .  
d D ata fo r  2,4,6-tr imethy lpheno l .  
e N ot determ ined,  
' D ata for  a n i l i ne. 

Lhese orga n i sms . These data are i ncomp l ete , but they are cons i s tent w i th the aci d-base frac 
t i on a t i on res u l t s  i n  i denti fy i ng t he ac i ds and bases rather than t he neutra l  compounds as the 
maj or  tox i c  consti t uents of synfuel s '  WSFs . 

Z . l O . 4 . 3  Sum�ary 

Chem i ca l  anal yses of WSFs from severa l synthe t i c  oi l s  were qua l i tat i ve l y  very s im i l ar .  Maj or 
const i tuents in each cas e were p henol , an i l i ne , and the i r  C ) - ,  C2 - , and C 3 -subs t i tuted deri va 
ti ves . The two SRC- I I WSFs cont a i ned s u b s tant i a l l y  h i gher  concentrat i ons o f  p heno l s  and an i l i nes 
than did two other coal  l i q u i d  WSFs  tested . Nei ther p henol s nor an i l i ne s  were detected in  the 
ES F from a petrol eum c rude WS F .  Consi stent wi th the h i gh degree of tox i c i ty of an i l i nes and 
phenol s ,  these two fracti ons accounted for nearly a l l the tox i c i ty observed in coal  l i qu i d  WSFs 
to aquati c organ i sms . 
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Z . 1 0 . 5  D i s s o l u t i on of o i l consti tuents 

Z . 1 0 . 5 . 1 Di sso l u t i on k i ne t i c s  

Three factors l a rge l y  control t he rates at  wh i ch compounds i n  a n  o i l  l ayer d i s so l ve i nto under
l yi ng wate r :  c haracteri s t i c s  of the o i l  ( pr i mar i l y v i scos i ty ) , characte r i s t i c s  of the water 
( pr i mar i l y  turbu l ence ) , and the equ i l i br i um part i t i on coeffi c i ent  of the compounds between o i l  
and wate r .  I n  l aboratory stud ies , water t urbu l ence was essent i a l l y  he l d  cons tant for a l l o i l s  
( by u se o f  the s ame st i rr i n g  speed ) ; d i sso l ut i on rates were thus  contro l l ed p r i mari l y  by oi l 
v i scos i ty and the o i l -water part i t i on coeffi c i ent  of each contam i nant . 

Tab l e  Z . 34 summa r i zes d i s so l u t i on rate data for several  pheno l i c  compounds for the di fferent 
o i l s  tes ted . D i s s o l u t i on rates a re i nd i cated by the t i me requ i red for 50% approach to equ i l i b 
r i um ( t 1 {2 ) ' ( i . e . , for the contam i nant concentrat i on i n  under ly ing  wa ter to reach 50% of i ts 
f i na l  va u e ) . Thus  a sma l l t 1 / 2 i nd i cated rap i d  d i s so l u t i on of a contam i nant . Several  trends 
a re a pparent in Tab l e  Z . 34 . For each oi l ,  phenol d i sso l ves mos t  rapid l y ;  s ubst i tuted phenol s 
of i ncreas i ng mo l ecu l ar s i ze d i sso l ve mo re and more s l ow l y .  Th i s  trend i s  due to the tendency 
of l a rger phenol s to part i t i on i nc reas i n g l y  i nto the o i l phase . For the one o i l  ( SRC- I I  Fuel  
O i l B l end ) fo r  wh i c h  d i sso l u t i on rates of an i l i nes were measu red , they fo l l owed the same 
pattern as pheno l s but d i s so l ved somewhat  more S l owl y :  t 1 / 2 val ues  for an i l i ne and C 1 - ,  C2 - ,  
and C 3 -a n i l i nes were 2 . 6 ,  4 . 6 ,  6 ,  and 1 2  h respect i v e l y .  The second apparent trend i n  
Tab l e  Z . 34 i s  that phenol d i sso l u t i on rates are i n verse ly  re l ated to o i l v i scos i ty ;  thus , 
phenol d i ssol ves most rap i d l y  from the l i ght d i s t i l l a te o i l  B and mos t  s l owly  from the h i g h l y  
v i scous  petro l eum crude . Th i rd ,  d i fferences i n  d i s sol u t i on rates among o i l s  a re mos t  read i l y  
apparent fo r phenol ( t he most water-sol u b l e  compound ) and become smal l er a s  the phenol s become 
more h i gh l y  a l kyl ated ( and thus  l ess  wate r sol ub l e ) : wh i l e  t 1 / 2  va l ues for phenol d i ffer fo rty
fourfo l d  among the o i l s  tested , correspond i ng ranges for C 1 - ,  C2 - ,  and C 3 -phenol s are fou rteen 
fo l d ,  s i xfol d ,  and fourfo l d  respecti ve l y .  

Table Z.34. Time ( in h )  required for dissolution o f  p henol ics 
from oils to reach 50% of equ il ibrium concentrations 

in u nderlying water in laboratory extractor 

(22° C ,  reciprocating stirrer speed: 600 rpm ) 

o II v iscosity 
at 2 5° C Pheno l  C -Phenols  C -Phenols  

( cS ) 

Coa l  l iq u id A 2 .82 0.3 0 8  2 0  

Coa l  l iq u id B 1 .23 0. 1 0  0 .25 0 9  

Coa l  l iq U id C 2 1  2 .3  3 4  3 .4  

Petro leum c rude 202 4 .4"  b b 
SRC- I I  p roduct  7 .4 2  0 .4  07 1 7 

S R C - I I  fue l  o i l  b lend 7 09 1 . 2  3 . 1  5 7  

C -Phenols  

6 7  

2 3  

4 1 
b 
5 2  

9 1  
-- - - _ . _ _  .-

aO bta i ned f rom "C-Iabeled pheno l  added to o i l  
b N one detected . 

Z . 1 0 . 5 . 2  D i sso l u t i on and WSF  tox i c i ty 

Formal  stud i es of the i nfl uence of d i fferent i a l  di ssol u t i on rates on the tox i c i t i e s  of WSFs 
have not yet been undertaken , but res u l ts of several  pre l i mi nary experiments were con s i stent 
wi th other fi ndi ngs rel at i ve to the d i s sol u t i on and tox i c i ty of speci f i c  compounds .  Compar i -
sons  o f  compound concentrati ons i n  WSFs wi th acute tox i c i ty concentrat i on s  fo r a l gae , together 
wi th b i oas s ays on ac i d ,  base , and neutra l  s ubfrac t i ons of WSFs , po i n ted to an i l ines  and phenol s 
as the  p r i n c i pal tox i c  consti tuents of syn fue l s l  WSFs ( Sect . Z . 1 0 . 4 . 2 ) . Because these c l a s ses of 
orga n i c s  d i s so l ve out of s o i l s  rapi d l y ,  the toxi c i ty of a WSF wou l d  be expected to i nc rease 
re l at i ve ly  rap i d l y  at  fi rst  and then to i nc rease s l owl y  or not at a l l w i th conti nued extrac t i o n  
t i me .  Two experiments wi th Coa l Li q u i d  A were performed t o  t e s t  th i s  hypothes i s .  I n  one 
experiment , an o i l :water rat i o  of 1 : 8 was used in WSF  p reparat i on ,  and a l ga l  b i oassays were run 
after 2 ,  4 ,  and 8 h o f  extrac t i on .  I n  the second experiment , the o i l  :water rat i o  was 1 : 1 40 , and 
extracti on t i mes ranged from 1 to 6 d .  I n  both experiments , the tox i c i ty o f  the WS F w i t h  the 
shortest extrac t i on t i me was near l y  a s  great as that w i th the l ongest extracti on t i me ( Tab l e Z . 35 ) . 
Thu s , res u l ts we re cons i s tent w i th the hypothe s i s  of rap i d , rather than gradua l , i n i t i a l i ncreas e  
i n  WSF  tox i c i ty .  
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Table Z .3S. In fluence 01  extraction t ime on the 
toxicity 01  coal l iq u id A WSF to Selenastrum 

capricornutum 
T ab u lated values a re relative p hotosynthesIs 

expressed as percentages of contro l s  

Exper iment  1 ( o l l :wate r 1 8 ) 
2-h extract ion 
4-h  extract ion 
8-h extract ion 

Exper iment 2 ( o iiwater 1 1 40 ) 
1 -d extract ion 
2-d extract ion 
4-d extract ion 
6-d extract ion 

WSF concentrat ion 
(°'0) 

0 . 1  1 0  

98 7 1  4 . 1  
1 0 3  6 2  3 . 7  
9 9  58 6 . 1  

63 
53 
52 
48 

Another impl i ca t i on of t he sol ub i l i ty data i s  that success i ve extrac t i ons of t he s ame o i l s hou l d  
produce WSFs t hat decrease i n  tox i c i ty a s  phenol s and ( to a l esser  exten t )  ani l i nes are depl eted 
from the o i l . T h i s  was in fact observed in four  success i ve 2-h extracti ons of Coal L i q u i d  A 
( u s i n g  a 1 : 8 rati o ) . Photosynthes i s  by Se lenastrwn capY'icoY'nutuJrI i n  1 0% WSFs of the fi rst , 
second , t h i rd ,  and fou rth extracts waS 1 0 , 2 7 . 2 9 . and 37% of the contro l s  respecti ve l y .  These 
WS Fs were not anal yzed c hemi ca l l y .  but on the bas i s  of the k i ne t i c  stud ies  i t  may be i n ferred 
that the concentra t i ons of unsubst i tuted and C 1 -an i l i nes and p heno l s  i n  the fourth extract were 
much l owe r .  perhaps by an  order of magni tude . than the concentra t i ons i n  the f i rst  extract . The 
fact that cons i derab l e  tox i c i ty rema i ns in the fourth extract i s  con s i stent wi th the suppos i t i on 
that more h i g h l y  subst i tu ted an i l i nes and phenol s ( whose concentra t i ons wou l d  dec l i ne mo re 
s l owly than u n s ubst i tuted a n i l i ne and phenol i n  succes s i ve extracti ons ) are i mportant contri butors 
to the tox i c i ty of the WS F .  

l . 1 0 . 5 . 3  Summary 

I n  f i ve coal  l i qu i ds tes ted . d i s s o l u t i on rates of phenol s decreased as the compounds i ncreased 
in mol ecu l ar s i ze ( a nd decreased i n  water so l u b i l i ty ) . The di sso l u t i on rate of phenol was most 
rap i d  for a l i ght d i s t i l l ate and decreased as o i l s  i n creased in v i s cos i ty . The tox i c i ty of the 
WSF of two coal  l i qu i ds i ncreased rap i d l y  dur ing  the i n i t i a l  pe r i od of extract i on and on l y s l owly 
thereafter . wh i ch suggests that the major components of coal l i qu i ds cau s i ng acute tox i c i ty 
wou l d  d i sso l ve dur i ng the peri od i mmed i ately fol l ow i ng a s p i l l  i n  a ri ver . 

l . 1 0 . 6  E ffects o f  weatheri ng 

l . 1 0 . 6 . 1 Evaporat i o n  

Prel im i nary experiments to  determ i ne l osses of compounds from synthet i c  o i l s  were undertaken by 
expos i ng a 2 -mm t h i c k  o i l  f i l m  ( i dent i ca l  to the d i sso l u t i on rate expe r i ment ) on a 30- by 3C-cm 
g l ass  p l ate to a w i nd of constant ve l oc i ty ( about 1 m/sec ) and meas u r i n g  both we i g ht 
l oss from the fi l m  and l os s  of added 1 4C - l abe l ed compoun d s .  SRC-I I prod uct l ost 1 0% of we i g ht 
w i t h i n  6 h ;  contami nants cont i n ued to eva porate at a decreas i ng rate unt i l , afte r 70 h ,  ove r 37% 
had evaporated . When rad i ol abe l ed benzene was added to a fi l m .  50� evaporated w i t h i n  6 mi n ;  
evaporat i on ha l f-ti mes for phenol . naphtha l ene . and an i l i ne were 6 .  1 6 .  and 68 h .  Al though more 
s tu d i e s  are needed to  exam i ne effects of w i nd speed . temperature . and o i l fi l m  th i c knes s and 
v i s cos i ty .  the i n i t i a l resu l ts i ndi cate t hat , under gen t l e  w i nd cond i t i ons , benzene ( and probab ly  
tol uene ) wou l d  ev aporate far too rap i d ly  to perm i t  di s so l u t i on i n to unde r ly ing  wate r .  I n  con 
trast , phenol and a n i l i ne d i s so l v e  s u ffi c i ent ly  rap i d l y  that evaporat i on wou l d  probab l y  not 
s u bstant i a l ly  reduce expected concentrati ons i n  the water . 

The i n fl uence of ev aporat i on of c omponents of o i l s  on the tox i c i ty of WSFs to a l gae was exami ned 
by extrac t i n g  t he S RC- I I  fuel o i l bl end in open and seal ed f l a s k s  us i n g a 1 : 8 o i l : water rat i o .  
The extrac t i ons were performed i n  the dark and i n  the l i g ht . Expos u re to l i g ht had a dramat i c  
effect on WSF tox i c i ty ( see Se ct . l . 1 0 . 6 . 2 ) . but there were no d i fferences between WSFs prepared 
i n  open or c l osed f l a s k s .  Ev aporat i on was t herefore apparent ly  not s i g n i fi cant i n  reduc i ng the 
tox i c i ty of the WSFs , as ant i c i pated from t he mea s u red evaporat i on rates of an i l i ne and phenol . 2 5 
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Z . 1 0 . 6 . 2  S un l i ght 

To assess  the e ffect of sun l i g ht on contami nants d i s sol ved from coal l iq u i ds i nto the under ly ing 
water , o i l s  were l ayered  onto water ( 1  : 1 40 vol ume rat i o )  i n  the l aboratory extraction  appa ratu s ,  
covered w i th quartz g l ass  to perm i t  transmi ttance o f  u l trav i o l et radi ation , and exposed to 
m i d s ummer s u n l i ght on the l aboratory roof for per i ods  of up to seven days . A c i rc u l at ing  cool 
i ng bath mai ntai ned the o i l -water temperature bel ow 28° C .  Samp l es were col l ected at i nterva l s  
and tested for format i on o f  ox i d ants u s i n g  a n  amperometr i c  techn i que . Addi ti onal  samp l e s  were 
ana l yzed for d i ssol ved contam i nants u s i ng u l trav i ol e t ,  v i s i b l e ,  and i nfrared spectrophotometry , 
and gas chromatogra phy . 

As found prev i o u s l y  for N o . 2 fuel  o i l ,  oxi dants we re observed by amperometry to accumu l ate i n  
the water bel ow each coal -deri ved o i l  tested . 2 6 Ox i dant format i on occurred on l y  d u r i n g  dayl i g ht 
and was most pronounced d u r i n g  c l ear , bri g ht days . As reported prev ious l y ,  no oxi dants were 
measured in water underl yi ng t he petro l eum c rude o i l . 2 6 

Al though oxi dant l evel s i ncrea sed l i nearly i n  wate r underl yi ng a Coal L i q u i d  A samp l e  when 
tested , few othe r c hem i c a l  c hanges were observed . Gas chromatog raphi c scans  of ac i d , base , and 
neutral fract i on s  of l i ght-exposed and nonexposed wate r samp l es col l ected each day over seven 
days were i dent ica l , a l thoug h  i nfrared scans i nd i cated the presence of carbonyl funcctiona l i ty i n  
the l i ght-ex posed samp l e s  w h i ch was not present i n  the dark control s .  

Two experiments were performed to measure the effect of sun l i ght on the tox i c i ty of WSFs to 
a l gae . The experiments are summar ized i n  Tab l e Z . 36 .  I n  both cases , exposu re of the o i l to 
s u n l i g ht d u r i n g  WSF extracti on c au sed the tox i c i ty of the WSF to i nc rease , a l though the magn i tude 
of the i ncrease was d i fferent in the two expe riments . Tox i c i ty of the Coa l L i q u i d  A WSF to 
Daphnia magna was a l s o  about two-fol d greater after e i ght days ' exposu re to s u n l i g ht ;  the LC so  
dec l i ned stead i l y  from 2 . 85% d i l uti on on day 2 to 1 . 60% on day 8 .  The  effect o f  sun l i ght on the 
WS F of a petro l eum c rude was cons i derab l y  more pronounced . The LCso  was decreased sevenfo l d  
bel ow that o f  a dark control after f i ve days ' exposure . 

Table Z.36. I nfluence 01 sunlight on the tox icity 01 WSFs to algae 

O i l  Ol l :water Extract ion t ime  

SRC- I I  fue l  1 : 8  7 h 
o i l  b lend 

Coal  l iq u id A 1 1 40 8 d  

--�- �- - ------ _._--_ . . .  

Test o rgan i sm 

Microcystis 
a e rugmosa 

Selenastrum 
capricornutun' 

EC d 

(% )  

L i g h t  D ark 

0 . 1 7  1 .3 

3 3  5 6  

aWSF concentrat ion ( percent  d i l u t ion )  causing 20% I n h i b i t ion of photosyn thes is .  
est imated by i n terpolat ion o n  a p lo t  of p hotosynthesis vs log concentrat ion  

Further stu d i es a re underway to characte r i ze ox i dants produced by i rrad i at i on of coal l i qu i ds by 
s un l i g h t .  Rates o f  reaction  w ith  i od i de i nd i cate that at l east two d i fferent ox i dants are 
produced in water u nder l y i ng i rrad i ation  Coal L i qu i d  A,  of wh i c h  only the minor consti tuent 
appears to be organ i c .  Hydrogen perox i de appea rs to be the domi nant oxi dant prod uced , compri s 
i n g  about 7 5% of total oxi dant i n  t h e  wate r .  T h e  orga n i c  hydroperox i des produced by a c t i o n  of 
s u n l i ght on fuel  are con s i derab l y  more tox i c  than hyd rogen perox i de , wh i ch may expl a i n  at l east 
in  part why exposure to s u n l i ght appears to have re l at i ve l y  l es s  effect on tox i c i ty o f  coal 
l i qu i d  extrac ts than on tox i c i ty of pet ro l eum products dur ing  the i n i t i a l  stages o f  weatheri ng . 2 6 

Z . 1 0 . 6 . 3  Summary 

I n  i n i ti a l experiments , evaporati on of benzene from an SRC- I I prod uct fi l m  was s uffi c i ent ly  
rap i d  to  prevent benzene from d i sso l v i ng i nto underl y ing  water . Pheno l  and  ani l i ne , however , 
d i s so l ved cons i derab ly  more rap i d l y  than they evaporated , and thus  at l east under gent l e w ind  
cond i t i on s  evaporat i on wou l d  not  be  expected to  reduce the i r  tox i c i ty to  aquati c organi sms 
s u b stanti al l y .  B i oassays of S RC- I I  fuel  o i l  bl end WSFs  prepared under seal ed and open cond i 
t i on s  s u pport th i s  conc l u s i o n .  Al though WSF  tox i c i ti es o f  several coal l i q u i d s  were i ncreased 
several -fol d by exposure by s u n l i ght , apparently caused by format i on of water-sol ubl e ox i dants 
( and pos s i b l y  q u i nones ) ,  the rel ative  toxi c i ty i ncrease i s  not a s  great as  has been repo rted 
pre v i o u s l y  for petro l eum o i l s .  
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Z . l O . ?  Impl i cat i ons 

O i l sp i l l ed onto a body of water wi l l  s pread over the wate r ' s s u rface ; l es s  v i s cous  o i l s  ( su ch 
a s  S RC- I I  p roduce and l i ght  d i s t i l l ates ) spread more rap i d l y  than more v i scou s o i l s  ( such  as  
many petrol eum crudes and  heavy d i s t i l l ates ) . If  t he den s i ty of the o i l i s  near  that of the 
water , SUbstant i a l  m i x i ng of o i l  i nto water wi l l  occu r .  Water turbul ence or r iver  traffi c wi l l  
a l s o  promote the m i x i ng o f  o i l i nto wat�r .  

Pheno l s  and an i l i nes , wh i ch a re h i g h l y  tox i c  to  aquat i c  l i fe , are present i n  s u bstan t i a l  amounts 
in  coal  l i qu i d s  but are not abundant i n  petrol eum .  These compounds wi l l  d i s so l ve from l i g ht 
o i l s  wi t h i n  m i n utes after a s p i l l  has occurred . D i sso l u t i on w i l l  be s l ower from raw syn coni des 
or heavy d i s t i l l ates ; but an i l i ne , phenol , and thei r C ) -s ubst i tuted deri vati ves wi l l  sti l l  
d i sso l ve w i t h i n  several hours . D i s sol u t i on wi l l  be more rap id  i n  we l l -mi xed a reas and s l owe r i n  
poor l y  mi xed envi ronments such  a s  i mpoundments . Mono- and d i aroma t i c  hydrocarbons ( such as  
tol uene and  naphtha l e ne ) , whi ch a re the  major  sol ub l e components of petro l eum , d i ssol ve much 
more s l owl y and reach l ower equ i l i br i um concentrations  than ani l i nes and pheno l s  and are 
therefore l es s  i mportant contribu tors to the tox i c i ty of water in contact wi th sp i l l ed coa l 
l i qu i ds . The rap i d  d i s sol u t i on of tox i c  c omponents from coal  l i qu i d s  suggests  that cl ean-up 
efforts wou l d  h ave to be undertaken immed i ate l y  to  m i t i gate the i mpacts of a s p i l l .  

Al though wi nd wi l l  cause  evaporati ve l osses of nonaromat i c  hyd rocarbons from oi l s ,  phenol s and 
an i l i ne s  w i l l  not be s u bstanti a l l y  reduced . Therefore , the i nf l uence of evaporat ion on the 
tox i c i ty of coa l  l i qu i ds wi l l  be much sma l l e r than i s  the case wi th petro l eum sp i l l s .  Sun l i g ht 
wi l l  cause  chemi cal  changes in  coa l l i qu i ds that may s l i gh t l y  i ncrease the toxi c i ty of  water 
under a sp i l l  duri ng the i n i t i a l several days . 

Depend i ng on the i n i t i a l den s i ty o f the o i l , the temperature of the wate r ,  and rates of di s 
so l ut i on and evaporat i on o f  the l i ghter o i l const i tuents , some or  a l l o f  the s p i l l ed product may 
eventu a l l y  s i n k  and become i ncorporated i nto the sed i ments . The chem i ca l  natu re of th i s  mate
r i a l , i ts fate in natural  sed i ments , and the l ong-term consequences for aquat i c  l i fe and for 
human  heal th are matters that u rgent l y  need i nvest i gat ion . 

The phys i ca l  and c hem i ca l  d i fferences between coal l i quefact i on products and petrol eum have 
i mportant i mp l i ca t i ons in the event of  an o i l  s p i l l  in an aqu ati c envi ronment , as  descri bed 
above . One poten t i a l  strategy for reduci ng the impact of l i quefacti on product s p i l l s  wou l d  be 
to remove a n i l i nes and phenol s ( by hydrotreat i ng ,  for examp l e )  before transporti ng the products 
from the l i quefact i on s i te .  Because the concentra t i on of  phenol s and an i l i nes in l i quefact i on 
produ cts are part i a l l y  dependen t on coa l type and on p l ant operat i ng cond i t i ons , these factors 
mi ght  a l so be man i pu l ated to red uce the hazard s  of produ ct  transportat i o n .  The feas i b i l i ty of 
m i t i gat i on stra teg i es such  as  these i s  another top i c for further research .  
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AA . l  HAZARDS EVALUAT I ON PROGRAM FOR THE SRC - I I DEMONSTRAT I ON PLANT 

The SRC- I I  Proj ect wi l l  i n corporate a forma l i zed Hazards Eval uati on Program even though such  
forma l i zed programs are  not  norma l ly  used  in  the  hydrocarbon proces s i ng i ndustri es . The  program 
i s  be i ng prepared and wi l l  be descri bed i n  a report enti t l ed "Safe ty Program Summary" schedu l ed 
to be submi tted to the DOE on January 31 , 1 981 . Thi s report wi l l  descri be the e l ements of 
the forma l i zed Hazards Eval uati on Program , i nc l udi ng the methods and procedures used for 
performi ng such  eva l uat i ons at each stage of the program . 

A series  of eva l uat i on steps wi l l  be used i n  sequence to provi de i nc reas i ng detai l i n  the 
hazards eva l uati ons . The fi rs t step wi l l  i nc l ude procedures to rank and q uant i fy the hazards 
u s i ng pree s tabl i shed tab l e s  w i th wh i c h  the des i gner ranks the process mater i a l  and equ i pme n t  for 
spec i fi c  hazard potenti a l  such as tempera ture , pressure , exp l os i ve range , fi re ,  tox i c i ty ,  
quanti ty ,  and i n ternal energy . 

The second s tep i nc l udes Fai l ure Modes and Effects Ana lys i s  ( FMEA) and beg i ns wi th a component 
i denti fi cati on , i ts functi on , poss i b l e  fa i l ure modes , i mpacts on the system , and measures p l anned 
for m i t i gati ng the effects . Thi s tool is very useful to the des i gner in e s tab l i sh i ng the needed 
protecti ve equi pment  i n  a systemati c  fash i on .  

The l as t  s tep i n  ensuri ng that the SRC- I I  Demons trat i on P l an t  des i g n  does , i n  fact , meet the 
goal of  ach i e v i ng the hydrocarbon proce s s  i ndustry safety l evel  is to perform an acc i dent i n i t i a 
t i on a n d  progres s i on ana lys i s  based upon fau l t  tree analys i s  ( FTA ) a n d  event tree analys i s  ( ETA ) . 
These types of analyses are used to q uant i fy the ri sks  dur i ng p l ant  operat i on by i ncorpora t i ng 
prev i ous opera t i ng experi ence , de l i neati ng domi nant acci dent sequences , and q uanti fy i ng the i r  
consequences . The res u l t ,  when compared wi th the current hydrocarbon-process i ng-i ndustry safe ty 
experi ence , wi l l  reveal  safety i ss ues need i ng further attenti on and wi l l  i denti fy i n terfac i ng 
i s sues that i nfl uence p l an t  safety .  

The procedures , methods , a n d  standard forms for performi ng these analyses wi l l  b e  provi ded i n  
the " Safety Program S ummary . " Exampl es of past safety probl ems i n  hydrocarbon proces s i ng pl ants 
and how these probl ems were corrected by u s i ng hazards eva l uati on wi l l  be i nc l uded in the report 
to prov i de trai n i ng i n forma t i on for the desi gners . The report wi l l  define the aud i t i ng and 
record-keepi ng a ct i v i t i e s  of the program . 

The use of the " Sa fety Prog ram S ummary" wi 1 1  cornnence wi th a pre 1 im i  na ry safety ana l ys i s  made from 
a systema t i c  eval uat i on of the Process F l ow D i ag rams ( P FDs ) .  A PFD  i s  an i n i t i a l engi neeri ng 
document s howi ng maj or equi pment  and i n terconnecti ng p i p i ng but  l ac k i ng deta i l s  of ,  for exampl e ,  
dra i ns , re l i ef  val ves , m inor  i n strumentati on , etc .  Many PFDs wi l l  b e  requ i red to descri be the 
enti re demonstrati on p l an t .  

Each PFD  wi l l  b e  rev i ewed by a hazards eva l uati on team cons i st i ng of  the SRC- I I  safety representa
t i ve and var i ous representati ves from the SRC- I I  operati ons and eng i neeri ng groups . Per i od i ca l l y ,  
these teams wi l l  b e  augmen ted by represen tati ves from the process des i gn s ubcontractor and/or the 
deta i l ed des i gn s u bcontractor. The hazards eva l uati on teams wi l l  be tra i ned and procedural l y  
supervi sed b y  the desi gners o f  the " Safety Program Summary . " 

The ran k i ng and q uanti fy i ng analys i s  wi l l  be the maj or acti v i ty duri ng th i s  pre l i mi nary safety 
ana lys i s  because the P FDs l ac k  the detai l s  req u i red to conduct i n-depth FMEAs , FTAs , or ETAs . 
The resu l ts  from these analyses wi l l  prov i de management wi th i nformati on to dec i de wh i c h  
i denti fi ed hazards req u i re further cons i derat i on beyond normal i ndustri a l  pract i ce or sound 
eng i neer i n g  j udgment .  Those hazards that requ i re further con s i derati on wi l l  be resol ved by 
addi t i ona l  eng i neeri ng des i gn , i ncorporati ng l i m i t s  or di recti ons i n  the operat i ng i nstru c t i ons , 
and/or spec i fy i ng a qual i ty assurance procedure . 

A l l i denti f i ed hazards wi l l  be doc umented duri ng the rev i ew ,  and audi tab l e  documentati on wi l l  
resu l t from the hazards  eval uati on team ' s  acti v i t i es .  Th i s  documentat i on wi l l  be assemb l ed ,  
anal yzed , and  provi ded  to the DOE a fter the rev i ew of the l ast  PFD  that i s  i ss ued for th i s  
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eva l uati on . Thi s documentati on wi l l  s how the hazards that have been i denti f ied , that r i sks  have 
been quantitat i ve l y  assessed , and that measures or equi pment have been se l ected to e l i mi nate , 
control , or mi ti gate the i mpacts . 

At the next l evel of eng i neer i ng detai l ,  addi t i onal  safety anal yses wi l l  be made from a 
systemati c eva l uati on of the process and i ns trument di agrams ( P& I D s ) .  A P& ID  i s  an engi neeri ng 
document s howi ng a l l equ i pmen t ,  p i pi ng ,  and i nstrumentati on . The l evel of deta i l ava i l abl e from 
the P&IDs  i s  s i gni fi cantly greater than that avai l ab l e  from the P FDs . Those hazards that were 
i denti fi ed as req u i r i n g  further consi deration  duri ng the pre l imi nary safety ana l ys i s  can be 
ana l yzed i n  greater deta i l by FMEAs , FTAs , or ETAs . These deta i l ed anal yses wi l l  be conducted 
by the des i gn eng i neer u s  i ng procedures es tab 1 i s hed in the "Safety Program S ummary . "  The hazards 
eval uati on team wi l l  rev i ew the des i gn eng i n eer ' s  FMEAs , FTAs , and ETAs for compl eteness  and 
compl i an ce wi th the " Sa fety Program Summary . " 

Resu l ts of the des i gn engi neer ' s  FMEAs , FTAs , and ETAs wi l l  provi de to management a quant i tati ve 
eva l uation  of the major r i s ks . These l eve l s  of ri s ks can be compared to the project objecti ves 
to determine  if the demonstration  p l ant engi neeri ng des i gn meets the safety objecti ves . 

Aud i tabl e documentation  wi l l  a l so res u l t from these safety revi ews . Th i s  documentat i on wi l l  
be assembl ed and ana l yzed after the P & I D  safety approval cycl e and w i l l  be i ncl uded i n  the 
" Safety Ana l ys i s  Report" to DOE . The report w i l l conta i n  the FMEAs , FTAs , ETAs , a quanti tati ve 
assessment o f  the ri s k s ,  and meas u res i ncorporated to e l imi nate , control , or m i t i gate the 
i mpacts . 

AA . 2  PRE L I M I NARY HAZARDS I DENTI F I CAT I ON FOR THE SRC - I I D EMONSTRAT I ON PLANT 

A pre l i mi nary hazards i denti f icat i on has been performed for the SRC- I I  demonstrati on p l ant . The 
bas i s of the a na lys i s  was the Phase 0 del i verabl es and m inutes of the techni cal  status rev i ew 
meeti ngs for the SRC- I I  demonstra t i on p l an t .  

The analys i s  has been di rected toward a n  i denti f i cation of  the poten t i a l  hazards that cou l d  l ead 
to seri ous events such  as fi res , expl os i on ,  or  re l eases of  tox i c  materi a l s .  These events cou l d  
be serious  enough to res u l t i n  maj o r  equ i pment damage o r  l oss  o f  l i fe to the publ i c  o r  emp l oyees . 

No attempt has been made to i temi ze a l l norma l i ndustr i a l  hazards i nherent i n  operati on of the 
faci l i ty .  Long-term exposures t o  tox i c  mater i a l s rel eased duri ng norma l o r  upset operat ion were 
not con s i dered withi n the scope of the ana l ysi s .  

No eva l uati on of  the severi ty of  these acci dents or the proba b i l i ty o f  occurrence has been made .  
In  add i t i on ,  no  cons i deration  of  the  methods of  control l i ng or  el imi nat i ng the  acci dents has  
been made . 

A l i st  o f  the major  process stream componen ts and associ ated hazards i s  presented i n  Tab l e AA . l .  
These materi a l s represent hazards to the pub l i c  or  to personnel  because fl ammabl e ,  expl o s i ve ,  
o r  tox i c  propert i e s .  The systems co ns i dered i n  th i s  ana l ys i s  and defi ned i n  other parts o f  
the E I S  are presented i n  F i g .  AA . l . The l evel o f  deta i l cons i dered and the materi a l s cons i dered 
present i n  each s ubsystem are s hown in F i gs . AA . 2-AA . 7 .  

The presentati on o f  the resu l ts o f  the analys i s  ( Tabl e AA . 2 )  i nc l udes the poten t i a l  hazards , 
acci dents , res u l t  or effec t o f  an a cc i dent , and remarks where i nformati on a l l ows . Genera l l y ,  
the faci l i ty cons i sts o f  conventi onal  systems and components that are des i gned to meet nati onal 
consensus standards ( ASME Code , etc . ) .  The need to address  natural phenomena ( s e i smi c ,  wi nd , and 
fl ood ) i s  recogni zed , and proj ect cri teri a do refl ect that need . 
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Material 

Coal dust 
S lag 
Hydrogen 
Methane 
Carbon monoxide 
Carbon d ioxide 
Carbonyl su lfide 
Oxygen 
N itrogen 
Argon 
Hydrogen su lfide 
L ight  oi l  ( n aphtha) 
M edium o i l  
Heavy oi l  
Vacuum bottoms 
Ammonia 
S ulfur 
S u lfur d ioxide 
Hydrogen chloride 
DEA/MEA 
Selexol solvent 
Phenol ics 
Hydrogen cyanide 
L iqu ified petroleum gas 
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Assumed hazardous property 

Explosive, flammable, toxic 
Pyrophoric, possibly carc inogen ic 
F lammable, explosive, asphyxiant 
F lammable, explosive, asphyxiant 
F lammable, toxic 
Asphyxiant 
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Asphyxiant 
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Toxic, flammable, carc inogenic 
F lammable, toxic 
F lammable, toxic combustion products 
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Toxic 
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Toxic 
Tox ic, f lammable 
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Storage and handling 

Pulverizing and dry i n g  

Slurrying and pumping 
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Table AA.2. SR C·II demonstration plant preliminary hazard. identification system 

H azard 

Coal 

Coal dust 

Coal slu rry 

Accident 

Coal preparation 

F i re 

Explosion 

SR C process 

PIping, mix tan k ,  or feed 
pump rupture 

Result 

Release of smoke, CO, CO2 , 
and other coal combustion 
products 

Large release of energy; fire 

with its release of coal 
combustion products, 
damagelinjury to nearby 
equ ipment/personnel 

Release of process solvent, 

coal s tu rry, and fumes; 

minor f i re ;  damage to 
equ i pment 

R emarks 

T h is IS  a conventional system, used 
at many coal-fired power plants 

This i s  a conventional system, used 
at many coal-fired power plants 

Preheating and dissolution Coal slurry and Slurry preheater tube 
rupture and backftow 

from the reactor 

F i re ;  explosion; release of 
coal s lurry,  hydrogen, 
and reaction products 
(hydrocarbon vapor, 

l iquids and solids, toxic 
fluids) 

Th is  system wi l l  be designed based 
on pi lot  plant experience 

Vapor liquid separa tion 

Fractionation 

hydrogen 

Fuel gas or fuel oit 

Reaction product 

Recycle and make-up 

hydrogen 

Reaction product 

High-pressure reaction 
gas 

Reactor product 

Fuel gas 

Liquid products, coal
derived recycle 
solvent and l iqu ified 

coal 

Tower bottoms sturry 

Fuel gas 

Atmospheric tower 
bottoms slurry 

Explosion of furn ace of 
s lurry preheater or 
hydrogen preheater 

Coal dissolver rupture 

Tube rupture in hydrogen 

preheater 

F lash tan k  or letdown 
valve rupture 

Heat exchanger tube 

rupture 

Equipment damage; injury to 

personnel 

F ire; explos ion;  release of 

toxic materials ( H 2 ,  CO, 
CH4, H 2 S, COS, N H 3 , HCI ,  
HCN)  

F i re; explOSIon 

F Ire;  explOS I o n ;  release of 
toxic reaction products 

Ventmg of steam and toxic 

reactlOn gases 

Atmospheric tower charge F i re ;  explosio n ;  release of re- This i s  a conventional process used 

heater system leak or actor products ( hydrocarbon at many refineres 

rupture 

Atmosp heric tower heater 
l ightoff, explosion 

Atmospheric tower leak 

or rupture 

Vacuum tower charge 

heater leak or tube 
rupture 

Charge heater l ightoff, 
explosion 

Vacuum tower leak or 

rupture 

vapor, l iqu ids, sol ids) 

Equipment damage; injury to 
personnel 

F ire;  release of naphtha, l ight  

fuel oi l ,  heavy fuel  o i l ,  and 
tower bottoms slurry 

Fire; release of atmospheric 
tower bottoms s lu rry 

E q u ipment damag e ;  Injury to This is a conventional process, used 
personnel 

Fire; release of atmospheriC 

tower bottoms, naphtha, 
and vacuum bottoms 

at many refineries 

Vacuum bottoms slu rry Vacuum tower bottoms Spil lage of tar-l ike slurry This process wi l l  be deSIgned based on 
p i lot plant experience pump seal leaks or 

system rupture 



Tlble AA.2 (continued) 

System 

Air separation 

Gasification 

Shift conversion 

DEA/MEA acid gas 
removal 

Hydrogen and LPG 

recovery 

Hydrogen com p ression 

Selexol acid gas removal 

and compression 

Hazard 

Liquid oxygen 

Hydrocarbon 
contaminants 

Liquid nitrogen 

Vacuum bottoms 
slurry 

F ue l  gas 

Feed/oxygen 
imbal ance 

Ash/hydrocarbon 
s lu rry and/or coal 
s lurry 

Coal  

Raw synthesis gas 

Raw synthesis  gas 

Shift gas 

H igh-pressure gas 
( H 2S.  COS. CO2•  
H2,  HCI ,  NH3,  
hydrocarbon gases) 

Hydrocarbon solvents 
(DEA,  MEA, butane) 

Sour gas 

Low-pressure gas 

Hydrogen and hydro

carbons ( l iquid and 
vapor) 

Hydrogen 

Hydrogen 

Selexol solvent 

Syngas and shift gas 

AA- 1 0  

Accident Result 

Hydrogen production 

Rupture of l iquid oxygen 
vessels/heat exchangers 

Explosion of vessels 

R u pture of l iquid nitrogen 

vessels/heat exchangers 

V�cu um bottoms pump 
leak or rupture 

Gasifier l ightoff, 
explosion 

Gasifier explos!On 

G asifIer rupture or 
explosion 

Coal dust explosion 

Waste heat boiler 

rupture 

Sh ift reactor rupture 

Rupture of heat re
covery equipment 

R upture of equipment 

Gas systems 

R u pture of contactor 

Rupture of absorbers 
and strippers 

R u pture of stri pper 

Rupture of absorber 

Rupture of equ ipment 

Compressor rupture or 
massive seal fa i lure 

Compressor rupture or 
massive seal fa i lure 

R u pture of absorbers 
and strippers 

Rupture of absorbers 
and other equ ipment 

Formation of explosive gel 

in  the presence of l iquid 
hydrocarbons; creation of 
fire hazard; low-temperature 
hazard; oxygen-rich 
atmosphere 

Damage to equipment;  inju r y ,  

possible fire 

Vapor fog With possible 
hazardous concentration of 

n itrogen (asph yxiant)  

Spi ! 1  of tar- l ike s l u rry 

EqUIpment damage, mjury 

to personnel 

Equipment damage; injury 
to personnel 

F i re or ex plosi o n ,  release of 
tOXIC material  (CO,  H 2 S ) ; 
injury,  equipment damage 

Explosion damage; injury to 
personnel 

Fire;  explosion; release of 
toxic gas ( CO, H 2 S ) ;  
injury; equipment damage 

Release of pyrophoric 

catalyst and toxic gas; 
possible fire and explosion 

Release of tox ic  gas;  high
temperature stea m ;  

poss ib le  fire or explos i o n ;  

damage t o  equipment; 
injury to personnel 

Release of hydrogen and 
tOXIC gases ( H , S, CO ) ,  

f i re;  explosion 

Release of tOXIC process 
gases ( H 2S, COS, H C I ,  
N H 3 ) ,  f i r e ;  explosion 

F ire;  explosion 

Release of toxic gases ( H 2S, 
COS, HCI ,  N H3 )  

Release o f  ethane-rich fuel 

gas and toxic sour gas;  
fire; explosion 

Explos ion;  f ire;  release of 

hydrocarbons 

Release of asphyxiant ;  
f i re;  explosion 

Release of asphyx iant ;  

f i re;  explosion 

Re lease of toxic hydro

carbons; fire 

F i r e ;  explosion ; release 
of toxic gases ( CO, H 2 S, 

COS, N H 3 )  

Remarks 

The system design IS based upon an 
existing, commercially demonstrable 
cryogeniC aIr separatIon process 

This process will be designed based on 

pilot plant experience 

Waste heat boller may be removed 
! n  later design 

Th is is a conventional , commercially 

available system 

This is  a conventional,  commercial ly 
available system 

Amount of LPG in  this system should 
be modest_ This is a conventional 

commercially available system 

Lube oil  could feed fire_ This i s  a 
conventional system 

ThiS is a conventional, commercial ly 
available system 



Table AA.2 (continued) 

System 

DEA scrub and 
methanation 

Sulfur recovery 
(Claus u nit )  

(Scot un it) 

Hydrodesulfu rization 

H igh-pressure 
separator 

Acid gas stripper 

Ammonia recovery 

Tar acid recovery 

Hazard 

Sour gas 

DEA, sour gas, 
methane· rich gas, 
and syngas 

Methane 

Sour gas (C02, H2S,  
N H 3 )  

Fuel  a n d  a i r  i n  
combustor 

Acid gas ( H2 S  and 

CO2 ) 

Acid gas and reducing 

gas 

Naphth a/fuel oil feed 

Hydrogen 

Naphtha/fuel oil and 
hydrogen 

Catalyst 

Reaction products 

Recycle hydrogen/ 
low-pressure gas 

Low-pressure gas 

Naphtha/fuel oil 

Acid gas 

Ammonia 

Tars 

Steam 

Product oils (naphtha, 
m i ddle d isti l late, 
heavy o i l )  

LPG 

AA- l l  

Accident 

Rupture of absorbers 

and other equipment 

Equipment rupture. 

rupture of stripper, 
and methanator rupture 

Compressor or seal 
fai l u re 

F i re,  explosion, rupture of 
equipment 

Explosion i n  start-up 
mode 

Rupture of strtpper 

vessel 

R u pture of hydrogenation 

reactor 

Product upgrading 

System leak or heater 

tube leak 

Heater tube leak or com
pressor leak or rupture 

F ixed bed reactor rupture 
or explosion 

Catalyst handl ing  system 
fai lure 

High-pressure separator 

Result 

Release of toxic gases (CO, 
H 2 S, COS, N H3 ) 

F ire;  explosion; release 
of toxic gases (CO, H2 S) 

F ire; explosion 

Damage to equipment; re-
lease of toxic gas ( H 2 S, 

S02 , N H3 ) ;  and possibly 
released reactor catalyst 

Damage of equipment; i njury 
to personnel 

R e lease of toxic gas at low 

pressure 

R elease of toxic/flammable 
gas mixture; possible fire 

and explosion 

Fire; explosion , release of 
naphtha and fuel o i l  

F i re ;  explosion 

Fire; explosion, release of 
naphtha/fuel oil and 

catalyst 

F i r e ;  release of reaction 

products and catalyst 

F i re; explosi o n ;  release of 
rupture high-pressure vapor and 

naphtha/fuel oi!, release of 

toxic gas ( H 2 S, N H3 ,  C O l  

Pipe rupture, valve fal lure, F i re;  explosio n ,  release of 
and compressor sea! tox i c  gas ( H2 S ,  N H 3 ,  CO) 
fa i lure 

R u pture of stripper 

Rupture of strip per 

F i re ;  explosion;  release of 
toxic gas ( H 2 S, N H 3 ,  CO) 

F i re; release of possibly 
carcinogenic material 

Secondary recovery 

R u pture of st i l t  or p i ping 

Rupture of fractionator, 
fractionator condensor, 

or pump 

R u pture of storage vessel 

R u pture of reboi!er 

Release of toxic gas {C02,  
H2 S, N H 3 1 ,  possible 

explosion 

R elease of toxic gas;  possible 
ex plosion 

R elease of carcinogenic 
l iquids to immediate area; 
dam age to equipment; fire 

Ex plOSIon 

Utilities and storage 

Storage tank rupture, 
spi l ls  or lea k ,  fire 

Storage tank rupture, 
spil l  or leak,  fire 

Damage to equipment;  
personnel inju ry 

Damage to equipment; 

personnel injury; 
explosion 

Process chemical { D E A ,  Storage t a n k  rupture, s p i l l  Damage to equipment;  
personnel injury Selexol, caustic, or leak 

MEA, sulfuric acid} 

Remarks 

This  i s  a conventional,  commercial ly 
available system 

Lube oil could feed fire 

The Claus unit i. based on ex isting 
commercially demonstrated equipment 

The Scot un it  is based on existing 

commercial ly available equipment 

The design of this system is based on 
existing commercially available 

equ ipment 

This  is a conventional ,  commercially 
available system 

The design of thIS system is based on 
existing commercial design and 
practIce 

Potential for large explOSion eXIsts If  
superheated l iquid i s  released to 
form rapIdly expanding vapor cloud 
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Appendi x BB 

COAL-MI N I NG - IMPACT ALGORITHMS 

BB . l  I NTROOUCT I ON 

I n  Sect . 1 . 4 ,  l oadi ng factors were g i ven for the SRC , H-Coal , and  Exxon Donor Sol vent ( EOS )  
processes . Because of the vari ety of sources from whi ch th i s  i nformation  was col l ected and the 
vari ations  in assumptions  from these sources , i t  was concl uded that c umu l ati ve impacts cou l d  best 
be i dent i fi ed on  the bas i s of a compo s i te l i q uefaction pl ant ,  represented by the average emi s s i on 
from the three processes . For those emi s s i ons  for whi ch a compos i te factor cou l d  not be cal cu l 
ated , the SRC- I I  emi ss i ons  were assumed to be representati ve . I n  devel oping  the commerc i a l i zation  
scenari o ,  it  was assumed that  a l l coal  l i q uefaction  wou l d have  the  same Btu  output a s  the  com
posi te base l i ne u n i t  pl ant but that i nputs and effl uents wou l d  vary accord i ng to type and q ua l i ty 
of coal used a s  feedstock .  To estima te envi ronmenta l i mpacts associ a ted wi th u n i t  pl ant opera
ti ons , a seri es of a l gori thms was devel oped based upon the composi te p l ant characteri sti cs . 
State- l evel  i nput  and output l oadi ngs for the p l ant d i stri bution  scenar io  can be ca l cu l ated by 
mul ti p l yi ng u n i t  pl ant l oadi ngs by the number of pl ants l ocated i n  a state . 

Coa l -mi n i ng - i mpact a l gori thms have been devel oped on the bas i s  of coal i nput to a un i t  pl ant ,  
cal cu l ated in  terms of tota l Btu  requ i red to  produce 1 00 , 000 bbl /d of sol vent-refi ned sol i d s  or  
l i q u i d s .  I n  terms of the compo s i te uni t p l ant ,  th i s  amounted to a coal i nput o f  approximatel y 
1 . 032 x 1 0 1 2 Btu/ d .  To cal cu l ate state- l evel coal requ i rements and the effl uent l oadi ngs a s so
c i ated wi th th i s  l evel of coal  production , mu l ti pl y  the n umber of u n i t  p l ants s uppl i ed by a sta te 
coal  by the un i t  p l ant coal req u i rement or the effl uent l oading  facto r .  Un i t  pl ants are assumed 
to use i n trastate coal . 

BB . 2  ALGORITHMS 

B B . 2 . 1  Un i t  pl ant construction  and operation  

BB . 2 . 1 . 1  Coa l  requi rements 

As sumpti ons 

• Each un i t  p l ant requi res a coal i nput of 1 . 032 x 1 0 1 2 , tons per stream day , or 3 . 406 x 1 0 1 4 Btu 
per year ,  based on 3 30 d ( 90% capac i ty)  of p l ant operation  per year .  

• The Btu content ( prox imate anal ysi s )  of coal fed to a p l ant i s  1 1 ,050  Btu/ l b for pl ants 
i n  Kentucky , and 1 3 , 000 Btu/ l b  for p l ants in West  Vi rgi n i a .  

A l  gori thms 

• Uni t p l ant coal requ i rement ( tons per year )  

3 . 406 x 1 0 1 4 Btu/year 
B 

where 

B = the heat content ( Btu/to n )  of the coal ( for each state ) ; that i s ,  I l l i noi s = 2 . 2 1 x 
1 07 Btu/ton , Kentucky = 2 . 58 x 1 07 Btu/ton , and West  V i rg i n i a  = 2 . 74 x 1 07 Btu/ton . 

BB-3 
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BB . 2 . 1 . 2  Ai r emi s s i ons  

Assumpti ons 

• The effi ci ency of part icu l ate matter control i s  98% . 

• The effi ci ency of su l fur oxi des control i s  98% . 

• The effi ci ency of n i trogen o x i des  control i s  75% . 

Al gori thms 

• Atmospheri c emi s s i ons  per pl ant ( tons/yea r )  C x 3 3 0  days o f  opera t i on p e r  year , 

where 

C = average emi s s i on by pol l utant ( parti c u l a tes , S02 , NOx , CO , and hydrocarbons ) i n  tons 
per day from Tabl e 1 . 2 .  

B B . 2 . 1 . 3  Water use 

Water use for a u n i t  pl ant  is  assumed to be equ i va l ent to water consumption for the SRC- I I  
p l ant , 1 2 , 000 gal /mi n .  Th i s  equa l s  about 20 , 000 acre-ft/year .  

B B . 2 . 1 . 4  Sol i d  waste 

Assumptions  

• Each  pl ant wi l l  produce over  1 00 , 000 bb l  of fuel o i l equi val ent per  day ( 1 06 , 700 bbl /d 
res i dua l  fuel  equ i va l ent ) . 

• For pl ants produc i ng 1 00 , 000 bbl /d fuel o i l equi va l ent , the fol l ow ing  amounts of waste 
materi al s wi l l  be generated annua l l y  ( 365-d  operati ng yea r ) : 

1 .  approximate l y  1 80 , 000 tons of wastewater soi l ds and 

2 .  approximatel y 1 , 000 , 000 tons of other waste sol i ds .  

Al gori thm 

• Total sol i d  wastes produced per pl ant  per year ( assumi ng 90% capaci ty )  

0 . 90 x 1 06 x 1 0 3 bbl /d x A 

1 00 x 1 0 3 bb 1 /  d 

where A = tons per year of sol i d  waste generati o n .  

BB . 2 . 1 . 5  Empl oyment 

• Each pl ant wi l l  receive  a peak constructi on  force of 1 0 , 000 workers . 

• Each pl ant wi l l  req u i re 480 operati onal workers . 

• The number of mi ners has been cal cul ated us i ng state producti v i ty data i n  wh i c h  the 

number of mi ners = 
tons of coal consumed per day 

a verage tons mi ned per day per man . 

• Al l i nd i rect empl oyment i s  based on the same di rect/ i nd i rect rat ios  used for SRC- I I .  
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BB . 2 . 1 . 6  Popu l at ion  

• M i gration  factors for  a l l workers are  assumed to  be the same a s  the  SRC- I I  case . 

• Fami l y  s i ze for both  d i rect and i nd i rect workers was assumed to be 3 . 2  members . 

• No further seconda ry i mpact i s  a s s umed for the operation  popu l ation  beyond that expected 
for the construction  per i od . 

• M i n i ng manpower factors were deri ved from operati onal  work-force c haracteri sti c s .  

B B . 2 . 2  Coa l mi n i ng 

BB . 2 . 2 . 1  Coa l  mi n i ng by state 

Assumptions  

• Each  state ( I l l i no i s ,  Kentucky , and  West Vi rg i n i a )  conta i ns two fac i l i ti es eac h req u i ri n g  
3 . 406 x 1 0 1 4  Btu/year o f  coal i np u t .  

Al gori thm 

2 x 3 . 406 X 1 0 1 4  
• State coal  requ i rements per year 

Btu ton- 1 state- 1 

BB . 2 . 2 . 2  Ai r emi s s i ons  

Assumpt i on s  

• Emi ss ions  from underground mi n i ng a re mi nor because of the predomi nance of e l ectri c-powered 
equ i pmen t .  

• Emi s s i on factors for stri p mi n i ng are l i sted i n  Tab l e  BB . l .  

Al gori thm 

( A ) ( B ) ( C )  
• Ai r emi s s i on by po l l utant ( tons/year)  

where 

A l oadi ng factor by state by po l l utant ( i n  ton s  per 1 05 tons of coal s tri p-mi ned ) ,  

B coal  mi ned per un i t p l ant i n  tons per year ,  

C percentage of coal stri p-mi ned by state ( Tab l e BB . 2 ) . 

B B . 2 . 2 . 3  Water use  

Assumptions  

• Coal mi n i ng acti v i t i e s  that resu l t  i n  water consumpti on i ncl ude dust  contro l fo r road s , 
mi nes , and embankments and revegetation  of rec l a i med a rea s . 

• Reg i onal  water use  factors ref l ecti ng dust contro l and revegetation  acti v i t i es are from 
Tabl e BB . 3 .  
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Table B B. 1 .  Average seam thickness and percent of total 
coal strip-mined for selected states 

State 

I l l inois 
Kentucky 
West V i rg i n ia 

Average seam thickness 
(It) 

6 
5 
5.5 

Total str ip-mined 
(%) 

45 
55 
22 

Source: U . S .  Department of the I nterior, Final Environmental 
Statement, Federal Management Program, Report No .  
1 972( 1 42 ) ,  B u reau of  Land M anagement, Washington,  D .C . ,  
1 979. 

I l l inois 
Kentu cky 
West V i rg in ia 

Table BB .2. S trip-mining air pollutant loading 
factors for selected states 

Particu late 
matte r 

0.50 
0.50 
0 . 1 5  

Str ip-m in ing pol lutants 
(tons per 1 ()5 tons of coal m ined 

S u lfur  N itrogen C arbon 
oxides oxides monox ide 

0.45 6.25 3.80 
0.45 6.25 3 .80 
0.30 4.55 2.80 

O rgan ics 

0.70 
0.70 
0.40 

Sou rce: U .S .  Department of the I nterior, Final Environmental Statement, 
Federa l Coal Management Program, R eport N o. 1 972( 1 42) ,  B u reau of Land 
Management, Wash ington,  D .C . ,  1979. 

Table BB .3. W ater use factors for 
dust control and revegetation 

State or reg ion 

Eastern states 

Water use factor 
(Acre-It per 1()5 to ns of coa l )  

S u rface min ing U nderg round m in i ng 

4.460 5.88 
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Al gori thms 

• Surface mi n i ng water u se ( acre-ft/year )  ( A ) ( C ) / l OO , OOO 

where 

A surface mi n i ng use factor i n  acre-feet per 1 00 , 000 tons of coal  m i ned ( 4 . 46 ) , 

C coal  i nput to un i t  pl ant from surface mi nes i n  tons per yea r .  

• Underground m i n i ng water u se ( acre-ft/year)  = ( 6 ) ( C )/ 1 00 , 000 

where 

6 underground mi n i ng water use factor i n  acre-feet per 1 00 , 000 tons of coal ( 5 . 88 ) , 

C coal i nput to un i t  pl ant from underground mi nes i n  tons  per year . 

6 6 . 2 . 2 . 4 Sol i d  wastes 

As sumpt i ons  

• For surface m l n l ng ,  sol i d  wastes generated a re returned to mi n i ng p i ts and are not con
s i dered a sol i d  waste for di sposal  ca l cu l at ions . 

• For underground mi n i ng , the amount of sol i d  was te generated i s  approximatel y  3% of the 
coal extracted . 

• The percentage of a state coal suppl i ed for l i q uefact ion  that i s  underground-mi ned i s  
equi val ent t o  the percentage of al l coal m i ned i n  a state that i s  underground-m i ne d .  

Al gori thm 

• Mi n i ng wastes ( tons/year ) 0 . 03 ( A ) ( 6 ) , 

where 

0 . 03 sol i d  waste generation  factor for underground-mi ned coal , 

A percentage of underground-mi ned coa l ( by state ) , 

6 coal supp l i ed to u n i t  p l ant i n  tons per yea r .  

66 . 2 . 2 . 5  Land d i sturbed by s urface mi n i ng 

Assumpti ons 

• Land d i sturbed by underground mi n i ng i s  mi n i ma l . 

• The dens i ty of coal  i n  a seam i s  1 750 tons/acre-ft , 

• The average seam th i ckness equal s the fol l owi ng ( by State ) :  

I l l i no i s 
Kentucky 
West V i rg i n i a  

6 . 0  ft 
5 . 5  ft 
5 . 5  ft 

• The proport ion of coal stri p-mi ned ( by State ) equa l s t he fol l owi ng :  

I l l i no i s 47% 
Kentucky 54% 
West Vi rgi n i a  1 8% 
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Al gori thm 

• The s urface area d i stu rbed ( B )  ( e )  
l 750A 

where 

A average seam thi ckness , 

B pro portion  of coal stri p-mi ned , 

e coal i nput to un i t pl ant i n  tons per year .  
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Appen d i x  CC 

CONVERS I ON FACTORS* 

To convert To �1u l t  i �1.1' b.1' 

ft m 0 . 3048 
mi l es km 1 . 609 
i n .  cm 2 . 54 

cfs m3 /s 0 . 0283 
cfs 1 i ters/s  28 . 3 1 7  
g a l  m 3  0 . 0038 
ga l  1 i ters 3 . 785 
ga l /m i n  m3 /s  0 . 000063 
gal /mi n 1 i ters/s 0 . 063 
gal /mi n m3 /d 5 . 45 1  
g pd m3 /s 0 . 000000044 
bbl  m3  0 . 1 59 

m 3  1 i ter  1 000 

acre ha 0 . 4047 
s q  mi l es km2 2 . 59 
ft2 m2 0 . 0093 
acre -ft m3 1 2 33  
ft3  m3  0 . 0283 
yd 3 m3 0 . 7646 

bu m3 0 . 035  
1 b/ acre kg/ha l .  1 2  
short ton metri c  ton 0 . 907 
bu/acre m3 /ha 0 . 08707 
1 b kg 0 . 4536 
1 b/ ft 3 kg/m3 1 6 . 0 1 8  
tons /year g/s  0 . 0288 

Btu/h  J/h  1 055 
Btu/h W 0 . 293 

p s i g  MPa 0 . 006895 
ps i g Pa 6895 

{j ° F  {j °C  0 . 555  
{j°C  {j° F l . 8 

To convert To Use th i s  formu l a  

x O F  y O C  (x - 3 2 ) / 1 .8  
yOC  x O F  1 . 8  y + 3 2  

* For add i t i ona l  conver s i on factors , see the fol l ow-
i ng source : Ame r i can Soc i ety for Testi ng and Mater i a l s ,  
Standard for Metric Practice, E380-79 , Ph i l adel ph i a ,  
Pa . ,  1 98 0 .  
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