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Sol vent Refi ned Coal - I  Demonstration  Project 

Newman , Kentucky 

DOE/ E I S-0073 

( a )  Lead Agency :  U . S .  Department of Energy ( DOE )  
Cooperati ng  Agenci e s :  U . S .  Envi ronmental Protection Agency ( EPA ) , U . S .  Army Corps of  

Eng i neers ( COE )  

( b )  Proposed Act i on : * A cost-s hared agreement between the U . S .  Department o f  Energy ( DOE )  and 
I nternati onal Coal  Refi n i n g  Company ( I CRC ) , a genera l partners h i p  cons i st i n g  of Ai r Pro
ducts Coal Refi nery ,  I nc . , and Wheel abrator Coal Refi nery ,  I nc . , l ead i ng  to the construc
t i on and operat i on of a 6000 ton s per stream day ( tpsd ) sol vent refi ned coal demonstrat ion 
project ( SRC- I )  wi th the potent ia l  for u l t imate devel opment by I CRC of a 30 , 000-tpsd 
commerc i a l  fac i l i ty at  Newman , Dav iess  County ,  Kentucky . 

( c )  Fo r Further I nformation Contact: ( 1 ) John L .  Morri s ,  SRC- I  Program Manager ,  Offi ce of 
Coa l Proces s i ng under  the As s i stant Secretary fo r Fo ss i l  Energy , Ma i l  Stat ion  E-333 , 
Was h i n gton , D . C .  20545 , Ph : ( 30 1 ) 353-4670 ; ( 2 )  Robert J .  Stern , Di rector ,  NEPA Affa i rs 
Di vi s i on , Offi ce of  the As s i s tant Secretary for Envi ronmental Protecti on , Safety , and  
Emergency Preparedness , Room 4G-064 ,  Forrestal Bu i l d i n g , 1 000 I ndependence Aven ue , SW , 
Wa sh i ngton , D . C .  20585 , Ph : ( 202 ) 252-4600 ; or  ( 3 )  Stephen H .  Green l e i gh , Esq . ,  Acti n g  
De puty Genera l Counsel  for Programs , Room 6D-033 , Forrestal B u i l d i n g ,  1 000 I ndependence 
Avenue , SW ,  Wa s h i ngton , D . C .  20585 , Ph : ( 202 ) 252-6947 .  

F or  Copies  of the  E I S  Contact : James A .  Reafsnyder ( 6 1 5/576- 1 055 ) 
Resea rch and Devel opment �1anager 
SRC- I Project Offi ce , U . S .  Depa rtment of Energy 
P . O .  Box E 
Oak R i d ge ,  Tennessee 37830 

( d )  Des i gnati on : F i na l  E I S  ( FE I S )  

( e )  Abstrac t :  The Statement a ssesses the potent ia l  envi ronmental i mpacts assoc i a ted w i th the 
construct ion and operation  of a 6000-tpsd-capaci ty coal l i quefaction fac i l i ty at 
Newman , Kentucky wh ich wi l l  demonstrate the techn i ca l  operab i l i ty ,  economi c  v i ab i l i ty ,  
a n d  envi ronmental acceptab i l i ty of  a n  SRC- I  process . I mpacts asses sed i nc l ude the fol l owi n g :  
effects o f  the project o n  occupational  and pub l i c  hea l th resu l t i n g  from the producti on and 
u se of SRC products ; potent i a l  i mpacts on terrestr i a l  and aquat ic  eco l ogy , i nc l u d i ng State 
and Federal l y  dec l ared threatened or  endangered spec i es ;  potent ia l  and expected i mpacts on 

* As part of the restructu r i n g  of  the Federal Synthet ic  Fuel s Program , the DOE proposed to 
resc i nd FY 1 98 1  fund i ng for the SRC - I  p roject and to termi nate i ts i nvol vement i n  the project 
after pr ior year funds a re exhausted . The Congress , however ,  deci ded not to resc i nd the 
FY 1 98 1  fund i ng .  As stated in Senate Report 97-67 , $22 . 5  m i l l i on i s  made ava i l ab l e  for the 
SRC- I  demonstration to continue deta i l ed desi gn act i v i ty and other rel ated work d u r i ng FY 1 981 , 
and $ 1 35 mi l l i on i s  deferred unti l FY 1 982 . The Adm i n i stration  i s  current ly  deve l op i ng  p l an s  
t o  meet t h e  Congress i onal  d i recti ve .  



l and u se ;  wi thdrawal and a l terat i on of " pr ime"  agri cu l tural l and ; projected effects on fl ood
p l ai n and wetl and a reas ; potent ia l  impacts on s u rface water and groundwater ;  potenti a l  
i mpacts on  ambi ent a i r  qua l i ty ;  potenti a l  change of the  cu l tural l andscape ; potent i a l  
i mpacts on  s i tes of  a rc haeo l og i ca l  s i gn i f i cance ; a n d  changes to  exi s ti ng econom i c  and 
soci a l  characteri st i cs of the s i te area . Add i t i ona l l y ,  the statement presents an assess 
ment of poten t ia l  l ong-range and  cumu l ati ve i mpacts of a future commerc i a l  expan s i on of 
the proposed fac i l i ty at the proposed s i te to an approx imate ly  30 ,OOO-tpsd capaci ty .  The 
effects of cont in ued operati on  of the demonstrati on pl ant at demonstrat ion p l ant capaci ty ,  
mothba l l i ng ,  convers i on to another government use , and decommi s s i on i ng are a l so consi dered . 
A cons tructi on  and operati ona l  mon i tori ng p l a n  to assess the effecti veness of the p l anned 
mi t igatory meas ures for the durati on of the demonstration  phase is a l so presented . I n  
asses s i ng the potenti a l  envi ronmental impacts o f  the proposed acti o n ,  severa l programmati c 
and project a l ternati ves a re con s i dered and eval uated . The range of a l ternati ves assessed 
i nc l udes proceedi ng with the proposed acti on , mod i fy i ng  the acti on and s ubseq uen t ly  con
t i n u i ng the proj ect , del ay i ng the acti on , and termi nati ng the contract wi th no further 
acti on . The a l ternati ves section i nc l udes eva l uati on of a l ternat ive p l ant des i g n s .  
Impacts of constructi ng  a n d  opera ti ng t h e  proposed faci l i ty at two al ternati ve s i tes are 
eva l uated . 

( f )  A Record of Dec i s i on wi l l  be i s s ued no earl i e r  than 30 days after the FE IS  Noti ce of 
Ava i l ab i l i ty i s  pub l i s hed in the Federal Register. A F l oodp l a i n-Wetl ands Statement of 
F i ndi ngs wi l l  a l so be i ssued . 
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Append i x  B 

S ELECTION O F  THE PROPOSED  AND ALTERNATE S I TES 

B . l  I NTRODUCT I ON 

I n  1 976 , Rust  Engi neering Company under the sponsors h i p  of the Ken tucky Center for Energy 
Research ( KCER ) i n i t i ated an a l ternate s i te ana lys i s  for sel ect i on of a s i te for a 2000-ton/d 
SRC- I p l an t .  The Rust s tudy eval uated s i tes from a l i st  of poten t i a l  Kentucky s i tes s uppl i ed 
by the KCE� . The s i t-in g cri teria  used i n  the Rust study were pr imar i l y  phys i ca l , eng i neer i n g , 
and economl C factors that were j udged to be i mportant for construct i on and operati on of the 
SRC- I p l ant .  Newman , Kentucky ,  wa s rated as the  preferred s i te and  Equa l i ty and  Lew i s port were 
ra ted as . pr ime a l terna ti ve s i te s .  At that t ime ,  the Execut i ve Orders 1 1 988 and 1 1 990 con cern i ng 
fl oodp l a l n/wetl and en�roachment had not been i ss ued , and the U . S .  Department of Energy ( DOE ) 
was not a part i c i pant i n  the project . 

-

Afte r Ru st  Eng i neeri ng  comp l eted i ts s i te se l ecti on act i v i ty for the SRC- I  proj ect , several 
i mportant events trars p i red .  The DOE became a part i ci pant in the proj ect , the proposed p l ant  
capac i ty was  i ncreas E-d to 6000  ton s per stream day ( tpsd ) w i th the  goal  of commerci a l  expan s i on 
to 30 , 000 tpsd i n  th f: futu re , Execut i ve Orde rs perta i n i ng to f l oodp l a i n /wet l and  encroachment 
we re i ssued  ( May 2 4 ,  197 7 ) , and the Nat i onal  E nv i ronmental  Pol i cy Act ( NEPA )  process  wa s 
a l tered by new CEQ  r@gu l at i ons ( Novembe r 2 9 ,  1 978 ) . The Department of Energy ' s  Request for 
Proposa l  ( RF P )  to s ol�c i t  an i ndustri a l  partner for the SRC- I  Demonstrati on Proj ect requ i red 
the i n dustri a l  res pc1dents to subm i t  a s i te- speci f i c proposa l . Newman , Kentucky , hav i ng been 
chosen i n  the 1 976 RJs t  s i te s e l e ct i on s tudy , was proposed as the s i te for the SRC- I  project . 
DOE , tak i n g  NEPA res pons i b i l i ty for the i s s uance of the SRC- I  Env i ronmental  Impact Statement 
( E I S ) , e n l i sted Oak R i dge Nat i onal Laboratory ( ORN L )  to prepare the E I S  for the i r rev i ew .  
Al though a s i te had al ready been proposed for the project ( a s  s peci f i ed  i n  DOE ' s  RFP and con 
tract wi th i ts i ndustri a l  partner ) ,  i t  was re cogn i zed that an eval uati on of reas onab l e  a l terna
t i ves to the p ropos ec act i on ,  i n c l udi ng  a l ternati ve s i tes , wa s necessary .  Oak Ri dge Nat i ona l  
Laboratory eval uated a l arge number of  potenti a l  s i tes . The eva l uati on i n c l uded the ori g i na l  
KCER s i tes b u t  a l s o i n cl uded s i tes i dent i fi ed for other synfuel  demonst rat i on p rojects i n  order 
to g i ve reg i ona l  d i ,ers i ty to the s tudy .  The p roposed Newman s i te had been p rev i ou s l y  eval uated 
and p rimary base l i n r data had been col l ected from an exten s i ve mon i tori ng prog ram conducted at 
the s i te by Dames a�d Moore . 

A maj or  d i fference between the a l ternate s i te analyses pe rformed by Rust Eng i neeri ng  and ORNL 
i s  that the ORNL ana lys i s  p l aced pr imary emphas i s  on envi ronmental  cri te ri a and i denti fi ed the 
two envi ronmenta l ly l east sen s i t i ve s i tes as a l te rnati ves to the Newman s i te .  The Rust s i te 
se l ect i on study p l aces pri mary empha s i s  on eng i nee r i n g  cri te ri a .  Secti on B . 2  o f  th i s  append i x 
descri bes the actua' s i te se l ecti on process condu cted by Rust i n  1 976 , wh i ch i nc l udes the Newman 
s i te .  Sect i on B.3 jes cr i bes the ORNL analys i s ,  wh i ch eval uates s i tes othe r than Newman for 
se l ect i on of two a l ternati ve s i tes for eval uati on agai nst  Newman i n  Sects . 2 . 3 . 2 ,  4 . 3 ,  and 4 . 4 . 

B . 2  THE RUST S I TE SELECTI ON STUDY 

Th i s  sect i on of Append i x B d i s cusses  the s i t i ng study that res u l ted i n  the choi ce by the i ndus
t r i  a 1 partner of  tr.,� Newman s i te as the  proposed s i te for  the  SRC- I fac i l i ty .  Th i  s study al so 
res u l ted in the se l �ct i on of a pri mary ( Equa l i ty )  and a secondary ( Lewi s port ) a l ternati ve to 
the Newman s i te .  

A s i te se l ect i on study was performed i n  1 976 by the Rust Eng i nee ri n g  Company i n  conj unct i on 
w i th the KCE R .  The purpose of the study , comp l eted i n  October 1 976 , was to i nvesti gate poten
t i a l s i tes for a 2000- ton/d SRC- I fac i l i ty i n  Kentucky . The fol l ow i ng i s  a s ummary of the four 
phases of the s i te se l ect i on study . 
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B . 2 . l  F i rst phase 

The f i rst-phase cri ter ia  u sed i n  the s i te sel ection  study were : 

1 .  area of 300 to 400 ha ( 800 to 1 000 acres ) ,  

2 .  nav i gab l e  r i ver  adjacent to s i te for potent i a l  barge fac i l i ty ,  

3 .  water s upp ly  of  a t  l east 1 00 l i ters/s  ( 1 600 g pm )  i n i t i a l l y  and 1 000 l i ters/s ( 1 6 ,000 gpm )  
u l t i matel y ,  

4 .  rai l road conti guous to s i te o r  nea rby , 

5 .  a t  l east  hal f of s i te above l Oa-year fl ood e l evati on , 

6 .  s u i tabl e topographi c features , 

7 .  s u i tab l e p l o t  s hape , and 

8 .  pos s i b l e  a s h  d i s posa l  al ternati ves . 

Cri teri on 2 above res u l ted i n  restr ict i on of potent i a l  s i tes to the Oh i o ,  Mi s s i s s i ppi , 
Tennessee , and Green Ri ver s .  C r i ter ion  4 i mposed a further geograph i c  restri ct i on . I nvest i 
gati on of the rema i n i ng potent i a l  areas res u l ted i n  i denti fi cati on of 24 areas that meri ted 
further s tudy . I nc l uded i n  th i s  pre l imi nary l i st are three s i tes  pre v i ou s l y  i nvesti gated 
by the Ken tucky Depa rtmen t  of  Commerce : Bas kett , Parad i se , and  Lew i s port . At the t ime of s i te 
se l ecti on  ( 1 976 ) , the proposed boundari es of the Newman s i te were such that i t  ful f i l l ed 
cr i ter i on 5 .  

B . 2 . 2  Second phase 

The second phase of the s i te sel ect ion  procedure cons i sted of deta i l ed eva l uation  of the 
24 areas . At thi s s tage , many areas were e l i m i na ted from further con s i derati on for the 
fo l l owi ng reasons :  

1 .  Land was under mu l ti p l e  ownersh i p .  

2 .  Topog raphy was rough .  

3 .  Road acces s  was  poor .  ( T h i s  cri teri on d i d  not con s i der  potent i a l  traffi c probl ems . )  

4 .  Percentage of  l an d  a rea i n  f l oodpl a i n  was l a rge . 

5 .  S i te had been stri p-mi ned .  

6 . Property had been recently so l d or was bei ng p l anned for devel opment .  

7 .  Acreage wa s  i ns uffi c i en t .  

8 .  S i te had been deep-mi ned . 

The l i st of potent i a l  s i tes  was there by reduced to the fo l l ow i n g  ten : 

S i te name 

S i l oam 
Buena V i s ta 
Carro l l ton 
Ho l t  Bo ttom 
Lew i s po rt 
Newman 
Equa l i ty 
Parad i se 
DeKoven 
Col umbus Fa r South 

Lewi s  
Carro l l  

Hancock  
Davi e s s  
Oh i o  
Muh l enburg 
Un i on 
Hi c kman 
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B . 2 . 3  Th i rd phase 

Th i rd-phase i nvest i gat ion  of the 10 rema i n i n g s i tes res u l ted in e l i m i n at i on of fi ve , for the 
fol l ow i ng  reason s :  

1. The S i l oam s i te wa s dec l ared "not for s a l e "  by i ts owners . 

2 .  The rel a t i ve l y  remote Ho l t Bottom s i te was so l d a p prox imate l y  three years before the 
s i t i ng study was conducted and a l so wa s decl ared "not for s a l e . " 

3 .  The Parad i se s i te ha s been deep- and stri p-mi ned ; therefore , i t  wou l d  be proh i b i t i ve l y  
expen s i ve t o  deve l op .  

4 .  The DeKoven s i te h a s  been deep-m i ned , and the topography i s  fa i rl y  severe . 

5 .  The Co l umbus  Far South s i te has poten t i a l  ba rge fac i l i ty ma i n tenance probl ems due to 
s and  bars , and i s  i n  sei sm i c  Zone 3 ,  accord i ng to Al germi ssen . 1  

B . 2 . 4  Fo u rth pha se  

F i na l l y ,  t he  f i ve rema i n i ng s i tes were ra ted accord i n g  to  several c r i ter i a  and a we i ghted
a verage po i n t  tota l wa s ca l cu l a ted . The cri ter i a  and the i r rel a t i ve i mportance in the 
c a l c u l a t i on of  total p o i n t  scores a re l i s ted be l ow . * 

* 

Cr i ter i a  

• Acq u i s i t i on d i ffi cu l ty ( genera l l y ,  the more 
owners h i p  parce l s i n  the s i te a rea , the more 
d i ffi c u l t  a cq u i s i t i on wi l l  be ) 

• Usab l e a rea ( fl oodpl a i n  i s  con s i dered u s ab l e  
because i t  can be d i ked fo r ponds ) 

• F l ood-free percentage ( percen tage of s i te 
area above l Oa-year fl oodp l a i n )  

• S i te preparat ion  ( amo unt o f  c l ear i ng  and  
grad i ng req u i red ) 

• Prox i m i ty to coa l s u pp ly  ( source pres umed 
to be Mad i sonv i l l e ,  Kentuc ky ) 

• Water s upp ly  ( amo unt of cap i ta l  req u i red to 
guarantee supp l y duri ng pe ri ods of l ow fl ow ) 

• H i g hway a cces s i b i l i ty ( s i ze o f  adj a cent 
h i g hway ) 

• Ra i l road acces s i b i l i ty ( s i ze of a dj a cent 
ra i l roa d )  

• Waterway acces s i b i l i ty ( transport capa c i ty 
o f  adjacent wa terway ) 

• L a bor ava i l a b i l i ty ( s i ze of labo r force i n  
a dj acent count i es )  

Rated o n  a s cal e from 1 ( l east  i mporta n t )  to 8 ( most  i mportant ) .  

Importance 

2 

2 

4 

8 

2 

4 

3 

6 
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The  Newman s i te was rated as t he  mos t  des i rab l e s i te for t he  SRC - I  fac i l i ty on  t he  bas i s  of  
ease  of  acqu i s i t i on ,  s i te preparat i on ,  h i ghway access , ra i l  acces s , a nd  l abor avai l a b i l i ty ,  as  
well a s  on an overal l ba s is .  The  Equa l i ty s i te ,  wh i ch ranked second i n  overa l l s u i tab i l i ty ,  
was rated a s  mos t  des i rab l e i n  the categories  o f  prox i mi ty t o  coal  supp ly , ra i l  acces s , and 
l a bor avai l abi l i ty .  O n  the bas i s  of  the overal l rank i ng s , the Newman s i te was chosen as the 
preferred s i te ,  and the Eq ua l i ty and Lewi sport s i te were se l ected as the pri mary and secondary 
a l ternates , re specti ve l y .  

At th i s s tage o f  the s i te se l ecti on study , a l i terature search wa s conducted t o  determi ne , on 
a prel im i nary ba s i s ,  whether any archaeo l og i ca l  or h i s tori cal  resources or rare or endangered 
s peci es had been recorded on the preferred or  the a l ternate s i tes . No s i tes of archaeol og i ca l  
or  h i s tor i ca l  s i gn i fi cance had  been recorded on the Newman or  Equal i ty s i tes  ( R .  B .  C l ay ,  
Kentucky State Archaeo l og i s t ,  persona l  commun i cat i on , 1 9 76 ;  and E .  W. Mel ton , Kentucky 
Heri tage Commi s s i on , personal commu n i ca t i on , 1 976 ) , but the Lewi sport s i te conta i ned a 
recorded buri a l  fi e l d ( R .  B .  C l ay ,  Ken tucky Sta te Archaeol og i s t ,  personal commun i cati on , 1 976 ) 
and was near a bu i l d i ng wh i ch had potent i a l for des i gnati on as h i sto r i ca l l y  s i gn i fi cant ( E .  W .  
Mel ton , Kentucky He ri tage Commi s s i on ,  personal commun i cati on , 1 976 ) .  Ra re or  endangered s peci e s  
potent i a l l y  co u l d be found o n  a l l three s i tes ( J . Dure l l ,  Kentucky Department  o f  F i s h  and 
Wi l d l i fe Resources , persona l  commun i cat i on , 1 976 ) .  None of  the three s i tes appeared to present 
any severe devel opment constra i nts a t  th i s  stage , but further i nves t i ga t i on was deemed 
necessary .  

B . 3  THE ORNL S I T E  S E L ECT ION STUDY 

Th i s  append i x des cr i bes the method used to sel ect two al ternati ve s i tes i n  addi t i on to the 
proposed Newman s i te .  Addi t i onal s i tes  were i dent i fi ed  for the purpose of  compari ng the envi ron 
mental  i mpacts a nt i c i pated at the Newman s i te to i mpacts at other s i tes that cou l d  be cons i dered . 
Th i s  method i denti f i ed two a l ternati ve s i tes for ana lys i s :  Ravenswood , i n  Jackson County , West  
V i rg i n i a ,  and Eq ua l i ty ,  in  Oh i o  County , Ken tucky .  The  sel ect i on of  these s i tes was  based on  a 
s u rvey o f  sens i t i ve envi ronmenta l i ssues . The resu l ts of the anal ys i s  o f  env i ronmental  i mpacts 
at  the two a l ternat i ve s i tes are d i s cu s sed i n  Sects . 4 . 3  and 4 . 4  and are s ummari zed  and com
pared to the proposed s i te i n  Sect . 4 . 2 . 5 of th i s  DE I S .  

The two s i tes se l ected for deta i l ed envi ronmental  ana l ys i s  were chosen by comparati ve eva l ua
t ion  from a set of  25 cand i date s i tes  (Tab l e  B . l ) .  Al l cand i date s i tes have  been i denti fi ed a s  
pos s i b l e  a l ternat i ve s i tes  for coal convers i on demonstrat i on fac i l i ti e s . 2- 6 However , i t  s hou l d  
be noted that not a l l i den t i f i ed potent i a l  s i tes have been cons i dered . The 2 5  cand i d ate s i tes  
were se l ected from a l arger set  of  s i tes , ba sed on  two req u i rement s .  The fi rst requ i rement  was 
that a candi date s i te be i dent i f i ed and con s i dered , at  l east  in part , from an env i ronmental 
perspect i ve in a s i te sel ect i on document .  The second req u i rement was that the s i te be we l l  
defi ned rather than i denti f i ed a s  a much l a rger area ( s uch  as  a county )  w i t h i n  w h i c h  a proposed 
fac i l i ty cou l d  be l ocated . 

Any of these 2 5  s i tes  may be i n i ti a l l y  cons i dered s u i tabl e for an SRC demonstra t i on fac i l i ty ;  
however ,  addi t i ona l  constrai nts must be i mposed regard i ng p l ant s i ze ,  des i gn ,  and  l ocat i on . 
Consequentl y ,  1 5  candi date s i tes  were e l i m i na ted from further cons i derat ion  beca use o f  fa i l u re 
to sati s fy the fol l ow i ng cons tra i nts i dent i fi ed for SRC- I :  

1 .  a m i n imum of  323 . 8  to 404 . 8  ha  ( 800 to 1 000 acres ) of  ava i l ab l e  l and , 

2 .  a nav i gab l e ri ver c l ose or cont i g uous , and  

3 .  a water supp ly  y i e l d i ng 1 600 gpm i n i t i a l l y  wi th potent i a l  for  1 6 , 000  g pm .  

Tab l e B . l  l i sts  the 2 5  s i tes and i n d i cates wh i ch o f  these s i tes were e l i m i nated for fa i l ure to 
sat i sfy these constra i nts . A s i te fa i l i ng to sati s fy any one of these constra i nts o ften was not 
eva l uated for the other screen i ng cri ter i a  s i nce these factors determi ned m i n imal acceptab i l i ty 
of the s i tes . 

The rema i n i ng s i tes ( Tab l e  B . 2 ) were eval uated on the bas i s  of seven i mportant  env i ronmental 
i s s ues . For each i s sue , each s i te was rated p l u s  ( + ) or m i n u s  ( - )  or zero ( 0 )  to i nd i cate , 
respect i vel y ,  a poten t i a l  for benef i c i a l , adverse , or l i ttl e or no i mpact re l at i ve to that i s sue 
( Ta b l e  B . 3  i s  an  exampl e  compar i son for two of  the s i tes ) .  The rat i ng s  were determi ned through 
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Table B.l. Initial site screening-sites not satisfying 
physical constraints a 

._-------
Physica l 

A[ternat ive s ites 
constra i n ts a 

2 3 

1 P igeo n, Shelby C ounty ,  T en n .  
2. Rivergate, Shelby C ounty, Te n n .  X 
3. Mud Isla nd, Shelby C ounty ,  T e n n .  X 
4. No rth, Shelby C oun ty, Ten n .  X 
5. Lewisport, Hancock C ounty, Ky. 

6. Equa lity, Ohio C ounty, Ky. 
7. Mora Island, Randolph County ,  III. X 
8. Banner, Fulton C ounty, III. 
9. Dykersburg, Wil l iamson County, [II. X 

1 0 . New Athens, S!. C la i r  County, III. 
11. M!. Vernon, P osey C ounty, Ind .  
12. Car rs, Lewis C ounty, Ky. X 
13. Belmont,  Bel m o n t  C ounty, Ohio X 
1 4 . D i l les Bottom, Bel m o n t  C ou n ty,  Ohio X 
15. Haverh i l l ,  Scioto C oun ty, Ohio 
16 C l i n to n ,  Armstrong C ounty, Pa. X 
1 7. C rUCible, Greene C ounty, Pa. X 
1 8. RavenswOOd, Jackson C ounty, WVa. 
1 9. North P o i n t  P leasa nt,  Mason C ounty, WVa. 
20. Ben's Run, Mono nga[ia C ounty, WVa. 
21 Site A, Nob[e C ounty, Ohi o  X 
22. S ite D, Nob[e C ounty, Ohi o  X 
23. S ite E, Nob[e C ounty ,  Ohio X 
24. S i te F, Nob[e C ounty, Ohio X 
25. S ite G, Nob[e C ounty, Ohio X 

a Physical  constra i n ts are ( 1 )  323.8 to 404.8 ha (800 to 1000 acres ) 
of ava i l able [and, (2) a n avigable r iver c lose or cont iguous, and (3) a 
water supply yielding 1600 gpm in itia[[y with potentla[ for 16,000 gpm. 

Site No.  

1 

5 

6 

8 

10 

1 1  

15 

18 

19 

20 

Table B.2. SRC·I sites remain ing after 
initial screening 

Site name 

Pigeon, Shelby County, Tenn. 
Lewisport, Hancock Cou nty , K y .  
Equal ity, O h i O  County, K y .  
Banner,  F u lton County, I I I .  
New Athens, St. Clair Co unty, I I I .  
Mt .  Vernon ,  Posey County, Ind .  
Haverh i l l ,  SCIOtO County,  Oh io  
Ravenswood, Jackson County , W.Va. 
No rth Po int  Pleasant, Mason County, W.Va .  
Ben 's Run ,  Monongal[a County, W.Va .  

contact wi th State and l oc a l  agenc i es and knowl edgea b l e  persons , and through use of ma ps , s i t i ng 
reports , and  other pub l i ca t i o n s .  

Each potent i a l  s i te wa s compared to  every other s i te i n  Tab l e 8.4 on  t he  ba s i s  of  t he  ra t i ngs 
from the seven env i ronmenta l i s s ues ' rat i n g s .  For each  pa i r  of  s i tes , t h e  s i te w i th the more 
pos i t i ve ra t i ng  for the major i ty of the vari a b l e s  was se l ected as the more preferabl e ( l east  
env i ronmenta l l y sens i t i ve )  s i te .  
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Table B.3. Comparison o f  two sites o n  seven important environmental variables 

Var iab le  

Surface water qua lity 
Sign ificant Impact potential eXISts at 

the site 

E ndangered species 
Breeding area or  significan t  habitat. 

known or su spected 

Wetlands 
Significant wetlands at or near the SIte 

Geologic hazard 
Potential for slope fa i lure and/or 

seismic risk 

Pr ime agricu l t u ral sods 
Large portions of site having sods 

classified as Prime Agricultural Soils 

Grou ndwater use 
Potential impacts to use of groundwater, 

q uality or q u antity 

Air  qual ity 
Non-attainment area for Olone, su l f u r  

dioxide, o r  suspended particulates 

Site 2 Site 1 1" 

Pigeon Mt. Vernon 

if 0 

0 0 

0 

o o 

o 

" S i te 11, at Mt. Vernon, is selected over site 2, Pigeon,  since it is rated more 
positively ( l ower impact potential) for three issues, wetlands, groundwater use, 
and air q u a l i ty ,  and equ iva lent for the remainder.  

b Key to potential  im pacts: + Beneficial  
o L ittle or  n o  impact 

Adverse 

Table B.4. Rating of the ten remaining potential sites 

on seven env ironmental variables 

Site Variabl es" 
Site name 

No.  2 3 4 5 

Pigeon , Tenn. 0 0 0 

LeWisport, K y .  5 0 0 0 0 0 

Eq ual i ty ,  Ky. 6 0 0 0 0 0 

Banner,  II I .  8 0 0 0 

New Athens, I I I .  10 0 0 0 0 

Mt.  Vernon, I n d .  1 1  0 0 0 0 

Haverh il l , Ohio 15 0 0 0 0 0 

R avenswood, W .Va. 18 0 0 0 0 0 

North POint Pleasant, W.Va.  19 0 0 0 0 0 

Ben's R u n ,  W.Va .  20 0 0 0 0 0 

"Key to var iables: 

6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1. Surface water - impact based on size and productivity of water body. 
2. Endangered species - significant habitat or breeding area. 
3. Wetland 
4. Geologic hazards 
5. Pr ime agricultural soils 
6. Grou ndwater use 
7. Air  q u ality - nonattainment o f  ozone, S02, or suspended particulates. 

7 

0 

0 

0 

0 

0 

0 

0 
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Ta b l e B . 5  i s  the matr ix  that res ul ts from the  compari son , in  pa i rs , of  a l l s i tes . Each entry 
i n  the matri x i s  the n umber of the more preferab l e s i te from the compari son of the row-n umbered 
s i te to the co l umn-numbered s i te .  S i nce there are a tota l of  ten s i tes , there are n i ne 
compari son s of any one s i te to other s i tes . The more freq uent ly  a s i te wa s ra ted supe rior to 
another s i te ,  the more preferab l e the s i te .  Tab l e B . 6  s hows the n umber of t ime s  a g i ven s i te was 
rated " s uperi or" i n  the pa i r-wi se compari son s hown in Tab l e B . 5 .  

Table B.S. Comparison matrix for potential SR C·I sites 

Site 
No. 20 19 18 15 10 8 6 

1 10 19 18 15 10 8 6 
5 a a a 5 5 5 b 
6 a a a 6 6 6 
8 20 19 18 

b 
10 

15 

11 20 19 18 15 

17 20 19 18 a 

20 20 19 18 
21 a a 

22 a 

'Sites are equa l .  

Table B.S. Site rating following the  pair-wise comparison 
for potential SR C-I sites 

5 

5 

Site name Site No. I s  superior to:  
(number of sites) 

Is equal  to: 
(number of sites) 

Pigeon 1 0 
Lewisport" 5 4 
Equal it,/ 6 4 
Banner 8 
New Athens 10 
Mt. Vernon 11 2 
Haverh i l l  15 2 
Ravenswood' 18 4 
North POint Pleasant' 19 4 
Ben's Run"  20 4 

"These sites are rated best on the basis of th is  comparison. 

o 
4 
4 
o 

4 
4 
4 

For the i s sues cons i de red , there are five s i tes  that were rated equ i va l ent ly  as havi ng  the 
fewest  sen s i ti ve env i ronmenta l  i ss ues : Lew i s port , Kentucky ;  Equa l i ty ,  Kentucky ;  Raven swood , 
Wes t  V i rg i n i a ;  North Poi nt P l easant ,  West V i rg i n i a ;  and Ben ' s  Run , West V i rg i n i a .  These s i tes 
were further eval uated on the bas i s  of  1 5  addi tional  env i ronmental i ss ues wh i ch i nc l uded 
phys i ca l , b i ol o g i ca l , and soci oeconomi c effects of the demon stra t i on p l ant ( Tab l e B . 7 ) . Each 
set  of s i tes was eval uated by the method used to produce the matr ix  in Tab l es B . 4 ,  B . 5 ,  and B . 6 .  
From th i s  eva l uati on (Tab l e B . 8 ) , Raven swood was determ i ned the most p referab l e  a l ternat i ve 
s i te .  A l though Lewi sport and North Po i n t  Pl easant were rated l ower ,  the Equa l i ty and Ben ' s  Run 
s i tes  were rated equ i val ent l y  on both the fi rst and second compari son matri ces . A l though the 
method cou l d  not d i s t i n gu i s h  between these two s i tes , i t  was necessary to se l ect one addi t i ona l  
a l ternat i ve s i te .  I t  had been prev i o u s l y  deci ded that a t  l east  two a l ternat i ve s i tes were 
neces sary .  Because o f  the con stra i n ts o f  t ime and the unava i l ab i l i ty o f  resources , i t  was not 
pos s i bl e to vis i t  each o f  the rema i n i n g  s i tes ; therefore , the second a l ternati ve s i te at 
Eq ua l i ty wa s se l ected on the bas i s  o f  l ocati on and previ ous cons i derat i on by the i ndustr i a l  
pa rtner .  The f i rs t  a l ternat i ve s i te ,  Ravenswood ,  i s  l ocated i n  Wes t  V i rg i n i a , o n  t h e  Ohio 
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Table B.7. Second evaluation ratings for potential S R  C·I sites 

Site No.  
Environmental Issues 

5 6 1 8  1 9  

Socioeconomics 
I nfrastructure -• 0 0 
H istoric/arch sites 0 0 0 
Transportation 0 
Employment 0 0 0 0 
F i nance + + + 

Ecology 
Surface water 0 
Vegetation 0 0 
Aquatic habitat 0 0 0 
Terrestria[ habitat 
Land use 0 

Physical envi ronment 
Li tho[ogy 0 0 0 0 
Soils 0 
Groundwater 0 
Structure 0 0 
Topography + 

"Key to poten tia l  impacts: + Beneficia[ 
o L i tt[e or no impact 
- Adverse 

20 

0 

+ 

+ 

0 
0 
0 

0 

Table B.B. Second comparison matrix for SRC·l sites 

Site name Site [s superior to [s equal to 
No.  (number of sites) (number of s ites) 

Lewisport 5 0 0 
Equal ity" 6 2 1 
R avenswood 18 4 0 
North Point Pleasant 19 1 0 
Ben's Run 20 2 

Site 20 1 9  1 B  6 No. 

5 20 1 9  1 B  6 
6 b 6 1 8  

2 0  18 1 8 
2 1  20 
22 

" E qua[ity (se[ected over Ben's Run due to location i n  Kentucky and previous 
consideration i n  s it ing study for SRC-[). 

bSites are equal. 

Ri ver .  The Equal i ty s i te i s  l ocated on the Green Ri ver i n  Kentucky . Al so , Equal i ty was 
previ o u s ly  cons i dered a s  a pr ime a l ternati ve s i te for SRC - I  i n  a s i t i ng study by Rust  Engi neeri ng  
and  the  Kentucky Center for Energy Research  ( reported i n  Append i x P o f  the  SRC- I Env i ronmental 
Report , ref .  2 ) .  

Impacts o n  the proposed Newman s i te and  at  the a l ternati ve Ravenswood and Equa l i ty s i te s  a re 
eval uated i n  Sect . 4 and compa red i n  Sect .  2 . 3 . 2 . 1 . 
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Appendi x C 

P LANT DES IGN  AN D CHARACTERIZAT I ON OF E F FLUENTS 

Th i s  append i x  d i scu sses  var i ou s  aspects of the proposed and a l ternat i ve p l ant de s i gn s , the 
est i mated emi s s i on rates of vari ou s  pol l utants , and summari zes resource requi rements duri ng 
t he construc ti on and operati ng phase s .  

The fo l l ow i ng  changes from the P hase Zero conceptual des i gn are be i ng eval uated and have been 
i ncorporated i n  the data presented : 

1 .  The s i te acreage i s  now extended to 1 484 acres rather than 1 050 acre s .  

2 .  Coa l feed t o  the fac i l i ty has been changed from 6606 t o  6000 tons per stream day . 

3. The coal i s  now pu l veri zed to 200 mesh  rather than 20 mes h .  

4 .  A ba rge dock  i nc l udes capabi l i ty for constructi on equ i pment de l i very and poss i bl y  coal 
del i very .  

5 .  The fl are system i nc l u des a control l ed combu stor system . 

6 .  The zero wa stewater d i scharge system i s  the base l i ne ,  w i t h  an opt i on to d i scharge  treated 
wa stewater when r i ve r  qua l i ty perm i t s  and water  recycl e i s  not pos s i b l e .  

7. Ai r cool ers and wet i nd i rect cool i ng systems have been i ncorporated for heat exchangers 
on heavy hydroc arbon oi l streams conta i n i ng mater i a l  whose bo i l i ng poi nt i s  500 ° F  m i n i mum . 

8 .  There are some changes i n  the p l ot p l an to refl ect the l atest process change s .  

9 .  The dea s h i ng tec hnol ogy i s  cu rrent ly  the Kerr-McGee Cr i t i ca l  Sol vent Dea s h i ng process . 

1 0 . The GKT gas i f icati on tec hnol ogy i s  now u sed rather than the Texaco gas i fi ca t i on technol ogy . 

1 1 .  The oxygen p l ant now produces oxygen at l ow pressure rather t han  at h i gh pres s ure for feed 
i nto t he ga s i f i er .  

1 2 .  T he  expanded bed hyd roc rac ker de s i gn ba s i s  i s  to  convert one- th i rd of  t he  S RC w i t h  85% 
convers i on to mater i a l  boi l i ng at 850°F max i mum . 

13. The l i q u i d  hydrogen storage system has been e l i m i nated . 

1 4 .  Reduced coa l - feed rate and dea s h i n g  equ i pment resu l t  i n  reduced throughputs of the expanded 
bed hydrocracker and coker/ca l c i ne r .  

1 5 .  Al l of the p l ant ' s  f i red heaters wi l l  u t i l i ze desu l fu r i zed by-product fue l  gas . 

C -3 
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C . l P ROPOSED P LANT DES I GN 

Th i s  sect i on descri be s the ba s i c  SRC- I process and the maj or  features of t he demon strat i on 
p l ant as cu rrent ly  proposed . The cu rrent ly  proposed des i gn i s  desc r i bed i n  the Phase Zero 
del i verab l e s  wi th the mod i f i cat i ons  noted on page C-3 . The proposed des i gn i s  under eva l ua
t i on by both  the  U . S .  Department of Ene rgy ( DOE ) and  the  i nd u str i a l  part i c i pant and  may be 
further mod i f i ed .  Al ternat i ve p l ant des i gns  are d i scu ssed i n  Sect . C . 3 .  

C . l . l  Ove ra l l proces s  desc r ipt i on 

The demon strat ion p l ant fac i l i t i e s  have been des i gned to produce a pr ima ry produ ct of l ow
su l fu r ,  l ow-ash  sol i d  sol vent- refi ned c oa l  from Western Kentuc ky No . 9 or equ i va l ent coa l . 
By- products w i l l  i nc l ude an ode coke , naphtha , fue l  oi l ,  and e l emen ta l  su l fu r .  A process 
schemat ic  of the prel imi nary des i gn i s  presented i n  Fi gs .  C . l  and C . 2 .  A p l ant  l ayou t i s  
s hown i n  F i g. C . 3 ,  and by- products from normal operat ions  are rep orted i n  Tabl e C . l . 

The des i gn spec i fi es that wa shed Kentucky No . 9 or equ i va l ent  coal ( 1 - 1 /4 i n .  by 0 i n . )  ( Tabl e 
C . 8 ) wi l l  be de l i vered to the demonstrati on p l ant by tra i n .  A barge un l oad i ng  fac i l i ty i s  a l s o 
i nc l uded for del i very of equ i pment d u r i ng construct i on wh i c h  can be mod i fi ed to be u sed to 
supp l ement rai l del i very i n  the event that coa l supp l i e rs are not l ocated i n  prox i mi ty to a 
ra i l  l i ne . ( Append i x  Y i s  devoted spec i f ica l l y  to the envi ronmental effec ts of the barge 
faci l i ty . )  From the we i gh i n g  and un l oad i ng  area , the coal w i l l  be trans ported underground to 
the storage area , wh i c h  wi l l  cons i st of s i x  act i ve p i l es and two re serve pi l es .  Coal wi l l  be 
rec l a imed from the act ive  p i l e s by a tunnel rec l a im i n g  system and trans ported by covered con
veyors to pu l ver i z i ng-dry i ng  equ i pment for f i n a l  s i ze reducti on to 200 mesh and dry i ng .  The 
fi ne coa l  wi l l  then be tran sferred through su rge b i n s  to a s l urry tank for m i x i ng .  Baghou ses 
w i l l  be emp l oyed to control the dust generated by coal -preparati on acti v i t i e s .  

The demon strat i on fac i l i ty wi l l  uti l i ze a noncata l yt i c  di rec t- hydrogenati on SRC- I process to 
convert 6000 tpsd of h i gh-su l fur and h i gh-ash coa l to a so l i d  product wi th a su l fur content of 
l e ss  than 1% and an ash content of 0 . 2% or l es s .  The process  enc�passes the fo l l owi ng step s :  

• The coal wi l l  be s l u rri ed i n  the process s o l vent and pumped to react i on pres s u re ( rough ly  
2000 p s i g) . Hydrogen recycl e gas wi l l  be m i xed wi th the s l urry and the m ixture wi l l  be 
heated to reacti on temperature i n  a fi red heater .  At the exi t o f  the fi red  heater ,  add i 
t i on a l  h ot hydrogen recyc l e  gas wi l l  be added to the s l urry , and th i s  mi xture wi l l  f l ow 
to a d i ss o l ver  for further hydrogenati on and desu l fur i zat i on .  

• The stream l ea v i ng  the di s sol ver  wi l l  be reduced i n  pre s s ure from 200 p s i g  to 2 5  ps i g  to 
recover hydrogen , proces s  so l vent , and l i qu i d  products , and to remove water .  The fl a s h  
vapors from each stage wi l l  be  parti a l ly condensed and  t he  water decan ted from the  hydro
carbon l i q u i d s .  The vapors w i l l  be combi ned and sent to the aci d-gas remova l  and hydrogen 
pur i f icat i on secti ons for further proce s s i n g  before recyc l e  to the SRC area . The hydro
carbon l i qu i ds wi l l  be fract i onated to y i e l d  l i qu i d  products and p rocess s o l vent .  The 
decanted water  wi l l  be sent to the ammon i a- s u l f i de str i pper for further proces s i ng and 
then wi l l  be sent to wastewater treatment . 

• The l ow- pres s ure s l urry contai n i ng proces s so l vent , SRC produc t ,  unconverted coa l , and 
m i neral res i due from the f i na l  separati on stage wi l l  go di rect ly to a vacuum c o l umn in the 
SRC p roduct recovery area , where the process s o l vent and l i ghter components w i l l  be removed . 
The rema i n i ng SRC s l urry wi l l  be sent to the Ke rr-McGee Cri t i c a l  Sol vent Dea s h i n g  Un i t ,  
where i t  w i l l  be m i xed wi th the dea s h i ng  sol vent and separated i nto the bas i c  SRC product 
and ash concentrate . 

• One-th i rd of the mol ten SRC product wi l l  be s o l i d i fi ed i n to a so l i d  SRC prod uct . Another 
one-th i rd wi l l  p roceed to the coker-ca l c i ner area ( see F i g. C . 2 ) .  There , mol ten SRC 
product wi l l  be fed to a fracti onator tower where i t  wi l l  be mi xed wi th an appropri ate 
amount of recyc led cok i ng s o l vent .  The mi xture wi l l  be heated in a preheater and fed i nto 
the bottom of a de l ayed-cok i n g  drum , where coke is  formed.  Vapor from the drum wi l l  pass  
back i nto the fracti onator- tower bottom where the l i q u i d  products w i l l  be  fracti onated 
i nto  med i um and l i ght oi l .  Overhead vapors from the towe r wi l l  be compres sed and sent to 
aci d-gas  remova l .  The green coke wi l l  then be ca l c i ned and converted i nto anode-grade 
coke i n  a ca l c i ner .  The f l ue gas from the ca l c i ner  wi l l  be i nc i nerated and treated to 
remove 502 and part i cu l ates . A s our-water st ream w i l l  be produced i n  t he coker-ca l c i ner  
un i t  and sent  to  t he  ammon i a- su l f i de water str i pper un i t  and then to wastewater treatmen t .  
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Table C . l .  Products from SRC·I 
demonstration plant' 

Amount (tons/d) 

Solid SRC 1 050 
Anode coke 588 
Naphtha 585 
F uel oi l  907 
Elemental sulfur 1 88 

" The product s l ate presented for the demon· 
stration plant is based on the Phase Zero can· 
ceptual design with modifications as noted i n  the 
introduction to this appendix. The proposed de· 
sign is  currently u nder review by DOE and the in· 
dustrial participant and may be further modified, 
resulting in changes to the product slate . 

• The rema I n I ng one-th i rd of the mol ten SRC product , as pr�sently proposed , wi l l  be fed i nto 
an expanded-bed hydrocracker for convers i on to l i q u i d  d i s t i l l ates ( see Fi g .  C . 2 ) . In the 
hydrocracki ng proces s ,  SRC product wi l l  be combi ned wi th hydrogen and cata l yt i ca l ly hydrog
enated and hydrocracked in an expanded bed of cata lyst .  Effl uents of the hydrocracker 
wi l l  be coo led  3nd fl as hed in a seri e s  of separators where l i ght  and heavy conden sates are 
drawn off.  Al l l i q u i d s  wi l l  then be sent i nto  a fracti onator for separati on i nto l i ght , 
medi um ,  and heavy oi 1 cuts ( Ta b l e  C . 2 ) .  Net products wi l l  i nc l ude l i ght  ( naphtha ) ,  
medi um , and heavy oi l s  and a vacuum- res i due stream . Off-gases wi l l  be sent to aci d-gas 
removal for puri fi cat i on .  Sour water from the hydrocracker area wi l l  aga i n be sent to the 
ammon i a- s u l fi de water stri pper un i t  and then to was tewate r treatment . 

Table C .2. S ources of naphtha and fuel oils 

M easured in tons per day 

SRC Hydrocracking C oker T otal 

N aphtha 438 1 1 0  37 585 

M iddle d ist i l late ( 400-650" F)  359 290 75 724 

H eavy disti l late (650- 850° F )  83 1 00 1 83 

T otal 1 492 

• The a s h  c oncentrate recovered from the Kerr-McGee dea s h i n g  area , conta i n i ng mi neral 
matter , unconverted coal , and s ome res i du a l  SRC product , wi l l  be sent to the gas i fi cati on 
a rea . I n  the GKT gas i fi er , the carb onaceous mater ia l  i n  the ash concentrate wi l l  be 
p arti a l ly oxi d i zed wi th steam and oxygen to produce a synthes i s  gas , pr imari ly  carbon 
mon oxi de and hydrogen . The synthes i s  gas wi l l  be reacted wi th steam to produce the 
hydrogen requ i red by the proces s .  I n  the gas i fi cati on process , the mi nera l matter of the 
ash concentrate wi l l  be converted to a s l ag and a sol i d  f ly dust wh i ch wi l l  be the pr imary 
so l i d  wastes generated by the proces s .  Most of the su l fur i n  the res i due wi l l  be converted 
to hydrogen s u l fi d e ,  wh i ch wi l l  be removed from the product gas i n  a Sel exol  un i t  i n  the 
gas-treati ng area . The hydrogen , after aci d-gas removal and compress i on , wi l l  be sent to 
the coal  s l urry area at the front of the p l ant .  A concentrated hydrogen s u l fi de stream 
from the Sel exo1  un i t  wi l l  be sent to a C l aus p l ant for recovery of e l emental  s u l fur .  

C . 1 . 2 Supporti ng faci l i ti e s  

I n  add i t i on to the bas i c  S RC process ,  the p l ant wi l l  i nc l ude a n umber of s upport i ng faci l i t i es 
s i mi l ar to those used by the petro le um refi nery and petrochemi ca l  i ndustry .  These faci l i t i es 
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wi l l  prov i de requi red materi a l s  and uti l i t ies  such  as hydrogen , steam , e l ectri c i ty ,  process  
water , ai r ,  oxygen , a nd  n i trogen ; treat products to  ma rke t spec i fi cati on s ;  recover by-products ; 
and treat waste streams to remove po l l utants and produce eff l uents s u i tabl e for emi s s i on or 
d i sch arge , and to provi de for the safe d i s p osa l of so l i d  waste s .  The maj or faci l i t i es wh i ch 
are of env i ronmenta l i mp ortance are descri bed br ief ly  i n  the fol l owi n g  sec ti on s .  

C .  1 . 2 .  1 Coa l  st orage , preparati on ,  and hand l i ng 

The coa l -storage area  wi l l  cons i st of e i ght  p i les : two 30-d reserve p i les  and s i x  5-d acti ve 
pi l es .  Al l coal used in the process  wi l l  be d i rected to the s i x  5 - day p i l es  for s h ort-term 
storage . Coa l from these p i l es  wi l l  be samp led , b l ended , and d i rected to process areas for 
u se .  The reserve p i les  wi l l  act as an emergency c oa l  s upp ly .  D u st  from l oad i n g  i n to p i l es , 
mechan i ca l  agi tati on and w i nd  acti on , and rai nwater run off l aden wi th d i s s o l ved and s uspended 
s o l i ds wi l l  consti tute the pri n c i p a l  effl uents from recei v i n g , convey i n g ,  stori ng , and rec la im
i ng act i v i t i e s  ( see Append i x  P for ana lysi s of c oa l-p i le  leachates ) .  To control fugi ti ve dust , 
a wate r d u st-suppress i on system wi l l  be uti l i zed at the acti ve storage p i l es , and po lyme r 
coati ng  w i l l  be used at the reserve p i les . The area s u rroundi ng the acti ve and l ong-term 
rese rve storage p i les  w i l l  be graded to d i rect unc ontami nated s u rface runoff away from the 
p i l e s , and the area under the c oa l  p i le wi l l  be c ontoured , l i ned wi th compacted c l ay or othe r 
s u i tab l e  materi a l s , and provi ded with a d rai nage-col lecti on system des i gned to mi n i mi ze the 
i n fi ltrati on of l eachates . Pe rmeabi l i ty tes t i n g  wi th on s i te c l ay i n d i cates  that the pe rme-
abi  l i ty of c ompacted on- s i te c l ay i s  i n  the  orde r of 1 0- 7 cm /s .  Consequent ly , s ubject to other  
test i n g  for  compatab i l i ty , th i s  mate ri a l  wi l l  be  heav i ly used .  

Synthet i c  l i ne rs such  as  h i gh-dens i ty p olyethy l ene , re i n forced hypa l on ,  butyl rubbe r ,  neop rene , 
and others wi l l  be eva l u ated and tested .  The EPA document " Li n i ng of Was te Impoundment and 
Di s posa l Fac i l i t i e s "  w i l l  be used as a gu i de . l Col l ected leachates  wi l l  be pumped at a con
trol led rate from the area- retent i on bas i n  t o  the wastewater-treatment faci l i ty .  At present , 
ons i te s oi l s  are b e i n g  exami ned to determi ne thei r permeab i l i ty character i s t i c s . Sho u l d  ons i te 
s oi l s  prove to be unsu i tab l e , a c l ay or synthet i c  l i ne r  w i l l  be provi ded at the c oa l  p i l e .  

At ra i l car un l oad i ng poi nts and the transfer  to the storage p i l e , water  s prays w i l l  be used as  
requ i red for  dust suppress i on .  Conveyors tran s ferr ing  coal to storage p i l e s  wi l l  be  covered . 
Underground rec l a i m  from the storage p i l es  w i l l  be tota l ly encl osed and venti l ated th rough a 
baghouse . After rec l a i m ,  pri or to pu l ver i z at i on ,  tran s fer  po i nts and con veyors wi l l  be tota l ly 
encl osed to the extent pos s i b l e .  Any venti l ati on of these encl osures  wi 1 1  be exhausted th rough 
a baghouse to  the atmosphere . P rovi s i on  wi l l  be made to i nsta l l  water s pray at tran s fe r  points  
shou l d  mon i t or ing  duri ng  operati on i nd i cate th i s  i s  necessary .  After pu l veri z ati on ,  a l l con
veyors , tran s fer  p oi n ts , and  coa l proceSS i n g  equ i pment wi l l  be tota l ly enc l osed and venti l ated 
through baghouses . 

C . l . 2 . 2  Gas i fi cati on 

From a p rocess  standpoi nt , the most i mportant s upport i n g  ope rati on i s  the gas i fi e r .  The SRC 
p roces s  cons umes hydrogen i n  quant i t i e s  too l arge to be econ om i ca l ly procured off s i te .  The 
req u i red hydrogen may be most econom i ca l ly produced by a GKT gas i fi e r .  ( Secti on C . 3  d i scusses  
a l ternati ves to  the  proposed gaS i f i cati on system . ) The  gas i fi er reacts ( burn s ) a carb on s ou rce 
w i th steam and a l i m i ted q uant i ty of oxygen to produce hydrogen and carbon mon ox i de , wh i ch i s  
then reacted wi th steam i n  a s h i ft-convers i on reacti on t o  produce hydrogen and carbon di oxi de 
i n  accordance w i th the fo l l owi ng reacti on :  

I n  a gene ri c sense , a va r iety of carbon sources i nc l ud i n g  coa l  and oi l cou l d  be uti l i zed  as 
gas i fi e r  feed .  However ,  i n  the SRC process ,  the ash-concentrate produced by the Kerr-McGee 
Cr i t i ca l  So l vent Dea s h i n g  Un i t  contai n s  S i gn i fi cant amounts of carbon and i s  used as the carbon 
s ou rce .  Gas i fi cat i on of th i s  mate ri a l  wi th s upp l ementa l coa l  offers the dua l advantages of 
recover i n g  the carbon content of the ash-concentrate for generati on of ma keup hydrogen and con
vert i ng t he  a s h  concentrate i nt o  a s l ag and  f ly  d u st  s u i ta b l e  for d i s posa l .  A l ternat i ves for 
d i sp os i t i on of the ash concent rate and product i on of hydrogen are di scus sed in Sect . C . 3 .  To 
fac i l i tate p roducti on of h i gh-puri ty hydrogen for proces s use , oxygen wi l l  be supp l i ed to the 
gas i fi er by c ryogen i c  separati on of a i r .  Du r i ng norma l operati ons , there w i l l  be no emi s s i on s  
t o  the atmosphere from t h e  gaSi fi cati on proces s .  T h e  gas i fi cat i on and s h i ft-conve rs i on pro
cesses a re net consumers of water ;  howeve r ,  a wastewater stream wi l l  be produced wh i ch i s  
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d i rected to the water- treatment fac i l i ty .  The s l ag and f ly  dust produced by the gas i f i e r  wi l l  
be the maj or s o l i d  wastes produced by the p l ant . D i s p os a l  of the s l ag and f ly dust are d i s 
cu s sed later i n  th i s  secti on , and i n  Sec t .  4 . 2 . 2 . 2 .  

C . l . 2 . 3  Ac i d-gas remova l , s u l fur recovery ,  and tai l -gas treati ng 

In the d i sso lver , hydrogen wi l l  re act wi th both organ i c  and i n organ i c s u l fur to  produce hydrogen 
s u l f ide .  Ot her reduced s u l fur compounds  ( COS , CS 2 )  are formed accordi ng to  equi l i b ri um such  as  
CO2 + H2S � COS  + H20 .  Most  of  the  s u l fur  wi l l  be contai ned as  hydrogen s u l fi de in  the  vapor 
stream ; however , a s i g n i f i cant amount of s u l fur  wi l l  rema i n  wi th the products , i nc l ud i ng the 
mi nera l res i due , and wi l l  be parti a l ly l i berated duri ng s ubsequent proces s i ng steps .  A s u l fur  
ba l ance for the  p l ant i s  presented i n  Fi g .  C . 4 . T he  presence of hydrogen s u l fi de i s  con s i dered 
u ndes i rab l e  from a proces s standpoi nt , and gaseous streams con tai n i ng  exce s s i ve quant i t i e s  wi l l  
be d i rected to  aci d-gas ( hydrogen s u l f ide )  remova l systems at vari ous l ocati ons w i t h i n  the 
p l ant .  I n  the SRC- I fac i l i ty ,  the pr imary sources of aci d gases wi l l  be the SRC proces s  area , 
the gas i fi cat i on area , the coke r- ca l c i ner area , and the expanded-bed hydrocrac ker area s .  Two 
streams from the S RC p rocess  area wi l l  be treated for aci d-gas remova l :  a h i gh-pres sure 
hydrogen- r i c h  stream and a l ow-pressure off-gas . From the gas i fi cat i on area , gas l eav i ng the 
s h i ft-convers i on u n i t wi l l  be treated to  remove ac i d  gases . * In the coker-ca l c i ner  area , a 
l ow-pressure off-gas  from the de l ayed coker wi l l  be compres sed and treated for aci d-gas remova l .  
The f l ue gas from the ca l c i ner  wi l l  be i nc i ne rated and s crubbed to remove S 02 and part i cu l a tes 
to an acceptab l e  l eve l .  The f l ue-gas  des u l furi zati on s l udge wi l l  be stored i n  a secure l and
f i l l .  The d i sp osa l mechan i sm depends on the  choice  of  FGD  techno l ogy . The  a l tern ati ves are 
d i scus sed i n  Sect .  C . 3 .  The expanded-bed hydrocracker l ow-press ure off-gas wi l l  a l s o  be 
treated for aci d-gas remova l .  Sou r  water streams from vari ous areas wi l l  be combi ned and then 
str i pped i n  the ammon i a - s u l fi de water stri p p i n g  un i t . Vapors from the un i t  wi l l  be sent to the 
C l aus  u n i t for s u l fur and ammon i a  remova l ,  and the bottoms wi l l  be sent to wastewater treatment .  
Ac i d-gas remova l systems wi l l  use severa l commerc i a l  proces ses  i n  wh i ch the hydrogen s u l fi de i s  
a b sorbed i nt o  a scrubb i n g  s o l ut i on and then removed from the s o l uti on by phys i c a l  proces s i ng , 
p roduc i n g  a concentrated hydrogen - su l fi de stream and a c l ean gas stream for further proces s i ng 
or use . The concentrated hydrogen- s u l f i de streams wi l l  be c o l lected from the vari ous ac i d-gas 
treati ng  fac i l i t i e s  and routed to the s u l fu r- rec overy un i t .  

The systems s peci fi ed for aci d- gas removal at severa l l ocat i on s  i n  the p l ant i nc l ude a Se lexo l  
un i t  and a d i ethan o l ami ne ( DEA)  u n i t .  T he s u l fur- recovery area wi l l  cons i s t  of two C l au s  u n i ts , 
one be i ng a 1 00% sp are , and a Bea von s u l fur-remova l un i t  ( BSRU ) . A th ree- s tage , strai ght
through , ammon i a-burn i ng C l a u s  un i t  wi l l  recover the b u l k  of the s u l fu r  contai ned in the aci d 
gases to produce e lementa l s u l fu r ,  wh i ch w i l l  be recovered for s a l e  as a by-product .  

The BSRU removes res i d u a l  s u l fur compounds contai ned i n  the C l a u s  ta i l -gas . A l s o , i ndependent ly  
of  C laus  ta i l - gas  proces s i ng , res i du a l  s u l fur i s  removed from a raw fue l gas  stream in  the 
Stretford porti on of the BSRU . The Stretford secti on c ontai ns  two abs orbers : one for s u l fu r  
remova l from the C l a u s  tai l - gas  a n d  one for s u l fur remova l  from the raw fue l gas . T h e  raw fue l 
gas i s  treated for bu l k  aci d-gas ( C02 + H2S )  removal i n  the l ow- pres s ure secti on of the DEA 
u n i t  and then sent t o  the BSRU for f i n a l  s u l fur remova l .  

The treated C l aus tai l - gas wi l l  then be vented to the atmosp here ; i t  wi l l  conta i n  approxi mate ly 
4 ppmv hydrogen s u l fi de and l es s  than 1 00 ppmv of comb i ned hydrogen s u l fi de and carbonyl 
s u l f ide .  Depend i n g  on dec i s i on s  made duri ng  f i na l deta i l des i gn ,  th i s  ta i l -gas may be  vented 
from the same stack that  vents the  CO2 that  i s  removed from the  s h i fted gas stream . The hydro
gen s u l f i de i n  the fue l gas stream wi l l  be reduced down to approxi mate ly 5 ppmv . The c l ean 
fue l gas w i l l  be made ava i l a b l e  for i n-p lant fue l  u se .  The  env i ronmental  i mpacts are eval uated 
i n  Sect . 4 . 2 . 3 .  Al ternati ve s u l fur-control techn ol og ie s  are descri bed i n  Sect .  C . 3 .  

C . l . 2 . 4  Proces s  cool i ng 

Contro l of p rocess operati ons  requ i res  the remova l of s i gn i fi cant quanti t ie s  of heat from 
process streams . Wherever economi ca l l y feas i b l e , heat w i l l  be recovered through tran s fer  to 
other proces s  streams , heat-trans fer f l u i ds ,  or generati on of steam to i ncrease the overa l l 

* 
The effl uent from ac id  gas remova l of the s h i fted gas stream conta i n s  about 6 ppm H2S and 

1 40 ppm COS , whi c h  w i l l  be vented to the atmosphere a l ong wi th the other stream const i tuents : 
CO2 ( 80 vo l  % )  and N2 ( 20 vo l  % ) . 
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therma l effi ci ency of the p l ant .  The re l ati ve ly  sma l l  s i ze of the demonstrat i on p l ant l im i t s  
t he  degree of  heat recovery that can economi ca l ly be  emp l oyed . At  a commerc i a l  sca l e , add i 
t i ona l heat recovery wou l d  be economica l ly feas i b l e ,  and the overa l l  therma l effi c i ency of a 
commerc i a l  p l ant  i s  expected to be about 70% . As s uming  on ly heat recovery that i s  economi ca l ly 
feas i b le at demonstrati on- p lant sca le  and uti l i zat i on of cos t-effect i ve di rect ai r coo l i ng on 
heavy hydrocarbon s treams , the demonstrati on p l ant wi l l  reject approx i mate ly 1 . 7  x 1 0 9  Btu per 
hour of waste heat .  The current ly- proposed des i gn wi l l  uti l i ze a reci rcu l at i ng coo l i ng-water 
system wi th mechani ca l  draft wet c oo l i ng towers for most p roces s  needs . To  prec l ude the pos s i 
b i l i ty of the re lease of comp l ex hydrocarbons through the cool i ng system as a res u l t  of l eakage 
in heat exchangers , aeri a l  coo l ers and i nd i rect cool i n g  wi l l  be used for streams conta i n i ng 5% 
or  more by we i g ht of c oa l - or SRC-deri ved materi a l  hav i n g  boi l i ng p oi nts  greater than 260°C  
( 500° F ) ;  such  streams wi l l  deri ve from the  d i s s o l ve r ,  hydrogen recovery , l i q u i d fracti onati on , 
separator , cok i ng ,  hydrocrack i ng , and recyc l e- gas  systems ( the systems hand l i n g  i ntermedi ate 
product hydroca rbons of greatest  concern from a hea l th and env i ronmental  standpoi n t ) . Pheno l i c s  
a n d  vol ati l e  organ i c  compounds re l eased from the cool i ng tower wi l l  b e  control led  by the waste
water treatment p lant , wh i ch treats wastewater to a qua l i ty acceptab l e  for use as  cool i n g  tower 
makeup water ( see Sect. C . 3 . 1 . 5 ) .  Secti on C . 3 . 3  d i s cu s ses a l ternati ve waste-heat rejecti on 
sys tems . Secti on 4 . 2 . 3 . 1 and Append i x  S present the envi ronmenta l - i mpact ana lys i s  for the 
cool i ng system. 

C . l . 2 . 5  Product storage and s h ippi ng 

Two separate product- storage areas are p l anned : the s o l i ds - storage area and the l i qu i d-storage 
area ( F i g .  C . 3 ) . The s o l i ds - storage area wi l l  prov i de for conveyi ng , storage , and l oadi ng  of 
s o l i d  products i nc l ud i n g  SRC , ca l c i ned anode coke , ash , char , and s u l fu r .  Sol i d  SRC wi l l  be 
s t ored i n  open p i l e s  subject to  dust suppres s i on and l eachate co l l ecti on as  in the coa l p i l e ;  
i t  wi l l  be transported by ra i l .  ( Appendi x  P provi des an analys i s  of SRC s ol i d-product l each
ates . )  Anode coke wi l l  be stored i n  s i l os eq u i pped wi th a baghouse , hand led by c l osed conveyor 
systems , and transported i n  hopper cars . E l ementa l s u l fu r  wi l l  be st ored in the mo l ten state 
i n  a c l osed tan k .  

T h e  l i q u i d-storage area wi l l  i nc l ude tanks , pumps , and control s to store and d i stri bute proces s 
s o l vents , l i ght  oi l s ,  med i um oi l s , p roces s  chemi ca l s , and Dowtherm A heat-trans fer  f l u i d .  Al l 
p roduct l i q u i d-storage tanks wi l l  be equ i p ped wi th fi xed  roofs and vapor-recovery systems , or 
f l oati ng roofs wi th purg i n g  of vapor space between the sea l s , to control hydrocarbon emi s s i on s .  

The tanks wi l l  be d i ked t o  prevent re l ease of l i qu i d  product mater ia l s  i nto  the env i ronment i n  
a n  event o f  tank fai l u re o r  operator error. The d i ked area wi l l  have adequate capac i ty to 
c onta i n  the contents of the tan k  p l u s  prec i p i tati on from the 1 0-year , 24-h storm and water used 
in the event of a fi re .  Large s p i l l s of o i l from the tank farm wi l l  be recovered , l es ser  
s p i l l s wi l l  be  di scharged to  the  process  sewe r ,  and  remova l  wi l l  occur i n  an oi l /water separator. 
S l op oi l from the separator wi l l  be i nc i nerated .  To avoi d ground-water contami nati on wi th the 
l i qu i ds in the event of tank rupture or s p i l l s ,  the di ked area wi l l  be l i ned wi th appropri ate 
i mpermeab l e  materi a l s .  Drai nage from wi t h i n  the d i ked area and run off from the product- l oadi ng  
areas wi l l  be pumped to the wastewater-treatment system. The bases of the tanks wi l l  be be l ow  
the 1 00-year fl oodp l a i n ,  but the di kes wi l l  be above the 500-year fl oodp l a i n .  

Pe rmeabi l i ty test i ng  w ith  ons i te c l ay i ndi cates that the permeabi l i ty of compacted ons i te c l ay 
i s  on the order of 1 0 - 7  cm. Consequent ly ,  s u bj ect to other test i n g  for c ompactabi l i ty ,  th i s  
materi a l  wi l l  be heav i ly used .  The process  area wi l l  a l so i n c l ude cu rbed concrete pads for 
areas l i ke ly to be c ontami nated .  Add i t i ona l  eva l uati on i s  be i n g  made i n  the  d i s p osa l  areas 
regard i n g  the use of syntheti c l i ners and/or c l ay l i ne rs . 

Syntheti c l i ners s uch  as h i gh-den s i ty po lyethy l ene , re i nforced Hypa l on ,  buty l  rubbe r ,  neoprene , 
and others wi l l  be eva l uated and tes ted .  The  EPA  document " Li n i ng of  Waste Impoundment and 
D i sposa l  Faci l i ti es "  wi l l  be u sed as  a g u i de . l 

Di kes are expected to be constructed with  compacted c l ay .  Synthet ic  l i ners , where app l i cabl e ,  
wi l l  be extended from the bottom (wi th i n  the d i ked areas ) ,  over the i n s i de face of the di ke ,  
and wi l l  be fastened at the top .  

C . l . 2 . 6  Other s upport fac i l i t i e s  

Ra i l road . T h e  demonstrati on faci l i t i e s  wi l l  req u i re t h e  construct i on of ra i l  trackage t o  
accommodate t h e  movement o f  feedstocks  and products . Coal  wi l l  be transported by rai l  and 
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pos s i b ly by barge from the Western Kentucky coal fi e l ds , approx imate ly 50 mi les  from the s i te .  
Products and by-products wi l l  be s h i pped by ra i l  and truck  ( see Sect . 4 . 1 . 3 . 2 ) .  

A tota l of 4 mi l e s  of ra i l road trackage wi l l  be l a i d  a l ong  the weste rn edge of the s i te and i n  
a l oop around the centra l storage and s h i pp i n g  area ( F i g .  C . 3 ) . The ex i s t i n g  Sauer Lane wi l l  
be b l ocked off at the west end becau se of the rai l road spur .  F l anagan Road , an ex i st i ng gravel  
road , w i l l  be re l ocated a l ong  the western edge of the s i te ,  and wi l l  connect wi th Sauer Lane . 
A new p l ant-entrance road wi l l  be bu i l t  a l ong  the rai l s pu r ,  l i n k i n g  U . S .  H i g hway 60 with  the 
eastern segment of Sauer Lane .  

Stockpi l es .  To the east , near Mart i n  Cree k ,  wi l l  be three stockpi l e s  for topsoi l ,  excavated 
mater i a l , and u n su i ta b l e  spoi l mater i a l  ( F i g .  C . 3 ) .  

Barge . I t  i s  necessary that s ome con struct i on materi a l s  and equi pment be del i vered by barge . 
A permanent dock or  barge fac i l i ty on the Green R i ve r  i s  a l s o  be i n g  eva l uated for del i very of 
feed coa l .  ( Fi gure C . 3  and Append ix  Y provi de d i agrams of the barge-un l oad i ng faci l i ty . ) 
Cons tructi on of barge faci l i ti e s  wi l l  requ i re a permit  from the Corps of Eng i neers . 

E l ectri c i ty .  The demonstrati on p lant wi l l  be supp l i ed powe r v i a  two 1 6 1 -kV tran smi s s i on 
l i nes , fu rn i s hed by B i g  Ri vers E l ectri c Corporat i on .  Est imated power demand i s  approx imate ly  
1 0 1 ,000 kW . A turbine generator o n  s i te wi l l  gene rate supp l ementa l power from exces s  process  
steam , wh i ch wi l l  serve to  reduce the  purchased p owe r  demand . I n i t i a l  start-up req u i rements of 
fue l gas and fue l  oi l wi l l  be furni s hed from an extern a l  source . 

Water i ntake . The maj or water f l ows i nto the p l ant are makeup from the Green Ri ve r and ra i n 
fa l l ,  wh i ch i s  i mpounded for u se .  Wi th ze ro d i scharge o f  was tewater ,  about 2 5 2 0  gpm ( 3 . 63 Mgd 
or 1 3 , 735  m 3 /d )  of water wi l l  be wi thdrawn from the Green R i ver .  Two a l te rnati ve water i ntake 
structures are be i ng con s i dered : con ven ti onal and subme rged . The convent i ona l  water i ntake 
structure ( F i g .  C . 5 )  wi l l  be bu i l t  on the shore , at bl uff he i ght , to  wi thstand a 1 00-year 
f l ood . The structure wi l l  be equi pped wi th one or  more sets of vert i ca l  trave l i ng screens 
hav i ng  i ntake ve l oc i t i e s  as  l ow as  p ract i ca l  to mi n i mi ze aquat i c l i fe imp i ngement [0 . 1 5  m /s 
( 0 . 49 ft /s )  at mean l ow water cond i t i ons ] .  A 25- by 80- ft channe l wi l l  be dredged for the 
ri ver-water i ntake . The channe 1 b ottom wi 1 1  be at 338 ft mean sea l eve 1 ( MSL ) ; the top of the 
structure wi l l  be at 390 ft MS L .  Approximate ly  2000 yd 3 o f  dredge mate ri a l  wi l l  b e  depos i ted 
i n  a d i s posa l stockp i l e  next to the i ntake fac i l i ty .  Ma i ntenance dredg i ng o f  the channe l  wi l l  
p robab ly  be req u i red . 

The s ubmerged water i ntake structure ( F i g .  C . 6 )  wi l l  be constructed by s i n k i n g  a concrete 
cai s son about  60 ft i nto the ri ver  bank . A 42- i n . - d i am p i pe wi l l  be jacked  from i ns i de the 
cai s son toward the ri ver .  The p i pe wi l l  be at least  1 2  ft be l ow norma l  pool  l e ve l , to prec l ude 
i nterference wi th ri ver traffi c .  Al s o ,  the p i pe wi l l  be l a i d  to obta i n  s uffi c i ent c l earance 
above the ri ve r ' s bed , the reby preven ti ng  s i l t  from be i ng s ucked i nto the wedgewi re screens 
i nsta l led  on the end. The r iver  bed i s  di sturbed on ly dur i ng  i n sta l lati on of the p i pe and 
dri v i n g  of the p i pe s u pport p i l i n g .  

Water d i s charge . The treated eff l uent from the excess beyond the 1 0-year , 24-h storm ( or 
1 . 3  Mgd when the was tewate r di scharge opt ion i s  used ) wi l l  be d i scha rged i nto the Green Ri ver 
downs tream of the i ntake .  An unde rwater p i pe wi l l  carry the e ff l uent  to  the  mi dd le  of the 
ri ve r ,  whe re a 50-ft d i ffuser  wi l l  d i scharge i t  at a jet ve l oci ty of between 4 . 7  and 5 . 1  fps 
d i rected down stream . The di scharge p i pe wi l l  be anchored wi th concrete b l ocks . Some ri prap 
may a l s o  be req ui red .  ( Fi gure C . 7  provi des a s ketch of the  wate r-di scharge structure . ) 

The d i ffuser  i s  des i gned to extend about ha l fway across the Green Ri ver and wi l l  be con structed 
wi th a 20- i n . -d i am p i pe with  perforated 2 - i n .  ori fi ces , l - i n .  apart . Des i gn capaci ty for the 
d i ffu ser has not been f ina l i zed .  Data are as fol l ows : 

P l ant Ass umed P i pe Ori fi ce N o .  Jet f l ow rate Temp . ( oF) s i ze Operati ng  di am .  d i am .  of ve l oc i ty 
(tpdl mode Mgd Cfs ( i  n .  l ( i  n .  ) ori fi ces (fps) Summer Wi nter 

6 , 000 Normal 1 .  56  2 . 4 1 20 2 40 4 . 7 1 05 55  
6 , 000 Maxi mum 2 x 1 .  56 4 . 82 20 2 80 5 . 1  1 05 35  

30 , 000 Norma l 5 x 1 .  56 1 2 . 07 20 2 1 00 1 0 . 8  1 0 5  5 5  
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F i g .  C . 5 .  Conventi ona l  raw water i ntake dev i ce .  

Potab l e  water .  Potab l e  water wi l l  be wi thdrawn from wel l s  ( l ocati on not speci f ied ) and treated . 
Average demand wi l l  be about 9 gpm. However , the wel l s  wi l l  be deve l oped to provi de 1 00 gpm to 
a l l ow for rap i d  fi l l  of the potabl e-water storage tank ( 25 , 000 gal ) duri n g  peak demand peri ods 
and to s u pp ly untreated water for constructi on p urposes . 

C . l . 3 Resource requi rements 

C. 1 . 3 .  1 Constructi on phase 

I t  i s  est imated that the fol l ow ing  quanti ti es of maj or res ou rces wi l l  be requ i red dur i n g  the 
constructi on phase of the faci l i ty :  

Concrete (exc l ud i ng a rch i tectura l bu i l d i ngs ) 
Re i nforci ng  stee l 
Structural stee l (exc l ud i ng arch i tectural  

bu i l d i ng s ) 
Asphal t 
Ra i l road trackage 
Bare p i pe 
G l a s s  
Wood 

7 1 , 000 yd3 
3 , 700 tons 
3 , 900 ton s  

1 . 1  x 1 0 6  ft2 
6 3 , 000 ft 
3 , 400 tons 

28 , 000 ft2 
1 . 75 x 1 06 board ft 
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F i g .  C . 6 .  Submerged raw water i ntake dev i c e .  

F i  g .  C .  7 .  
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Proposed wastewater  eff l uent r i ver  d i ffu ser .  
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C . l . 3 . 2  Operati ons phase 

The demonstrati on p l ant i s  des i gned to p rocess 6000 tons of coal per stream day . I t  i s  
e st imated that the fo l l owi n g  quant i t i e s  of resources wi l l  be consumed annual l y :  

Coa l 
Water 
E l ectri c i ty 
L ime 
Phosphori c ac i d  
S u l fur i c ac i d  
Di ethanol ami ne 
Se l exol  so l vent 
Ch l ori ne 
Wett i ng agent 
Cri t i ca l  so l vent ( for deas h i n g )  
FeS04 ( 20% so l ut i on )  
Soda ash  
Sodi um vanadate 
Al um 
Rock sa l t 
Hydrogen perox ide 
Monoethanol ami ne ( MEA) 

2 X 106 tons 
8 . 6  x 1 0 8  gal 
75  x 1 04 MWh 

1 , 500 tons 
80 tons 

3 , 650 gal  ( i nt . ) 
30 tons 
20 tons 
70 tons 

40 ,000 gal 
370 tons 

1 , 500 tons 
2 , 700 tons  

400 tons 
460 tons 
530 tons  

3 ,650 ga l  
20  tons 

( max . ) 

Add i ti ona l l y ,  cata lysts  wi l l  be u sed ,  but the types and amounts a re prop ri etary .  

I t  i s  present ly  p l anned that e l ectri c power wi l l  b e  purchased from a nea rby pub l i c  ut i l i ty .  

C . 2  PROPOSED ENV I RONMENTAL CONTROLS 

C . 2 . 1 Wastewater treatment 

C . 2 .  1 .  1 Maj or wastewater streams and contami nants 

The expected types of wastewater gene rated in the demons trati on p l ant  a re g i ven be l ow :  

• p roces s  sour  water 
• coo l i ng tower b l owdown 
• coal  p i l e  runoff 
• SRC p i l e  runoff 
• process area runoff 
• runoff from l i qu i d storage and s h i pp i ng areas 
• weak process  wastes 
• oi l y  wastes  
• san i tary wastes 
• meta l - s l udge l andfi l l  l eachate 
• s l ag d i sposal  l eachate 
• spent scrubber l i quor from the coker/ca l c i ner s crubber 
• wastewater from the gas i fi er 

A l aboratory prog ram i s  current ly  underway to characte ri ze the wastewater streams expected at 
the demonstrati on p l ant ( see Sect .  2 . 3 . 2 . 2 ) . 

About one-ha l f  of the tota l wastewate r fl ow wi l l  be process sour water , the most heavi l y  con
tami nated stream. P rocess s our  water sources are from the SRC a rea , the coke r ,  the expanded
bed hydrocracker ,  Beavon s u l fur  removal , and the d i ethano l ami ne ( DEA) ac i d-gas remova l process . 
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Process  sour water from the SRC area ori g i nates from water i n  the coal and from water added to 
the process to prevent ammon i um sa l t formati on and depos i t i on in the process l i nes . Cu rrent 
est imates of major contami nant concentrati ons in the sour water are 3 . 4  wt hydrogen s u l fi de ,  
0 . 2  wt % pheno l i cs ,  1 . 1  wt % hydrogen ch l ori de , 209 ppmw merca ptans , 88 ppmw thi ocyanate , 
2 . 2  wt % ammon i a ,  and 22 ppmw hyd rogen cyan i de .  

Process  sour water from the coker w i l l  come from the ove rhead f l a s h  s treams i n  the cok i ng 
proces s .  Most of the wastewater i s  generated duri ng decok i n g .  Major contami nant concentra t i on s  
are current l y  est imated to b e  0 . 1 5  wt % hydrogen s u l fi de , 0 . 1 2  wt % ammonia , 0 . 1 2  w t  % phen o l i cs , 
380 ppmw thi ocyanate , and 65 ppmw hydrogen cyan i d e .  

The expanded- bed hydrocracker sour  water wi l l  a l s o come from a n  overhead fl ash  stream i n  the 
hydrocracker proce s s .  Part of  the sour water i s  generated by react i on o f  hydrogen wi th oxygen
ates in the feed ; the rema i n i n g  water is i ntroduced to p re vent s a l t  format i on in the proces s 
l i ne .  Maj or contami nant concentrat i ons  expected are 1 . 8 wt % ammon i a  and 0 . 9  wt % hydrogen 
s u l f i de . 

Sour water from the DEA process  area wi l l  come from a water wash  of the gases fl ashed off i n  
the SRC process  area . Expected maj or contami nant concentrat i ons i n  the sour  water stream are 
1 2 . 7  wt % carbon d i ox i de , 4 . 9 wt % ammon i a , and 23 1 0  ppmw hydrogen s u l f i de . 

Beavon s u l fu r-removal  sour water res u l ts from a d i rect water-contact coo l er  that coo l s  the gas 
stream enteri ng the s u l fur-removal absorbers . The on ly  maj or expected contami nant is 286 ppmw 
hydrogen s u l f i de . 

I n  add i t i on to the expected maj or contami nants , trace concentrat i ons  of metal and comp l ex 
organ i cs , such  as polynuc lear aromat ic  compounds , wi l l  probab ly  be present i n  some of the 
sour water streams . 

About one-th i rd of the tota l wastewater f l ow wi l l  be from the coo l i n g  tower .  T he  mos t s i gn i f
i cant contami nant i n  t h i s  stream wi l l  be hexava l ent  ch romi um , wh i ch i s  added to the coo l i ng 
sys tem for corros i on contro l . (Al ternati ves to the use of ch romate anti corros i on chemi ca l s  
are descri bed i n  Sects . 2 . 3 . 2 . 2  and C . 3 . 4 . ) The common i n organ i c  consti tuents ori g i nati ng 
in the ma keup water to the coo l i n g  system wi l l  be concentrated and present in the b l owdown . 
Ta b l e  C . 1 0 ,  l i s t i ng est imated dri ft compos i t i on  from the coo l i ng towe r ,  i s  a l s o a pre l imi nary 
e st imate of the coo l i n g  tower b l owdown compos i t i on .  

The rema i n i n g  porti on o f  the wastewater wi l l  come from vari ous sources : GKT gas i f ier  wastewate r ,  
runoffs from raw coal and SRC p i l e s ;  runoffs from the d i ked areas where the process  equ i pment , 
s torage , and s h i pp i ng areas wi l l  be l ocated ; sani tary was te ; meta l - s l udge l andfi l l  l e achate ; 
o i l -beari ng  was tes ;  and s uch l i ght ly  contami nated waters as bo i l er  b l owdown and water-f i l ter  
bac kwash . 

The expected maj or c ontami nants i n  the GKT was tewater are 2 60 ppmw ammon i a ,  30 ppmw thi ocyanate , 
1 5  ppmw cyan ide , and l e ss  than 20 ppmw of s u s pended so l i ds . The h i gh -tempe rature operation 
of GKT uni ts acts to i nci nerate more comp l ex organ i c  mo l ec u l e s  before l ea v i n g  the reactor.  
Trace concen trat i ons of vari ous i n organ i c  contami nants are a l s o  expected . 

Appendi x  P descri bes the compos i t i on of l eachates  from coal , s o l i d  SRC product , and gas i fier  
s l ag .  

A purge stream from the Stretford proces s wi l l  be produced . Th i s  stream wi l l  contai n the 
fol l ow i ng  contami nants : 1 5 . 8  wt % Na2 S203 ' 7 . 1 wt % Na2 S04 ' 1 . 2 wt % Na2C0 3 , 0 . 8  wt % NaV03 , 
and 0 . 2  wt % anthraq u i none d i s u l fon i c  ac i d .  

The process  area runoff i s  expected t o  be contami nated wi th trace quanti t ies  o f  proces s l i q u i ds , 
i nc l ud i ng certa i n  h i gh -bo i l i ng po int  hydrocarbons . The s l ag l andfi l l  l eachate i s  expected to 
conta i n  the contami nants common to the coa l  p i l e  runoff. The l i g ht ly  contami nated was tewater 
i s  expected to conta i n  ch i ef ly  i n organ i cs and s u spended so l i ds .  

C . 2 . 1 . 2 Conceptua l  des i gn of the was tewater treatment system 

The proposed was tewate r treatment system wi l l  be a zero-di scharge sys tem ut i l i z i ng tota l  recyc l e  
t o  the p rocess  but wi l l  have the f l ex i b i l i ty to fu l l y treat and di scharge a l l was tewater  i n  
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the event that process operat i ng cond i t i ons  do not enab l e  tota l recyc l e .  An NPDES permi t and 
appropri ate State permi ts wi l l  be obtai ned for the d i scha rge case . A l aboratory program i s  
c urrent ly  underway to determi ne the treatab i l i ty of the was tewate r expected at the demonstra
t i on p l ant and to support the des i gn of th i s  was tewater treatment system ( see Sec t .  2 . 3. 2 . 2 ) .  
Dependi ng on the res u l ts of the l ab oratory program , the des i gn may be modi f ied  as necessary . 
A l l was tewaters generated i n  the p l ant as we l l  as the contam i nated runoff wi l l  be sent to the 
was tewater  treatment fac i l i ty .  Sani tary waste wi l l  be  comb i ned wi th other p l ant  e ff l uent i n  
t he  equa l i zati on pond and  di rected to the b i o l og i ca l  treatment sys tem . F i gure C . 8  i s  a con
cep tua l d i agram of the treatment fac i l i ty ,  con s i s t i ng of pr imary ,  secondary ,  and terti ary 
treatment  steps . The des i gn goa l i s  to have a l i q u i d  effl uent l eav i n g  the fi n a l  treatment  step  
that  i s  s u i tab l e  e i ther for d i s charge to  the  Green Ri ver or for recyc l e  to the  process  after an 
ev aporat i on-condensati on s tep to remove d i s s o l ved  so l i ds that cou l d  not be to l e rated w i th i n  
process  eq u i pment .  

COO L I N G  
T OW E R  
B L OWDOWN 

SO U R  W AT E R  F R O M  
A M M O N  I A - S U  L F I D E  
ST R I P P E R 

L A N D F I L L  
R U N O F F /  
L E A C H AT E  

G A S I F I E R  
WASTEWAT E R 

S R C  P I L E  A N D  
C O A L  P I LE R U N O F F  

P R O CE SS A R E A  R U N O F  F --..-I 
O I L Y WASTES --..-I 

R E T E N T I O N  
B AS I N  

S U R G E  
B AS I N  

S L U D G E  

SAN ITA R Y  
WASTE 

W E A K  
P R OCESS 
WASTES 

F i g .  C . 8 .  A conceptual  d i agram of the treatment faci l i ty .  

ES-5 1 9 1  R5 

There i s  no capabi l i ty to d i scharge untreated or parti a l ly  treated proce ss  was tewater .  In the 
event of fa i l u re i n  a g i ven sys tem , use of s pare or para l l e l  eq u i pmen t ,  h o l dup capac i ty i n  s urge 
ponds and equa l i zati on ponds , and u l t i mate ly  producti on rate reduct i on or a p l ant  s h utdown wi l l  
be used unt i l ful l treatment can be res umed . Con s i derat i on i s  be i ng g i ven to the use of i d l e  
a s h  ponds for emergency s torage . 
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D ur i ng  extended shutdowns of  t h e  p l ant  for maj or repai rs , t h e  ze ro-di scharge operating  mode 
cou l d  not be practi ced because  con sumpti ve uses ( cool i ng tower )  fo r the recyc l ed e vaporator 
condensate wou l d  not exi st  but rai n fa l l runoff wou l d  conti nue . E i ther storage or d i scharge 
of trea ted wa stewater wou l d  be requi red .  Treated wastewater from the  pl ant  descri bed i n  thi s 
secti on shou l d  be s u i tabl e for d i scharge , and the f l ow wou l d  be very smal l .  

The treatment processes wi l l  i nc l ude separat ion of o i l y  wastes , prec i p i tati on and fl occu lati on 
of toxi c metal s ,  pH adjustment pri or to two- stage aerobi c b i ol og i ca l treatment fol l owed by 
fi l trat i on ,  and f ina l  po l i sh i n g  of the effl uent by acti vated ca rbon ( F i g .  C . B ) .  The system 
wi l l  provi de equa l i zati on and retent i on bas i n s  to reta i n  l a rge wastewater fl ows dur ing  ra i n  
events ( p r ima ry runoff a n d  l eachates ) and t o  promote mi x i ng , thereby pre vent i n g  upset o f  the 
b i o l og i c a l  system due to s hock by tox i c  components . 

Rai nwater run off from the coa l and SRC p i l es wi l l  ente r a retenti on bas i n  to control the fl ow 
of these waters to the treatment system. The bas i n  wi l l  be constructed in such a manner to 
permi t access for remov ing  s o l i ds that wi l l  accumu l ate in the bas i n .  The capaci ty of the 
retent i on bas i n  wi l l  hand l e  the rai nwater of a 24- h ,  l O-yea r-frequency storm . To determ ine  the 
runoff compos i ti on s  i n  the event of a storm ,  a s i mu l a t i on wi th a computer mode l such as  EPA ' s 
Short Storm Water Management Mode l ( SSWMM ) wi l l  be performed wi th res u l ts rep orted i n  the 
Nati ona l Po l l utant D i scharge E l imi nati on System ( NP DES ) perm i t  appl i cati on . Eff l uent from the 
retenti on bas i n  wi l l  then ente r  the meta l - preci p i tati on system . The ab i l i ty to bypass  the 
meta l - prec i p i tati on system and perm i t  water from the retent i on bas i n ,  after a prol onged storm ,  
t o  en te r  the surge bas i n  wi l l  a l so be avai l ab l e .  

Rai nwater runoff from the p rocess  a rea wi l l  b e  col l ected i n  a s urge bas i n  t o  control f l ow i n to 
the t reatment system. Th i s  bas i n  wi l l  be s i zed to hand l e ra i nwater runoff from a 24-h , l O-year
frequency storm .  To  prevent l ea kage , ma te ri a l s  t hat  a re res i s tant to organ i c  s o l vent attack 
wi l l  be used to l i ne the bas i n .  

Effl uent from the s u rge bas i n ,  a l ong with othe r oi l y  wastewater generated i n  the p l ant o r  oi l s  
f rom mi nor sp i l l s ,  wi l l  enter an oi l - remova l system. The des i gn of  the oi l /water separator wi l l  
i nc l ude adequate control l ed  venti ng and purg i ng of any col l ected hydroca rbon gases  and vapors to 
avoi d any safety hazard . The oi l - remova l system wi l l  have the abi l i ty to remove a l l  f l oatab l e  
and emu l s i fi ed oi l s .  Dependi ng  on the carbon l oadi n g  o f  the effl uent l ea v i n g  the oi l -remova l 
system , th i s  stream may be bypassed a round the equa l i zati on bas i n  and b i o l og i ca l  treatment and 
permi tted to ente r  the fi l trati on system. Hand l i ng and d i s pos a l  of  s l op o i l from the o i l 
remova l system a re d i scussed i n  Sect .  C . 3 . 2 . 5 .  

Wastewater streams conta i n i ng s i gn i fi cant amounts of meta l s  wi l l  ente r  a meta l -prec i p i tati on 
system. The GKT gas i fi e r  wastewater ,  coal and SRC runoffs , and l andfi l l  l eachates  wi l l  be i n  
th i s  categ ory . I f  chromate i s  used as the corros i on i n h i b i tor i n  the coo l i n g  system , b l owdown 
from the cool i ng towe r  wi l l  a l so bel ong to th i s  category . However ,  the b l owdown wi l l  enter 
a chromate - reducti on un i t  in wh i ch Cr6+ is con ve rted to Cr3+ be fore feedi ng i nto  the meta l 
p rec i p i tati on system. The meta l - prec i p i tati on sys tem cons i s ts o f  two separate stages ; the p H  of 
the fi rst s tage wou l d  be 1 1 ,  and of the second , B . 5 .  Two- stage prec i p i tati on may be necessary 
because some metal hydrox i des  a re amphoteri c ;  the pH opti ma l  for preci p i tat i ng  one meta l may not 
be opt ima l  for another. For examp l e ,  the opt ima l  pH for n i cke l i s  1 1 ,  con s i derab ly  h i gher than 
the optimal pH (B . 5 )  for many other meta l s .  The f i n a l  des i gn of the meta l -prec i p i tati on system 
wi l l  g reat ly  depend on spec i es of meta l s  p resent i n  the waste streams . The meta l - prec i p i tat i on 
system wi l l  generate s l udges ; d i s p osa l  of those s l udges i s  d i scus sed i n  Sects . C . 2 . 3 . 2 and 
C . 3 . 2 . 2 . 

The sour water streams wi l l  i n i t i a l ly be steam stri pped i n  the ammon i a -s u l fi de wate r-str i pp i ng  
(ASWS ) un i t  to  remove hydrogen su l fi de and  ammon i a .  T he  ammon i a  and  hydrogen s u l fi de overhead 
stream wi l l  ente r a C l aus  u n i t , whe re the ammon i a  wi l l  be con ve rted to n i trogen and the hyd rogen 
s u l fi de wi l l  be con verted to e l ementa l s u l fu r. The stri pper bottoms wi l l  c onta i n  a h i gh l e ve l  
o f  phen o l i cs a n d  s ome other organ i c s . Dependi ng  on the amount of meta l s  present i n  the ASWS 
bottoms , th i s  stream wi l l  e i ther pass through the meta l -p rec i p i tati on system or enter the 
equa l i zat i on b a s i n  di rect ly .  The base l i ne p l ant des i gn does n ot i n c l ude s o l ven t extracti on of 
p henol s ;  however th i s  p rocess  i s  rece i v i ng tradeoff study , and a dec i s i on wi l l  be made at the 
deta i l des i gn stage whether to i ncorporate i t . The p otenti a l  d i spos i t i on of phen o l s  wou l d  be 
s a l e ,  i n- p l ant  fue l , or gas i f i cat i on use . 
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Spent scrubb i ng l i quor from the coker-ca l c i ner soda a s h  scrubber wi l l  b e  d i rected to  was tewa ter 
treatment ,  but when the zero-d i scharge evaporator i s  operati ng , i t  may be routed to the evapora
tor .  The s a l ts wi l l  e i ther appea r as part of the evaporator s a l t  cake or wi l l  eventua l ly be 
d i scharged as  effl uent . I f  i t  i s  d i scharged , the s u l fi te wi l l  be oxi di zed , and parti c u l ates 
wi l l  be removed by c l ari f iers and fi l trati on in the wastewater treatment sys tem . 

Based on the present ly  proposed des i g n ,  the sani tary was tes wi l l  be comb i ned and treated wi th 
other wa stewater streams and ozonated before di scharge . 

The equa l i zati on bas i n  wi l l  rece i ve and mi x a l l wastewater requ i ri ng b i o l og i ca l  treatment 
i nc l ud i ng weak process  wastes , effl uent from o i l remova l , effl uent from me ta l prec i p i tat ion , 
and the ASWS bottoms . H i gh phenol l eve l s  i n  some streams ( l i quefact i on ) wi l l  be d i l uted by l ow 
phenol l eve l s  i n  other  streams ( gas i f i cati on , etc . ) .  The equa l i zati on bas i n  wi l l  be s i zed for 
a mi n i mum of a 24- h retenti on t ime and wi l l  prevent organ i c ,  hydraul i c ,  and temperatu re s hock 
l oads to the b i o l og i ca l  system . Two compartments in the equa l i zati on bas i n  wi l l  be provi ded to 
perm i t so l i ds remova l and c l ean i ng of the bas i n .  The ba s i n  wi l l  b e  made o f  a mater i a l  that 
wi l l  not be s u scepti b l e  to so l vent or organi c attack .  An oi l - s k i mmi ng dev i ce wi l l  be prov i ded 
to  ensure that no  oi l s  enter the bi o l og i ca l  system. Provi s i on s  wi l l  a l so  be made for addi t i on 
of nutri ents or defoamer to the equa l i zat ion bas i n .  A recyc l e  stream from the b i o l og i ca l 
treatment effl uent to the equa l i zati on bas i n  wi l l  be provi ded to ensure that suff i c i ent  wate r 
d i l ut i on i n  the equa l i zati on bas i n  occurs to keep toxi c s pec i e s  be l ow i n h i bi tory l e ve l s  at the 
i n let  to  the b i ol og i ca l  treatment system. The pH wi l l  be adj usted before the b i o l og i ca l  treat
ment system. 

The purpose of the f irst- stage b i o l og i ca l  system wi l l  be to remove most ly  pheno l i cs and othe r 
eas i l y b i odegradabl e materi a l s .  Remova l of ammon i a  and th i ocyanates , a s  we l l a s  refractory 
organ i cs ,  s hou l d  occur pri nc i pa l l y i n  the second-stage b i o l og i ca l  system. Because the mi cro
organ i sms i n  the second stage are usua l l y  more sens i ti ve to envi ronmenta l changes and more 
suscepti b l e to i n h i b i t i on s , the fi rst stage s h ou l d  prov i de stabi l i ty for the second stage . 
To further p rotect the b i o l og i ca l  system from potenti a l  i n h i b i t i on and tox i c i ty from maj or 
s p i l l s ,  prov i s i ons wi l l  be made for add i ng powde red acti vated carbon to the aerati on bas i n s . 
Provi s i ons for reduc i n g  and prevent i ng  b i omass  destructi on duri ng emergency upsets are addressed 
i n  Sect .  C . 2 . 1 . 6 .  An a l ternati ve to the proposed des i gn is bei ng  cons i dered : use of oxygen 
rather than ai r in the b i o l og i ca l  system s .  Because pure oxygen i s  readi l y  avai l ab l e  i n  the 
p l ant , an oxygen system cou l d  be more cost-effecti ve than an a i r  system ( see Sect .  2 . 3 . 2 . 1 ) .  

A two-stage b i o l og i ca l  system s i mi l ar to the b i o l og i ca l  system proposed for the demonstrati on 
p l ant i s  operati ng at the Wi l sonvi l l e ,  Al abama , SRC- I P i l ot P l ant .  Cons i s tent operati on of 
the b i o l og i ca l  system has  been ach i e ved at W i l sonvi l l e w ith  phenol  remova l  to l es s  than 
0 . 06 mg /l i te r  dur ing  the peri od of January to August 1 980 , as documented in Wi l sonvi l l e ' s  
month ly  d i scharge mon i tor ing  report to the A l a bama Water Improvement Commi s s i on .  Phenol  con 
centrati ons enteri ng the b i osystem i n  the demons trati on p l ant  wi l l  be h i gher than the i n fl uent 
feed stream at Wi l s onvi l l e but wi l l  be control led to treatab le  l eve l s  by d i l ut i on .  Al so , 
tert i a ry treatment wi l l  be used as descri bed be l ow. 

The effl uent from the b i o l og i c a l  system wi l l  be furthe r po l i shed by f i l trat i on and adsorpti on 
before d i scharge or reuse . F i l trati on by mul t i med ia  fi l ters wi l l  remove res i du a l  suspended 
s o l i ds .  Backwash wate r ,  used to c l ean the mu l ti med ia  fi l te rs , w i l l  be sent to the equa l i zat ion  
bas i n .  Adsorpt i on by  gran u l ar acti vated carbon ( GAC )  wi l l  reduce trace organ i cs , parti cu l arl y 
po lynuc l ear aromati c s .  Mon i tori ng  o f  the GAC-bed eff l uent to  detect organ i c  breakthrough wi l l  
determi ne when a new ( spare )  GAC bed shou l d  be used . Spent GAC wi l l  then be rep l aced w i th fresh  
GAC , and th i s  bed  wi l l  then become the  spare .  D i sposa l  of  spent  GAC i s  di scussed i n  Sect .  C . 2 . 3 .  

Effl uent l eavi ng the b i o l og i ca l  system wi l l  be d i s i n fected by ozonati on e i ther before or after 
mu l t i medi a f i l trat i on .  Oz onat i on before mu l t imed i a  fi l trati on wi l l  prevent the de vel opment of 
mi crobi a l  growth on the med i a  i n  both f i l te r- bed systems . To prevent p os s i b l e  formati on of 
c h l or i nated hydrocarbons ,  ch l ori nat i on wi l l  n ot be practi ced on th i s  s tream.  

In the case where treated effl uent is  d i scharged to the Green Ri ver , an NPDES permi t wi l l  be 
requ i red .  During  pre l imi nary con s u l tati on i n  preparation  o f  the NPDES permit  appl i cat ion , EPA , 
Kentucky , and DOE wi l l  j oi nt ly  deve l op eff l uent  l i mi tati ons for the p l ant . L i mi tati ons , e i ther 
water qua l i ty or techno l ogy- l i mi ted wi l l  be based on i n-stream water qua l i ty standards , the 
best avai l ab l e  treatment technol ogy economi ca l ly achievabl e ,  or app rop ri ate New Source Perfor
mance Standards ( NSPS ) , whi chever are more str ingent .  
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In  the zero-d i scha rge mode whe re treated effl uent is  re u sed i n  the proce s s ,  the treated 
effl uent wi l l  be u sed on ly  as part i a l  make up water to the c oo l i n g  towe r as shown i n  Fi g .  C . 9 .  
Th u s  any bu i l dup of h i gh s a l t  concentrat i on s  wi l l  occur  on ly i n  the cool i n g  towe r rec i rc u l a t i n g  
water .  The ba l ance o f  make up water wi l l  come from treated ri ver wate r a n d  poss i b l y  from evapo
rator condensate.  Bl owdown from the c oo l i n g  towe r ,  afte r ch romate remova l if ch romate i n h i b i tor 
is used , wi l l  enter an evaporator system rather than the meta l  remova l sys tem . The d i s so l ved 
so l i ds l eve l  of the rec i rcu l at i n g  water can be control l ed by adj u st i ng  the cool i ng towe r b l ow
down rate . A sma l l  br i ne stream from the d i ethanol ami ne area and a sma l l  Stretford pu rge 
stream wi l l  a l s o  enter the evaporator system. The evaporator wi l l  concentrate the d i s so l ved 
so l i ds in the feed stream and wi l l  a l so produce a re l at i ve l y  s o l i ds- free conden sate stream. 
The conden sate wi l l  be u sed as ma keup wate r in e i ther the coo l i n g  towe r or the boi l e r .  To 
prevent any organ i cs from ente r i n g  these ut i l i t i es , a backup granu l a r acti vated carbon bed wi l l  
be used to adsorb any sma l l res i dual  amounts of organ i c s  from the condensate stream.  The 
sol i ds stream leav i n g  the evaporator wi l l  be fu rther c oncentrated in a decante r and then w i l l  
be d i s posed by one of several opti ons  descr i bed i n  Sec t .  C . 3 . 2 . l .  
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F i g .  C . 9 .  F l ow d i agram for zero-d i scha rge wastewater treatment system . 

Advantages of wa te r re use i n c l ude no pol l utant d i s charge to navi gabl e waters , reduced r i ver
water i ntake and overa l l  consumpti on ,  s i mp l i fi ed was tewater-treatment system des i gn ,  and p oten
t i a l  for i n tegrat i ng the zero-d i s c ha rge system with other port i ons  of the demonstrat i on p l ant .  
D i sadvantages i n c l ude t he  d i ff icu l ty i n  d i spos i n g  of the water- s o l u b l e  sa l ts produced by the 
e vaporator ,  the h i gh cap i ta l  and ope rat i ng cos ts , the add i t i ona l  heat req u i remen t ,  and the 
accumu l at i on of rai nwater run off wh i l e the p l ant i s  not ope rati n g .  
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As di scussed in Sect .  C . 3 . 3 ,  a l te rnati ves for waste- heat rejecti on , several cool i ng a l ternati ves 
have been con s i dered based on the concern that the l eakage of heavy hydrocarbons i nto an evapo
rati ve cool i ng system cou l d  pose a potenti a l  hea l t h  hazard . The conceptual  des i gn of the zero
d i s charge system uti l i ze s  the cool i ng tower as the cons umer of evaporator condensate . I f  wet 
evaporati ve coo l i ng i s  not use d ,  another use , such  as  for boi l er feedwater ,  mu st be found for 
th i s condensate .  Such uses mi ght i n vo l ve pretreatment to match reuse water-qua l i ty spec i f ica
ti ons , a s  we l l  as  retent i on bas i ns for fl ow equa l i zati on . These  factors affect the  choi ce of  
waste-heat rejecti on .  

C . 2 . 1 . 3 D i sposa l  of water- s o l u b l e  so l i d  wastes 

Approxi mate ly 35 ton s per stream day ( tp sd )  of res i due wi l l  be produced by the evaporator. 
Di sposa l  of th i s  h i gh l y  water s o l u b l e  s o l i d  waste i s  a maj or c oncern for a ze ro-d i s charge 
wastewater-treatment system . 

Major  waste streams wi l l  ori g i nate from the gasi fi cati on secti on , the d i s so l ver secti on , coo l 
i ng tower b l owdown , and the boi l er feedwater treatment effl uent.  The compos i ti ons  of these 
s treams wi l l  determ ine  the amount  and comp os i t i on of water-so l u b l e  s o l i d  wastes from the 
evaporator. These streams a re d i s cussed in greater deta i l be l ow .  

Waste from the gas i fi cati on sect i on ( s l ag quench ) wi l l  res u l t from a s h  l each i ng .  Heavy meta l s  
conta i ned i n  the ash  wi l l  be l eached i nto th i s  waste stream a l ong wi th other consti tuents from 
the a s h .  The amount o f  wastewater b l owdown from gas i fi cati on wi l l  be determi ned by the maxi mum 
a l l owa b l e  ch l ori de c oncentrat ion , wh i ch wi l l  determi ne the amount of water-so l u b l e  s o l i ds i n  
th i s  stream . 

Water from the d i s so l ver and l etdown separator secti on wi l l  a l so conta i n  c h l or i de s .  
c h l ori des and other water so l u b l e  s o l i ds wi l l  con s i s t  on ly  of those that vo l ati l i ze 
d i sso l ver .  Thu s ,  heavy meta l s  and n onvo l ati l e  so l i d s  wi l l  be in l ow concentrati ons 
to  the gas i fi cati on wastewater .  

The 
in the 
compared 

Coo l i ng-tower b l owdown and boi l er-feedwater treatment res i dues wi l l  contai n  i n organ i c  compounds 
( the i ons ca l c i um ,  sod i um ,  magnes i um ,  s u l fate , and ch l or i de ) in essent i a l l y  the same proport i on 
as i n  the entering  r i ver  water .  

P rec i p i tati on runoff from t he  coa l p i l e  a nd  from the  s l ag l andfi l l  wi l l  a l so contai n d i s so l ved  
i n organ i c  s o l i ds .  

The res i due from the e vaporator wi l l  be water- so l ubl e s i nce the consti tuents were ori g i na l l y  
d i s so l ved i n  the wastewater .  The res i due wi l l  contai n  maj or , m i nor , and trace e l ements and 
wi l l  p robab l y  be c l as s i fi ed as  hazardous under the Resource Conservati on and Recovery Act 
( RCRA ) . Consequent ly , the so l i d  cannot be d i s p osed of by conventi ona l wet l andfi l l  because 
p rec i p i tati on on such a l andfi l l  wou l d  red i s s o l ve the s o l i ds ,  caus i n g  an end l e s s  recyc l e  through 
the water- rec l amat i on system , or pos s i b ly  contam i nat i on of s urface water and groundwater .  

Encaps u l ati on of  t he  s o l i d  res i due wi th fi na l  di s posa l  i n  a secure l andfi l l  i s  be i ng con s i dered . 
Th i s  and other a l ternati ve d i s posa l  methods are d i scussed i n  Sect .  C . 3 . 2 .  

D i spos i ng o f  these water- s o l u b l e  s a l ts i s  recogn i zed a s  one of the key engi neeri ng  con s i de ra
t i ons  of the  deta i l ed-des i gn p hase . 

C . 2 . 1 . 4 The e ffect of startup on wastewater treatment 

Start-up of the phys i ca l -chemi cal  porti on of the treatment system wi l l  take about one week ;  
norma l start-up of the b i o l og i ca l  porti on wi l l  take a few weeks . Seed i n g  mi croorgani sms wi l l  
be obtai ned from a wastewater treatment p l ant treati ng a s imi l a r  was te to s horten the t ime 
per i od .  

Pr i or to start-up of  the process  equi pment ,  t he  b i o l og i ca l  reactors i n  t he  wastewater treatment 
system wi l l  be fed wi th food s uch as phen o l s ,  obtai ned externa l ly .  On ly  after the b i ol og i ca l  
reactors have accumu l ated suffi c i ent bi omass wi l l  the proces s  equi pment b e  p u t  on-stream . Th i s  
s tart-up sequence wi l l  he l p  ensure that the treated e ffl uent wi l l  meet the estab l i s hed  l imi t s .  
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I f  a l a rge ra i n fa l l ( l O-yea r ,  2 4 - h  storm )  occ urs duri n g  the start-up peri od , i t  wi l l  b e  stored 
i n  the su rge bas i n s and then wi thdrawn at a steady ra te from the bas i n s to the treatment  system. 
The i mpact of  s u ch a storm on start-up is expected to be sma l l .  Run off i n  exces s  of the l O-year ,  
24-h storm wi l l  be d i s charged . The i mpact shou l d  be sma l l because the porti on o f  the run off to 
be d i s c harged wi l l  be rather uncontami nated , as data on t i me-var iant  comp os i t i on of  runoff s h ow .  

I n  the  zero- d i s charge ope rat i n g  mode , norma l startup of the  evap orator wou l d  take  about  one 
wee k .  However ,  because  the wa stewater- treatment system rel i e s  on evapora t i ve l oss  from wet 
coo l i ng towers to a c h i eve zero d i scha rge , treated wa stewater must be s tored , reused i n  process  
areas , or  d i s cha rged unt i l the  process heat  l oad reaches the  des i red l e ve l .  The  treated wa ste
water wi l l  be requ i red to meet the NPDES l i m i ts ; the i mpact wi l l  be i n s i gn i fi cant ; and the 
durat i o n  of  d i s cha rge shou l d  be s hort .  I f  the wa ste-heat reject i on system does n ot i n c l ude wet 
evaporat i ve coo l i n g , then a l ternate consumpt i ve uses wou l d  a l ready ex i s t .  These a l ternat i ves 
may a l s o req u i re a peri od of t ime before the i r  consumpt i on reaches a l e ve l  to match the vol ume 
of was tewater gene rated .  These cons i derat i ons  are an i ntegra l part of the curren t des i gn 
e ffort . 

C . 2 . 1 . 5  The e ffect of s hutdown on wastewater treatment 

Du r i n g  s hutdown , process  wastewater streams enter i n g  the treatment fac i l i ty wi l l  be decrea s i n g , 
wh i l e f l ows of coa l - and SRC-pi l e  runoff , secu re- l andf i l l  runoff , and process -area runoff cou l d  
con t i n ue .  The maj or c ontami nants i n  these run off streams wi l l  be i n organ i c s  and can be removed 
by the phys i ca l - chemi ca l  sect i on of  the treatment system as i n  norma l operat i on .  The b i o l og i ca l  
p ort i on of  the treatment systems wi l l  need an extern a l  s ou rce of food to  susta i n  the b i o l og i ca l  
orga n i sms wh i c h  norma l ly exi st  o n  po l l utants i n  the wa stewater .  Extern a l  food wi l l  b e  added t o  
support the growth d ur i n g  the shutdown per i o d .  

T h e  zero- d i s charge ope rat i n g  mode becomes d i ff i c u l t  d ur i n g  s hutdown , because uses for the 
recyc l ed evaporator condensate do not ex i s t .  Howe ver treated water f l ow rate shou l d  be re l a
t i ve ly l owe r dur i n g  p l ant shutdown , and i n l et waters to the was tewater treatment sys tem wou l d  
be l i ght ly  contami nated because they d o  not i n c l ude process s our  wate r i n g .  E i ther storage or 
d i s charge of the treated wastewater wou l d  be req u i red . Treated was tewater shou l d  be s u i tab l e 
for d i s charge duri ng  the o ff-norma l peri od . 

C . 2 . 1 . 6  The e ffect of eme rgenc ies  on wastewater treatment 

There wi l l  be three pr inc i pa l  s ources of  contami nated water during  eme rgenc i es in  add i t i on to 
those d i scussed under startup and shutdown : 

1 .  Ma s s i ve l eaks  to the coo l i ng-wa ter system cou l d  occur .  Th i s  wou l d  req u i re emergen cy 
shutdown fol l owed by rec l ama ti on or treatment  of a l l  the water i n  the coo l i n g system . 

2 .  Large quan t i t i es o f  o i l -water m i xtures cou l d  b e  produced a s  a res u l t  o f  equ i pment fa i l ure 
s u ch as duri n g  a f i re .  The m i xtures must be recy c l ed o r  i n c i nerated i n  a contro l l ed 
manner.  

3 .  Tankage or l oadi ng l eaks  or s p i l l s cou l d  occ ur  afte r shutdown of the p l an t .  The s p i l l ed 
materi a l s ,  wh i ch w i l l  be conta i ned i n  the d i k i ng sys tem , wi l l  be recyc led  or d i sposed of 
in the wastewate r treatment system at a contro l l ed ra te . The e ffect on the was tewater 
treatment s hou l d  not be drasti c .  

I f  any e ffect s h ou l d  occ u r ,  the b i o l og i ca l  treatment  system wou l d  be the most s uscept i b l e  
port i on o f  the treatment  system. Every precauti on has been ta ken i n  wastewater treatment 
des i gn to  reduce the probab i l i ty of  b i omass destruct i o n .  The b i o l og i ca l  treatment  system w i th 
comp l ete ly m i xed reactors can to l erate moderate s h ock  l oads , but mas s i ve s p i l l age of tox i c  
materi a l s  cou l d  des troy the b i omas s .  Th i s  prob l em can b e  a l l e v i ated by a s p i l l  prevent i on and 
detect i on program , coup l ed with  prov i s i ons to prevent the tox i c  mate r i a l  from reac h i n g  the 
b i o l og i ca l  sys tem . C l ose mon i tori ng of cri t i ca l  v i t a l  s i gns  wi l l  be performed freq uent ly , i f  
not  conti nuous l y ,  s o  that correct i ve measures are taken be fore probl ems ful ly  de ve l op .  I f  
tota l destruct i on d i d  occu r ,  h o l d i ng capac i ty of the s urge p onds , equa l i zat i on bas i n s ,  and 
p oss i b l y  the ash ponds wou l d  be used to reduce or e l i m i nate f l ow on a s hort-term bas i s .  Sus
pended so l i ds that  do  not  sett l e  wi l l  be  f i l te red .  A troub l e - s h oot i ng prog ram wou l d  be  i n i t i 
ated t o  determ i ne the cause and requ i red act i ons t o  return on- l i ne w ith  new seed s l udge . 
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Provi s i on s  for addi ng  con s i derab l e  powdered acti vated carbon to the b i o l og i ca l  system and a 
g ranu l a r  acti vated ca rbon fi l te r  to  control  organ i c  compounds are proposed . Add i n g  powde red 
acti vated carbon cou l d ,  i n  t ime of emergency , prevent some i rrevers i b l e  damage to the b i omas s .  

C . 2 . 1 . 7  Water bal ance 

F i g u re C . 1 0  s hows a p l ant water bal ance for the proposed wastewater t reatment  system when 
ope rati ng  i n  a mode wh ich  di scharges treated wastewater to the Green Ri ver .  Th i s fi gure s hows 
that an ave rage water w ithdrawal from the Green Ri ver wi l l  be approxi mate ly  3445 gpm. The 
average wastewater f l ow rate to wastewater t reatment wi l l  be 931 gpm. Th i s  wi l l  cons i st of 
c oo l i ng towe r b l owdown at an ave rage rate of 307 gpm and other was tewate r s treams at a rate of 
624  gpm. Afte r return i ng the treated effl uent , the net wate r consumpt i on wi l l  be approx i mate l y  
2 5 1 5  gpm. 
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Fi g .  C . 1 0 .  P re l i mi na ry wate r ba l ance �Ihen treated wastewater i s  d i scharged . 

F i g u re C . l l  s h ows a p l ant  wate r ba l ance for the zero wastewater-di scharge treatment system. 
T h i s f i gure s hows that ave rage water wi thdrawal from the Green Ri ve r  wi l l  be approxi mate ly  
2 5 2 0  gpm. Treated wastewate r effl uent at a fl ow rate o f  6 08  gpm wi l l  b e  used as  makeup wate r 
for the coo l i ng tower .  B l owdown from the coo l i ng towe r wi l l  enter an evaporator whe re so l i ds 
a re concentrated and sent to a secure l andfi l l .  Condensate from the evaporator i s  sent back 
to the coo l i ng towe r as  add i t i ona l  makeup wate r at  a f low rate of 290 gpm.  

As seen from F i g .  C . l l  the l arges t  consume r  of wate r wi l l  be the coo l i n g  tower  ( 1 482 gpm of 
makeup i n  the zero wastewater d i s charge case ) .  Mos t  of the water makeup to the cool i n g  tower 
wi l l  be l os t  th rough  e vaporati on . 

Bas i s  for e st imates . The p l ant ' s  overa l l wate r ba l ance can be affected by many factors , 
i nc l ud i ng the entha l py ba l ance , the heat-rejecti on a l ternat i ve emp l oyed and i t s  operati ng 
cond i t i ons , the type of gas i fi ers u sed , and the rai nfa l l  i ntens i ty and durati on .  

The water ba l ances s h own i n  F i g .  C . l l  and Sect .  C . 2 . 1 . 7  are based on the enthal py ba l ance 
p re sented in Tab l e C . 3 .  The convent i ona l wet evaporati ve coo l i ng tower i s  chosen a s  the pri 
mary heat-rej ecti on devi ce for the bal ance . E vaporati on from a cool i ng tower varies  wi th ai r 
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F i g ,  C . l l .  Pre l imi nary water ba l ance for the zero wastewater d i scharge cas e .  

Table C.3. Approximate enthalpy balance 

Factor 
Heat q ua ntity 
( 1 0' Btu/h)  

Input 
Electricity 1 92 
Fuel  9 1 4  
Heat of reaction 976 

Tota l 2082 

Output 
Products 1 2  
Air  coolers 667 
Cool ing  tower 1 054 
Heat  a n d  s u rface losses 1 33 
Stack losses 2 1 6  

Total 2082 

humi d i ty and temperature ; the average evaporat i on of 2 1 00 gpm s hown in these f i gures i s  for 
s ummer cond i t i ons found at the s i te .  I t  i s  a l so assumed that the coo l i ng wate r i s  ope rated at 
about 7 cyc l e s  of concentrat i on and that the GKT gas i f ier  is used .  The ra i n fa l l u sed for the 
ba l ance i s  the l a-year ,  24-h storm .  

Ba l anc i ng water use and demand . Ba l anci ng  of water supp l y  and demand i s  c r i t i ca l  for the zero
d i scharge system. At thi s time , i ns u ff i c i ent des i gn work  has  been comp l eted to permi t an 
accurate water ba l ance . A thorough e va l uati on wi l l  be performed of the rate at wh i c h  the 
water- retent ion bas i n  for ra i n fa l l  can be emptied by coo l i ng tower and process -water con sumpti on . 
I t  wi l l  a l so be necessary to eva l uate thoroug h ly  ra i nfa l l patterns and p l ant-operat i on modes 
and the i r  e ffect on water consumpt ion to ensure that , under a l l comb i n at i ons  of weather cond i 
t i ons  and operati ng  mode s ,  a l l wastewater can be adequate ly cons umed w it h i n  the p l ant to accom
p l i sh zero d i scharge to the ri ver .  
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C . 2 . 1 . 8  E xpected frequency and durati on of l i qu i d  effl uent di scharge 

D i scharge of l i q u i d  e ffl uent cou l d  occur  under one or  more of the fol l ow ing  s i tuati ons : 

1 .  Prec i p i tat i on exceeds the l a-yea r ,  24-h s torm , or a prol onged wet peri od occurs . 

2 .  Before the p l ant  reaches the norma l on-stream t ime ,  or when the p l ant  i s  comp l ete l y  or 
parti a l l y  s hut  down , and water con s umpti on i s  l e ss than was tewater generati on . 

3 .  Maj or water reuse equi pment i s  n o t  functi ona l .  

Once i n  1 0  years , a ra i ns torm greater than the l a-year ,  24- h s torm may occu r .  Because the 
s u rge capaci ty of the wastewater treatment sys tem i s  des i gned to hand l e  the l a-year , 24-h 
s torm ,  run off in excess of th i s  s torm wi l l  have to be di scharged . However , the d i scharge of  
the  excess run off s hou l d  not cause  a s i gn i fi cant degradati on of the  ri ver water qua l i ty .  Data 
on runoff characteri s t i cs have shown that contami nant concentrati ons decrease s harp l y  w i th 
t i me ;  mos t  contami nants are fl u s hed off duri ng  a bri ef peri od at the beg i nn i ng of a s torm . 
P l ant des i gn ca l l s  for the se l ecti ve co l l ecti on and treatment  of the mos t  contami nated porti on 
of the runoff;  on l y  the l i ght ly  contami nated porti on wi l l  be di scharged . Because the d i scharge 
wi l l  probab ly  coi nc i de wi th a h i gh f l ow i n  the Green Ri ver , the i ncreased mi x i n g  capac i ty wou l d  
res u l t i n  a neg l i g i b l e  impact .  For  the  same reason , the  i mpact duri ng  a prol onged wet peri od 
wi l l  be m i n i ma l . 

Ach i e v i n g  ze ro-was tewater d i scharge requ i res a de l i cate ba l ance of heat l oad and treated was te
water fl ow . Be fore the demons trati on p l an t  reaches the n orma l on -stream ti me ,  i t  may be 
i mpracti ca l  or i mpos s i b l e  to evap orate a l l  the treated eff luent .  Agai n ,  the i mpact on the 
ri ver water qua l i ty wi l l  be smal l because the wastewater must be fu l l y treated before di scharge . 
E s t imated on-stream t ime for the p l ant  after the s hakedown p hase i s  90% ; 1 0% of the t i me the 
p l ant  cou l d  be ent i re ly or parti a l ly s h u t  down for ma i ntenance and repa i r .  Duri ng  comp l e te 
s h utdown , a very sma l l amount of was tewater wi l l  be generated , wh i c h  wi l l  be fu l l y treated 
be fore d i scharge .  Thus , i ts i mpact on the ri ver shou l d  be mi n i ma l . I n  case of a parti a l  
s h u tdown , i t  i s  poss i b l e  that some treated was tewater wi l l  be d i s charged because i t  may be 
i mpract i c a l  to comp l ete l y  cons ume i t .  However , because  the quan ti ty s h ou l d  be sma l l  and the 
durati on s h ort , no s i gn i f i cant i mpact is expected .  

The  th i rd scenari o i nv o l ves ma l funct i on i ng water reuse  equ i pment .  The  on-stream t ime of such  
equ i pment  i s  con s i dered to  be  comparab le  to that  of the  SRC- I process . The exact  frequency of  
thi s scenari o cannot be  accurate l y  predi cted  because of  a l ack  of experi ence . I n  the  event  of 
equ i pment  fa i l u re ,  d i scharge of treated wastewater cou l d  occur .  The treated was tewate r ,  wh i ch 
mu s t  meet the eff l uent l i mi ts set forth i n  t he NPDES permi t ,  shou l d  not resu l t  i n  s i gn i f i cant 
i mpact on the Green R i ver duri ng  norma l fl ow .  A l though some i mpact cou l d  re su l t  if  t he di s 
charge coi n c i des wi th a l ow ri ver f l ow ,  t he  probabi l i ty t hat  d i scharge and l ow r i ver f l ow occur 
s i mu l taneou s l y  is  sma l l .  

Long-term mon i tor i n g  data for the treated wastewater effl uent may prove that i t  i s  envi ron
menta l l y  acceptab l e or even envi ronmenta l ly preferab l e  to ze ro-was tewater di scharge . Zero
was tewater d i scharge , a l though preferab l e from a surface water q ua l i ty protecti on s tandpoi n t , 
generates h i gh l y  s o l u b l e  s o l i d  was tes , wh i ch exert a potent i a l  for i mpact on l and  re sources 
and groundwater qua l i ty .  The recyc l i ng equ i pment ( i nc l u d i n g  evaporators ) w i l l  req u i re con 
s i derab l e  energy to operate , wh i ch i mposes i ndi rect i mpacts on t he env i ronment .  When j udgi ng 
the envi ronmenta l ly preferab l e  was tewater contro l system , the i mpact on the envi ronment  must be 
con s i dered for a l l med i a .  

C . 2 . 2  Ai r pol l ut i on control s 

The po l l uti on-contro l tec hno l ogy emp l oyed i s  h i g h l i ghted be l ow for each po l l utan t :  s u l fur  
oxi des , part i c u l ates , hydrocarbons , n i trogen ox i des , carbon monox i de , and reduced s u l fu r  
compounds . Sect i on C . 3  e l aborate s o n  these systems . 

C . 2 . 2 . 1 Su l fu r- ox i des control 

S u l fur-oxi de contro l al ternat i ves were con s i dered for var i ous parts of the p l an t  and are 
d i scussed i n  Sect. C . 3 .  1 .  1 .  F i red heaters are potenti a l ly maj or sources of s u l fu r  oxi des ;  
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h owever ,  the fue l  norma l l y  fi red in the p l ant is  a p rocess- generated , l ow-su l fu r  fue l gas 
(�5 ppmv H2S ) .  The a l te rnate fue l i s  oi l ;  it is  a l so process  gene rated , but has  a much h i gher 
s u l fu r  content ( 0 . 8  wt % ) . Dur ing  norma l ope rat ion , suffi c i ent  gas wi l l  be avai l a b l e  to meet 
a l l fue l requ i rements ;  thus  oi l i s  the  backup fue l .  Dur ing  i n i t i a l  s ta rt-up , petro l eum-based 
oi l i s  to be used .  

Two para l l e l  C l aus  uni ts a re i ncorporated  i n  the  p l ant des i gn for s u l fur recove ry , the  second 
uni t be i ng a fu l l - capac i ty spa re .  The ta i l - gas  c l eanup of the C l aus  un i t  is accomp l i s hed by a 
Beavon s u l fu r- remova l u n i t  ( BSRU ) .  The vented gases from the mo l ten-s u l fu r  s torage and hand
l i ng  opera t i ons  wi l l  be treated by sma l l S tretford s crubbers to prevent re l ease of su l fu r  
compound s .  I f  the Beavon un i t  shou l d  g o  off- l i ne ,  the C l a u s  ta i l - gas  wi l l  b e  f l ared t hrou gh 
the therma l ox i d i zer  of the f l a re /control l ed combustor system ( Sects . C . 2 . 2 . 6  and C . 3 . 1 . 5 ) .  

The f l ue gas  from the ca l c i ne r  wi l l  be i n c i nerated and scrubbed to mi n i mi ze S 02 and part icu
l ates .  Al te rnati ve part icu l ate and  S02 scrubb i ng techn o l og i e s  are be i n g  eval uated . These 
i nc l ude a dry system uti l i z i n g  a sod i um carbonate spray drier and fa br ic  fi l ters , and a wet 
Ventu ri scrubber system uti l i z i ng s odi um ca rbonate absorpt i on and cyc l one-type separati on of 
l i q u i d s  and part i c u l ate from fl ue gas . 

C . 2 . 2 . 2  Hyd rocarbon control 

Most l i q u i d  s torage tanks wi l l  be equ i pped w ith  fi xed roofs ; any va pors e vol ved wi l l  be di rected 
to a vapor- recovery system where most of the vapor wi l l  be condensed and sent back to s torage . 
Al l uncondensed vapors wi l l  be combusted i n  the enc l osed t herma l oxi d i ze r  of  the fl are /control l e d  
combus tor system ( Sect .  C . 2 . 2 . 6 ) .  L i q u i d  storage tanks  for vo l ati l e s  wi l l  be equ i pped wi th a 
f l oat i ng roof ,  wi t h  vapors pu rged from the s pace between dou b l e  sea l s and combu sted i n  the 
fl a re system . Fugi t i ve hydrocarbons wi l l  be mi n i m i zed by prov i d i n g  l i q u i d  fi l m  sea l s  and d ou b l e  
mechan i ca l  sea l s  (wi th a barri e r- fl u i d  system between the sea l s )  o n  pumps a n d  compressors , or 
by use of a system of an equ i va lent control nature . Use of fl anged connecti ons wi l l  be mi n i 
mi zed . Samp l i n g  connect ions and dra i ns wi l l  be equi pped wi th caps , b l i nd fl anges , or dou b l e  
va l v i ng and wi l l  b e  drai ned i nto c l osed conta i ne rs o r  th rou gh a sump i n to the c l osed  sewer 
system to mi n i mi ze fugi t i ve hydrocarbon emi s s i on s . Al s o ,  thorou gh i nspect i on ,  ma i ntenance , 
and rEp a i r  programs for process  f itt i ngs  wi l l  be i mp l emented at the p l ant duri n g  ope rat i on to 
check the fug i t i ve emi s s i on s . 

Du r i n g  proces s  upsets and emergenc ie s , pres s ure -re l i ef s treams conta i n i ng hydrocarbons wi l l  be 
f l ared by the system descri bed i n  Sect .  C . 2 . 2 . 6 .  The hydrocarbons wi l l  be condensed as much as  
pos s i b l e ;  the uncondens i b l es wi l l  be fl ared , and the  condens i b l es wi l l  be fed to  a h o l d i ng tank  
that feeds  the  control led combustor at a contro l led  rate to ensure that  heavy hydrocarbons a re 
a dequate l y  combu sted . Some condensed hydrocarbons may be recyc l ed to the p roces s ,  depend i n g  on 
the upset s i tuati on .  A l l hydrocarbons shou l d  be combus ted before re l ease to the atmosphere . 
Entra i nment of heavy hyd rocarbons wi th the l i ght  gases  to  the ground f l a re fi e l d  wi l l  be 
mi n i mi zed by des i gn i ng b l owdown tanks to a l l ow su ffi ci ent d i sengagement of vapor and l i q u i d  
phases . Al te rnati ve des i gn s  for th i s  system are s ti l l  bei ng  eva l uated . 

Hydrocarbons vo l ati l i zed from the coa l -dryi n g  operat i on wi l l  be vented to the atmosphere .  The 
extent of vo lat i l i zat i on wi l l  be mi n i mi zed by control l i n g  the dryi n g  temperature at l es s  than 
400° F and des i gn i n g  the pu l veri zer/dr ier  to mi n imi ze the res i dence t ime . A study is under way 
to determ i ne the amount of devo l ati l i zati on and contents of the vol ati l i zed matter at dr ier  
condi ti on s .  

Hyd rocarbon control i n  the coo l i n g  tower i s  d i s cussed i n  detai l i n  Sec t .  C . 3 . 1 . 5 .  

C . 2 . 2 . 3  Parti cu l ates control 

At ra i l  car un l oad i n g  poi nts and the transfer  to the s torage p i l e ,  wate r s p rays wi l l  be used 
as req u i red  for d u st  s uppres s i on .  Con veyors trans ferri ng  coal to storage p i l e s  wi l l  be covered . 
Unde rg round rec l a im  from the storage p i l e s  wi l l  be tota l ly enc l osed and vent i l ated th rough a 
baghouse . After rec l a i m ,  pr ior  to pu l veri zati on , transfer  poi nts and con veyors wi l l  be tota l l y  
enc l osed t o  the extent poss i b l e .  Any vent i l ati on o f  these enc l osures  wi l l  b e  exhausted th rough  
a baghou se to the  atmosphere . P rovi s i on wi l l  be made to i ns ta l l water spray at transfer poi nts 
shou l d  mon i tori ng  duri n g  ope rati on i n d i cate th i s  is  necessary .  After pu l veri zati on al l con 
veyors , transfer  poi nts , and coa l proces s i ng equi pment wi l l  be tota l l y  enc l osed and ven t i l ated 



C-30 

throu gh  baghouse s .  Fug i t i ve emi s s i ons  from the coal p i l es wi l l  be mi n i mi zed by uti l i z i ng 
pre-was hed coal and by s pray i n g  the p i l es wi th water , or i n  the case of the reserve p i l es , 
w i t h  a po lymer crusti ng agent .  

Vent  gas  from coal p u l veri z i ng /dry i n g  operations wi l l  a l so be  fi l tered i n  a baghouse . Part i c 
u l ates wi l l  be removed from the ca l c i ner fl ue gas by the S02 scrubb i ng system descri bed i n  
Sect .  C . 2 . 2 . 1 .  The mol ten e l emental  s u l fu r  from the s u l fu r- recovery area wi l l  be s tored i n  a 
c l osed i n s u l ated tank to prevent emi s s i on of fug i t i ve du s t  from open r i l e s  and sol i d  s u l fur 
hand l i ng .  The anode coke from the ca l c i ner  wi l l  be stored i n  s i l os ,  hand l ed by a c l osed 
con veyor system wi th dust control , and transported i n  hopper cars . The SRC sol i d  p roduct con 
vey ing  sys tem wi l l  be total l y  enc l osed . Secti on C . 3 .  1 . 2 di scusses  a l ternati ve parti c u l ate
con tro l systems . 

C . 2 . 2 . 4  N i trogen-oxi des control 

The pri nc i pal  source of n i trogen oxi des wi l l  be combusti on of fuel i n  the proces s -fi red heaters , 
the bo i l er ,  the ca l c i ner , and the control l ed combus tor .  

Process-deri ved fue l gas , conta i n i ng no known fue l -bound n i trogen , wi l l  be the fue l norma l l y 
f i red . Thus , by v i rtue of the c l ean fue l , fue l -NOx formati on wi l l  be e l i mi nated .  

The rma l NOx formati on wi l l  b e  control l ed by uti l i z i ng 1 0w-NOx burner des i g n  a nd  combu s t i on 
techn i ques , wi thout compromi s i ng the fuel effi c i ency to the poi nt  where the amount of p l ant
deri ved gas wou l d  be i nsuffi c i en t  to provi de heat requ i rements . When p l ant  gas is  unavai l ab l e ,  
p l ant-deri ved fuel o i l wi l l  be used i n  the heaters . 

Al l burners wi l l  be 1 0w-NOx type , uti l i z i n g  the concept of s taged c ombust i on ,  where by combus 
t i on i n i ti a l ly  takes p l ace i n  a fue l - ri ch regi on fol l owed by comp l ete combust i on i n  a fue l - l ean 
reg i o n .  The stag i n g  effect  i s  achi eved by feed ing  the pri mary combusti on a i r  to the bu rner at 
a substoi ch i ometri c rate , thu s  creating  a reduci ng atmosphere that i n h i b i t s  NOx formati on . The 
rema i n i n g  a i r requ i rement  for comp l e te combusti on i s  then a l l owed to enter the burne r fl ame 
zone s l i ght ly  downstream from the reduc i n g  fl ame zone . The combusti on i s  comp l eted as the 
oxygen d i ffuses i nto the fl ame . Staged combust ion res u l ts i n  l ow oxygen avai l ab i l i ty at peak 
fl ame temperatures  and l ower temperatures  i n  oxygen-ri ch  zones , wh i ch cause a reduct i on in the 
temperature-dependent N Ox formati on reacti on . 

The combu st i on a i r  wi l l  probab l y  be preheated , espec i a l ly  i n  the l a rge fue l -cons umi n g  heaters , 
because the effect of preheat on i ncreas i ng fue l effi c i ency outwe i ghs  i t s  potent i a l  for NOx 
formati on . 

The contro l l ed combustor wi l l  be burn i n g  heavy hydrocarbon c ompounds that are potenti a l l y  toxi c 
and/or carc i nogen i c .  To ensure c omp l ete combust i on , the un i t  wi l l  be desi gned and operated for 
h i gh f l ame temperatures  and l ong  res i dence t imes . Thi s type of combus ti on may favor NOx 
formati on . The norma l combusti on l oad on th i s  combustor i s  l ow ,  perhaps l es s  than 3 mi l l i on 
Btu /h . Therefore , even though the NOx evo l uti on i s  re l ati ve ly  h i gh on a Btu basi s ,  i t  i s  
( a veraged annual ly )  a sma l l source of NOx ( no quanti tat i ve est imates of emi s s i on s  are avai l ab l e ) . 

C . 2 . 2 . 5  Other s u l fu r  spec i es control 

Reduced s u l fur spec i e s  ( pr i nc i pal l y  COS and H 2S )  are noncri teri a  pol l utants that wou l d  be 
converted to s u l fur  oxi des after rel ease by atmosphe ri c oxidat i on ;  these are consti tuents of 
many proces s streams . These are removed from proces s s treams i n  the ac i d-gas remova l areas , 
then converted to e l ementa l s u l fu r .  Some res i dua l  reduced s u l fur compounds remai n  i n  the  
Beavon ta i l  gas « 1 00 ppm )  and  in  the CO2 stream (�1 50 ppm ) . The  ta i l -gas from the  Beavon un i t  
ha s  a des i gn concentrati on of H 2S of l ess than 5 ppm. Impact anal yses ( p l ume mode l i ng )  d i s 
cus sed i n  Sect . 4 . 2 . 3 . 1 i nd i cate that the concentration of H 2S i n  the Beavon ta i l -gas wou l d  
have t o  b e  5 0  ppm ( ten  t imes  more c oncentrated i n  H2S )  to vi o l ate Kentucky H 2S standards . Such 
a condi ti on wou l d  not be expected to occur .  However ,  if th i s condi t i on shou l d  occ u r ,  proper 
measures , such  as  operati ng the p l ant at a reduced rate , wi l l  be taken to ensure comp l i ance . 
F l ari ng  of the Beavon tai l - gas  does not appear to be necessary .  
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C . 2 . 2 . 6  Proposed fl are and control l ed combustor system 

Severa l  c ombusti b l e  gases must be destroyed by combusti on pri or to re l ease to the atmos phere .  
These gases ari se from several sources wi th i n the demonstrati on p l an t .  Some are conti nua l  
emi s s i on s ; others occur  on ly  under upset  condi t i ons  and  sti l l  others on ly  dur ing  emergency 
condi t i ons . A few of the process areas  have a s i ng l e-purpose dedi cated combusti on sys tem as  
part  of the  ord inary des i gn of  that  proce s s .  These  combustors are  not w i t h i n  the  scope of 
th i s d i scuss i on .  

Many p i eces of proces s  equi pment hand l e  hydrocarbon compounds that have the potenti a l  to 
cause hea l th effects ( i nc l ud i ng carci nogens ) .  Hydrocarbon emi s s i ons from these s ources wi l l  
be treated i n  a common combust i on sys tems des i gned to achi eve h i gh combusti on effi c i enc i es .  
The c onceptua l  des i gn ( F i g .  C . 1 2 )  of the proposed system i s  presented here , a l ong  wi th a 
descri pti on of al ternate control systems be ing  eval uated .  

Hydrocarbon streams to be destroyed by combusti on 

Detai l ed descri pti on of the vari ous  hydrocarbon streams to be combusted cannot be made unti l 
detai led engi neeri ng  des i gn has  been comp l eted . I t  i s ,  however ,  p os s i b l e  to i dent i fy types 
of hydrocarbon emi s s i on s  by categ ory , and to estimate the magn i tude of these emi s s i on s . On 
the bas i s  of these pre l im i nary est imates a combu stor system has been prop osed and several 
a l ternates h ave been se l ected for eva l uati on . T he emi s s i on s  fal l i n t o  fi ve categori es : 

• conti nua l l y  occurri ng emi ss i on s  at l ow concentrati ons and press u res  ( e . g . , gases from 
storage tank vent i n g ,  purge gases from process  eq u i pment , condenser vents , c onti nuou s l y  
co l lected fumes ) ,  

• emi s s i on s  resu l ti ng from mi nor upsets i n  operating  condi t i ons on vari ous p i eces of process  
equ i pment (e . g . , i ntermi ttent pressure re l i ef from pres s ure ves se l s  to  ma i ntai n  safe 
operating  pressures ) ,  

• materi a l s produced duri ng start- up and s hutdown that must be purged because the next 
s tage of norma l proce s s i n g  is not ready to  hand l e  them , 

• materi a l s  that must  be purged rapi d ly  and i n  l arge quanti t ies  because of a major process 
emergency ( e . g . , d i s s o l ver b l owdown res u l ti ng from l i ne b l ockage ) , and 

• l i q u i d s  co l l e cted from the system that cannot be recyc led  for reproce s s i ng but wh i c h  can 
be s tored for c ombusti on at whatever t ime and rate i s  appropri ate (e . g . , s l op oi l s  from 
wastewater treatment ;  l i q u i ds from fl are-system k nockout drums ) .  

The approproate combusti on treatments for these vari ous  emi s s i on s  d i ffer ,  and consequently the 
combust i on system p roposed c on s i sts of a n umber of d i fferent c omponents . A major  factor i n  the 
des i gn of the system i s  the deg ree of c ompatab i l i ty of the vari ous emi s s i on for common treatment .  
T h i s c ompatabi l i ty i s  i nfl uenced by severa l factors : 

• p retreatment requ i red pri or to combusti on , 
• pressure l eve l s  that are caused i n  common headers because of emi s s i on s  from a s i ng l e  

s ource , 
• c onti n u i ty of emi s s i on s , and 
• nature of materi a l  be i ng c ombusted.  

I t  is  consi dered a goa l  of the system des i gn to combust on l y  gases c onta i n i n g  C 5 or  l i ghter 
hydrocarbons in open fl ame s .  Hydrocarbon re l eases from processes  whose norma l ope rat ing  tem
peratures  and pres s ures  are h i gh wi l l  requ i re pretreatment to remove heavy hydrocarbons pri or 
to combus t i on of the remai n i ng gases . 

Large re l eases ( or  many s i mul taneous sma l l e r  re l eases ) from equ i pment ope rating  at h i gh 
p ressures  can cause fl ow rates i n  common headers l arge enough to ra i s e  the back p res s ure i n  the 
header .  Processes served by th i s common header must not have a norma l operati ng  p ressure be l ow 
the anti c i pated maximum pressure i n  the common header .  Othe rwi se , e l evated pres s ures i n  the 
mani fo l d  c ou l d  prevent re l i ef of l ow press ure process  equi pment ,  whi c h  may overp ressure the 
equi pment .  Th i s  pri n c i p l e  affects se l ecti on emi s s i on sources to be served by a common heade r ,  
and the number o f  d i fferent operating  pres sure l eve l s  requ i red by the mu l t i p l e  headers . 
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Many sources can be expected to produce a more or l ess  conti n uous emi s s i on and wi l l  not have 
maj or upsets that may great ly  i ncrease the rate of emi s s i ons  ( for examp l e ,  storage tank vents 
and fume co l l ect i on hoods ) .  These emi ss i ons can be treated in a system de s i gned so  that 
extreme turndown rat i os are n ot requ i red .  L i q u i ds that can be stored i ndefi n i te l y  be fore 
combu s t i on can be fed at a contro l l ed rate to the combu stor.  Such streams whose fl ow rate i s  
e i ther i n he rent ly un i form or contro l l ab l e  are s u i tab l e for enc l osed combu s t i on under opti mum 
combus t i on c ondi t i on s .  

Some ma teri a l s  requ i r i ng  destruct i on have never been i n  contact wi th o r  do  not c onta i n  the 
heavy hydrocarbons of greate st  c oncern . These gaseous streams are genera l ly  eas i ly  combusted 
by we l l  deve l oped techno l ogy , and are rou t i ne ly c ontro l l ed by fl ari n g .  Such emi s s i on s  are 
s u i ta b l e  for d i rect open combust i on i n  proper ly  des i gned smoke l e s s  fl are sys tems . 

Deta i l ed des i gn emi s s i ons characteri st i cs 

Al though pre l i mi nary des i gn concepts can be s e l e cted and eva l uated based on cu rrent emi s s i on 
characteri zati on , deta i l ed system des i gn cannot be comp l eted at th i s  t ime .  To e s tab l i s h pre
treatment ope rati ng cond i t i on s ,  capac i t ies , and  turn-down rat i os of i nd i v i dua l  e l ements of the 
c ombustor sys tem and to se l ect comb i ned fl ow rates break points  at wh i ch d i fferent types of 
combus ti on equ i pment are emp l oyed requ i res deta i l ed  i n formati on not current ly  avai l a b l e .  Th i s  
req u i red i n formati on i nc l udes : 

• compl ete heat and mater i a l  ba l ances for a l l  process  equ i pment , 

• deta i l ed s ummary of rel i e f  val ve l ocat i on s  and re l i ef  cond i t i ons , 

• re l i abi l i ty e st imates to establ i s h probab i l i ty of fai l u res or norma l re l i e f  of i n d i vi dua l  
eq u i pment ,  

• deta i l ed e st imates  of  magn i tud� a nd  durat i on of  hydroca rbon re l eases res u l t i n g  from 
spec i fi c  types of emergency cond i t i ons , �nd 

• probabi l i ty e st imates for frequency and durati on of routi ne ( n oneme rgency ) upsets l ead i n g  
t o  re l i ef  va l ve emi s s i on s .  

Th i s  i n formati on depends on comp let i on o f  spec i fi c  e l ements o f  the deta i led  e n g i neeri ng cur
rent ly  be i n g  carri ed out .  As th i s  i n formati on bec omes avai l ab l e , i t  wi l l  be ana l yzed to  prov i de 
an e st imate of the frequency at wh i c h  the combusti on system wi l l  have to deal  w i t h  f l ow rates 
of d i fferent magn i tudes . Th i s  wi l l  make i t  poss i b l e  to des i gn max i mum capac i ty and turn-down 
rat i o s  for each e l ement of the tota l c ombust i on sys tem . 

System c omponents bei ng eva l uated 

The control l ed c ombustor and f l a re system i s  expected to be composed of severa l d i fferent type s 
of combu s t i on dev i ces . There has been sane confu s i on over ther use of the tenn " contro l l ed 
combus tor. " As u sed i n  th i s  document "contro l led combustor" i s  a combu st i on system for wh i ch 
the f l ow rate , combust i on cond i t i ons , fl ame mi x i n g  cond i t i ons  and sto i ch i ometry can be adj usted 
to ma i n tai n effi c i ent  combust i on ove r a wi de range of feed c ond i t i ons . It wi l l  be c omposed of 
severa l  i nd i v i dua l eq u i pment types .  It i s  d i s t i ngu i s hed from the uncontrol led c ombu sti on con
d i t i ons  of an open e l evated f l are ,  wh i ch must  h4nd le a w i de range of feed cond i t i on s  and fl ow 
rates and wh i c h  offers very l i tt l e  opt i on for adj ustments to ma i ntai n combusti on c ond i t i ons  
c l ose to  optimum. 

The vari ous types of combust i on equ i pment wh i ch have been eva l uated for i nc l u s i on i n  the con 
tro l l ed c ombustor a n d  fl are system are des cri bed be l ow .  Standard n onmenc l ature fDr i denti fy i n g  
these types o f  equ i pment has  not been establ i s hed .  However ,  t o  b e  con s i s tent  wi th i n  t h e  scope 
of th i s  documen t ,  the vari ous equ i pment wi l l  be i denti f i ed as : 

• therma l ox i d i zer ( n oncatal yt i c ) , 
• therma l oxi d i ze r  ( catal yti c ) , 
• ground fl are f i e l d ,  
• conta i ned fl are ,  
• e l evated f l are ( smoke l es s ) ,  and 
• e l evated emergency fl are .  
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I n  add i t i on to the combust i on dev i ces  above , three other c ri t i ca l  sys tem components must be 
eva l uated : 

• co l l ect i on man i fo l d  systems , 
• emi s s i on s  pretreatment  and l i q u i d  knockout sys tems , and 
• turndown f l ow c ontrol systems . 

The vari ous e l ements and a l ternati ves for a l l of these components are descri bed i n  Sect . C . 3 . 1 . 5 .  

Therma l oxi d i zer .  T h e  the rmal oxi d i zer i s  an enc l osed combusti on chamber .  I t  i s  l i ned  wi th 
refractory mater i a l , and the wa l l s are kept hot . The combusti on vol ume i s  des i gned to prov i de 
a l ong res i dence t ime i n  a h i gh- temperature envi ronment , even afte r gases l eave the hot fl ame 
zone . Combust i on a i r  and secondary a i r  can be contro l l ed to provi de a favorab l e  sto ich i ometry 
for h i g h ly  effi c i ent oxi dati on . Combusti on can be ass i sted by an oxi dat i on cata lyst . 

H i g h ly  effi ci ent destructi on of hydrocarbons ( to C O2 )  can be ach ieved , even w i th heavy 
hydrocarbons that a re d i ffi cu l t  to oxi d i ze .  A destructi on effi c i en cy of 99+% i s  an achi evab l e  
goa l . Gases fed to thi s dev i ce wi l l  n ot requ i re pretreatment  to knock  out heavy hydrocarbons . 
Th i s  component i s  very s u i tab l e  for treat i ng c ont i nuous gas fl ows such  as s torage tank vent 
gases , equi pment pu rge gases , and fume c o l l ector gases . I t  i s  a l so compat i b l e  wi th l i q u i d s  
that have been co l l ected a n d  a re fed a t  a contro l l ed rate . Combusti on c ond i t i on s  can be 
des i gned  to achi eve the des i gn goal wi th heavy hydrocarbon l i qu i d and gaseous feeds . The 
oxi d i zer  i s ,  thus , compati b l e  wi th both gase ou s  and l i qu i d fue l s .  

The wa l l s  must be kept hot , and the combusti on vol ume must be chosen accord i n g  t o  the maxi mum 
feed rate . When the feed rate i s  s i gn i fi cant ly  l ower than the maximum rate or when feed i s  
i ntermi ttent , s upp l emental  fue l must be added t o  keep the refractory wa l l s hot . The max i mum 
s i ze of therma l ox i d i zers i s  l i mi ted by the state of the art .  Furthe rmore , cap i ta l  costs are 
h i g hest  for therma l ox i di zers of a l l other comp onents be i n g  eva l uated . 

Because of exces s i ve auxi l i ary fue l req u i rements  and maximum s i ze l i mi tati on s , the therma l 
ox i di zer i s  not s u i ta b l e  for comp l ete treatment  of l arge emergency upset emi s s i on s  or h i g h l y  
vari abl e mi nor upset emi s s i on s .  

Ground fl a re fi e l d .  The ground f l are fi e l d  con s i sts  o f  a l arge array o f  sma l l fl a re t i p  fue l 
n ozz l e s . These are man i fol ded togethe r i n  rows i n  s uch a way that as fl ow to the system 
i ncreases addi t i onal  fl a re t i ps a re brought i nto servi ce . Each burner  row has i ts own p i l ot 
i gn i ter .  The range of fl ow rates that must be han d l ed by each i nd i vi dua l  fl are i s  smal l .  Wi de 
turn-down rati os can be ach i eved by contro l l i ng the number of f l are t i p s  i n  serv i ce at any 
i nstant .  

To  prevent damage to  adjacent equ i pmen t  a nd  i nj u ry to personnel i n  c a se  of  a l arge ene rgy 
rel ease , the f l are fi e l d  i s  e nc l osed by a h i gh wal l or d i ke ,  wh i ch i s  l i ned wi th refractory 
materi a l , or by a combi nati on of a p i t  and wa l l .  The des i gn of the fl a re fi e l d  cou l d  enab l e  i t  
t o  be d i v i ded i nto s ubsect i ons separated by re fractory barri es capab l e  o f  protecti ng workers 
performi ng ma i ntenance from heat rad i ati on in ne i ghbor i n g  sect i on s .  Thus ma i ntenance cou l d  be 
carried  out i n  a s i n g l e  zone wi thout shutt i n g  down the enti re fl are fi e l d .  Thi s wou l d  a l l ow 
the fl are fi e l d  to be kept cont i n ua l l y avai l ab l e  at nearly i ts max i mum rated capaci ty .  The 
maxi mum capac i ty is l i mi ted pri mari l y  by ground space avai l ab i l i ty .  

Because each combust i on ti p sees on ly  a l i m i ted  range of fl ow rates , i t  i s  pos s i b l e  to keep 
combust i on condi t i on s  re l at i ve ly  stab le  and nea r  op t imum. However ,  because the fl ame i s  not 
en c l osed , a l ong res i dence t ime s i mi l ar to that for the the rma l oxi d i zer  cannot be ma i nta i ned .  
Cond i ti ons can  be  kept near ly  opt i mum for an open fl ame and h i g h  stoi chi ometr i c  rat i os of  a i r
to-fuel can be ma i ntained i n  es sent i a l ly  a l l parts of the f l ame . I n  th i s  way , i t  i s  p os s i b l e  
t o  des i gn for smoke l es s  combust i on o f  l i ght gases . 

I t  i s  very d i ffi cu l t  to measure combusti on effi c i ency i n  an open fl ame . Percentage of 
des truct i on of heavy hydrocarbons i s  l e s s  certai n  than for a the rma l ox i d i ze r .  Fu rthermore , 
smoke less  combust i on req u i res on ly l i ghter hydrocarbons be present i n  the fue l . Therefore , 
i t  i s  necessary to p retreat emi s s i on s  to  k noc k  out heavi er  hydrocarbons pri or to combusti on 
of the rema i n i ng ground fl a re f ie l d .  I f  the concentrati on o f  C5+ hydrocarbons i n  the gases 
i s  kept in the ppm range , it is expected that 99+% destruct i on of these  gases can be achi eved . 
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Becau�e of  the  wi de turn- down capab i l i t i e s , t he  ground fl are i s  s u i ta b l e  for  combu s t i on of 
hydrocarbon re l eases ran g i n g  from the ma xi mum ant i c i pated fl ow down to t he c ont i n u ou s  l eve l s  
treatab l e  by the therma l oxi d i zer ,  prov i ded the feeds are pretreated t o  reduce heavy hydro
carbons ( wh i ch i nc l ude most of t he compounds of carc i n ogen i c  concern ) .  

Des i gn of a compat i b l e  man i fo l d i ng sys tem for equ i pment operati ng at va r i ous pres s ure l eve l s  
i s  a cri ti c a l  factor ( d i scu ssed l ate r ) . The f l ow control system that makes add i ti ona l burner 
t i ps ava i l ab l e  as the f l ow i ncreases is a l so cri ti ca l . Capi ta l  costs for thi s system are much 
l ower than for a therma l ox i d i zer  of equal capac i ty .  I f  the turn-down rat i o  i s  l arge , ope rat i ng 
costs are a l s o much l owe r.  Cap i ta l  costs can be compet i ti ve wi th and somet imes l owe r than an 
e levated f l are of equa l capaci ty .  Because of  the need for s upp l ementa l  fuel i n  a n  e l e vated 
f l are w i t h  w i de turn down , operati ng cond i t i ons  wi l l  a l so be l ower for a ground fl are fi e l d .  

Conta i ned f l a re .  The conta i ned f l are i s  a s i ng l e  l arge-di ameter refractory l i ned stack l ocated 
at or near ground l e ve l . Hydrocarbons to be burned are premi xed wi th a sma l l  amount of  pri mary 
a i r  and i njected to the f l are stac k .  Secondary combust i on a i r  i s  supp l i ed by convecti on .  M i x 
i n g  of secondary a i r  may b e  a s s i sted by a i r  or steam j ets a t  the f l are t i p  t o  ach i eve smoke l ess  
combust i on of l i ghter hyd rocarbon gase s .  The  s i ng l e  nozz l e  must  hand l e  gas f l ows from i ts 
max i mum rated capaci ty down to i ts m i n i mum turn-down rat i o .  Enough compressed a i r  o r  steam 
must be avai l a b l e  to provi de combust i on a s s i stance even at the max imum rated capac i ty .  

F l a r i n g  acti v i ty takes p l ace comp l ete l y  wi th i n  the stack . The i n s i de d i ameter of the 
refractory-l i ned stack  i s  su ffi c i ent to a l l ow some convect i ve c i rc u l at i on of a i r  from the open 
end of the cy l i nde r down to the fl are t i p at or near the bas e .  Pri ma ry combust i on a i r  i s  
convected th rough ports a t  the bottom of the cyl i nder .  The refractory l i n i n g protects nearby 
pers onne l  and equi pment from heat rad i at i on dur ing  l arge heat re l eases . I t  a l so e l i m i nates 
v i s i b i l i ty and reduces to some extent noi se associ ated wi th open f l a res . 

The performance of the c ontai ned f l are i s  i n te rmedi ate between that of a therma l ox i d i zer  and 
an open e l evated f l are .  The refractory l i n i ng prov i des for somewhat prol onged h i gh -temperatu re 
c ombust i on beyond the f l ame . I t  a l so e l im i nates e ffects of crosswi nds on the fl ame . However , 
combust i on cannot be prec i se ly c ontro l led as i n  a therma l ox i d i zer .  I t  i s  d i ffi c u l t to measure 
destruct i on e ffi c i ency or guarantee h i gh-percentage convers i on of heavy hydrocarbons to CO2 . 
I t  i s ,  therefore , necessary to knoc kout heavies by pretreatment , as for the ground fl are fi e l d .  
The max i mum rated capac i ty o f  a s i ng l e  conta i ned fl are i s  somewhat l i m i ted by the state of the 
art .  La rge heat rel eases wou l d  requ i re mu l t i p l e  uni ts i n  para l l e l  and a f l ow d i stri buti on 
and man i fo l d i ng system s i mi l ar to the ground f l a re f ie l d .  W i th such  a d i stri b uti on system , 
the contai ned f l are i s  s u i tab l e  for the same type of servi ce as the ground f l are f i e l d .  

E l evated smoke less  f l are . The e l evated smoke l e s s  f l are i s  s i mi l ar to the c ontai ned f l are . I t  
cons i sts  of  a s i ng l e  f l ame propagati on poi nt .  I t  can be e i ther steam-as s i sted o r  a i r-as s i s ted 
and can ach i eve smoke less  combusti on of l i ghter hydrocarbons .  The f l ame i s  e l evated to protect 
eq u i pment  and personne l from ehat rad i ati on .  I f  the max i mum heat re l ease rate i s  l arge , i t  i s  
s omet i mes necessary to ma i nta i n  a l arge c l ear zone at the base of the f l a re tower .  

Because the  f l ame i s  open , and because it  must  hand l e  a l arge turn-down rati o ,  opti mum combus
t i on c ond i t i ons are d i ff i c u l t  to ma i ntai n .  Combust i on e ff i c i enc ies  are hard to meas ure but  are 
expected to  be lower than for a contai ned fl are because the res i dence t ime i n  a hot zone i s  
l ower and the f l ame c onfi gurati on i s  l es s  stab l e .  Consequen t l y ,  emi s s i ons  must be pretreated to 
knockout heav ier  hydrocarbons . Su ffi c i ent steam or a i r  must be ava i l ab l e  to ass i st combust i on 
at maxi mum anti c i pated f l ar i ng  rates i f  smoke less  c ombu st i on i s  to be ma i n tai ned . 

The e l evated smoke less  f l are i s  i n tended to operate i n  the smoke less  mode at a l l  rates except 
the max imum emergency cond i t i on s .  Suff i c i ent  steam capa c i ty must be ava i l ab l e  to a s s i st  com
busti on at a l l  rates e xcept maxi mum emergency cond i t i on s .  I f  th i s  exceeds the norma l l y  avai l 
abl e p l ant steam,  addi t i ona l  ca p ita l  costs wi l l  be req u i red for the boi l e r .  Otherwi se , the 
avai l abi l i ty of  p l ant  steam wi l l  l i mi t the smoke less  performance of the fl are . 

Add i n g  s team to the combus ti on process  i nc reases the n oi se generated by the fl are ; th i s  e ffect 
i s  more noti ceab l e at h i gh f l ar i ng  rates . 

The maximum energy re l ease rate anti c i pated determi nes the he i ght of the f l are ,  hence the 
cap i ta l  costs . A s i ng l e  f l are that wh i ch can hand l e  a worst-case up set i s  expected to be very 
ta l l wi th a l a rge c l ear z one at the base , and wou l d  requ i re a l a rge cap i ta l  expen se . The steam
a s s i sted f l a re i s  most s u i tab l e  for smoke l e s s  combust i on at  f l ow  rates up  to that l i mi ted by 
ava i l a b l e  p l ant steam and non- smoke less  emergency re l eases at h i gher rates . 



C-36 

.�������f
�
l�a�r�e . The e l evated emergency f l are i s  s i mp l er than the smoke less  s team-

fl are .  I t  i s  de s i gned to prov i de for s afe re l ease of energy i n  a wors t-case 
upset .  Because c ombusti on cond i t i on s  are e s senti a l ly uncontrol led and energy re l ease rates are 
h i g h ,  combu sti on i s  genera l ly not smoke l es s  and hydrocarbon destructi on effi c i ency i s  probabl y 
the  l owest  compa red to a l l other c omponents be i n g  eva l uated .  

Ca p i ta l  a nd  operati ng  costs are both l ower t h a n  for a steam-as s i s ted smo ke l e s s  f l a re .  Pre
treatment  of gas streams to knockout heavy hydrocarbons i s  neces sary .  Even i n  emergency 
cond i t i ons knockout shou l d  be as c omp l ete as pos s i b l e ,  as l ong  as rap i d  h i gh-vol ume fl ari ng  
of gases i s  a l so ma i nta i ned .  T he  e l e vated emergency fl are i s  s u i tabl e for a bac kup  devi ce to  
safe ly re l ease gases on l y  i n  extreme emergenc i es at f l ow rates t hat  cannot be  predi cted we l l  
enough to a l l ow for proper des i gn of one of the more effi c i ent comp onents . 

Co l l ect ion man i fo l d  systems . A co l l ec t i on man i fo l d  system must be desi gned to co l l ect emi s 
s i on s  at thei r s ou rces and de l i ver them t o  the control led combustor system. The c ri t i ca l  
desi gn feature of the mani fold system i s  the exi stence of back press ure res u l t i n g  from h i gh 
gas f l ow rates . Th i s  determi nes the p hys i ca l  d i mens i ons  of the gas tran sfer l i ne s  and the 
man i fo l d  p ressure l eve l s  at  wh i ch success i ve e l ements of the contro l l ed combustor system come 
i nto  p l ay .  

Emi s s i on s  from equi pment  wi th n orma l ly l ow operati ng  pres s ures o r  l ow safety va l ve re l i ef  
p ress ures cannot be  co l l ected i n to a man i fo l d  where the  back  pressure at maxi mum fl ow exceeds 
the equ i pment pressure .  Th i s  condi ti on probab ly  d i ctates the use of mu l ti p l e  col l ecti on 
man i fo l d s .  C hoi ce of  pressure l eve l s  a nd  deta i led  des i gn of  the se man i fo l ds cannot be  com
p l eted unti l deta i l ed  engi neer ing  of the proces s  equ i pment has reached an advanced stage . 

Emi s s i on s  pretreatment and l iqu i d  knock-out . The goa l of the emi s s i on s  pretreatment  sys tem i s  
t o  reduce the concentrati on of C 5+ hydrocarbons to ppm l eve l s  i n  gases fed to any control l ed 
combustor component other than a therma l oxi d i zer .  Th i s  req u i res a system of h o l d i n g  tan ks , 
q uench cool i n g of gases , and l i qu i d  knockout drums to co l l ect entrai ned l i qu i ds and condensed 
gases in trans fer l i ne s . The prob l em i s  comp l i cated by the presence of l i q u i d  SRC i n  s ome 
potent i a l  hydrocarbon re leases , wh i c h  can so l i d i fy i f  the temperature fa l l s too l ow .  

The  fi rst e l ement of the system be i ng eval uated is  a b l owdown tank  for each p i ece of h i gh
pressure equ i pment that wou l d  need to  be evacuated duri ng an upset ( e . g . , the d i s so l ve r  
vesse l s ) . Th i s tank wou l d  accommodate the i n i t i a l  contents o f  the equ i pment  and any add i ti ona l 
feed duri ng a peri od l ong enough to safe l y  shut  off that feed .  A s  materi a l  i s  dumped to thi s 
tan k ,  i t  wou l d  be quenched by spray cool i n g  us i ng a col d ,  compati b l e  s o l vent .  The b l owdown 
tank wou l d  conta i n  s uffi c i ent vol ume to separate most  l i q u i d  from gases , except for sma l l 
entra i ned drop l ets . The operati ng pres s ures and temperatures  of th i s  b l owdown tank wou l d  be 
i ntermedi ate between those of the equ i pment be i ng re l i eved and the man i fo l d  to wh i c h  the gases 
d i scha rge . Sol vent add i t i on rates and temperature s  wou l d  be des i gned to p re vent so l i d i fi cati on 
i n  the bl owdown tan k and l i q u i d  transfer l i nes . 

Ho t gases from the b l owdown tan ks and re l i ef  of other eq u i pment n ot req u i ri ng b l owdown tanks 
wi l l  be further quenched by spray cool i ng wi th a d i l uent s o l vent . Sol vent addi ti on rates and 
q uench  temperatures  wi l l  be chosen to g i ve a l ow-eq u i l i bri um c oncentrati on of C5+ hydrocarbons 
i n  the quenched gas .  Immedi ate l y  after th i s  quench , gases w i l l  pass  through a knockout drum 
to e l i m i nate entra i ned sol vent and condensed l i qu i d s .  

Fu rther c ondensati on o f  l i g ht l i q u i ds wi l l  occur i n  the trans fer  l i nes t o  the contro l l ed 
c ombustor .  The l i nes w i l l  be des i gned to prevent accumu l at i on of c ondensate ; a f i na l  l i q u i d  
k nockout wi l l  be p l aced j us t  ahead of the control l ed combustor system. 

L i q u i ds c ol l ected at vari ous  s tages of the knockout system wi l l  be he l d  for l ater treatment .  
L i q u i ds wi l l  be  recovered at  a l ater t i me for recyc l e  to the  proce s s  or  other va l uab l e end use  
whenever p os s i bl e .  Otherwi se , these wi l l  be  sent to the  therma l oxi d i ze r .  

Turndown f l ow c on trol systems . As the fl ow rate to  the contro l l ed combustor system i ncrease s , 
the back pressure i n  the c o l l ecti on man i fol d wi l l  correspond i ng ly  i ncrease . Th i s  pressure 
var i a t i on can be u sed to  actuate f l ow control s to i ntroduce gases to add i t i onal  e l ements of the 
c ontrol l ed combustor system ( e . g . , add i t i ona l  rows of burne rs in a ground fl are f i e l d ) .  

Two fundamenta l approaches to  th i s  f l ow control are be i n g  con s i dered .  The fi rst i s  automati c 
gas f l ow contro l va l ves  (e . g . , butterfly va l ves ) .  Press ure sensors i n  the headers wou l d  
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transmi t s i gna l s  to an automati c control  system to pos i t i on the feed va l ves . As  succe s s i ve 
p redetermi ned press u re l eve l s  are reached , va l ves  wou l d  be opened to i n troduce add i t i ona l  
combustor e l ements . 

The second app roach  i s  a series  of l i q u i d  sea l s  of gradua l l y  i nc reas i n g  depth . As pres s ure 
i n  the man i fo l d  i ncreases , the gas wi l l  break  these l i q u i d  sea l s ,  enab l i n g  f low to add i t i ona l  
combustor e l ements . 

Se l ecti on of f l ow c ontrol  system depends great l y  on the control l ed c ombu stor de s i gn a s  we l l  as 
est i mated gas f l ow rates i n  the man i fo l d  system.  F inal  se l ect i on cannot be made unti l deta i led 
eng i neer i ng  deSi gn is  at a more advanced s tage . 

P roposed i n tegrated system 

The i ntegrated system des i gn p resently be i ng eva l uated i s  s h own schemati c a l ly i n  Fi g .  C . 1 2 .  
Conti nuous  l ow- pres s ure gaseous emi s s i on s  wi l l  be fed wi thout p retreatment t o  a therma l 
ox i d i zer .  These gases wi l l  n ot enter the man i fo ld  sys tem for the ground fl a re fi e l d .  L i q u i d s  
wh i ch cannot b e  rec l a i med for process  u se wi l l  a l s o  b e  fed t o  the therma l ox i d i zer .  

Contents from t he  d i sso l ver wi l l  b e  di scharged to a b l owdown sphere , a l ong  wi th a q uench  
s o l vent .  Gases  from the b l owdown tank and other  h i gh-pre s s ure eq u i pmen t  wi l l  be fu rthe r 
quenched by d i l uent s prays , and l i qu i ds wi l l  be c o l l ected i n  kn ockout tan k s . After l i q u i d  
k nockout ,  these gases wi l l  proceed to  the vari ab le-pres s ure man i fo ld  o f  a ground fl are f ie l d .  
Gases from l ow- press ure equ i pment  wi l l  g o  through l i q u i d  k noc kout and then di rect ly  to a l ow
p ressure man i fo ld  of a ground fl are fi e l d .  

The l ow-pre s s ure man i fo l d  wi l l  have a separate set o f  bu rner  t i p s  i n  the fl are fi e l d  i nde
pendent  of those u sed for the vari ab l e - press ure man i fo l d .  A ser ies  of pre s s ure-actuated fl ow 
contro l s  ( va l ve s  or water sea l s )  wi l l  send gases from the va ri ab le-pressure man i fo ld  to the 
app ropri ate number of rows of burner t i p s  of the ground fl are f ie l d .  

The ground f l a re fi e l d  wi l l  be s i zed t o  hand l e  the l argest  anti c i pated f l ow ( after ana l ys i s  of 
probabi l i ty and magn i tude of eme rgency re l ease events ) .  I n  the des i gn of the ground fl are ,  the 
feas i b i l i ty of d i v i d i n g  the rows of burner t i p s  i nto  z ones that wou l d  enab l e  rout i ne mai ntenance 
wi thout s i gn i f icant ly reduci ng the rated capac i ty wi l l  be exam i ned . 

To protect aga i nst  the p oss i b i l i ty of extreme emergenc i e s , when the rated capac i ty of the 
g round f l are i s  reached , further i ncreases in fl ow wi l l  be d i ve rted to an e l e vated emergency 
f l are ( n ot s team a s s i s ted ) .  

Des i gn goa l s  for components of contro l l ed combustor and fl are system 

The des i gn goa l s  and cr i ter ia  for i nd i v i dua l  comp onents of the base case contro l led c ombustor 
system are s ummari zed be l ow .  

The rma l oxi d i ze r  

99+% destruct i on o f  hydroc arbons to  CO2 and H 2 0  
Capac i ty for a l l continuous  l ow-pres s ure emi s s i on s  
Des i gned to hand l e  both gaseous  a nd  l i q u i d  s treams 

L i q u i d  knockout 

S l owdown system to hand l e  a l l contents and feed 
unti l s hutdown for maj or h i gh-pres s ure equ i pment 

L i q u i d  quench to reduce a l l  hydrocarbons heav i er  
than C 5 to  l e s s  than 1 %  of gas  fl ow 

D i l u t i on of streams contai n i ng S RC by appropr i ate 
s o l vent to  prevent s o l i d i fi c at i on i n  l i ne s  or 
knoc kout drums 

Ve l oc i t i e s  i n  tran sfer l i nes and knockout drums 
to e l i mi nate entra i ned l i q u i ds from combus tor 
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Col l ecti on man i fo l d  

Mu l t i p l e  operat i ng pressure l eve l s  
Separate l ow-pressure system 
F l ow contro l s  to keep fl ow rates to i nd i v i dua l  

combustor components w i th i n  narrow ranges for 
performance 

Ground f l are fi e l d  

99+% des truct i on o f  l i ght hydrocarbons t o  CO2 and 
H20 

S i zed to hand l e  tota l  emi s s i on s  from worst-case 
pred i cted upset ( e . g . , d i s s o l ver  b l owdown ) 

Sequen t i a l  addi t i on of burner rows depend i ng on back 
pres s ure i n  man i fo ld  

Essent i a l l y  comp l e te c on vers i on of  C 5  or  l i ghter 
hydrocarbons to CO2 and H20 

Smoke l es s  combus t i on when bu rn i ng pretreated gases 
( C 5  or l i ghte r )  

Es sent i a l l y  noi s e l e s s  ope rati on not v i s i bl e  at 
ground 1 eve 1 

Zoned for ma i n tenance operati ons wh i l e on-s tream ; 
redundant capac i ty for ma i n tenance 

E l evated emergency fl are 

Capac i ty to hand l e  al l ant i c i pated gas fl ow for a 
maj or emergency 

Does  n ot see gas feed except i n  maj or emergency 
E l e vati on and c l eared zone at base des i gned to 

protect  pe rs onne l and equi pment from heat rad i a t i on 

C . 2 . 3  Sol i d  waste d i sposa l  

C . 2 . 3 . 1 Types ,  guanti t i e s , and c l as s i f i cat i on 

Fi ve maj or types of s o l i d  wa s te resu l t i n g  from the SRC- I proce ss  wi l l  be ( 1 )  s l ag and fly dust  
from the  gas i f i e r ,  ( 2 )  meta l - beari ng i n organ i c  s o l i ds and  wate r-so l ub l e so l i ds from wa s tewater
treatment processes , ( 3 )  b i o l og i c a l  so l i ds ,  a l so from the wa s tewater treatment fac i l i ty ,  and 
( 4 )  water- so l ub l e  so l i d  was tes from the zero-d i s charge treated was tewater e vaporator , and 
( 5 )  s l op oi l from the process  area , vari ous p l ant  was tewate r streams , and the fl are /control led  
combus tor systems . I n  add i t i on ,  there wi l l  be m i n or quanti t i e s  of other types of s o l i d  was te , 
i nc l ud i ng a water- s o l u b l e  waste from the fl ue-gas des u l furi zation  sys tem on the ca l c i ne r ,  spent 
catalysts , spent acti vated ca rbon , and proces s  area , coal  p i l e ,  and SRC p i l e  runoff sol i d s . 
Sect i on C . 4  p rovi des add i t i ona l  d i s c u s s i on of sol i d-waste characteri s t i c s .  

The q uanti t i e s  and probab l e  RCRA c l as s i fi cati on of the so l i d  waste a re est imated be l ow i n  
Tab le  C . 4 .  

Di sposa l  of the gas i f ier  s l ag has been a key envi ronmental  i ss ue faci ng the synfue l tec hnol 
og i es . A samp l e  of Ke rr-McGee ash  concentrate from a p i l ot- sca le  SRC- I p l ant was gas i fi ed i n  a 
p i l ot-sca l e  G KT gas i f i er .  The s l ag and fly dust from the gas i fi e r  were then sent to the Oak 
Ri dge Nat i onal  La boratory where the proposed RCRA l each i ng expe riments were pe rformed . The 
p re l i m i nary res u l ts reported i n  Append i x  P i nd i cate that th i s  s l ag is not haza rdous  under RCRA 
regu l at i ons . 

No l each i ng te sts have been conducted on the meta l - s l udge , but i t  i s  a fa i r  assumpti on that 
tox i c  trace meta l s  and o rgan i c s  wi l l  be present in these s l udges and they wi l l  accord i n g ly  
rece i ve a hazardou s RCRA c l a s s i f i ca t i o n .  I n  add i t i on ,  t h e  quanti t i e s  of  these s l udges are 
re l at i ve l y  smal l .  For these reasons , they wou l d  be stored i n  a secure l andfi l l  as  i l l ustrated 
i n  Fi g .  C . 1 3 .  
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Table C.4.  Identification o f  potential hazardous and nonhazardous solid wastes 

Wet Moisture 
Type of waste Quantity volume Probable AeRA assumed Specific 

( d ry metrIC tl Y i  (m'/y) classificationa 1 % 1  gravity 

Gasjfier slag 209,520 285,200 
and fly ash 

Nonhazardousb 20 ISOlc 1 .6 1 1 .3lc 

Water soluble 10,430 25,730 Assumed 70 

solidsd hazardous 

Metal Precipitation 2,400 8,95() Assumed 8:1 
sludge hazardous 

River water 2,400 8,95() Nonhazardous 8:1 
treatment sludge 

Slop oil 1 ,8 1 5  1 ,990 Assumed 1 5  

hazardous 

Spent acti .... ated 910 2,6a) Assumed 1 7  0.4 

carbone hazardous 

Biologica! sludge 600 2,98:1 Assumed 8:1 
hazardous 

SAC and coal pile 135 ISO Assumed 25 1 2  
runoff solids hazardous 

Equalization basin 135 ISO Assumed 40 1 5  

sludge hazardous 

Process area 1 0  12 Assumed 50 1 6  

runoff solids hazardous 

Spent catalysts Assumed 
hazardous 

8Resource Conservation and Aeco .... ery Act. 
bSee AppendIx P for leac hing test results 
'Vaiues for fly ash. 
dFrom zero-discharge e .... aporator system. 
eFrom tertiary water treatment system 

The c l a s s i fi cati on of the b i o l og i c a l  so l i d s  wi l l  depend on the c ompos i ti on ;  they may or may n ot 
be hazardous but  wi l l  be t reated a s  hazardous ( see Tab l e  C . 4 )  unt i l p roven otherwi se . The 
characte r i s t i c s of the s l udge may be s i mi l a r  to that of a mun i c i pa l  wastewater t reatment  system. 
Mun i c i p a l  s l udges have been cl ass i f i ed a s  nonhazardous i n  the May 1 9 ,  1 980 , RCRA regu l at i on s .  
I n c i nerat i on o f  b i o l og i ca l  s l udges i s  be i n g  cons i de red a s  an a l ternat i ve to l andfi l l i n g .  

Water- s o l u b l e  s o l i ds p roduced by the zero- d i scha rge evaporators have the p otent i a l  to contami 
nate any g roundwate r they may contact . These so l i ds wi l l  be i so l ated by d i s p osa l  i n  a secure 
l andfi l l  such  as i l l u strated by Fi g .  C . 1 3 . I n  addi t i on , tech n i ques for stab i l i z i n g  these 
waters and d i spers i n g  in an i mpermeab l e so l i d  med i um wi th i n the l andfi l l  a re be i n g  eva l uated 
( Sect .  C . 3 . 2 . 1 ) .  

C . 2 . 3 . 2  Methods of hand l i ng and d i sposa l 

The d i s posa l s i tes wi l l  be c ons tructed and ma i nta i ned i n  accordance wi th app l i c ab l e  Fede ral  and 
State so l i d  wa ste g u i de l i nes and reg u l at i on s .  Because the g u i de l i nes and reg u l at i ons have not 
been f i n a l i zed , the des i gn d i scussed here i n  wi l l  be s ubject to mod i f i c at i on s .  E PA and  Kentucky 
agenc i es wi l l  be con s u l ted reg u l a r ly  as deta i l ed des i gn i s  formu l ated . Con s u l ta t i on w i th the 
regu l a tory agenc i e s  wi l l  be i mperat i ve because f i n a l  reg u l a t i ons  may not be promu l gated before 
the de ta i l ed des i gn phase or spec i f i c  des i gn standards may not be i n c l uded i n  the p romu l gated 
reg u l ati ons . I n d i cations  are that the EPA wi l l  promu l gate performance rather than des i gn 
standard s .  The hazardous waste l andfi l l s and the s l ag/ash  ponds wi l l  have the capac i ty to 
s tore the waste p roduced dur i ng a 5-ye a r  demon strati on phase . 

The current ly proposed des i gn for the haza rdous  waste l andfi l l  i s  based on the proposed RCRA 
des i gn standards  pub l i s hed on Decembe r 1 8 ,  1 978 .  Al though the f i n a l  standards wi l l  most l i ke l y  
b e  d i fferent , the proposed standards  d o  show the bas i c  features that a hazardous waste l andfi l l  
s hou l d  have : doub l e  l i ne rs ,  l eachate co l l ecti on , l e achate detect i on and mon i t ori n g , and d i k i ng 
for p reven t i on from f l ood i n undat i on .  As F i g .  C . 1 3  s hows , the hazardous l andfi l l s wi l l  have 
embankment  d i kes cons tructed w i th excavated mate ri a l s  from the p l ant p rocess  a rea and wi l l  have 
a 0 . 9  m ( 3  ft ) t h i ck c l ay l i ne r  above a 20-mi l t h i c k  syn thet i c  l i ner .  The hazardous l andfi l l s 
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wi l l  b e  u sed t o  store meta l - beari n g  s l udges , spent cata l ysts , acti vated ca rbon , equa l i zat i on 
bas i n  so l i ds ,  zero-d i scharge sol i ds ,  and p roces s  area , coal p i l e ,  and SRC p i l e  runoff so l i ds .  
A l eachate co l l ecti on and removal  sys tem on top of the c l ay l i ner wi l l  co l l ect and remove 
l eachate generated i n  the l andfi l l .  The top c l ay l i ner  wi l l  prov i de pr i mary contai nment of the 
waste and protect i on for the syn thet i c  membrane l i ner .  The synthet i c  l i ner wi l l  pro v i de con
tai nment of any wa ste that mi grates or l eaks  th rough  the c l ay l i ne r .  A l eachate detect i on and 
remova l  system wi l l  be l ocated beneath the synthet i c  bottom l i ne r .  The bottom e l eva t i on for 
t h i s  l andfi l l  wi l l  be above the l Oa-year f l ood l e ve l , and the d i ke above the 500-year l e ve l . 
As the rep roposed reg u l at i ons pub l i s hed on February 5 ,  1 98 1 , req u i re ,  the bottom e l evat ion of  
the l andfi l l  must be 2 m above the  h i s tori c h i gh groundwater tabl e .  Th i s  proposed requ i rement , 
i f  eventua l l y p romu l gated , wi l l  be met .  

Tes t i ng o f  compacted on s i te c l ay i nd i cates that i ts permeab i l i ty i s  about 1 0- 7 cm/s . Con se
quen t l y ,  s ubject to other test i ng for compat i b i l i ty ,  th i s  materi a l  wi l l  be exten s i ve l y  used . 
The p roces s  area wi l l  a l s o i nc l ude curbed concrete pads for areas l i ke l y  to be contami nated . 
Add i t i on a l  eva l uat i on i s  be i ng made i n  the d i s pos a l  areas regard i n g  the use of synthet i c  
l i ners and /or cl ay l i ners .  

Syntheti c l i ne rs s uch as h i gh- den s i ty polyethyl ene , re i n forced hyp a l on ,  butyl rubbe r ,  neoprene , 
and others w i l l  be eval uated and tested . The EPA doc ument " L i n i ng of Waste Impoundment and 
D i spos a l  Fac i l i t i e s , "  of  September 1 980 wi l l  be used as a gu i de .  

Synthet i c  l i ner test i n g  wi l l  be condu cted as part of the se l ecti on proces s .  Pre l i mi nary 
s e l ecti on of l i ner materi a l s wi l l  be based on kn owl edge of the expected compat i b i l i ty of the 
materi a l  w i th the l eachate that wi l l  be generated by the wastes . Tes t i n g  on the p re l im i nary 
l i ne r  materi a l s  wi l l  be conducted by expos i ng the l i ne r  to l eachate generated by the wastes for 
a fi n i te period of t i me .  The spec i mens are s ubj ected to a vari ety of  te sts before and afte r 
e xposure to the was tes to determ i ne the adeq uacy of the mate ri a l s .  The types of tests i n cl uded 
a re th i c kness ( swe l l ) ,  tens i l e  strength , e l ongat i on at brea k ,  hardness , and tear s trength 
measurements ; wate r absorpti on , ex tract ion tests , seam strength , punctu re res i s tance , water 
vapor transmi s s i on , dens i ty measurements , and l eachate abs orpt i on tests . L i ne r  tes t i n g  i s  an 
i ntegra l  part of the deta i l ed l andfi l l  and s l ag /ash  pond des i gn .  

D i kes are expected to be cons tructed wi th compacted c l ay .  Syn thet i c  l i ners , whe re app l i ca b l e ,  
wi l l  be extended from the bottom (wi th i n  the d i ked areas ) over the i ns i de face of the d i ke and 
fastened at the top .  

I n  accordance w i th RCRA reg u l a t i ons , a groundwater mon i tori n g  sys tem wi l l  i n c l ude mon i t ori n g  
we l l s hyd rau l i ca l l y  downgradi ent a n d  s ome d i s tance upgradi ent from t h e  fac i l i ty ( s ee Sect . 4 . 5 ) .  
The l andfi l l  wi l l  be d i v i ded i nto severa l ce l l s .  I n  the event of l i ner  l eakage , the fau l ty 
ce l l can be i so l ated ( see Append i x  HH , Cont i ngency P l ans for L i ne r  Breach i n g ) . The env i ron 
mental  effects of s o l i d  waste d i sposa l  are d i scussed i n  Sects . 4 . 2 . 2 . 2  and 4 . 2 . 1 . 2 .  

Laboratory tests on ga s i fi e r s l a g  and fl ydust  (Appendi x P )  i nd i cate that these mate ri a l s  are 
n onhazard ous under RCRA cri ter i a ,  s ug gest i n g  that these so l i ds cou l d  be acceptab l y  stored i n  a 
n onhazardous l andfi l l .  The phase zero conceptua l des i gn proposed stor i n g  the wa stes i n  a non
hazardous l andf i l l  h a v i n g  a 6- i n . -th i c k c l ay l i ner .  Duri ng  preparat i on of the D E I S ,  DOE / I CRC 
eva l uated a l ternat i ves to th i s  l andfi l l  de s i gn and proposed cons tructi n g  the f i rst s l a g  l and
f i l l  as  a hazardous was te d i sp osa l  fac i l i ty hav i ng  a 3 - ft-th i c k  cl ay l i ne r .  At  th i s  t i me 
several  a l ternati ves a re under cons i derati on and EPA and KDNREP  are provi d i ng g u i dance to 
DOE / I C R C .  The des i gn a l te rnat i ves be i ng eva l uated re l ate to l i ne r  th i cknes s ,  l i ne r  permeab i l i ty ,  
and the e l evat ion of the l andfi l l  base re l at i ve to the g roundwater tabl e .  Regard l e s s  of the 
a l ternat i ve fi na l l y  chosen , the s l ag /ash  ponds wi l l  have the same key features as  the haz ardous 
waste l andfi l l , i . e . , dou b l e  l i ners , l eachate co l l ecti on sys tem , l eachate mon i tori n g  system , 
and d i k i ng to avo id  i n unda t i on duri ng  major fl oods . 

The gas i fi e r  wa stes w i l l  be pumped to the pond as a s l urry .  Supernatant wi l l  be drawn from 
the pond and recyc l ed to p rocess  a reas . A b l owdown stream wi l l  be d i rected to the was tewater 
treatment p l ant to control the bu i l du p  of d i s so l ved sol i d s .  

I n  the event o f  a l Oa-year  fl ood , groundwate r l e ve l s  cou l d  approach or atta i n  s u rface-water 
l eve l s , caus i ng the c l ay l i ne r  system to " f l oa t . " Th i s  wi l l  not be a prob l em for the haz ardous 
materi a l s  l andfi l l  whose base is above the l Oa-yea r fl oodp l a i n .  Such an event cou l d ,  howeve r ,  
cause a breach i n  the l i ner o f  the gas i fi e r  s l ag pond.  Eng i neer ing  prov i s i ons t o  avo i d  " f l oat
i ng "  of  the ash l andfi l l  l i ner , s uch as p l acement of water barri ers , are be i ng eva l uated 
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( see Sect . 4 . 2 . 2 . 2  of Vo l .  I ) .  Trac k i n g  of groundwater l e ve l s  regu l ar ly  w i l l  prov i de 
s u ff i c i ent  warn i ng of a h i gh water tab l e  cond i t i on .  The use of cons truc t i on methods 
spec i f i ca l ly  desi gned to  avoi d so i l l i quefact i on probl ems wi l l  a l so be eva l uated . 

F i gure C . 1 4  s hows a c ross secti on of the proposed s i te s howi ng the g rad i ng p l ans  and the 
re l at i ve e l evati ons of the was te hand l i n g/d i sposal  faci l i t i e s , c l ay ,  and groundwater tab l e . 
So l i d  wa ste handl i ng a l ternati ves are d i scussed i n  Sect .  C . 3 . 2 . 8 .  

C . 2 . 3 . 3 C l osure p l an - hazardous was te l andfi l l  

The cu rrent f i n a l  reg u l a t i on s  under 40 CFR  267 dea l i n g  wi th new hazardous waste treatment 
s torage and d i s posa l faci l i t i e s  are performance based s tandards . Prev i ou s l y  the EPA had pro
posed s tandards that appl i ed gene r i c  des i gn cri teri a .  Howe ve r ,  because o f  the great d i vers i ty 
i n  s i te character i s t i cs , the EPA now be l i eves a case-by-case rev i ew of each fac i l i ty des i gn and 
i ts respecti ve s i te wi l l  prov i de greater assurance of protecti ng the g round and s u rface waters 
from poten t i a l  l ong-term adverse envi ronmenta l i mpacts . To th i s  end , the c l osure p l an for the 
SRC- I faci l i ty wi l l  be deve loped in conj unct i on wi th both the USEPA and KDNREP and wi l l  be 
s ubmi tted for rev i ew and approval to these agenc i e s  pri or to c onstru ct i on of the hazardous 
was te faci l i t i e s .  

The p l an wi l l  address both des i gn and operat i ona l con s i derat i ons  for t h e  c l os ure and post
c l osure act i v i t i e s .  The purpose of the p l an wi l l  be to ensure ( 1 )  p revent i on of adverse 
e ffects on the groundwater qua l i ty ,  ( 2 ) preventi on of adverse effects on the s u rface water 
qua l i ty , ( 3 )  preven t i on of adverse effects of a i r  qua l i ty ,  and ( 4 )  preven t i on of adverse 
e ffects from mi grati on of was te const i tuents i n  the subsurface env i ronmen t .  

The des i gn o f  c l osure fac i l i t i e s  wi l l  re f lect  a deta i l ed con s i derati on of many factors i nc l ud
i n g ,  but  not l i m i ted to ( 1 )  the type and amount  of was te in  the part i c u l a r  fac i l i ty ;  ( 2 )  the 
mobi l i ty and expected rate of mi grat i on of the was te ( s ) ;  ( 3 )  the s i te l ocat i on , i ts topogra phy , 
and the s u rround i ng  l and u ses , both cu rrent and proj ected ; ( 4 )  the c l i ma t i c  c ond i t i on s  i n  the 
area and the reg i on ;  ( 5 )  the characteri s t i cs of the cover i nc l ud i ng materi a l  to be used , fi na l  
s u rface contours , t h i c kness , poros i ty and  pe rmeab i l i ty ;  ( 6 )  s l ope , a nd  l ength or r un  of s l ope ; 
( 7 )  the use and l i fe of synthet i c l i ners ; ( 8 )  type of vegetat i on ;  ( 9 )  geo l og i ca l  and s o i l 
profi l es ;  and ( 1 0 )  s u rface and subsurface hydro l ogy of the s i te .  

I n  add i t i on to the des i gn cons i dera t i ons  l i s ted above , the c l osure p l an wi l l  address procedures 
that  wi l l  be used to mon i tor and ma i n ta i n  the s i te after c l osure .  These procedures wi l l  
i nc l ude at a mi n i mum:  mon i tori ng and eva l ua t i on of groundwater qual i ty at the fac i l i ty s i te ;  
reg u l ar ly  sched u l ed i n s pect i ons  of the s i te to rev i ew i nteg r i ty of the cover mate ri a l  from 
d i s turbances or e ros i o n ,  hea l th of the c over vegetat i on ,  cond i t i on of the groundwate r mon i tor
i ng system we l l s and changes in s urround i n g  l and use wi th s pe c i f i c  attenti on to  new groundwater 
wi thdrawa l and s urface water control sys tems ; and an exp l anati on of act i ons  to  be taken in the 
event of  damage to the s i te or con tami nati on of the envi ronment  from the c l osed s i te .  

C . 3  P LANT DES I GN AND E NV I RONMENTAL CONTROL ALTERNAT I VES 

C . 3 . 1 Ai r emi s s i ons  control a l ternat i ves 

C . 3 .  1 .  1 Al ternat i ves for contro l l i ng emi s s i ons  of s u l fu r  ox i des ( SOx ) and 
reduced s u l fur  (S)  compounds 

S u l fur-recovery p lant  

S u l fur en ters the  p l ant  as a component  i n  t he  coa l . Approx i mate ly 93 . 6% of the  total s u l fur 
enteri ng in the coa l feed wi l l  be recovered as e l emental  s u l fu r in the s u l fu r-recovery area . 
Nea r ly  a l l  of the rema i n i ng s u l fur i n  the c oa l  rema i n s as re s i du a l  s u l fur  i n  the p l ant  products . 
The tota l s u l fur  emi tted to the atmosphere i s  est i mated to be 1 , 209 l b /d , or 0 . 3% of the total 
s u l fur  enteri n g  the p l an t .  Th i s  i nc l udes s u l fur in the fue l gas to be used in p l an t  (8  l b/d ) , 
i n  the e ff l uent from the fl are and control l ed  combus tors ( 48 l b/d ) ,  s u l fur rec overy area 
( 46 l b/d , mos t l y  reduced s u l fur  compound s ) , the scrubbed f l ue gas from the ca l c i ner ( 2 1 7  l b/d ) , 
and the vent from the gas treatment system ( 890 l b /d ) . Emi s s i ons  from the ca l c i ner  scrubber 
account  for  1 4% of the tota l atmospheri c s u l fur emi s s i ons , but  approxi mate l y  74% of the s u l fu r  
d i ox i de emi s s i on s .  See Fi g .  C . 4  for the p l ant-wi de s u l fur  ba l ance . 
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Throug h a seri es of process i ng steps in the SRC , gas i f i cati on , cok i ng , and expanded-bed 
hydrocrack i ng areas i n  the p l an t ,  s u l fur wh i ch was contai ned in the coa l is hydrogenated to 
H 2 S . * The H 2 S  i s  conta i ned in these various  proces s  streams i n  smal l q uanti t ies . These 
process streams are sent to the gas  treatment area for aci d-gas remova l .  Two para l l e l aci d-gas 
removal processes  are p l anned to remove H 2S ,  COS , and CO2 from the process  s treams : the 
Sel exo l proces s ,  wh i c h  uses a propri etary phys i ca l  sel ecti ve so l ven t ;  and a d i ethano l am i ne 
( DEA ) s o l vent process . Both these processes produce a concentrated H 2S/C02 s tream wh i ch i s  
sent to the s u l fur-recovery area . No atmos pher i c  emi s s i on i s  evo l ved from the DEA un i t ;  how
eve r ,  some carbonyl s u l f i de and H 2S are emi tted to the atmos phere from the Se l exol u n i t  i n  a 
CO2 and n i trogen waste stream ( 890 l b/ d  su l fur ) . 

The se l ec t i on of the ac i d-gas treat i ng proces s depends upon the aci d-gas  parti a l  pres s ure , the 
ra t i o  of CO2 to s u l fur compounds , feed s tream impuri ti es , hydrocarbon content , and the treated 
stream pur i ty requ i rement .  The s h i fted syngas from the s h i ft un i t  has about 360 psi aci d-gas 
part i a l  pressure and conta i n s  no heavy hydrocarbons . 

Phys i c a l  so l vent processes such  as Sel exol and Recti so l  are con s i dered more favorabl e for 
treat i ng th i s k i nd of  gas stream than are chemi cal  a bsorpti on processes .  However , of the 
chemi ca l  processes , a hot carbonate process such as  Benf ie l d ' s  H i -Pure sys tem i s  con s i dered the 
most  l i ke l y .  

A screen i ng study o f  these processes was conducted by the i ndustri a l  partner .  Se l exol was 
found to be more economi cal  than Recti sol  on a nonse l ect i ve aci d-gas removal  bas i s  and more 
econom i ca l  than the Benf i e l d ' s  H i - P ure proces s from an operati ng standpo i nt .  

The su l fur-recovery p l ant i n  the s e l ected des i gn wi l l  cons i st o f  two three-stage stra i ght
through C l a u s  uni ts (one  bei ng a 1 00% spare ) and a Beavon-Stretford sys tem . The concentrated 
H2S s tream from Se l exol  and DEA un i ts wi l l  be converted to e l emental s u l fur in one of the Cl aus  
u n i ts ; and the ta i l -gas from the  C l aus  un i t  wi l l  be further treated i n  a Beavon-Stretford 
sys tem . P rov i s i ons wi l l  be made to i nc i nerate the C l au s  p l ant ta i l  gases i n  the therma l 
o x i d i zer of the fl are and contro l l ed combustor system ( Sects . C . 2 . 2 . 6  and C . 3 . l . 5 )  when the 
BSRU i s  not operati n g .  T h i s i s  expec ted to occur on ly  ra re ly  ( see bel ow ) . Based on  data of 
several operati ng p l ants , typ ica l  concentrati ons of total s u l fur compounds in the Beavon
Stretford eff l uent s hou l d  be i n  the 50 to 1 00 ppmv range , norma l l y  at the l ow end of thi s 
range . The concentra t i on of H2S  s pec i fi ca l l y  i s  expected to be l es s  than 5 ppmv . 

Wh i l e  ma ny a l ternat i ve processes for s u l fur  removal  are avai l a bl e ,  the combination  of C l aus  and 
Beavon s u l fur  remova l was c hosen as  the preferred a l ternati ve because i t  has  been we l l  demon
s trated i n  fu l l - sca l e  operation  in  s i mi l ar servi ces  wi th a h igh  deg ree of rel i ab i l i ty and h i g h  
removal effi c i ency . Beavon s u l fur removal  un i ts have been suffi c i ent ly  demonstrated ; 3 5  un i ts 
are in operation , serv i ng approximate l y  7000 l ong tons per day of  C l a u s  capac i ty .  Thi s i s  
approx imate ly  one- ha l f  the 1 980 s u l fur recovery i n  the Un i ted States . No operati ng prob l ems 
have been observed , and greater than 99% operat i ng rel i ab i l i ty i s  expected . Stretford absorber 
p l uggi ng was an ear ly  probl em that occurred when packed tower absorbers were used , but i t  has 
s i nce been so l ved by des i g n  c hanges wh i ch i n c l ude a preabsorber venturi . Trace s pec i es or 
meta l s  that may enter the un i t  are not expected to cause operati ng prob l ems . Ammon i a  has not 
posed a prob l em to Beavon Stretford un i ts , and any HCN pas s i ng the C l aus  p l ant wou l d  be con
verted to ammo n i a  and carbon monoxi de by the Beavon Stretford system . In the Prevention of 
S i gn i f i cant Deteri oration  ( PSD )  permi t rev i ew ,  the EPA wi l l  deci de whether th i s  i s  best ava i l 
a b l e control techno l ogy ( BACT ) . 

One of the a l ternat i ves  con s i dered , a comb i nat i on of C l a u s  and S he l l  SUPERSCOT , was not s e l ected 
because  it has a h i gher s u l fur-emi s s i on rate , because the ta i l  gas concentration  i s  typi ca l ly 
about 250 ppmv , and because  of i ts h i g h  energy consumpti on .  Another a l ternati ve , G i ammarco
Vetrocoke cou l d  rep l ace the Stretford uni t in the proposed Beavon-S tretford system , reduc i ng 
the S02 concentrat ion  further. A maj or drawback  i s  the use of  arseni c compounds wh i c h  wou l d  
appear i n  trace q uanti ti es i n  a l l effl uents , i nc l ud i ng the s u l fur product .  

Two commerc i a l l y  avai l a bl e a l ternati ve techno l og i es ex i st whi c h  cou l d potent i a l l y  rep l ace the 
Cl aus  s u l fur-recovery system : Stretford and G i ammarco-Vetroco ke . Both of these systems have 
demons trated l ower s u l fur emi s s i ons  than C l aus  sys tems i n  some appl i cat i ons , a l though t hey 
wou l d  be cons i derab ly  more costly for the s u l fur throughput of thi s p l a n t .  The performance of 

* 
COS i s  a l so produced accord i ng to the eq u i l i bri um CO2 + H2S � COS + H20 .  



C-45 

these systems i s  sen s i t i ve to feed- stream compos i t i on .  and the feed stream in the proposed 
p l ant may contai n p rocess contami nants that wou l d  precl ude the effect i ve use of these a l terna
t i ve systems .  They a re best  s u i ted to d i l ute i n l e t  H2S l eve l s .  such as the ta i l  gas c l ean up 
appl i cat i on .  Another method o f  ammon i a  d i sposal /recovery wou l d  a l s o  b e  req u i red . 

Use of a ta i l  gas ox i d i ze r  and the Ch iyoda Thorou ghbred 1 0 1  or 1 2 1  process  i s  a poten t i a l  
a l ternati ve wh i ch wou l d  provi de a gypsum product from the rema i n i ng s u l fur  i n  the ta i l -gas 
i n stead of e l ementa l su l fur .  Su l fu r  d i ox i de in the off-gas wou l d  be h i gher than w i th the 
p roposed system. Othe r potenti a l  a l te rnati ves for S02  removal  from an oxi d i zed system i nc l ude 
the Dual Al ka l i  proces s .  the C l eana i r  process . the We l l man- Lord system . the I FP-2 sys tem . and 
a l i me- l i mestone s l u rry system.  These a l ternati ves were rejected because of e i ther l owe r 
eff ic i ency or more d i ffi cu l t operati on . and i n  some cases generati on of so l i d  waste s .  As an 
examp l e .  We l l man- Lord has on l y  been used by Chevron for C l a u s  ta i l  c l eanup and has swi tched 
to Beavon-Stretford i n  the exi sti ng p l ant and i s  contract ing  i t  for other p l ants . 

Fue l  burni ng 

Operat i on of the SRC- I proces s and support i n g  proce sses wi l l  requ i re s i gn i f i cant quant i t i es of 
heat . wh i ch must be s upp l ied  by combust i on of fue l i n  i nd i rect heat exchan gers ( fi red heaters ) .  
Fou r  a l ternati ve fuel sources were c ons i de red : purchased gaseous fue l s  (natura l  gas or LPG ) . 
p urchased petro l eum- d i sti l l ate fue l s .  coa l . and process-generated fue l s .  P u rchased gaseous and 
d i sti l l ate fue l s  wou l d  consume resources wh i c h  are a l ready i n  short supp l y .  and the i r  u se wa s 
rejected for th i s  reason . Use of process-generated heavy d i s t 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 es for control of s u l fu r  d i ox i de and part i cu l ate emi ss i ons . and l ess effi c i ent 
combu sti on to contro l  NOx formati on .  Uti l i zati on o f  process-generated gaseous  fue l s  i s  envi ron
mental l y  cl eaner than combusti on of heavy fue l s  and  a l l ows comp l i ance wi th app l i ca b l e  envi ron 
mental standards wi thout req u i r i ng  a great deal of add i t i ona l  contro l equ i pment .  For both 
env i ronmenta l and process con s i de rat i ons . gaseous fue l  was se lected as the preferred a l ternati ve . 

Fu rthe r reduct i ons i n  s u l fu r-oxi de emi s s i ons cou l d  be ach i e ved through further reducti ons i n  
fue l -gas hydrogen-s u l f i de content . but on l y  at the expense of i ncreased cap i tal  i nvestment . 
operat i n g  costs . and energy consumpti on . The econom i c  and energy pena l t i e s  of i ncrementa l  
reductions  i n  s u l fu r  content are not  j ust i f ied i n  v i ew of the  fact that fue l -gas hydrogen 
s u l fi de concentrati on i s  on ly  5 ppmv . and p l ant S 02 emi s s i ons are pr imari l y  from the coke r/ 
c a l c i ner .  

I n  conj uncti on w ith  use of the c lean fue l s .  m i n i mi z i ng energy consumpti on wi l l  i nd i rect ly  
reduce S 02 emi s s i on .  Energy-conservati on practi ces . such  a s  u se o f  power-recovery turb i ne s .  
opti mum use o f  h i gh-pressure steam . and ai r preheat to l a rge heaters have been i n corporated i n  
the des i gn of  the fac i l i t i e s .  

Coker-ca l c i ner  

The f l ue gas from the ca l c i ne r  wi l l  be  i nc i ne rated to destroy v i rtua l l y  a l l of the  hydrocarbons 
and reduced s u l fu r  compounds .  Most of the S 02 in the i nc i nerator effl uent wi l l  be removed by a 
scrubber before d i scharge to the atmos phere . Send i n g  the fl ue gas to the gas-treatment sys tem 
wou l d  not be a feas i b l e  a l ternati ve because the gas wou l d  be too vo l uminous and the concentra
t i on of  S02 wou l d  be too d i l ute for effective  remova l .  

Severa l  wet- scru bber a l ternati ves were con s i dered . i nc l ud i n g We l l man-Lord . l i me/ l i mestone . and 
soda ash .  We l l man-Lord is  techn i ca l ly  feas i b l e  but i s  more expen si ve than the soda ash . 
L i me / l i mestone i s  ( for  th i s  appl i cat i on )  not techn i ca l ly fea s i b l e .  The soda ash  appears to be 
the best  a l te rnati ve among the wet scrubb i n g  sys tems . I n  the PSD pe rmi t rev i ew .  the EPA wi l l  
determi ne whether th i s  i s  BACT . 

I n  addi ti on to wet scrubbi ng . dry scrubb i n g  wi th soda ash or l i me . and cl oth fi l ters i s  a l so 
be i n g cons i de red .  Dry scrubb i n g  cou l d  potenti a l l y  provi de a h i gher parti c u l ate-remova l effi 
c i ency than wet scrubbi ng . at the potent i a l  expense of l ess  certai nty i n  the l eve l of S02 
control ach i e ved .  



C-46 

C . 3 . 1 . 2  Al terna ti ves for control l i ng emi s s i on of parti cul a tes 

Proces s  emi s s i ons 

I n  genera l , three parti cu l ate-control a l ternati ves are s u i tab l e for th i s  p l a n t :  cyc l ones i n  
combi nat ion  wi th bag house col l ec tors , scrubbers , and baghouses ( o r  fi l ters ) . Al though cyc l ones 
cou l d  probably ach i eve compl i ance wi th appl i cab l e emi s s i on s tandards i n  some appl i cat ions , they 
genera l l y  produce on ly  moderate parti cl e-col l ecti on effi c i enc i es , espec i a l ly  wi th sma l l par
t i c l es . Baghouses provi de s i gn i fi cantly h i gher col l ecti on effi c i enc i es and were sel ected for 
use i n  the proposed demons trat i o n  p l ant for parti cu l ate contro l , except for the c l eanup of the 
ca l c i ner fl ue gas , i f  a wet sc rubber i s  sel ected . Scrubbi ng may be used for th i s  s tream because  
the s tream a l so conta i ns a s i gn i f i cant quanti ty of S02 ' A wet scrubber can  remove both  the  S02 
a nd the part i c u l ates . As di scussed i n  the preced i ng paragraph , a dry scrubber i s  bei ng eval u 
ated , wh i ch wou l d  i ncorporate a bag house for parti cul a te remova l . I n  the PSD permi t rev i ew ,  
the EPA wi l l  determi ne whether thi s i s  BACT . 

Coal rece i v i ng and s torage 

Rece i v i nr . Coal  wi l l  be s h i pped to the demons trati o n  p l ant by ra i l  car and a l so pos s i b ly  by 
barge . Appendi x  Y i nc l udes the pol l ut i on control equi pment proposed fo r barge del i very of 
coa l , shou l d barge del i very be used . ) Coa l u n l oaded from rai l  cars wi l l  be dropped from 
beneath the ra i l  cars through a gr i zz ly  i nto hoppers l ocated i n  a tunnel beneath the ra i l  
tracks .  The coal from the hoppers wi l l  be d i scharged onto an unde rground convey i ng sys tem for 
transport to the two reserve coal p i l es ,  or to the s i x  acti ve coal p i l es .  

Emi s s i ons  from the u n l oadi ng s tat i on wi l l  be contro l l ed by us i ng dust-suppress i ng agents and by 
semi enc l os i ng the un l oad i n g  stati o n .  Undergro und trans port tunne l s wi l l  b e  conti nual l y  
venti l ated by an  exhaus t  fan d i scharg i ng through a fi l ter t o  the atmosphere . 

Tota l rece i v i ng and tunnel transfer emi s s i ons  wi l l  be reduced by these systems from uncontro l l ed 
l evel s by approx imate ly 90% , to l es s  than 2 tons per yea r .  Further control systems a r e  be i ng 
eval uated . 

Coa l  s torage . The fou r  maj or sources of fug i t i ve part i cu l ate matter from s torage p i l es are 
l oa d i ng onto the p i l es ,  veh i cu l a r  traff i c  on pi l es ,  l oad-out from pi l es ,  and wi nd eros i o n .  
Em i s s i on s  duri ng l oad-on wi l l  b e  contro l l ed by l i mi t i ng coal freefa l l  to n o  more than 1 m 
( 3  ft)  a bove the p i l e  peak and by u s i ng retractab l e  l oadi ng  spouts on booms and tri pper con
veyo rs . P i l e  traff ic  wi l l  be l i mi ted as  much as  pos s i b l e ,  wi th the maj or rec l a i m  occurr i ng by 
grav i ty f l ow from beneath the acti ve s torage p i l es .  

The s torage systems wi l l  be des i gned for the use  of polymer crusti ng agents to control wi nd 
eros i on for reserve s torage pi l es and for the use of water s prays on the act i ve pi l es .  S urface 
crusti ng agents and adj us tab l e  l oadi ng chutes  shou l d  reduce emi s s i ons by 99% on the reserve 
p i l es .  The use of the pre-wa s hed coa l and water s prays shoul d reduce wi nd l os ses by 99% on the 
acti ve p i l e . l Ori g i na l l y ,  c hemi ca l  wetti ng agents , or surfactants , were cons i dered for use on 
the active  p i l es .  No data exi sts  to i nd i cate that addi ng s urfactants to water s prays wi l l  
further reduce dust  emi s s i ons . S urfactants wi l l , however , reduce overa l l water cons umpti on as  
a resu l t of thei r wetti ng characteri s t i cs . I f  a reducti on in  water consumption  i s  des i red 
dur i ng p l ant  operati on , s u rfactants cou l d  be added to the water spray systems . Prewash i ng coa l 
e s senti a l l y  e l imi nates s i l t , wh i ch i s  the a i rborne port i on of coa l  parti cu l ates « 7 2 �m) . 
Unwashed coal typi ca l l y conta i ns 6% s i l t ,  and washed coal i s  reported to be reduced to approx
i mate ly  0 . 1 8% s i l t , a 97% decrease  in the a i rborne parti cu l ate fracti on of coal dus t .  The 
acti ve p i l es are expected to be h i g her in fug i t i ve part i c u l ates than the i nact i ve p i l e  because  
they wi l l  be  d i s tu rbed cont i nual l y .  

The proposed des i gn wi l l  reduce fug i t i ve emi ss i ons from coal s torage p i l es and trans fer 
operat ions  to l es s  than 3 tons per yea r .  

S R C  s torage and l oad-out 

S RC s torage . The so l i d  SRC product wi l l  be stored outs i de i n  s torage p i l es and sent to hoppers 
for l oad-out i n  rai l ca rs . Rec l a i m  from the seven storage pi l es wi l l  be from hoppers l ocated 
beneath each pi l e .  Prov i s i ons  wi l l  be made for the use  of water sprays to control dust  from 
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open p i l e s ,  and l oad-on emi s s i ons  wi l l  be reduced by the use of tri pper conveyors wi th 
retractab le  l qad i n g  s pouts to l i m i t  freefa l l  of the product to the storage p i l e .  The dust
s u ppre s s i ng l i q u i ds and under-p i l e  rec l a im  shou l d  reduce fug i t i ve part i cu l ate emi s s i ons by 
up to 90% . Tota l emi s s i ons  from SRC sol i d- product storage pi l es and SRC transfer are est i mated 
at l ess  than 1 0  ton s per year. 

SRC l oad-out .  Load-out of  the  SRC  product wi l l  be  from hoppers l ocated above the  ra i l cars . 
The ra i l  cars wi l l  be moved i n to p l ace beneath the SRC s torage hoppers , and the SRC wi l l  be 
gravi ty fed to the rai l cars through  retractab l e  l oad ing  s pouts . Vents from the SRC product 
s torage s i l os wi l l  be equ i pped with fabri c f i l te rs . Crus t i n g  agents wi l l  be sprayed onto ra i l  
cars after l oa d i ng for dust  suppress i on du r i ng ra i l  trans i t .  Load-out emi s s i ons shou l d  be l e s s  
than  1 ton per year .  

Water sprays were con s i dered prev i ou s ly  for  SRC  l oadout to  ra i l cars , but it  has been determi ned 
that i n  the case of coa l l oadout retractab l e  s pouts prov i de an essent i a l ly dus t-free l oa d i n g  
operat i on t o  ra i l car  beds . I f  the SRC product i s  found to be dusty duri ng  l oadou t ,  water spray 
capabi l i ty wi l l  be added to the hand l i ng sys tem . 

Coke s torage 

Because of the sma l l vol ume and powdery nature , coke wi l l  be s tored i n  s i l os .  There wi l l  be 
v i rtua l l y no fug i t i ve emi s s i on .  Th i s  - represents the most effect i ve al te rnati ve avai l a b l e .  

Su l fur  storage 

The e l ementa l su l fur  by-product wi l l  be stored i n  the mol ten  state i n  c l osed tan ks . Th i s  i s  
s tandard commerc i a l  practi ce for by-product operati ons and i s  the env i ronmenta l l y preferab l e  
a l ternati ve .  

Coa l  dryi ng 

Two methods of coal dry i n g  are avai l ab l e .  The cu rrentlY proposed des i gn wi l l  use conventi ona l  
techno l ogy , wi th wet coa l  obtai ned from the s tockp i l e s i mu l taneous ly ground and  dr ied  to 2%  to 
5%  mo i s tu re in one of two 50%-capac i ty encl osed systems of mi l l ,  s i ze c l ass i f i e r ,  furnace , duct 
work , cyc l ones , and baghouse .  Dry i n g  temperatures in the mi l l  wi l l  be we l l  be l ow  the ox i d at i on 
temperature of the coal and meta l l i c  s u l fi des and l i mi ted to as l ow a temperature as pos s i b l e  
to mi n i m i ze vo l at i l i zat i on o f  hydrocarbon compounds  from the coa l .  The exhaust gas wi l l  
conta i n  the combust i on prod ucts of the furnace , the water removed from the coal , entra i ned 
parti c u l ates , vo lat i l es from the coal and , poten t i a l ly , entra i ned s u l furous water present i n  
the feed coa l . The baghouse wi l l  be des i gned t o  remove 99+% of the part i cu l ates . 

An a l ternat i ve i s  f l a s h  dry i ng , wi th wet coal crushed and d r i ed separate ly .  I n  t h e  f l ash-drye r 
system , crushed coa l i s  i njected i nto warm sol vent .  The coa l - so l vent mi xture fl ows to the 
s l u rry mi x i n g  vesse l , where a hot process  recyc l e  s o l vent and a recyc l e  s l u rry are added and 
s l urr ied .  The water f l a s hes off as steam and is l ater condensed , leavi ng  a hydroca rbon gas 
that wou l d  then be i njected i nto the vapor- recovery sys tem . The f l a s h -dry i n g  system wou l d  not 
produce a part i cu l ate emi s s i on ,  whereas the proposed conven t i ona l  drye r wo u l d  generate approx i 
mate ly 1 2 . 4  l b/h o f  part i cu l ates ( 37%  of the p l ant ' s  ove ra l l part i c u l ate-em i s s i on rate from 
po i nt  sources ) ;  howe ve r ,  the l arger- s i zed parti c le s , espec i a l ly rock , cou l d  sett le  in vari ou s 
parts of the proces s ,  res u l t i ng  i n  p l ugg i n g  and cok i n g .  Th i s  type of sys tem has potent i a l  
economi c and env i ronmenta l advantage s but has not been tes ted s u ffi c i ent ly  for i nc l u s i on i n  the 
construc t i on of the SRC- I demon strat i on p l ant .  A mod i fi cat i on of th i s  a l ternat i ve wou l d  be the 
addi ti on of a ba l l  or rod mi l l  to grind the coa l - s o l vent s tream before or after  mi x i n g  it w i th 
the hot s l u rry .  The convent i ona l  dryi ng-pu l veri zati on sys tem i s  the s e l ected method for the 
i n i t i a l opera t i on of the SRC- I demonstrat i on p l ant beca use f l a s h  dry i ng is s t i l l  in the deve l op
mental s tage . To demons trate fl ash-dry i n g  techn o l ogy , s uch equ i pment cou l d  be i n s ta l led  at a 
l ate r t i me ,  s hou l d  a dec i s i on be made to do so .  F l a s h  dry i n g  cou l d  then be  con s i dered i n  the 
expan s i on to a commerc i a l  SRC- I fac i l i ty .  

I n  both sys tems , feed coal  i s  ob tai ned from a n  outdoor stockp i l e .  The washed feed coal 
( 1 . 25 i n .  x 0 . 0  i n . ) wi l l  have a mo i sture content vary i n g  from 10 to 1 5% d u r i n g  ra i ny or 
s nowy season s .  Th i s  coal wi l l  be fed to a bal l mi l l  and reduced to nomi na l  200 mesh . 
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The p resent des i gn a l l ows for any vo lat i l e  matter d ri ven from the coal  i n  the d ryi ng proces s  
to  b e  vented to the atmosphere .  A program has  been i n i t i ated t o  determine  t he compos i t i on and 
amount of t he vo l at i l i zed matter .  Vo l at i l i zat ion  wi l l  be kept to a mi n i mum by emp l oy i n g  des i gn 
and operati ng techn i q ues  whi c h  m i n i mi ze dri e r  res i dence t ime and temperature wi thout comp ro
mi s i ng p rocess requ i rements .  

Because the  fl ash-dry i ng system reta i ns potent i a l  pol l utants wi th i n  the  process , i t  wou l d  appear 
to be the most envi ronmenta l l y  des i rabl e a l ternati ve .  However ,  a l l the several types current l y  
bei ng cons i dered req u i re further i n formati on from tes t i n g  i n  a p i l ot p l an t .  Add i t i ona l  tests 
wi l l  def i ne process  des i gn and operati ng  parameters wh i c h , in  turn , a l l ow choi ce of the best  
system. Choi ce wi l l  i n vol ve trade-offs between cap i ta l  cos t ,  envi ronmenta l i mpact , mai n te
nance , proce s s  benefi t s ,  a nd  operati onal re l i ab i l i ty .  Unti l more i nformat i on i s  obta i ned  about 
the a l ternat i ves , conventi ona l  dryi ng-gri nd i ng , wi th a baghouse for part i cu l ate c ontro l , i s  
i ncorporated i nto the current des i gn .  

Coa l and product t rans ferr i ng .  A t  ra i l  c a r  u n l oad i ng po i nts  a n d  t h e  transfer  t o  t h e  storage 
p i l e ,  water s prays wi l l  be used as  requ i red  for dust  s uppres s i on .  Conveyors tran sfe rri n g  coal 
to storage p i l e s  wi l l  be covered . Underground rec l a im  from the storage p i l es wi l l  be tota l l y  
enc l osed a n d  vent i l ated throu g h  a baghouse . After rec l a i m ,  pr i or to p u l ver i zati on , transfe r  
p oi nts and conveyors w i l l  b e  tota l ly  encl osed t o  the extent poss i b l e .  Any vent i l at i on o f  these 
enc l os ures  wi l l  be exhau s ted  through  a bag h ouse to the atmosphere . Prov i s i on wi l l  be made to 
i nsta l l water s pray at transfer poi nts s hou l d mon i t or ing  dur ing  operat i on i nd i cate t h i s i s  
necessary .  After p u l ver i zati on a l l conveyors , transfer  poi nts , and coal  process i ng  equi pment 
wi l l  be tota l l y  enc l osed and ven ti l ated through baghouses . Al l coa l , coke , and SRC storage 
s i l os and b i n s  wi l l  be enc l osed and vented to dust col l ectors . Transfer of coke wi l l  be i n  
total l y  enc l osed conveyors and vented to dust  co l l ectors . 

C . 3 . 1 . 3 Al ternati ves for control l i ng emi s s i on s  of n i trogen oxi des  ( N Ox ) 

Fue l - burn i ng 

The N Ox i n  fl ue  gas i s  the res u l t  of oxi dati on of n i trogen i n  combust i on a i r  and of the 
chemi ca l l y  bonded n i trogen in the fue l . In most combust i on processes , the pri mary oxi de of 
n i trogen i s  N O ,  wh i ch i s  ox i d i zed  i n  a i r  to N 02 . 

The present demonstrati on p l ant des i gn i n c l udes the fol l owi ng c on s i derat i ons  i n  determi n i ng  NOx 
control : 

• Fuel  gas contai n i ng no  chemi cal ly bound  n i trogen . The fue l  cho i ce for n orma l ope rati on i s  
p l ant-deri ved  fuel  gas .  I t  contai n s  no chemi cal l y  bound n i troge n .  Therefore , n o  fue l -NOx 
wi l l  be formed .  To put  th i s  fact  i n to perspecti ve , an e st imated 50%  of the  fue l -bound 
n i trogen i s  typ i ca l l y  converted to N Ox ; t h i s rate can vary great l y  depend i ng on other 
parameters . 

• Fuel  conservat i on .  An effort wi l l  be made t o  prov i de heat to the p rocess a s  effi c i ent ly  
a s  pos s i b l e  in  order to m i n i mi ze fue l  u se . S i nce the fue l i s  process-deri ved , it  i s  not 
ava i l ab l e  i n  u n l i mi ted quant i t i e s ;  therefore effi c i ent  f i r i n g  methods wi l l  be used s o  that 
i t  does not become necessary to  supp l ement  fue l  needs wi th fue l s  contai n i ng chem i ca l ly
bound n i trogen ( such  as  p l ant-deri ved o i l s ) .  Combust i on effi c i enc i es a re i ncreased by a i r  
p reheat and mi n i mum excess a i r .  M i n i mum excess a i r  tends  t o  decrease NOx formati on because 
fewer oxygen mo l ec u l e s  are ava i l a b l e  for react i on wi th t he n i trogen . However ,  a i r  preheat 
tends to i ncrease NOx formati on because i t  i ncreases fl ame temperatu res  and the NOx forma
t i on rate i nc reases wi th temperature .  Large heaters  wi l l  operate w i t h  preheated a i r ,  but 
sma l l heaters may not . 

• Fue l compos i t i on var i ab i l i ty .  The p l ant-deri ved fue l g a s  i s  s u bject to vari ab i l i ty i n  
compos i ti on and heat content depend i n g  on the operat i n g  cond i t i on s  of the p l ant .  The fue l 
vari abi l i ty i n  heat content d i c tates that t he burner and heater be fl exi b l e  i n  operati on .  
Th i s  fact e l im i nates the ab i l i ty to  use  some l ow-NOx des i gns  such  as  those wh i ch are 
ta i l ored to spec i a l f l ame patterns and phys i ca l  s tag i ng ( i . e . , two combu st i on c hambers ) .  
De l ayed-mi x i ng burners are more appropr i ate for NOx control because  t he i r ab i l i ty to reduce 
NOx i s  not expected to be great ly  affected by i ncrea s i n g  the vo l ume of fue l  to the burne r .  
Th i s type burner wi l l  probab ly  b e  used throughout  the p l a n t .  The expected NOx emi s s i on 
w i l l  be approx imately 30% l es s  than that of a s tandard burne r .  
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• Proces s  re l i ab i l i ty .  The l argest fue l con s umer ,  the coa l  s l u rry heaters , are req u i red 
to be re l i ab l e  and f l ex i b l e  under a l l operat i ng  cond i t i on s .  The beha v i or of the p rocess  
s tream ( c oal  s l u rry ) i s  heav i l y dependent upon contro l l i n g  the heat  fl ux i n  th i s heater .  
I n ab i l i ty t o  control  th i s  heater may res u l t  i n  s o l i d i fi cat i on and b l ockage o f  the proce ss  
l i ne .  Therefore , i t  i s  cri t i ca l  that  the  system be  easy to ope rate and ma i n ta i n .  Th i s  
need prec l udes add i t i ona l l y  comp l i cat i n g  the NOx control system by add i ng f l ue gas rec i r
c u l ati on where i t  i s  not feas i b l e .  

I n  eva l uat i ng the va r i o u s  NOx control techn o l og ies  wi th the above-ment i oned con s i dera t i ons i n  
m i n d ,  l ow-NOx burners , wh i ch uti l i ze the c oncept o f  staged combust i on , and l ow excess a i r are 
most  s u i tab l e  for the demon strat i on p l ant req u i rements . The NOx reduc i ng the ory beh i nd th i s  
combus t i on tech n i q ue i s  descri bed i n  Sect . C . 2 . 2 . 4 . 

Othe r methods that prov i de a much greater reduct i on i n  NOx emi s s i ons are avai l a b l e ,  but they 
have not been commerc i a l l y demonstrated i n  the Uni ted States . Furthermore , techn i ca l  c on s i de r
at i ons make s ome tech n i ques i nfeas i b l e  for cr i t i c a l  app l i cat i on s  such  as the c oa l  s l u rry heaters . 
Reduct i on of NOx has been rea l i zed by ammon i a  i nject i on i n to the fl ue gas . Both cata l yti c and 
noncata lyt i c  processes  are ava i l ab l e .  Noncata l yt i c  ammon i a  i nject i on i s  e ffect i ve on l y  over a 
na rrow temperature range ; t h i s  wou l d  be d i ffi cu l t to c ontrol  because of the fue l  vari a b i l i ty .  
Cata l yt i c  ammon i a  i nject i on i s  e ffec t i ve over a w ider  range of temperatures , a l l ow i ng  for 
eas i er  control . However ,  t h i s  proces s tends to prec i p i tate ammon i um- s u l fa te sa l ts out of the 
f l ue gas as s o l i ds ,  res u l t i n g  in equ i pment corros i on .  Ammon i a  l eaks  in the p l ant wou l d  be 
tox i c .  

F l ares  and I nc i nerator 

No c ontrol  tech n i q ues ex i s t  for reduc i ng  NOx emi s s i on from e l evated f l a re combust i on .  Steam 
i nject i on , wh i ch i s  used pr imari l y  for smoke l e s s  operat i on ,  may have the s i de e ffect of reduc i n g  
NOx emi s s i ons by quench i n g the f l ame . Low f l ame temperatures  reduce NOx format i on .  The norma l 
emi s s i ons from c ombus t i on of the e l evated fl ares are a smal l fracti on of the po l l utants from 
a l l  p l ant combu s t i on processes . 

The control l ed combustor ( i n c i nerator ) mus t  be operated at cond i ti ons wh i ch fa vor comp l ete 
c ombust i on of heavy and/or c omp l ex hydrocarbons . Unfortunate l y ,  these c ond i t i on s  promote NOx 
format i on .  Des truct i on of c omp l e x  heavy-hydrocarbon c ompounds w i l l  not be c ompromi sed for 
l ower NOx em i s s i on s .  The norma l emi s s i ons from combust i on i n  the i nc i nerator i s  a sma l l  
fracti on o f  the p o l l utants from the enti re p l ant ' s  c ombus t i on processes . 

C . 3 . 1 . 4  A l ternati ves for contro l l i ng emi s s i ons of carbon monox i de ( CO )  

T he  pr i n c i p a l  sources of CO  wi l l  be  the vents  from the gas-treatment sys tem and  t he  Beavon 
s u l fur-remova l un i t .  These are emi tted from the CO2 vent stack ( see Tab l e  C . 6  i n  Sec t .  C . 4 . 1 ) .  
They wi l l  emi t  about 70% of the total CO emi s s i on s  from the ent i re p l ant .  The CO cou l d  be 
reduced i n  two ways : rep l ac i ng Se l exo l  w ith  other so l vents , such  as Ben f i e l d  so l u t i on , w i t h  a 
l ower s o l ub i l i ty for CO , or i nsta l l i ng an after- bu rner to combust  the CO to CO2 , Howeve r ,  the 
other s o l vents c ou l d  not c oncen trate H2S as much  as Se l exol  does , l ead i n g  to i n crea sed s u l fur 
emi s s i ons . A l s o ,  the feed stream t o  the C l a us un i t  wou l d  be more d i l ute in H2S ,  s ubstanti a l l y  
i ncrea s i ng the c o s t  of the s u l fur-recove ry system. Combu s t i n g  the CO wi th an after-burner* 
wou l d  cons ume add i t i onal fue l , and emi s s i ons of NOx wou l d  i ncrease . 

Other sources of  CO wi l l  be the fi red heaters , but the q uant i t i e s  wi l l  be ve ry sma l l .  Al so , 
there are n o  sat i s factory control measures for red uc i ng CO emi s s i ons beyond  effi c i ent f i red 
heater operat i on ,  wh i ch a l s o  m i n i mi zes fue l con s umpt i on .  Most control  tech n i ques for redu c i n g  
CO emi ss i on res u l t i n  i ncreased NOx emi ss i on .  The E PA ' s  po l i cy has been t o  stress control o f  
NOx even when th i s  mi ght res u l t  i n  i ncreased C O  emi s s i on s .  I n  the PSD perm i t  rev i ew ,  EPA wi l l  
determ i ne whether the proposed des i gn represents BACT . 

* The use of a cata l yt i c  rather than thermal afterburner to reduce temperature l eve l s  and 
fue l cons umpti on may not be feas i b l e  because of the stream c ompos i t i on and pos s i b l e  cata lyst 
degradat i on .  
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C . 3 . 1 . 5  Al ternati ves for contro l l i ng emi s s i ons  of nonmethane hydrocarbons (NMHC) 

Fue l - burn i ns devi ces . Nonmethane hydrocarbon emi s s i ons  from fue l -burn i ng dev i ces  wi l l  be 
control l ed y proper app l i cati ons , i n s ta l l at i on ,  operati on ,  and ma i n tenance of a l l re l ated 
combusti on equ i pment and by mi n i mi z i ng fue l consumpti on .  

F l ares  and control l ed combustor .  Several a l ternat i ves wi l l  b e  eva l uated and compared to the 
base case controlled combustor and f l are system descri bed in  Sect . C . 2 . 2 . 6 .  The most  i mportant 
a l ternati ve i s  the use of ( 1 ) a therma l ox i d i zer at  a l l fl ow rates up to a pre�el ected maximum 
and ( 2 )  a g round  fl are fi e l d at h i g her  fl ow rates . The cros sover fl ow rate wou l d be se l ected 
based on analys i s  of rel i ab i l i ty data for safety val ves and other equi pment .  I f  combi ned 
random emi s s i ons  from a l arge number of i ndi v i dual  components yi e l d  a re l at i ve ly conti nu ous  
total emi s s i on ,  i t  wou l d  be  appropri ate to treat th i s  wi th a thermal oxi d i ze r .  Th i s  cou l d  be 
done by des i gn i ng the therma l oxi d i zer  i n  the base case for a l a rger capaci ty or by u s i n g  a 
separate therma l oxi d i zer .  The h i gher assured percentage destruct ion i n  the the rma l ox i d i zer 
must be bal anced aga i n s t  the i ncreased probab i l i ty of cont i nued troub l e -free operati on for the 
ground fl are fi e l d .  

Some a l ternati ves i n  the base case des i gn must b e  eva l uated .  For examp l e ,  the t herma l ox i d i ze r  
c a n  b e  e i ther catalyt i c  or noncata lyt i c .  Quench s o l vents , so l vent rates , and operati ng  cond i 
t i ons for the quench system must be establ i shed . The use of one l arge e l evated steam-as s i sted 
f l are or severa l contai ned fl ares i n s tead of the g round fl are fi e l d wi l l  be eval uated . The 
control system to  di stri bute f l ows must be sel ected .  

Mi t igati on of fugi t i ve emi ss i ons  

Process l i ne and eguipment  fi tti ngs . Fug i t i ve NMHC emi ss i ons  from process l i ne and equ i pment 
fi tt ings  may be control l ed through both des i gn cons i derati ons and thorough  mai ntenance . A 
recent study by Radi an Corporati on2 i nv o l v i n g  a number of petro l eum refi neri es found that over 
a th i rd of the va l ves encountered l eake d ,  contri buti ng 60% of the " baggabl e " s ource emi s s i ons . 
Pre l im i nary studies  showed that g ood ma i ntenance wou l d  s i gn i fi cantly reduce these emi s s i ons . 
To mi n i m i ze fugi t i ve emi ss i ons  as soci ated wi th leaks , a di rected mon i tori ng  and ma i ntenance 
p rogram wi l l  be i mp l emented and stri ct ly  enforced at the p l ant to qu i ck l y  detect and repa i r  the 
l eaks . 

The EPA i s  currently conducting  studies  i n  refi neries to determine  ( 1 )  methods and procedures  
for  d i rected ma i n tenance programs and ( 2 )  cri teri a for determi n i ng when  ma i ntenance is  needed . 
When these studies  are deve l oped i nto standards , these standards wi l l  be fol l owed as app l i cabl e .  
I n  the i nterim ,  a s i te program wi l l  be deve l oped and fol l owed . 

U n l ess the fi tti ngs can be operated wi th no detectab l e  emi ss i ons  as defi ned by the Env i ronmental  
P rotecti on Agency , stemmed va l ves in  gaseous or l i ght- l i qu i d  serv i ce wi l l  be checked q uarterly 
or  sem iannua l l y as experi ence d i ctates . F l anges i n  a l l servi ces and stemmed val ves i n  heavy
l i q u i d  serv i ce wi l l  be i nspected reg u l arl y .  Screen i ng val ues wi l l  be  1 0 , 000 ppmv for gaseous  
and  l i ght- l i qu i d  servi ce fi tt ings  and  1 000 ppmv for heavy- l i qu i d servi ce fi tti ngs . Pumps  and 
compressors wi l l  be v i sua l l y  i nspected for leaks . F i tt i ngs found to be l eak i ng  wi l l  be tagged 
w i th dates i nd i cat i n g  when l eaks were found , and wi l l  be repai red wi t h i n  1 5  d when feas i b l e  and 
wi l l  be mon i tored duri ng mai ntenance to  dete rm i ne when repa i r  is adequate . When attempts to 
repai r  cou l d  res u l t  in an i ncrease in emi s s i ons , repa i r  may be del ayed unti l a p l ant s h utdown . 
Al l repai red fi tt ings  wi l l  be rechecked for repa i r  adequacy wi t h i n  one month of ma i ntenance on 
the l ea k i ng component .  Tab l e  C . 5  i s  a l i st i ng of the predi cted number of fi tt ings  i n  the SRC- I  
p l ant  and  t he  effi c i ency of emi s s i ons  contro l based on  t he  Rad ian  stud i e s  conducted for t he  EPA 
and the control measures d i scussed.  I n  some cases , redundant mu l t i p l e  equ i pment wi l l  be 
ut i l i zed on process streams that are expected to have h i gher rates of fai l ure and that cou l d  
l ead to l os ses o f  hazardous fl u i ds ( e . g . , pumps for some abras i ve s l urry servi ces ) .  Th i s  wi l l  
a l l ow an i nd i v i dua l p i ece of equi pment to  be removed from servi ce and repai red wi thout compl ete 
sys tem s hutdown , thus enab l i ng more rap i d  repai r  of leaks after detecti on .  

Typi ca l  mechan i ca l -des i gn contro l s  to be used are : 

• Cen tri fugal  compres sors , centri fuga l  pumps for gaseous , l i ght- l i q u i d  hydrocarbon servi ce : 
Compres sors wi l l  be equ i pped wi th a mec han i c a l  contact or l iq u i d  fi l m  seal  or system of 
equ i va l ent  control nature and pumps wi l l  be equ i pped wi th doubl e mechan i ca l  sea l s .  Each 
wi l l  be equ i pped wi th a compati b l e  barr i er  fl u i d  he ld  at a h i gher pressure than the pump 
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Table C.S. P rocesl line fittings and predicted control efficiencies 

Fitt ings T otal  number 
U n c o n trol led C o n t r o l  eff iciency 

em ission facto r ( % )  

P u m p  seals 
L ight l iquid 1 25 0 .25 1 00 
H eavy liquid 80 0 . 046 1 00 

Valves 
Gas/vapo r 2 , 600 0.059 98 
L ight l iq uid 1 , 300 0.024 85 
H eavy liquida 6, 000 0.0005 33 
Safety relief 460 0 . 1 9  1 00 

C o m p ressor seals 20 1 . 4 1 00 
D ra i n s  430 0.070 1 00 
Sampling c o n n ections 80 0, 005 1 00 
Flanges 1 3, 200 0 00056 55 

aBecause of the l ow volati lity of heavy l iqUids, em iss ions f rom heavy-service 
f i ttings are typic al ly  very s m a l l  when compared with gas/va por service 
I nspection and m aintenance of leaks at 1 000 ppmv should reduce 35% of total 
mass em issions from valves in heavy-liqUid service. 

d i scharge or process gas pres s ure .  Any l eaks i n  the seal sys tem w i l l  re su l t  i n  barri er  
fl u i d  be i n g  forced into  the  process s tream.  Dou b l e  tandem seal s w i l l  be used in s ome 
app l i cat i on s  where s l u rry serv i ce i s  too abras i ve for the convent i onal  doub l e  mechan i ca l  
sea 1 .  

• Rec i p rocat i ng compressors : Enc l o sure ,  and n i trogen purg i ng  of d i stance p i eces or an 
equ i va l ent  system. Degass i ng and fl ar i ng of  vo l ati l e s . 

• Safety/Re l i ef va l ves that do not vent  i nto the c l osed f l a re sys tem w i l l  be operated i n  
a s tate o f  n o  detectab l e  emi s s i on s , a s  defi ned by the EPA , except d ur i n g  a n  eme rgency 
re l ease .  

• F l anges : Numbe r of fl anged connecti on s w i l l  be mi n i m i zed . 

• Dra i n s ,  samp l i ng connect i ons : Doubl i ng va l v i ng ,  caps , or b l i nd f l anges wi l l  be used to  
control samp l i ng or  dra i n i ng from proces s  l i nes . Dra i ned l i qu i ds wi l l  be  stored in  c l osed 
conta i ners , wi l l  be prope r ly  d i s posed of , or wi l l  drop through a sump i nto the c l o sed 
p l ant  sewer system. 

Tan k  truck  and ra i l  tan k  car l oad i ng and u n l oad i ng .  Fug i t i ve NMHC emi s s i on s  from l oad i n g  
of proces s  l i q u i d  p roducts i nto  tank trucks wi l l  b e  c ontro l led by t he  use  of  bottom l oad ing  
combi ned w i th vapor recovery .  L i q u i d  products from the  vapor-recovery system wi l l  be  returned 
to  s torage tanks . The eff i c i ency of control on l i qu i d  l oad-out emi s s i on s  i s  expected to  be 
90-98% . 

The on l y  l i q u i d  products used i n  the p roces s  wh i ch w i l l  be b rought i n  by tan k  truck are the DEA 
and Se lexo l  s o l vents , and s u l fu ri c ac i d  for cool i ng tower pH c ontro l . A l l of these l i q u i ds 
have very l ow vapor p re s s ures and requ i re no vapor recove ry , e i ther on storage tan ks or duri ng  
truck  un l oad i ng t o  s torage tan ks . 

Coo l i ng tower .  An  e vaporator hand l i ng a 280-gpm b l owdown stream from the cool i ng towe r wi l l  be  
used to  contro l  tota l d i s so l ved s o l i ds ( TDS ) i n  the  zero was tewater d i scharge sys tem .  I norgan i c  
and organ i c  consti tuents may tend t o  bu i l d up  as  c oo l i ng water i s  c ont i nuous ly rec i rc u l ated 
through  the p roce s s .  Organ i c  comp onents , vo l ati l i z i ng in the evap orat or and c o l l ected in the 
overhead condensate , w i l l  be contro l l ed by pass i ng the condensate through  a granu l a r  acti vated
carbon bed pri or to reentering  the cool i ng tower as ma keup wate r .  Spent acti vated carbon wi l l  
e i ther be comb i ned wi th coal  and recyc l ed th rough the SRC process or  be d i s p osed of i n  the 
secure l andfi l l  w i th the wastewater treatment me ta l - beari ng  s l udges . The quant i t i e s  of spent 
acti vated carbon are expected to  be sma l l .  The bu i l du p  of i n organ i c  sa l ts or d i ss o l ved s o l i ds 
i n  the rec i rcu l ati ng water of the coo l i n g  tower wi l l  be c ontro l l ed by the e vaporator system as 
we l l .  S a l ts concentrated in the evaporator wi l l  be col l ected and d i s posed of  in a hazardou s 
waste l andfi l l .  Th i s  water s o l u b l e  waste stream i s  d i scus sed i n  Sects . C . 2 . 3  and C . 3 . 2 .  
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Re l eases  of  phen ol i cs and v o lati  l e  org an i c  c ompounds from the  co o l i ng tower wi l l  be  contro l led 
by the wastewater treatment p l ant  th at treats proces s was tewaters for use i n  the coo l i ng sys tem . 
The concentrat i on of organ i cs ente ri ng the wastewater treatment  sys tem , and u l t i mate ly the 
c oo l i ng t owe r ,  w i l l  be c ontro l led by use of equa l i zati on to dampen organ i c  l oadi ng f l uctuati ons , 
effl uent re cyc l e  to the was tewate r i n f l uent t o  d i l ute materi a ls p os s i b ly i nh i b i t ory t o  the 
b i ol og i ca l  system , and the use of c omp lete ly m ixed bi o l og i ca l  reactors to d i l u te the was tewater 
throughout  the bas i n .  I n  addi t i on t o  re ly i ng on b i ol og i ca l  degradati on of phen o l i c  c ompounds , 
the cap abi l i ty of add i ng powdered act i v ated carbon d i rect ly t o  the aerat i on bas i ns to abs orb 
organ i c comp ounds , i nc l u d i n g  phen o l i cs , wi l l  a ls o  be i n c orporated i nt o  the wastewater des i gn .  
F i na l ly ,  terti ary granu l ar acti vated carb on ads orpti on s h ou l d remove most of the rema i n i n g 
org an i cs i n  the p l ant  was tewater .  

Wastewate r tre atment .  T he  pri mary p otenti a l  s ource of  fug i t i ve hydrocarbons i n  t he  was tewater 
treatment  plant  ; s  the oi l /wate r separat i on u n i t .  Fugi t i ve emi s s i on s  wi l l  be c ontrol led by 
coveri ng  th i s  system . 

Ammon i a  and hydrogen s u l f i de contai ned i n  p rocess  wastewaters wi l l  be removed by an i n i t i a l 
str i ppi ng  p roce s s .  Th i s  s tri pp i n g  process wi l l  a l s o  remove v o lati le  hydrocarb on s  i n  the s our  
waters .  Stri pped gases , conta i n i ng amm on i a  and hydrogen s u l f i de ,  wi l l  be d i rected t o  the C l au s  
u n i t  for treatment.  T he  stri p p i n g  p roces s  i s  expected t o  reduce t he  l eve l s  of  H 2S and  NH 3 i n  
the wastewater t o  3 ppm and 30 ppm , respect i ve ly ,  thus  reduc i n g p oten t i a l  emi s s i on s  of the 
c ontami nants i n  the open bas i n  and c l ari fi ers of the wastewater treatment p l ant . 

P owdered act i vated ca rbon wi l l  be added to the aerati on bas i ns i f  an unexpected proces s-upset  
c ond i t i on occurs res u l t i n g  i n  h i gh organ i c  l oadi ng  t o  t he  wastewater treatment sys tem . The 
acti vated carbon wi l l  ads orb org an i cs ,  thus reduc i ng the p otent i a l  f or a i r  s tri pp i n g of the 
c ontami n ants from the ae rati on bas i n s .  

Tan k age . Vapor recovery systems wi l l  be p rovi ded on a l l  f i xed hydrocarb on s torage tanks and at 
t ruck and rai l road l oadi ng racks . The rec overed vapor wi l l  be re c l aimed  t o  l i q u i d  s t orage or 
sent t o  the c ontro l led  combustor for c ombust i on .  N o  better techno l ogy exi s ts for c ontrol l i n g 
these emi s s i on s .  

C oa l  dryi ng. Some NMHC emi s s i on i s  expe cted from the c onventi ona l c oa l -dry i n g  system . A coal  
dryi ng  tes t  wi l l  be performed to dete rmi ne the quant i ty .  Po l l ut i on c ontro l  wi l l  be prov i ded , 
i f  necessary .  

Wi th the above measures , the tota l fug i t i ve-emi s s i on rate for the ent i re p l ant  i s  e st imated t o  
be l e ss  than 6 0  tons per year .  Les s  than  1 5  tons  per year of  th i s  va l ue i s  expected to  be NMHC 
materi a l  w i t h  a boi l i ng po i nt  above 500 ° F .  Uncontrol led emi ss i on factors were obtai ned from 
Ta b l e  B2-23 , p .  266 of ref .  2. A more detai led  descr ipt i on of fug i t i ve NMHC emi s s i ons control 
wi l l  appear i n  the BACT secti on of the PSD permi t package for the p l an t .  

C . 3 . 2  Sol i d  was te management a l te rnati ves 

C . 3 . 2 . 1 Water- s o l u b l e  s o l i d  was tes 

Severa l opti ons are be i n g  c on s i dered f or d i spos a l  of the s o l ub le s a l t  cake to  be gene rated by 
the evaporators i n  the zero wastewate r d i scharge operati ng  mode . The pr imary i n te nt  of a l l  
these opti ons i s  t o  prevent s o l u b l e  s a l ts from bec oming  di s s o l ved  i n  s u rface water and ground
wate r by rai nwater run off or leach i ng from the l andfi l l .  The l i ne r  system in the l andfi l l  i s  
expected t o  prevent the leachate wi th i ts d i s s o l ved s a l ts from re ach i ng the groundwate r .  I n  
s ome processes , chemi ca l  fi xati on of the sa l t  cake wi l l  p rov i de addi t i on a l  p rotecti on by reduc
i ng the leach i ng of s a l t s  as rai nwate r perc ol ates through to  the l i ner  and l eachate-co l l ecti on 
system . S ome processes  a l s o  reduce the permeabi l i ty of the l andfi l led  materi a l  i tse l f ,  thus  
reduc i ng the  amount of  leachate to  be  c o l lected and  recyc led .  

F our  a l te rnati ve techno l og i e s  are be i ng i nvesti gated for treatment of  th i s  s o l u b l e  s a l t  cake 
p ri or to d i sp os a l .  A bri ef des cri pt i on of these systems fol l ows . 
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1 .  I n  the fi rst process the s a l t  cake , as a part i a l ly dewatered s l udge , wi l l  be mi xed wi th 
a p ropri etary mi xtu re of chemi ca l s  in a c onti nuous  m i x i n g  proce s s .  The chemi ca l  add i t i ve 
mi xture i s  formu l ated i n  such a way as to  react w ith  the components of the s l udge , i n c l ud
i ng wate r ,  to create a cement i t i ous s ol i d , wh i ch is essen ti a l ly i ns o l u b l e .  Much of the 
wate r i n i ti a l ly p resent is taken up  as wate r of hydrati on of comp ounds in the s o l i d .  The 
s ol u b le sa lts  a re d i s persed th roughout the i ns o l u b l e  matri x .  As the cementati on reacti ons  
take p l ace over  a peri od of severa l days ( i . e . , curi n g )  t he  was te gradua l ly changes from a 
wet s l udge to a d ry g ranu l a r  so l i d .  

I nd i v i dua l g ran u l e s  of th i s  s ol i d  a re essenti a l ly i mpervi ous t o  wate r , but the bu l k  
mater i a l  i s  permeab l e .  ( Thorough compact i n g  i s  expected to reduce b u t  n ot e l i mi nate th i s  
permeab i l i ty . ) A l th ough the process i s  c l a i med t o  prevent  s ol u b l e  sa l ts t rapped w i th i n  
the granu l a r  s o l i d  from getti n g  i nto  the le achate , the fi na l di s pos a l  wi l l  b e  i nt o  a 
s pec i a l ly constructed and c lay- l i ned landfi l l  as descri bed i n  Sect . C . 2 . 3 . 2  and s hown i n  
F i g .  C . 1 4 .  

2 .  The second p rocess  i n vol ves two steps . I n  the fi rst ( pret reatment )  s tep , a sma l l amount 
of a chemi cal  add i t i ve p reci p i tates any heavy met a l  s a lts  as i n s o l u b l e  s i l i cate s .  An i on s , 
as we l l  as s o l u b l e  monova lent meta l s  such as s odi um , are n ot affected .  I n  the second 
step , pozzo l a n i c  mate ri a l s , s i l i caceous  ashes such as f ly ash or pu l veri zed s l ag , and 
l i me are added to  form a wet s l u rry . T h i s  s l u rry i s  pumped to a d i s posa l  s i te .  Ove r  the 
next few days a cementat i on reacti on takes p l ace between the poz z ol ans  and ca l c i um 
hydrox i de to  produce a mon o l i th i c ,  h i gh- strength , s o l i d  mater i a l .  Water i n i t i a l ly p resent 
in the s l u rry is taken up as water of hydrati on. The fi n a l  s ol i d  p roduct is essenti a l ly a 
synthet i c  rock , i mpermeab le t o  wate r except at fractu res , shou l d  any occu r .  The heavy
meta l  s a l ts ( i n  the form of essenti a l ly i n s ol ub l e  s i l i cates ) and the s o l u b l e  sa l ts are 
d i spersed throughout the bu l k  of the impermeab l e  so l i d  whe re they can n ot be l eached by 
g roundwate r. 

Al though t h i s  materi a l  wi l l  essenti a l ly p revent s o l u b l e  sa l ts from be i n g leached , it is 
e xpected that f i n a l  d i sposa l  wi l l  st i l l  be in a c l ay- l i ned  l andfi l l  wi th leachate col l ec
t i on and mon i tori n g .  Howeve r ,  the  amount of  leachate col l e cted i s  expected to  be neg l i 
g i b l e  and wi l l  n ot contai n s i gn i f i cant amounts of d i s s o l ved s o l i ds .  The vol ume of the 
fi n a l  p roduct can be as much as 30% g reater than the ori g i n a l  s a l t  cake that i s  be i n g  
treated and wi l l  therefore requ i re somewhat g reater l andfi l l  are a .  

3 .  The thi rd p roces s  i s  n ot i ntended spec i fi ca l ly for d i s posa l  o f  sa l t  cakes o r  toxi c meta l s .  
Rathe r ,  i t  i s  des i gned for d i s p os a l  o f  f ly  ash and FGD scrubber s l udge . I t  i s  t h ought that 
th i s  process may have p otenti a l  for d i s p os a l  of the gas i fi e r  s l ag and f ly dust and , in c on
text of th i s  app l i cati on ,  mi ght a l so  be  u sed  for di s p os a l  of t he  ze ro wastewater d i scharge 
sa l t  cake . 

I n  th i s  p rocess , f ly as h and scrubber s l udge are mi xed wi th a l i me add i t i ve i n  p re 
determi ned prop ort i ons  and a l l awed t o  parti a l ly cure for a few days . Duri ng  th i s  pe ri od 
cementat i on reacti ons c onve rt the mater i a l  to  a part i a l ly dry , g ranu l a r  state wh i ch can be 
hand l ed easi l y .  The part i a l ly cured materi a l  i s  then tran sferred to  a fi n a l  d i s p osa l 
poi nt  whe re i t  i s  g raded and compacted .  Cementati on re acti ons  cont i nue after f i n a l  
p l acement and compacti on ,  and can resu l t  i n  a l ow permeab i l i ty s ol i d  mass . 

I t  i s  fe l t  that the gas i fi e r  ash and s l ag cou l d  rep l ace f ly ash  and FGD s l udge i n  th i s  
process . I n  th i s  case the ze ro-d i s charge s a l t  cake , wh i ch i s  a re l at i ve l y  sma l l s tream , 
c ou l d  be d i s pe rsed i n  the s l ag - ash- l i me mi xture . After fi n a l  product so l i d i fi cat i on , i t  
i s  ant i ci pated that the leach i ng of s a l ts wou l d  be sma l l due t o  the l ow permeabi l i ty of 
the fi n a l  product .  A v o l ume i n crease i s  expected , compared to the vo l ume of the sa l t  cake 
i f  i t  were l andfi l l ed separate ly .  

4 .  The fourth process  is  an othe r p rocess for d i s p osa l  of gas i fi e r  fly ash and s crubber s l udge . 
The chemi stry i s  essenti a l ly the same as the th i rd process , but the f i na l  product i s  n ot 
c anpacted but l eft i n  a g ranu l ar state . I t  i s , therefore , not i mpervi ous t o  wate r and 
m i g ht  have some leac h i ng p otent i a l .  Th i s  opti on a l s o depends on the use of gas i fi e r  s l ag 
and as h for d i spos a l  of the s a l t  cake . 

The pr imary pu rpose of the fi rst and fou rth  processes d i scussed above i s  t o  c onvert t he s o l u b le 
s a l t  cake t o  a form wh i ch cannot be eas i ly leached by water when di s p osed of on l and . S i nce 
these s a l ts are n ot rendered i n so l u b l e  by the p roces s , but mere ly encapsu l ated wi t h i n  so l i d  
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granu l es , there wi l l  st i l l  be  some p otent i a l  for leach i n g .  There i s  a l s o  a ques t i on whether 
the s o l i d  product wi l l  c ont i nue to  i mmob i l i ze s o l u b l e  sa lts  even afte r l ong-term storage . 
( Factors such  as weatheri ng , ox i dati on , attack by b i o l og i ca l  agents , etc . , c ou l d  perhaps 
gradua l ly re l e ase s ome s o l u b le s a l ts i n t o  the leachate res u l ti n g  from ra i n fa l l . )  I t  i s  there
fore prudent to d i s p ose of  these  fi xed s o l i ds in  a secu re l andfi l l , at l east i n i t i a l ly . 

C . 3 . 2 . 2  Stabi l i zat i on of meta l - beari ng s l udges 

In add i ti on to the c urren t ly p rop osed des i gn d i scu s sed in Sect . C . 2 . 3 . 2 , s tab i l i zati on of 
the meta l - beari ng  s l udges by one of the processes  for s o l u b l e - s a l t  di s p os a l  d i s c u s sed i n  the 
p rev i ous secti on wi l l  be eva l uated .  The stab i l i zed wastes wou l d  be di s p osed of i n  a secure 
c lay- l i ned  l andfi l l  as prev i ou s ly des cri bed .  Th i s  wou l d  reduce the amount  of t ox i c  heavy 
meta l s  i n  the l eachate c o l l ected by the l andfi l l ,  thus reduc i ng the l oad for recyc l e  to the 
wastewate r treatment system . It wou l d  a l s o  further reduce the probab i l i ty of i mpact on the 
envi ronment due to s o l i d-wa ste d i s p os a l . E i the r d i s p os a l  a l ternati ve wi l l  req u i re dewateri ng  
of the  waste before s tab i l i zati on or l andfi l l i ng .  

C . 3 . 2 . 3  Stabi l i zati on of gas i fi e r  s l ag and f lyas h 

Stabi l i zati on of gas i fi e r  s l ag and flyash by these proces ses wi l l  a l s o  be e v a l u ated .  Those 
p rocesses  whi ch  produce an i mpermeab le , rock- l i ke product are espec i a l ly attracti ve , s h ou l d 
t hey prove to be te chn i ca l ly feas i b l e .  Th i s wou l d  perhaps make avai l a b l e  opt i on s  such  a s  the 
use of the fi xed s l ag for l and  re c l a im i ng , c onstructi on aggreg ate , or other va l u ab le end use . 

C . 3 . 2 . 4  U n i f i ed so l i d  was te management system 

An othe r a l te rnati ve to be ev a l u ated i s  a u n i f i ed s o l i d-waste man agement system based on one 
of the s tabi l i z at i on p roces ses . In th i s  a l ternati ve , a l l  s o l i d  wastes wou l d  be converted to  a 
n on l eachab l e  form n ot c l ass i fi ed as h az ardous under RCRA . These was tes  wou l d  then be ut i l i zed 
for l an dfi l l  or l and rec l a i m i n g .  Th i s  opt i on has the potent i a l  for be i ng c ost-effecti ve com
pared to  secure c l ay- l i ned l andfi l l i ng , wi th l ow  env i ronmenta l  i mpact . I n i ti a l ly for the 
demons trati on p l ant , d i s p osa l of the chemi ca l ly fi xed and s o l i d i fied  mate ri a l  wou l d  be on the 
p l ant  s i te .  T h i s a l te rn at i ve is espec i a l ly attracti ve for poss i b l e  comme rci a l i zati on , when the 
vo l ume of s o l i d  wastes to be d i sposed i n creases great l y .  

C . 3 . 2 . 5  S l op oi l 

I t  i s  expected that s l op oi l generated at the demonstrati on p l ant  wi l l  c onta i n  s ome he avy 
hydrocarbons and the refore wi l l  be c l as s i fied  as a hazardous was te and reg u l ated unde r RCRA. 
The quanti ty of s l op oi l i s  expected to be about 6 tons /d .  Emi s s i on rate s l i sted i n  Tab le  C . 7  
i n c l ude the predi cted s l op o i l i n c i nerati on emi s s i on s . I nc i nerati on , recyc le  ( such  as gas i fi 
c at i on ) , and l andfi l l i n g  are the d i s p os a l  a l te rnati ves under cons i derati on for th i s  waste as 
we l l  a s  for the b i o l og i ca l  s l udges from the was tewater t re atment p l ant . The q uanti t i e s  and 
ch aracte ri s t i c s  of these streams are now be i n g  eva l u ated .  I f  i n c i ne rati on i s  c h osen , and the 
l eve l s  of h a l ogens , s u l fur  s pec ie s , or heavy meta l s  are un acceptab ly h i gh , the tai l -gas con 
tami nants wi l l  b e  contro l l ed by  a separate tai l -gas  treatment sys tem , or by combi nati on of the 
stream wi th other streams i n  the p l ant  for tai l -gas  c l eanup . A separate i nc i nerati on system 
and the the rma l ox i d i ze r  i n  the c ontro l led  c ombustor and f l a re system are be i ng cons i dered for 
s l op oi l d i s p osa l .  Sect i on C . 2 . 2 . 6  di scusses  the proposed c ont ro l le d  c ombustor and fl are 
system. M ore detai led  des i gn i n format i on wi l l  be i nc l uded i n  the fi na l PSD permi t package i f  
i n c i ne rati on i s  c h osen a s  the di s p os a l  method for s l op oi l and /or b i o l og i ca l  s l udges . 

C . 3 . 2 . 6  Spent cata lysts 

Spent cata lysts wi l l  be e i ther ret urned to the vendor for reacti vati on or d i sp osed of i n  the 
l andfi l l .  The quant i ty i s  sma l l c ompared to the other was tes . Chemi ca l fi xati on of spent 
cata lysts  a l ong wi th other p otenti a l ly haza rdous s o l i d  wastes wi l l  be eva l u ated as p art of 
t he demonstrati on p l ant  operat i on .  
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C . 3 . 2 . 7  Spent  act i v ated carbon 

Ac ti vated carbon wi l l  be used for wastewater treatment . The quant i ty of s pent carbon i s  
expected to be about  3 tons /d. The spent carbon waste wi l l  be removed from fi l te r  c o l umns 
and wi l l  be i n c i ne rated , gas i fi ed , or l andfi l l ed . These a ltern ati ves are be i ng eva l uated .  

C . 3 . 2 . 8  Methods o f  so l i d  waste hand l i n g  

Gas i fi e r  f lyas h  and s l ag 

Gas i fi e r  wa stes wi l l  be removed from the p roces s  area  and dry- or wet-c on veyed or s l u i ced to 
ash ponds as a s l u rry . Su pernatant wi l l  be d rawn from the pond and recyc led  to  p rocess  areas . 
A b l owdown stream wi l l  be d i rected to the was tewater treatment  p l ant to c ontrol  the b u i ldup of 
d i s s o l ved s o l i ds .  

Water- s o l u b l e  s o l i ds 

Zero-was tewater d i scharge system s l u dge wi l l  be removed from the ev aporators , s o l i d i fi ed , and 
trucked to a hazardous waste l andfi l l  or stabi l i zed and t rucked to a landfi l l .  Stab i l i zat i on ,  
d i scus sed i n  Sect .  C . 3 . 2 ,  may be used to  render the s l u dge n onhazardous . 

Meta l prec ipi tati on s l udge 

Meta l - beari ng  s l udge from the wastewater treatment area wi l l  be removed from proces s c l a r i fi ers , 
dewatered , s o l i d i fi ed ,  and trucked to the hazard ou s  wa ste l andfi l l .  Stab i l i z at i on i s  a l so be i ng 
c on s i dered for the meta l s l udge . 

R i ver wate r treatment s l udge 

S l udge from the raw ri ve r water treatment system wi l l  be removed from c lar i f i ers , dewate red , 
temporari ly  s t ored i n  contai ners , and trucked an d di s posed of i n  an ons i te ,  n onhazardous l and
fi l l .  The p ri n c i pa l  components of th i s  s l udge s hou l d  be  s u s pended s o l i ds removed from the  ri ver 
water and ca l c i um or a l um i n um hydrox i de , depend i n g  on the f l occu l ant used in wate r treatment . 

S l op oi l 

S l op oi l s  wi l l  probab ly  be pumped from sources such  as oi l /water separators or knockout d rums 
back to  process  areas for rec overy or to  the the rma l oxi d i zer  for i n c i nerati on .  

Spent acti vated carbon 

These s o l i ds wi l l  be removed from fi lter columns and regenerated or tru c ked to hazardous waste 
l andfi l l s .  The so l i ds are presumed hazardous and are expected to be putresc i b l e .  La boratory 
test i n g  wi l l  be conducted to veri fy the h azardous c l as s i fi cati on . 

B i o l ogi c a l  s l udge 

B i o l og i ca l  s l u dge wi l l  be removed from c l ari fi e rs , dewatered , tempora ri ly stored i n  c onta i ners , 
and trucked to  hazardou s waste l andfi l l s or i n c i nerated w i t h  the s l op oi l .  Laborat ory tes t i n g  
wi l l  b e  c onducted t o  determi ne i f  t h e  s l udge i s  hazardou s .  Pend i ng l aboratory dete rmi nati on , 
the s l udge wi l l  be p l aced i n  a hazardous was te l andfi l l ,  or i t  wi l l  be i n c i n e rated wi th the 
p l ant  s l op oi l s .  

SRC and coa l  pi l e  run off retenti on bas i n  s o l i ds 

These s o l i ds wi l l  be removed as requ i red from the reten t i on bas i n  by front-end l oaders and 
trucks . Materi a l s  s u i ta b l e  for rec overy wi l l  be u sed i n  the gas i fi e r  ope rat i on .  Materi a l  
that must b e  wasted wi l l  b e  di s p osed of wi th the s l ag and f lyash  from the gas i fi e r  operati on .  



C - 56 

Equa l i z at i on bas i n  s o l i ds 

So l i ds from the equa l i zati on p ond  ( Fi g .  C . 8 ) wi l l  be removed as requ i red  from the equ a l i zati on 
bas i n  by front-end l oade rs and trucke d  to appropri ate l andfi l l s .  Because of the p oss i b l e  
presence o f  hazardou s materi a l s ,  the s ol i ds wi l l  b e  dep os i ted i n  the hazardous  waste l andfi l l .  
Su bseq uent d i sp osa l wou l d  depend on the resu l t s  of l ab oratory ana lys i s .  

P rocess  area runoff s ol i ds 

Rai nwater run off from process are as wi l l  be d i verted to s urge bas i ns . The col l ected s o l i ds 
wi l l  be removed as requ i red from the su rge bas i n  by front-end l oade rs and trucked to the 
hazardous waste l andfi l l .  

C . 3 . 3  Waste-heat rejecti on a l te rn ati ves 

C . 3 . 3 . 1 Avai l a b l e  cool i ng towe r a l te rn ati ves 

Severa l a l ternati ve waste- heat rejecti on methods a re avai l ab l e .  S i x  types of cool i ng systems 
are cons i dered i n  th i s  secti on because each i n vo l ves d i fferent amounts of water usage and d i f
fe rent r i sks  of  hydrocarbon re le ase to the atmos phere . F i g u re C . 1 5 s h ows these a l ternati ve 
confi gurati on s .  As d i s cussed i n  Sect .  C . 2 . 1 . 2 ,  the ch oi ce of cool i ng system has a l arge effect 
on the ch oi ce of wastewate r t reatment system . 

Ae r i a l  cool ers a re feas i b l e  for coo l i ng p rocess  streams down to about 1 50 or 1 40° F ,  wh i ch 
reduces  the s i ze of the coo l i ng-water system and thus the makeup-water requ i rements . Process  
fl u i ds wou l d  f low i n s i de fi nned tubes , and atmospher ic  a i r wou l d  be c i rc u l ated around them by 
motor-dri ven fan s .  Aer i a l  cool ers req u i re an extens i ve p l ot a rea . By u s i ng we l ded  connecti on s  
as  much a s  pract i ca l , the p oss i b l e  l e a k  poi n ts at fl anges cou l d  b e  mi n i mi zed . Because o f  the 
s i gn i fi can t ly  l ower  vo lat i l i ty of heavy l i qu i ds , gaseous  emi s s i ons due to  l eaks from fi tt ings  
of l i nes in  he avy- l i q u i d serv i ce are qu i te smal l when c ompared wi th l ea ks from fi tti ngs i n  
gaseous  or l i ght- l i qu i d  serv i ce .  A l arge l eak i n  the aer i a l - c oo l i ng system wi l l  be detected 
by process  mon i tori ng  and control i n strumentat i on and wi l l  resu l t i n  dri p p i n g  l i qu i ds that 
wou l d  be read i ly detectab l e .  Sma l l e r  l eaks wou l d  n ot be expected to resu l t  i n  s i gn i fi cant 
total mass emi ss i ons because of the heavy nature of the p rocess  fl u i ds , but wi l l  be detected by 
ana lyz i n g  aeri a l  coo ler  exhaust g ases for total hydrocarbons wi th a gas c hromatograph on a 
q u arterly bas i s .  Exhaust gases wi l l  e i ther be ( 1 )  col l e cted i n  i nd i v i dua l  bags for ana lys i s  at 
a centra l ly l ocated i nstrument or ( 2 )  ana lyzed at  the i nd i vi d u al l ocati ons by a portab l e  i nstru
ment .  Ana lyses of the exhaust g ases wi l l  i dent i fy sma l l er l eaks that m i g h t  g o  undetected by 
v i sua l i n s pecti on or p rocess  i n st rumentati on . For these coolers , performance depends on amb i ent 
c ondi t i ons and var i e s  accordi n g  t o  seas on .  

We t evaporati ve c ool i ng towe rs a re the most w i de ly used type . C oo l i ng water wou l d  be c i rcu l a te d  
th rough exchangers t o  remove heat from the p rocess  fl u i d  and then cooled by contact i n g  a i r  i n  
a cool i ng t owe r  open to  the atmosphe re .  The c i rcu lat i ng water c ou l d  bec ome c ontami nated wi th 
p rocess  materi a l s  i ntroduced through cool i ng-system l eaks from h i g her-pressure process envi ron
ments . These contam i nants c ou l d  escape to  the atmosphere through the coo l i ng-towe r evaporati on 
and dri ft. Dri ft l osses cou l d  be mi n i mi ze d  by h i gh-effi c i ency dr i ft e l i mi n ators . Th i s  type of 
system wou l d  be the l owest i n  overa l l  cost and s u i tab l e  for cool i n g  down to 85 or 95° F , depend
i ng on  atmospheri c wet- bu l b  temperatu re s .  I t  would  a l so  have t he  h i g hest  makeup-wate r requ i re 
ments to rep l ace evaporati ve l os s .  

Dry i n d i rect c ool i n g  i s  a method i n  wh i ch the process heat exchangers wou l d  be coo l e d  by a 
c i rcu l a t i n g  heat-transfer f l u i d  i s o l ated from the env i ronment . The c i rcu l at i n g  heat t ran s fe r  
f l u i d  wou l d  then be coo l e d  i n  an aeri a l  coo l er .  T he  d ry i nd i rect-type system e l i mi nates e vapo
rati on and d r i ft l osses of water to the a i r  wi th t he advantage  of reduc i n g  the p l ant makeup
water requ i rements and any subsequent i mpact on  the  r i ver  supp l y .  The  heat-transfer fl u i d  
wou l d  be l ow-pressure ,  m oderate-temperatu re , cor ros i on-i n h i b i ted wate r .  I f  a l eak  occurs , the 
process  mate ri a l s  wou l d  be sepa rated from the heat-trans fer  fl u i d  in a d i seng ag i ng drum , vapors 
wou l d  be f l a re d , and l i qu i ds wou l d  be re covere d  unti l the p l an t  cou l d  be s hut down for repa i rs .  
Any contam i n ated heat-transfer f l u i d  (wate r )  wou l d  be sent t o  the wate r t reatment system , so  
that l ea kage i n to th i s  water wou l d  n ot be  a p rob l em .  The dry i nd i rect-type system thus prevents 
r i s k  of c ontami nati ng  the atmos phere by l eaks of process hydrocarbons i nto  the c i rcu l at i n g  
cool i ng water.  
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F i g .  C . 1 5 .  A l ternati ve cool i ng sys tems . [Wet- i nd i rect cool i ng 
( not p i c tured )  i s  s im i l a r to dry- i n d i rect cool i ng except that i t  uses 
a wet evapora t i ve cool i ng tower i ns tead of  a n  aer i a l  coo l er . ] 
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Three major d i sadvantages of the dry i n d i rect sys tem are ( 1 )  the i nc re ased comp lex i ty of the 
system ; ( 2 )  the cost i nv o l ved , con s i de rab ly  more than that of the conventi on a l  wet evap orati ve 
coo l i ng system ; and ( 3 )  the probab i l i ty that exten s i ve use cou l d  decrease the p l ant ' s  wate r 
evaporati on rate requ i ri ng that an a l ternati ve use be found for zero-d i scharge wastewater 
t reatment evaporator condensate.  

We t i nd i rect c ool i ng. Wet i n di re ct c oo l i ng i s  s i m i l a r  to  the d ry i ndi rect method descri bed 
e a rl i e r ,  except that heat i s  rejected i n d i rectly to a second c i rcu l at i n g  evaporati ve c oo l i ng 
water system rather than t o  the a i r. I ts use wou l d  resu l t  i n  the s ame net evaporati ve rate 
a s  wou l d  c onvent i ona l wet evap orati ve c ool i n g .  Thus , the ri s k  of contam i n at i on wou l d  be 
e l i mi nated , and the dri ft and the effect on p l ant water ba l ance wou l d  be the same as for wet 
evaporati ve c oo l i ng ( F i g .  C . 8 ) . 

Wet /dry i s  a type of cool i ng towe r  that has a dry upper secti on ( coo l i n g  water i n  tubes , coo led  
by upward a i r f l ow) and a l ower wet evap orat ing  coo l i ng secti on , wi t h  the  water in  open contact 
wi th a i r  in order to  c ool  by evaporati on .  The p ri nc i pa l  advantages of th i s  type are :  

• D imi n i shes  v i s i b l e  water- vapor p l ume and reduces fog .  
• Obta i n s  a c o l de r  f l u i d  temperatu re that app roaches ambi ent  wet bu l b .  
• Conserves makeup water a s  compared wi th the 1 00% wet evaporat i ve cool i n g  tower .  

T h e  r i s k  o f  hydroca rbon c ontami nati on of the coo l i ng water and emi ss i on t o  t h e  atmosphere wou l d  
b e  essenti a l ly  the s ame a s  the wet evap orati ve system. 

D i rect contact after c oo l e r  (DCAC) i s  a meth od of c oo l i n g  the comp re s sed a i r  feedi n g  i nt o  the 
a i r separati on p l ant .  I n  th i s  meth od ,  a i r  wou l d  b e  passed u p  a packed or tray tower and 
c oo led  wi th a rec i rcu l at i n g  wate r stream pas s i ng c ounte rc u rrent ly down the tower .  T h e  c i r
cu l at i ng  water i n  turn wou l d  be coo led  wi th the coo l i ng-water system th rough a heat exchanger .  

Coo l i n g  p rocess  water requ i rements for the DCAC hea t  exchanger o n  the a i r separat i on p l ant  
wou l d  be  on ly 3%  of  the tota l p roces s-water requ i rements of t he  Demon strati on P l ant . T he  u se  
of  t he  DCAC wou l d  n ot s i g n i fi cant l y  affect t he  water bal ance i n  t he  z e ro wastewater d i scharge 
operat i n g  mode . 

C . 3 . 3 . 2  Base-case and a l ternati ve des i gns 

The exten s i v e ,  l ong-term t ox i co l og i ca l  tes t i n g  p rogram unde rway on SRC i n termedi ates and 
p roducts wi l l  p rovi de i nformati on for f i na l  se lecti on of the c oo l i n g  system . The base-case 
des i gn i s  based on avai l a b l e  p re l i m i nary res ul ts . The f i na l  resu l ts cou l d  pos s i b ly requi re 
re appra i sa l  of the base-case des i gn .  

Pre l i m i nary resu l ts s h ow that Ames tes t  effects are mi n i ma l  wi th c uts boi l i ng be l ow 600 ° F  
and beg i n  to  b e  noti cea b l e  above 760 ° F .  The base-case ca l l s for aeri a l  cool ers or  i n d i rect 
coo l i ng for the streams contai n i n g 5 . 0% or more by wei ght  of c oa l  or SRC-deri ved materi a l  
hav ing  bo i l i ng po i nt  greate r than 500 ° F .  An except i on wou l d  b e  where c oo l i n g  wa ter has 
a p ress u re h i gher than that of p rocess  f l u i ds .  For streams that are not  carc i nogen i c  or  
mutagen i c ,  wet evaporati ve coo l i ng towe rs wi l l  be  used , and t he  ci rc ul at i n g  water wi l l  be 
c l ose ly mon i tored for hydrocarbon leak  detecti on ( except for the a i r separati on p l ant , wh i ch 
wi l l  u se  a di rect-c ontact-afte r-coo l e r ) . 

Envi ronmenta l c oncerns wi th the evaporat i ve port i on of the proposed c oo l i ng system are : 
b l owdown d i s p osa l , dri ft l os ses and ri ver  makeup-water consumpt i on , v i s i b l e  p l umes , and no i s e .  
By prov i d i ng a separate aeri a l - cool i n g  o r  i n d i rect cool i ng system for t he part o f  t h e  p roces s  
handl i ng heavy hydrocarbons , t h e  pos s i b i l i ty of re l eas i n g  s uch hazardous hydrocarbons t o  the 
atmosp here th rough  the cool i ng system can be essenti a l ly e l i mi nated .  The secti ons served wou l d  
i nc l ude the coa l  d i s s o l ve r ,  hydrogen recovery , expanded-bed hydrocracke r ,  and c oke r-ca l c i ne r .  

Al ternat i ve A .  By u s i ng d ry i n d i rect sys tems for reject i n g  t h e  heat l oad o f  t h e  ent i re p l ant , 
the ri s k  of atmospheri c contami n at i on wi th hydrocarbons by the c oo l i n g -water system wou l d  be 
e s senti a l ly  e l i mi nate d.  S i nce there wou l d  be no  c onsumpt i ve use  for the t reated and recyc l e d  
was tewater ,  th i s  sys tem wou l d  affect t h e  des i gn o f  t h e  zero-d i s charge wastewater treatment 
system. T h i s  system wou l d a l so be expen s i ve and requ i re a s i gn i fi cant amount  of p l ant area . 
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Al te rnati ve B .  Dry i ndi rect cool i ng sys tems wou l d  be p rovi ded fo r a l l the process c oo l i n g-water 
users . wi th a wet /dry c oo l i ng-towe r system for the a i r separati on p l an t .  The advantages and 
d i sadvan tages are s i mi l a r to A l te rnat i ve A .  

A l ternati ve C .  Dry i nd i rect c oo lers wou l d  be p rovi ded for c oo l i ng process streams that have 
app reciabl e concentrati ons of objecti onab l e  hydrocarbon materi a l s  ( po lynuc l ear a romat i c s . PNA ) . 
A c onventi ona l  wet cool i ng- towe r  system wou l d  be p rovi ded for the rest  of the p rocess users , 
a n d  a wet /dry cool i n g  towe r for the a i r separati on p l ant .  The  v i rtua l e l im i nati on of heavy 
hydroca rbon emi s s i on s  wo u l d  be p os s i b l e ;  the evaporati ve l osses  of wate r wou l d  provi de a con
s umer of zero wastewater d i scharge system recyc l e  but wou l d  produce a v i s i b l e  p l ume . and the 
re l ease of l i ghter hydrocarbons from the p rocess wo ul d be pos s i b l e .  

Tab l e  C . 6  i s  a p re l im i nary compari son of several factors for the base case and the three 
a l te rnati ves . Based on these factors . the base case and A l ternati ve C appear to be the 
preferab l e  a l ternat i ve s .  Howeve r .  on ly  a p re l i m i nary eval uati on has  been made at th i s  t ime .  
Before a f i na l  dec i s i on i s  made . a more de tai l e d  eng i neeri ng  and  env i ronmenta l rev i ew wi l l  
be con ducted .  wh i c h  may i n c l ude other comb i nat i ons of the cool i ng methods desc ri bed above . 

Table C.6. Summary 01 base case and alternate cooling systems 

Design load is 1 72 X 109 Btulh in a l l  cases 

C o o l ing system desc ript ion Base A l te r nate A A l tern ate B A l ternate C 

M a i n  p rocess Wet (evaporative) Dry ind irect D ry i n d i rect Wet ( evaporative) 

Air separation p l a n t  D i rect contact after D ry indirect WeVdry WeVdry 
cooler 

Heavy hydrocarbon p rocessi n g  Aerial  Dry Indirect D ry i n d i rect Dry indirect 
eq u ip m e n t  

Water m a k e u p  req u irem e n t  High Negative Low tor 0, p l a n t  Moderate tor a l l  
c o o l i n g  o n l y  req u Irements 

except h igh 
pressu re p rocess 
cool ing 

Water rates, m'ld ( g p m )  
Circ u lated 370,668 (68,000) 539,649 (99,000) 479,688 (88.000 ) 408,825 ( 75,000) 

Evaporated 7,631 (1.400) 0 (0 )  5,0 1 5  (920) 

D rift 273 (50) 0 (0 )  218 ( 40 )  

F its w i t h  zero discharge Y es No No Yes 

C . 3 . 3 . 3  PNA i s ol a ti on 

As d i scus sed above . PNA i s ol at i on has been the most important  con s i derati on i n  se l ect i on of the 
coo l i ng systems . Other des i gn con s i derati on s  to be adopted for the purpose of PNA i s o l at i on 
are the fol l owi n g :  

1 .  Mec han i cal  deS i gn wi l l  b e  chosen to mi n i mi ze mechan i ca l  fai l u re s .  

2 .  Mater i a l s  of c onstructi on wi l l  be chosen for appropri ate res i stance t o  corros i on and 
eros i on . 

3 .  Therma l s tresses  i n  water cool ers wi l l  be mi n i m i zed by p l ac i ng heat-recovery exchangers 
and aeri a l  c oo l ers ahead of water cool e rs to l i mi t the i n l et temperatures as  much as  
p racti  ca 1 .  

4 .  A mon i toring  sys tem at the c oo l i ng tower wi l l  a l ert the operators so that the p l ant  can 
be s hut  down wi th neg l i g i b l e  l os s  to the envi ronmen t  i f  a maj or l eak i nto the c oo l i n g  
water occurs .  ( A  c omp l ete desc ri pti on of the control  of vo lat i l e  organ i c s  i s  i nc l uded 
i n  Sect .  C . 3 .  1 . 5 . )  
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Du ri ng detai l ed des i gn work , repeated eva l uat i ons  wi l l  be made to obta i n  an opti mum , feas i b l e ,  
and operab l e  overa l l  comb i nati on of types to prevent envi ronmenta l i mpact due to  escapi ng PNA 
hydrocarbons .  

C . 3 . 4  Wastewater treatment a l te rnati ves  

Severa l a l ternati ves to the  propose d wastewater treatment system are des cri bed be l ow . An 
eval ua t i on of those a l ternati ves i s  u nder way by the i ndustr i a l  part i c i pant , as part of the 
deta i l e d  e ng i neeri ng-des i g n  phase . 

1 .  Hol d i n g  of the untreate d process-area run off an d wastewater for natura l  evaporat i on was 
consi dere d  not fea s i b l e  because the nat ura l  evapora t i on rate i s  l ower than the prec i p i 
tat i on rate for the propose d p l ant  s i te .  

2 .  I f  the coa l  storage were i n s i de s i l os ,  the quanti ty o f  runoff req u i r i ng  treatment wou l d  
be re duce d from 2 1 8  to about 80 gpm, Th i s  a l ternati ve was rejecte d because of h i g h  
c osts , as we l l  as the safety hazards cause d by s i l o  f i res . 

3 .  A 1 00% treate d wastewater di scharge system to  rep l ace the prop ose d zero-wastewater 
di sc harge system is be i ng eva l uate d; eval uati on is a l so  foun d in Sects . 4 . 2 . 2 . 3  an d 
4 . 2 . 2 . 4 .  

4 .  The econom i cs o f  u s i ng a i r  or  oxygen for the act i vate d- s l u dge wastewater treatment system 
i n  the demonstrat i on p l ant were c ompare d. The cost ana lys i s  s howe d  that the tota l  annua l  
c ost for the a i r- supp l i e d  system was 1 1 . 6% l ess  than  that for  the pu re oxygen system . The 
d i fference i n  cap i ta l  costs for the two systems was i nsuffi c i ent  to fi rm ly  recommend one 
ove r  the other .  Techn i ca l  meri ts and l im i tat i ons  of both wi l l  be rev i ewed before a f i n a l  
deci s i on i s  made . 

5 .  P re l imi nary cost est i mates on the rem ov a l  and recovery of phen o l i c  compounds from h i g h l y  
contam i n ated s ou r  water streams i nd i c ated that cap i t a l  c osts f o r  phenol  reco very range 
f rom $5 mi l l i on to $ 1 3  mi l l i on .  Subsequent cap i ta l  savi ngs  i n  the wastewate r treatment 
system from a reduced p heno l i c  l oad are on ly 3 to 7% o f  the total capi ta l  costs for phenol  
remova l .  Therefore , phenol recovery is  n ot be i ng con s i dered . The fol l ow ing  methods wi l l  
be i n c l uded i n  wastewater treatment des i gn to  prevent h i gh phen o l  l oad i ng to the bi o
reactors : equa l i zat i on of wastewaters to  dampen l oad ing  f l uctuat i on s , recyc l i ng treated 
effl uent to d i l u te b i oreactor feed if necessary ,  use of comp l etely mi xed reactors to 
d i l ute c ontami nants u n i forml y ,  and use of ca rbon adsorpti on to remove res i du a l  pheno l i c s .  

6 .  Other p l ant  a l ternati ves be i ng c on s i dered are use of a phosphate coo l i ng-tower c orros i on 
i n h i b i tor rather than chromate . 

C . 4  E F F LUENTS 

C . 4 . 1 Ai r 

C . 4 . 1 .  1 Ai r emi ss i ons  dur i ng norma l  operati on 

Bas i s  for emi ss i on esti mates 

Pol l ut i on c ontro l  dev i ces were c hosen based on the p resent demonstrati on p l an t  des i gn .  The 
p o l l utant- remova l  effi c i enc i es of the comm on ly used control  dev i ces are we l l  known , in many 
cases ( such  as baghouse  effi c i en c i es of 99+% ) . I n  other cases , where the c ontrol  dev i ce i s  
more process-spec i f i c  ( s u c h  as 1 0w-NOx burners ) ,  control  effi c i enc i e s  we re obtai ned from 
vendors , as t he i r  best est imate of the dev i ce ' s effect on the p l ant ' s  spec i f i c  operati ng  
constra i n ts .  

Po l l u tants formed from c ombusti on were est imated u s i ng  AP-42 ' s  emi s s i ons  factors for natural 
gas fi r i n g .  Adj ustments to these factors were a NOx reducti on of 30% and a S02 emi ss i on rate 
correspondi ng to the fue l gas su l fur content ( 5  ppmv H2S ) . Part i cu l ate emi s s i ons from bag
houses i n  the coa l - hand l i ng  area are assumed to be 0 . 0 1  gra i n  per standard cub i c foot . The 
carri er-gas f l ow rate i s ,  of c ou rse , the venti l at i on rate of the coa l - hand l i ng equ i pment .  
Emi s s i ons from sma l l h o l d i ng tan ks  are due to breath i n g  l os ses , and emi ss i on s  before control s 
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were e st imated by emi s s i ons fact ors from AP-42 ; these  tanks  are n i t rogen -b l anketed and 
typ i ca l ly have a sma l l hydroc arbon evo l ut i on rate . Mos t  tank breath i n g  l os ses  are vented 
to the f l are system . The coke r/ca l c i ner  scru bber assumes (worst case ) 85% removal of S02 
and 92% removal  of  pa rt i c u l ates .  Al though the s crubbi ng system has not yet been c hosen , 
i t  wi l l  p rov i de remova l  effi c i enc i es at least th i s  h i g h .  

Sou rces u sed t o  est imate fug i t i ve v o lat i le-organ i c  compound emi s s i on s  from standard proces s  
l i ne fi tti ngs  are refs . 2 and 3 .  

The est imates for fug i t i ve tota l suspended part i c u l ates  ( TS P )  are based on ref .  1 .  

Emi s s i on s  s ummary 

Ta b l e  C . 7 summari zes the p red i cted n orma l ope rat i n g  emi s s i on rates of s u l fur  d i ox i de ( S02 ) '  
n i trogen oxi des c a l c u l ated as  n i trogen d i ox i de ( NO? ) ,  carbon monox i de ( CO ) , suspended par
t i c u l ates ( TSP ) ,  and n onmethane hydrocarbons ( NMHC ) .  

Table C.7. Estimated emissions to air for normal operation 

Type 
CO 

F l u e  gas from combustion 
Raw material h andl ing 0 . 22 
S R C  process and deashing 1 .03 
Coke and l iq u id fuels 0 . 1 4  
G a s  systems 0.002 
Uti l i t iesC 0 . 74 

8aghouse emissions 
Raw material and product 

handl ing and storage 
Coke and l iq u i d  fuels 
Gas systems 
Offsites 

Storage tanks and bin 
R aw material  and product 

h a ndl ing and storage 
Coke and l i q u id fuels 
Gas systems 0.000 1 

Miscel laneous types 
Cryogenic system 
Gas systems (C02 vent) 2 1 . 1  
Coke r/ca lc iner f lue gas 0. 1 3  
G a s  treatment and 

su lfur  recovery 

Fugit ive emissions 

Total 23.3 

a Total suspended particulates. 
b Nonmethane hydrocarbons. 

S02 

0.008 
0.053 
0.008 
0.0001 
0 . 569 

2 . 28 

2 .92 

C I nc ludes f lares and controlled combustors. 
dCoal volatiles wi l l  be added after studies are complete. 

R ate 
(g/s) 

TSP" NOx N M HCb 

0 . 1 20 1 .82 0 . 040 
0 . 6 1 3  1 1 .59 0.062 
0.08 1 1 . 78 0.D18 
0.002 0.05 0.000 1 
0.660 1 0. 2  0.043 

1 .750 d 

0.493 
0.024 
trace 

0.0002 

0.008 
0.000 1 

0.03 

0 .6 1 3  0 . 7 3  0.025 

0.37 1 . 7 7  

4 . 7 2  26.2 2 .0 

H2 S COS 

0.3 9.0 
0.3 9 .0 

0.3 9.0 

Add i t i on a l  emi s s i on s .  I n  addi ti on to these criteria  p o l l utants rep orted i n  Tab l e C . 7 ,  emi s s i on 
of the fol l ow i ng noncri teri a po l l utants are added : 0 . 3  g/s  of hydrogen su l fi de ( H2S )  and 9 g/s  
of  carbonyl s u l fi de ( COS ) . These  po l l utants are emi tted from the  gas treatment and the su l fur
recovery sec t i on s .  Tab l e  C . 8  provi des the coa l  c ompos i t i on and shows the s u l fu r  content for 
c ompa ri s on .  
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Table C.S Feed coal composition 

Values are measured on a 
moisture·free basis 

Feedstock Composition 
Iwt %)  

Carbon 7 1 .0 
Hydrogen 5.0 
N itrogen 1 .5 
Oxygen B.4 

Sulfur 3.4 
Pyrite 1 1 . 50 )  
Organic I 1 .BO) 

Sulfate (0. 1 0 )  
Chlorine 0.2  
Ash 1 0. 5  

Total 1 00.0 

In contrast  to poi nt-sou rce emi s s i ons , such  as  from baghouses and c ombustor s tacks for whi ch  
re lat i ve ly  p rec i se emi s s i on factors and  des i gn materi a l  ba l ances are ava i l a b l e ,  fug i t i ve emi s 
s i on cannot be eas i l y quanti f ied .  Fug i t i ve emi s s i on s  from equi pment leaks  and open coa l  and 
p roduct-storage p i l es are less  prec i se because they depend on many factors wh i ch vary from one 
faci l i ty to  another. E s t imates used here are from l i terature references based on h i s tori ca l  
performan ce at  i nsta l l ati ons many of  wh i ch were not control l ed as  thoroug h ly  as  wi l l  be  done 
at  the demonstrati on p l ant .  These are therefore be l i eved to be conservat i ve .  

Al though  current and p rojected envi ronmental qual i ty standards and emi ss i on l i mi tati ons requ i re 
s tate-of-the-art po l l ut i on c ontrol techn i q ues , i t  mus t  be recogn i zed that these s tandards and 
l i mi tati ons do  n ot exi s t  for most of the c l asses of compounds i n c l uded as  n onmethane NMHC to 
be found in the p rocess  streams of the proposed SRC - I  Demonstrati on P l an t .  

Tabl e C . 7  s h ows that the fug i t i ve NMHC gas emi s s i ons are est imated t o  be l e ss  than 1 .  7 7  g /s . 
Tab l e  C . 7 a l s o  s h ows that the fug i t i ve tota l suspended parti cu l ate (TSP )  emi s s i ons  are est imated 
to be 0 . 37 g /s .  I nformati on on m i t i gati on of fug i ti ve emi s s i on s  i s  g i ven  i n  Sects . C . 2 . 2 . 2 ,  
C . 2 . 2 . 3 ,  and C . 3 . l .  

Tabl e s  C . 9 and 2 . 2  compare the emi s s i on rates of the c ri te ri a pol l u tants from poi nt  sources i n  
the SRC- I fac i l i ty ( n ormal operati on afte r c ontrol ) wi th emi s s i on rates o f  a nea rby , 600 MW ( e )  
power p l ant  that h a s  about the same coa l  throughput .  The power  p l ant  uses a l ow-su l fur  c oa l  
wi thout fl ue gas des u l furi zati on ( FGD ) .  A s  Tab l e  C . 9  s hows , the powe r p l ant emi ts s i gn i fi 
cantly l a rger quanti t i e s  of the pol l u tants than the SRC- I fac i l i ty emi ts . Th i s  wou l d  s ti l l  be 
true even i f  FGD were emp l oyed at the power p l an t .  FGD c ou l d  typ i ca l ly  remove 90% o f  s u l fur  
ox i des and  parti c u l a res  and 20% of  n i trogen oxi des . 

Table C.g. Emission inventory of criteria pol lutants from SRC·I point sources after control 
and nearby power plant 

SRC - I  N earby power p l a n t  
C o n taminan ts 

to ns per year metric tons per year tons per year metric tons per year 

S u lf u r  oxides,  as SO, 92 84 1 25,600 1 1 4 , 1 50 

Partic u la tes 1 40 1 30 1 3,900 1 2,600 

Hydrocarbons 7 7 no d ata 
Nitrogen ox ides, as NO, 830 750 73,240 66,590 

C arbon monoxide 7 4 1  67 1 5,300 5,000 
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Coo l i ng-tower dri ft quant i ty and compos i t i on 

Dri ft wi l l  be d i s charged from the evaporati ve cool i n g tower .  The dri ft port i on of the wate r 
ba l ance wi l l  be about  60 gpm. M i nera l s  i n  the dri ft w i l l  n orma l ly  cons i s t  of th ose i n  the 
treated r i ve r  water concentrated seven t i mes . The est i mated compos i t i on of the dri ft i s  shown 
i n  Tab l e  C . 1 0 . 

Table C.l0. Estimated drift compositiona 

Components 

Ca lc ium 
Magnes i u m  
Sod i u m  
Mang anese 
Phosphorus 
Potass ium 
Zinc 
A l u m i n u m  
Bicarbonate 
Su lfate 
N itrate 
Ch loride 
Am monia 
O rganic phosphate i n h ib i to r a  
Si l ica 
Total d issolved sol ids 
Total  suspended solids 
pH 

Qua ntity 
(mg/l iter) 

Average Maxi m u m  

1 90 380 
50 1 00 
60 1 20 

1 2 
1 2 
0 0 

1 3  2 6  
0 . 5  1 

1 44 288 
600 1 200 

7 1 4  
1 00 200 

0 0 
1 0  1 0  

0 0 
1 1 00 2200 

5 1 0  
7 . 2  6 .5-7 .5  

a
l f  ch romate i n h i b itor is u sed,  replace w i t h  10  mg/l iter 

chrom i u m .  

Concerns have been ra i sed  about the potent i a l  of  carc i n ogens contami nat i n g  the c oo l i n g water as 
a res u l t  of  l eaks  in the proposed cool i ng system and u l t imate l y  esca p i n g  to  the atmosphere 
through cool i n g-tower dr i ft and evaporat i on .  A i r  coo l ers o r  i nd i rect coo l i ng wi l l  b e  used for 
streams conta i n i ng more than 5% hydrocarbons and hav i ng a bo i l i ng p o i n t  greater than 500 0 F .  
Al ternat i ve de s i gns , wh i ch are d i scussed i n  Sect .  C . 3 . 3 ,  wou l d  further prec l ude c ontami nat i on 
of the cool i ng water by the process . Dec i s i ons as to the i r  use wi l l  be made duri ng fi na l 
deS i gn .  

C . 4 . 1 . 2  Ai r emi s s i ons dur i ng startup 

The objecti ve of the startup p l an i s  to ml n l m l ze po l l utant emi s s i on s  wi thout compromi s i n g the 
safety and control of the p l ant .  A startup sequence was chosen wh i ch wou l d  m i n i m i ze emi ss i ons 
from combus t i on .  The present s tartup schedu l e  a l l ows for approx i mate ly 50 h to ach i eve norma l 
operati ons of the SRC proce ss  and supp ort processes  ( s uch  as gas i fi cat i on , gas treatment ) .  
Startup of aux i l i a ry processes  ( c ok i n g  and expanded-bed hydrocrack i ng )  can beg i n  at any t i me 
after the SRC and s upport i ng processes  are on- s tream. Emi s s i ons generated dur ing startup of 
auxi l i ary processes  are not s i gn i f i cant ly h i gher than norma l emi s s i ons . Reeva l uat i on wi l l  be 
made as deta i l ed  des i gn proceeds to ensure that the emi s s i on s  dur ing  startup are m i n i mi zed and 
that they meet app l i ca b l e  envi ronmenta l standard s .  

Ai r emi s s i on dur i ng  s tartup o f  S RC and s upport processes wi l l  be s i gn i fi cant ly h i gher than 
norma l for two reas ons : ( 1 ) heaters wi l l  be fi red wi th process -deri ved o i l s  wh i c h  have a 
h i gher s u l fur  content than the process-deri ved fue l gas used d ur i ng  norma l operat i on ;  and 
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( 2 ) proces s  contro l requ i res fl ar i ng  of s treams in the gas i f i cat i on area unt i l the proces s  
s tream c ompos i t i ons can b e  stabi l i zed before the g a s  i s  fed to  the g a s  treatment processes . 
Th i s  s tep i s  req u i red for control and equi pment protect i on . 

The s tartup fuel to p l ant heaters i s  process-deri ved fue l o i l .  Emi s s i on s  of a l l  cri teri a  
po l l utants from combu st i on wi l l  be greater for o i l fi ri n g .  The s tartup oi l c onta i n s  0 . 8  wt % 
s u l fur .  As s hown i n  F i g .  C . 1 6 ,  the norma l emi s s i on rate of S02 from combust i on ( i n  SRC and 
s upport process  areas ) i s  l es s  than 1 g /s ( per i od H ) .  The S 02 emi s s i on rate duri ng  s tartup 
reaches 45 g /s when oi l i s  combusted ( peri ods C and F ) . 
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F i g .  C . 1 6 .  Emi s s i on l eve l s  of S02 from heaters dur i n g  s tartup . 

20 

Su l fur d i ox i de emi s s i on s  from combus t i on are kept to  a ml n l mum by burn i n g  avai l a b l e  hydrogen 
( p rodu ced i n  t he gas i fi e r )  in the l a rge process  heaters . For th i s  reas on , the startup sequence 
beg i n s  by bri n g i n g  u p  the gas i f ier .  Once the gas i fi e r  and downs tream equi pment are operati ng , 
the fuel o i l to l arge heaters i s  rep l aced by hydrogen ;  therefore total S 02 emi s s i on s  are 
g reatly reduced ( po i nt  D ) . The two l argest  pl ant  heaters , the boi l e r  and the c oa l  s l urry 
heaters , burn the excess  hydrogen produced duri ng  s ta rtu p .  I n i t i a l ly  a l l heat i s  provi ded from 
o i l  combus t i on ; then hydrogen part i a l ly  rep l aces the oi l ;  then , as the p l ant beg i n s  produ c i n g  
gas , the o i l i s  tota l ly rep l aced by gas . 
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The  other major sou rce of h i gh emi s s i on s  of pol l u tants duri n g  startup i s  the  f l are .  
Approxi mate ly  280 g/s of H2 S i s  f l ared at pea k fl ari ng of the gas i fi er  products . Th i s  
syngas f l ari ng  l asts approxi mate ly  8 h unt i l a l l un i ts are s tab i l i zed ; the est i mated ave rage 
S02 emi s s i on rate i s  250 g /s .  Tab l e  C . l l  contai ns a l i s t of the est i mated fl arestack emi s s i on s  
d ur i ng  th i s  peri od . 

Table C . 1 1 .  Estimated lIareslack emissions 
during 8-h startup 

Average Total  
Pol lutan t  rate 

(g/s) ( kg) ( I b )  

S O ,  250 7 ,200 1 6, 000 
NO, 30 900 2 , 000 
CO 2 60 1 00 
NMHC a 

1 30 60 
T S p b 2 60 1 00 

a Nonmetha n e  hydrocarbo ns 
b Total suspended p a rticu lates 

F l a r i n g  the syngas i s  req u i red for a safe and contro l l ed startup . The gas i f i e r  i s  coa l -fed 
d ur i n g  startup . Al l the su l fur  c ontai ned in the coal i s  assumed to form H2S ,  wh i c h i s  then 
fl ared wi th the syngas unt i l the s h i ft and Se l exo l  u n i ts are on stream and operat i ng at steady 
c ond i t i on s .  Conservat i ve est i mates o f  the t i mi n g  and S02 emi s s i ons duri n g  startup o f  th i s  
secti on are l i sted i n  Tab l e  C . 1 2 .  

Table C . 1 2. Sulfur dioxide emissions from lIarestack 
during startup 

C o ndition 

Gas if ier startup 
Shift startup 
S e lexol sta rtup 

C . 4 . 1 . 3  Ai r emi s s i on s  duri ng s hutdown 

Rate 
(g/s )  

500 
500 

asym ptotic approach to 0 

Du rat ion 
(h) 

0,5 
3,5 
4 

The emi s s i on rates d u r i n g  shutdown wi l l  be s i mi l ar to those du ri ng  norma l operat i on ,  but they 
wi l l  taper off to zero.  The f l ared emi s s i on s  dur i ng  shutdown wi l l  be on the same orde r of 
magn i tude as  duri ng startup , but the durat i on of the l arge f l ow rates wi l l  be on ly  2 h .  

C . 4 . 1 . 4 Ai r emi s s i on s  duri ng upsets and emergenc i es 

The most  frequent causes of upsets that wi l l  res u l t  i n  an i ncrea se from n orma l a i r-emi s s i on 
rates are c ompressor shu tdowns , l et- down va l ve fai l u re , and l i ne b l ockage . These occurrence s 
wi l l  send gases to the f l a re system . To ensure that these gases ( s ome of wh i ch c onta i n  heavy 
hydrocarbon s and /or reduced s u l fur compounds ) are fu l l y burned , a fl are system c on s i st i ng  of 
e l evated f l ares , a 8 round fl are fi e l d ,  and a the rma l ox i d i zer i s  be i n g eva l uated ( Sects . 
C . 2 . 2 . 6  and  C . 3 . 1 . 5 ) .  

Du ri ng upsets , the f l are sys tem i s  u sed to q u i c k ly re lease gases i n  a safe ma nner to prevent 
eq u i pment damage and personnel hazard . The rate of re l ease of combust i on products s uch  as S02 
may be l a rge , but the durati on i s  s hort.  



C-66 

�ajo� upset condi t i ons 

One of the l a rgest pos s i b l e  s i ng l e  emergency re l eases i s  b l owdown of the d i s so l vers ( Ta b l e  
C . 1 3 ) . About 1 , 400 , 000 l b  ( 200 , 000 ACF )  o f  hydrocarbon g a s  wou l d  need t o  b e  fl are d .  The gas 
c ompos i t i on varies  from hydrogen to hydrocarbons w i t h  boi l i ng p oi nts above 950° F .  He avy l i qu i d  
c omponents o f  these gases wi l l  be separated out by a system o f  kn ock-out tanks and cool i ng 
steps des i gned to  co l l ect the bu l k  of these heavy hydrocarbons .  The l i ghte r  components and 
perhaps trace quant i t i e s  of entra i ned  he avy l i qu i ds wou l d  be treated  by the contro l l ed com
bustor and f l are system ; heav ier  components , wh i ch wi l l  be c ondensed out , wi l l  be co l l ected and 
recycl ed to the proces s  or combus ted in the c ontro l l ed combustor ( see Sects . C . 2 . 2 . 6  and C . 3 . 1 . 5 
for more i n formati on ) .  

Table C.13. S ulfur dioxide emissions from 
flarestack during emergency upsets 

C o n d ition Total emissio ns 
( I b )  

SO, em iss ions 
( I b )  

D issolver u n it blowdown 
G as ification u pset 
Solvent colu m n  b lowdown 
Expanded-bed reactor u pset 

1 , 400,000 
500,000 
300.000 
1 50,000 

7,000 
1 2 ,000 

300 
200 

Other emergency s i tuati ons that resu l t  i n  l arge re leases to the f lare are a l s o  l i s ted i n  
Tab l e  C . 1 3 .  These upsets a l l  contai n heavy hydrocarbons except for the gas i fi c at i on upset that 
c onta i ns l i gh t ,  read i ly  c ombusti b l e  compounds . 

Beavon un i t  upset 

One other potenti a l  mi n or upset c ond i ti on res u l t i n g  in s u l fur  compound emi ss i ons  wou l d  occur i f  
the Beavon un i t  goes off l i ne .  Du r i n g  such  an upset , about 1 2 5  g/s of s u l fu r  wou l d  be emi tted 
to the atmosphere .  The form of s u l fur  wou l d  be S Oz ( th u s , 250 g /s SOz ) because the C l aus tai l 
gas  stream wou l d  be f l ared through the thermal oxi d i zer of the f l are and control l ed combustor 
system. The l ow-pressure fue l  gas s tream , the second i ndependent s tream normal l y  treated i n  
the Beavon u n i t ,  wou l d  be sent t o  the fue l header wi th 200 ppmw H z S  t o  be mi xed wi th c l ean 
fue l , g i v i ng an overal l concentrati on of 60 ppmw of HzS in the p l ant  fue l  gas . The i mpact 
of res u l t i ng s u l fur  emi s s i ons  from a Beavon upset is d i scus sed i n  Sect . 4 . 2 . 5 . 1 .  

C . 4 . 1 . 5  Ve h i cu l ar emi s s i on s  dur ing  operati on 

Mobi l e  pl ant equ i pment  

Approx imate l y  twenty-fi ve p l ant  veh i c l es ,  i n c l ud i ng trucks , cranes , a nd  ma i ntenance veh i c le s , 
w i l l  be ut i l i zed by the SRC- I Demonstrati on Pl ant .  E st ima ted air emi ss i on s  evo l ved from these 
mob i l e  p l ant  equ i pmen t  are s hown in  Tab l e  C . 1 4 . Each veh i c l e i s  ass umed to travel  about 
8 mi l e s  per day and consume one-ha l f  gal  of d i ese l  fue l per mi l e .  

H i ghway veh i c l e s  

Duri ng ope rati on o f  the p l an t ,  the total average work force i s  conservati ve ly e st i mated to be 
500 , i nc l ud i n g  c ontract ma i n tenance pers onne l .  Assumi ng  an average of two pers ons per ve h i c l e  
and a round- tr i p  commuti n g  d i s tance o f  3 0  mi l es , p l u s  a n  8 %  addi t i on a l  a l l owance for de l i very 
vehi c l e s , wou l d  resu l t  i n  2 , 200 , 000 ve h i c l e  mi les  per yea r ,  wi th est i mated emi s s i on rates shown 
i n  Tab l e  C . 1 5 .  

On l y  a smal l p orti on ,  perhaps 1 0% o f  the h i g hway veh i c l e  emi s s i on s , wou l d  occur  at the proposed 
p l ant s i te .  Al s o , the traffi c has been conservati ve ly assumed to be heav i ly c ongested , wi t h  a 
trave l i ng s peed of 1 0  mi l e s /h throu ghout the ent i re tri p  l ength .  Th i s  ass umpti on tends to over
e st imate CO and NC and to underest i mate N Ox . 
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Table C.14. Emissions from mobile plant equipment 
during operation 

Pollutant - -- - �. - E m i SSions - - --_._ - - -- -- - -
I bl 1  0 3  g a l a  kg/year ( l b/year) tons/year 

CO 92. 2 1 , 54 2  ( 3 ,400) 1 .7 
H C  300 4,990 ( 1 1 ,000) 5. 5 
NO, 524 8,6 1 8  ( 1 9,000) 9 6  
SO b  3 1 . 2  499 ( 1 , 1 00) 0.6 
TSpc 1 7. 7  295 (650) 0.3 

a Data from U .S. Environmental Protection Agency, Compilation 

of A ir Pollutant Emission Factors, Report AP·42, Office of Air  
Qual ity,  Planning,  and Standards, Research Triangle Park,  N.C. ,  
August 1 97 7 ,  Table 3 . 2 . 7· 1 ,  p .  3 . 2 . 7·3 

b As S02 
CTotal suspended particu lates. 

Table C.15 .  E missions from highway vehicles 

during operation 
----------- ----- -------- -��---

Pol l u tant 
Em iSSions 

g/km (g/mi le)a g X 1 06 /year tons/year 

CO 42.3 ( 6 7 . 7) 1 66 1 62 
H C  5. 7 (9 .2) 20 22 
N O, 2 .07 ( 3 32) 7 7 
SO b 0. 1 3  (0 20) 0.4 0 . 5  x 
TSpc 0. 27 (0.44) 0.9 

aData from U.S. Environmental Protection Agency, 
Compilation o f  A ir Pollutant Emission Factors, Report 
AP-42, Office of Air  Qua l ity, Plan n i ng, and Standards, 
Research Tr iangle Park, N.C., August 1 9 77, Table 
3.2 . 7. 1 ,  P. 3.2.7.3. 

b As S02 ' 
CTotal suspended particulates. 

1 . 0  

Tab l e  C . 1 6  s hows the  e st i mated compos i t i on of the  treated wastewater from the  system descri bed 
i n  Sect . C . 3  ( 93 1  gpm , 1 . 3  mgd ) .  The es t i mated trace organ i cs  ( PNAs ) concentra t i on s  are l i sted  
i n  Tab l e  C . 1 7 . T he  va l ues shown i n  these two tab l e s  have been extracted from the  l i terature . 
More defi n i t i ve compos i t i on est i mates cannot be determ i ned unt i l compl eti on of the was tewater 
characteri zati on and treatabi l i ty study . Based on th i s  i n formati on ,  the proposed wa stewater 
treatment system s hou l d  be effect i ve i n  reduc i ng maj or and trace-contami nant concen trat i ons  to 
l ow l eve l s .  Po lynuc l ear aromati cs s h ou l d  a l so be substanti a l ly removed i n  the b i o l og ica l  
treatment and the  act i vated-carbon ads orpt i on systems . 

Duri ng  p re l i mi nary con s u l tati on i n  preparati on of a Nati ona l Po l l u tant D i scharge E l i mi nati on 
System ( NP DES ) permi t app l i cati on , EPA and Kentucky wi l l  j oi n t l y  deve l op effl uent l i mi tati ons 
based on water qua l i ty i n  the Green R i ver.  Spec i fi c  l i m i tati ons for the po i nt-sou rce d i sc harge 
from the demonstrati on p l ant wi l l  be s e l ected to ensure protect i on of the Green Ri ver ' s  i nd i g
enous aquat i c  l i fe and the desi gnated uses for the stream estab l i s hed  by the Kentucky Department 
for Natura l  Res ou rces and Env i ronmenta l Protect i on .  The fol l ow ing  procedures wi l l  be  used to 
estab l i s h  l i mi tati ons for each conven t i ona l , n onconvent i ona 1 , pri ori ty ,  hazardous , and un l i sted 
po l l utant i dent i fi ed as be i n g  di scharged from the p l an t .  
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T able C .  1 6. Estimated treated wastewater contaminants 
and levels alter all  treatments 

Values a re In m g / i iter u n less otherwIse Ind icated 

Value 

Parameter 
Average Max i m u m  

Te m perature ,  ° C  ( O F )  1 6  ( 6 1 )  38 ( 1 0O)  
p H ,  unIts 6-9 6-9 
BiologIcal  oxygen demand 20 30 
Chemica l  oxyg e n  demand 1 50 300 
Tot a l  organ Ic  carbon 1 50 300 

O i l  a n d  g rease 1 0  20 
Tota I suspended sol i d s  20 35 
Tota l  d issolved sol Ids TBD" TBD 
Chlor Ides TBD TBD 
Phenol ics  0 1  0 ,6  
AmmonIa ,  as  N 5 20 
Phosphate,  as P 5 1 0  
N itrate TBD TBD 
S u lf ide 0,04 0 ,09 
Arse niC  0 , 1  0 , 2 5  
B a r I u m  1 2 
Cad m i u m  0, 1 5  0 , 30 
Chlor tne ,  resid u a l  (tota l )  0,5 1 ,0 
Chro m I u m  (tota l )  1 2 
Cya nide OA5 0 ,9 
F l u o r ide TBD TBD 
Lead 0,25  OA 
Sele n I u m  0,35  0 ,7  
S i lver 0 , 1  0 , 2  
ZInc 1 2 
N ickel  0,5 1 , 6 
I ron 2 4 
Va nadI u m  5 
Copper 1 2 
Manga nese 2 4 
Merc u ry 0,001 0,002 
Beryl l i u m  0,005 0,01  
Feca l  col ifo r m  T B D  (below 400/ 1 00  m l )  
Boron TBD TBD 
Alka l i n ity TBD TBD 
Thiocya nate TBD TBD 
S u lfate TBD TBD 

"To be deter m t ned 

Permi s s i bl e amo u nts wi l l  be ei ther water-q ua l i ty or techno l ogy- l i mi ted . I f  no water-q ua l i ty 
l i m i ts app l y ,  the l i mi t wi l l  be based on the best avai l a bl e trea tment techno l ogy economi cal l y  
ach i evabl e or  a n  appropri ate New Source Performance Standard , wh i chever i s  more s tri ngent . 

Where a n  appropri ate water-qua l i ty l i m i tati on exi sts , the effl uent l i mi tat i on  wi l l  be chosen to 
ensure pro tec t i on of that l i mi t .  The d i scharge wi l l  be credi ted for d i l uti on on ly  duri ng the 
l O-year ,  7-d l ow-ri ver f l ow ,  rather than for any a s s i mi l at i ve capac i ty of  the r i ver . Al so , i f  
c urrent water q ua l i ty i s  found to be nonattai nment for a spec i fi c  po l l utant because o f  natura l  
or  background po l l u t i o n  sources , t he  associ ated d i scharge  l i mi t wi l l  be sel ected to prevent 
further s i g n i f i cant degradat i o n  of s tream qual i ty .  
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Table C . 1 7 .  Organic compounds in the projected SRC·' effluent 

After After d i lution Untreated activated by 7·d. effluent Bio·u n it carbon Chemical 
eff luentb ten·year low compound concentrati on:' (mg/l iter)  f i l tration, flow ( mg/liter) 75% reductionC (/1g/liter) 

(mg/liter) 

Methyl·indane 1 5  2.4-B.4 2 . 1  1 3  
Tetra l in  0. 1 0.5 ( 1 5% ) d  0.0 1 0. 1 
D i methyltetra l in  0.5 0.OS-0.4 0. 1 0  0.6 
Naphthalene 5 O. S I  ( SO"Io ) "  0.20 1 .2 
D i methylnaph thalene 0.3-2 0.05- 1 . 1 2  0.2S 1 . 7 
2·lsopropylnaphthalene 0. 7 0. 1 1 -0,39 0. 1 0  0,6 
1 · l sopropylnaphthalene 2 0.32- 1 . 1 2  0.2S 1 . 7 
Biphenyl 0.2 0.03-0. 1 1  0.03 0.2 
Acenaphthalene <0. 1 0.01 -0.06 0.02 0 . 1  
Dimethylbiphenyl 0.2-0.5 0.79 - 1 . 1  0.2S 1 . 7  
D i benzofuran 0.6 0.09-0.32 O.OS 0 . 5  
Xanthene 0. 1 0.0 1 -0.06 0.02 0. 1  
D i benzothiophene 1 . 5  0.24 (60%) 0.01 0.4 
Methyldibenzothiophene <0. 1 0.01 -0.06 0.02 0. 1 
Thioxanthene 0. 1 0.01 -0.06 0.02 0 . 1  
F lu orene 0.3 O.OS (64% ) "  0.02 0 . 1  
9·Meth y lfluorene 0. 3 0.05-0. 1 7  0.04 0.2 
I · Methylf luorene 0.2 0.04 (76% ) "  om 0.1  
Anth race ne/phena nthrene 1 . 1  0.26 ( 70%)d 0.07 0.4 
Meth y l phenanthrene 0.2-0.3 0.05-0. 1 1  0.03 0.2 
C2 ·An thracene <0.05 0.01 ( 6 2%)" 0.003 0.02 
F luoranthene 0.4 0.06-0.63 0. 1 6  1 .0 
B i hydropyrene dihydropyrene <0. 05 0.007 -0.03 O.OOS 0 . 1  
Pyrene 0.6 0.24 (50%) " 0.06 0.4 
Dimethy l dibenzothiop hene <0.05 0.007-0.03 O.OOS 0. 1  

" Data from Table  3, J .  S.  Fruchter, M.  R. Peterson, J. C. Lau l, P .  W. Ryan, High Precision Trace Element and 

Organic Constituent Analysis of Oil Shale and Solven t Refilled Coal Materials, Sattelle Pacific Northwest Labs, 
B N W L-SA-600 1 ,  1 976, 3 1  pp. 

b A 30-S0% degradation is assumed unless otherwise noted (from Table 0. 1 ,  Appendix 0, E R ) .  
c Taken from W .  G .  Sch l i nger, "Coal Gasification Development a n d  Commerc ia l ization of the Texaco Coal 

Gasification Process," presen ted at the 6th In ternational Conference on Coal Gasification, L iquefaction and 

Conversion ( n o  date or place).  
d lsolated orga nisms known to degrade naphthalene and/or phenanthrene (from Table 0. 1 ,  Appendix 0,  E R ) .  
" Removal efficiencies for a sludge that degrades petrochemicals I n  Colgate Creek, La. ( from Table 0. 1 ,  

Appendix 0, E R) .  

Source: Modi fied from Table 0 . 1 ,  E R ,  Appendix O.  

Zero- or reduced-effl uent d i scharge systems , a s  s e l ected in Sect . C . 2 .  1 ,  w i l l  l ead to  much 
sma l l e r  q uanti t i e s  of eff l uen t ;  hence , the i mpact i s  expected to  be sma l l e r .  

A wastewater character i zat i on and treatab i l i ty s tudy i s  bei ng conducted t o  obta i n  more defi n i 
t i ve i nforma t i on on the treated effl uent compos i ti on .  A major  empha s i s w i l l  b e  made t o  i den
t i fy the  trace contami nants and  to  determi ne the i r  remova l e ffi c i enc i e s . The  l aboratory 
program wi l l  characteri ze the c ontami nants i n  the s treams expected i n  the demonstrat i on p l ant 
and i denti fy organ i c  and i n organ i c  consti tuents . I n  addi t i on , the l aboratory program wi l l  
determi ne h ow effecti ve ly  the proposed was tewater treatment  system can c ontrol  trace t ox i c  
meta l s  and the comp l ex trace organ i c  materi a l s  that may b e  tox i c  and /or carc i n ogen i c .  P i l ot 
p l ant wastewate rs from the fol l ow i n g  operati ons  have been obta i ned : GKT gas i fi cat i on of 
mi neral ash res i due obta i ned from SRC- I operat i on , expanded-bed hydrocrack i ng of SRC- I , and 
SRC- I producti on .  Coa l and SRC runoff wastewater and oi l y  was tewate r from SRC- I operat i on were 
a l so obta i ned .  
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The treata b i l i ty study wi l l  eva l uate the proposed pretreatment  methods , i nc l ud i ng separat i on  
of  emu l s i f i ed and  fl oatab l e  o i l s  from o i ly  wastewate r and  prec i p i tat i on  of meta l s  from me ta l 
conta i n i ng wastewaters . After these methods are eva l uated , a recommended me thod and remova l 
effi c i ency wi l l  be i dent i fi ed .  The treatabi l i ty study wi l l  a l s o  eva l uate the use of a b i o
l og i c a l  system to degrade contami nants i n  the va ri ous wastewater streams . Th i s  study wi l l  
c on s i st of a seri es  of f l ow reactors operated as comp l eted mi xed acti vated s l udge sys tems . 
These f l ow reactors wi l l  eva l uate the effect  of s l udge age , temperature , and powdered acti vated 
carbon on the b i o l og i ca l  system and recommend a preferred method of bi otreatment .  F i n a l ly , the  
treatab i l i ty study wi l l  eva l uate te rt i ary treatment processes , i nc l ud i ng  fi l trati on , granu l ar 
acti vated carbon adsorpti on ,  and ozonati on .  

The wastewater  characteri zati on p rogram shou l d  cont i nue throughout t he study ,  and pre l i mi nary 
treatab i l i ty i n format i on s hou l d  be avai l ab l e  i n  the summe r of 1 98 1 .  The study i s  schedu l ed to 
be comp l e ted at  the end of 1 98 1  or early i n  1 982 . 

C . 4 . 3  Sol i ds 

When subjected to ra i n ,  a l l sol i ds stored outdoors ons i te wi l l  generate l eachate s .  Coal , s o l i d  
SRC p roduc t ,  and severa l so l i d waste res i dues w i l l  be stored a s  suc h .  Leachate co l l ec t i on i s  
p rov i ded for a l l so l i ds storage areas , and the p l ant ' s  wastewater treatment p l ant has been 
des i gned to rece i ve and treat these l eachate s .  Appendi x P detai l s  the p rocedures and res u l ts 
of an experi menta l p rogram for gene rati ng  and ana lyz i ng l eachates from c oa l , s o l i d  SRC p roducts , 
and gas i f ier  s l ag-fl ydust .  The res u l ts are a l so s ummari zed i n  the fol l owi ng paragraph and i n  
Tab l e C . 4 .  

The three pri n c i p a l  types of sol i d  wastes generated at the SRC - I  Demonstrati on P l ant  wi l l  be 
f lydust s l ag from the gas i fi e r  ( 700 ton s /d ) , meta l - beari ng  s l udges from the wastewater treat
ment area ( 8  tons /d ) , and b i o l og i ca l  s l udge a l s o  from the wastewater treatment system ( 2  ton s /d ) . 
I n  the zero-di scharge operati ons mode , 35 tons/d of wate r-so l ub l e  so l i d  wastes are a l s o  gener
a ted .  Tab l e  C . 4  i denti f ies  the so l i d  wastes , the i r  probabl e quant i t i e s , and the i r ass umed 
c l ass i fi cati on under the Res ou rce Conse rvat i on and Rec overy Act ( RCRA ) . Di sposal  methods were 
descri bed i n  Sects . C . l  and C . 2 .  Di sposal  methods were chosen after eva l uati ng  the wastes to 
determ i ne i f  they wi l l  be c l ass i f i ed as hazardous or nonhazardous under the RCRA , wh i ch out
l i nes  di s posa l  g u i de l i nes  based on th i s  c l ass i f i cat i on .  Some wastes were not ava i l ab l e  for 
d i rect  test i n g .  Where t h e  pos s i b i l i ty exi sted f o r  a hazardous c l as s i fi cat i on , wastes were 
a s s umed hazardou s .  

C . 4 . 3 . 1 S l ag and f lydust l eachate 

Pre l i mi nary fi nd i ngs  comp l eted as of Ap ri l 25 , 1 980 , on gas i fi e r  s l ag and flydust  i nd i cate that 
the materi a l s  are wi th i n  the bounds of the n on hazardous cri teri a defi ned by RCRA. Tab l e  C . 1 8  
g i ves  a genera l chemi c a l  compos i t i on o f  the gasi f i er  s l ag and flydu s t .  Tab l e  C . 1 9  s hows a 
breakdown of se l ected e l ements i n  both the Kentucky No . 9 coal feedstock and the resu l t i ng s l ag 
and f lydus t .  

The EPA- E P  batch- l eac h i n g  tests were carried out on the s l ag and fl ydust  samp l es .  Th i s  test  
meets the toxi c i ty test i ng cri ter i a outl i ned i n  t he  May 1 9 ,  1 980 , RCRA regu l at i ons . 

The res u l ts of the chemi ca l analys i s of l eachates  for the e i ght  trace e l ements i nc l uded i n  the 
Pr i mary Dri n k i ng Water Standards and i n  the RCRA standards appear i n  Tab l e  C . 20 .  I n  add i t i on 
to the e i ght pri ori ty trace e l ements , copper ,  n i cke l , vanad i um ,  and z i nc are a l so ana lyzed 
because of  the i r envi ronmenta l i mportance and the conseq uenti a l  poss i b i l i ty that they may be 
added to the l i st of  e i ght trace hazardous e l ements i n  future l eg i s l at i ons . The RCRA standards 
l i sted as a compari s on bas i s  i n  Tab le  C . 20 are the Pri mary Dri n k i n g  Water Standards mu l t i p l i ed 
by a factor of 1 0 0 .  

C . 4 . 3 . 2  Coa l l eachate 

Fi e l d  l eachate test i n g  of fi ve proposed feedstoc k  coa l s has been pe rformed at Oak Ri dge Nati ona l  
Laboratory ( ORNL ) .  Coa l samp l e s  were p l aced i n  lysi mete rs and  were exposed to natura l  ra i nfa l l  
e vents duri ng  a three-month pe r iod .  Leachate samp l es were col l ected duri ng and afte r each 
ra i nfa l l event and were anal yzed for potenti a l ly hazardous metal  content .  
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Table C.1B.  Chemical composition of slag and 
flydust from GKT gasifier (SRC-I residue) 

Element 

Alu m i n u m  
Ca lci um 
Iron 
Potassi u m  
Magnesium 
Sod i u m  
Tita n ium 
Sil icon 
Sulfur" 
Carbon 

Slag 
R u n  1 79 

1 4. 78 
0.50 

1 1 . 80 

0.85 
0.38 
0.34 
0. 3 6 

2 1 . 74 
0. 50 

0. 5 3  

Concentration 
(%) 

Flyd u st 

R u n  1 79 R u n  1 75 

7. 1 6 5.99 
0 .43 0.40 

8.89 7 .66 

0. 7 3  0. 63 
0. 3 6 0. 30 

0. 2 9  0. 2 5  
0. 3 2  0. 26 

1 8. 1 3 1 4. 9 1  

3 . 74 4 .04 

22.44 3 5 . 7 1  

"The s u l f u r  content i n  t h e  flydust from the 
prototype plant will  be significantly lower because of 
different operating conditions. 

Table C . 1 9. Trace element concentrations In gasifier coal 
feedstock and gasifier slag and flydust 

All concentrations a re in ppm 

Element 
Ke ntucky #9 Slag 

Flydust 

coal R u n  1 79 
Run 1 79 R u n  1 75 

Arsenic 8.9 

Barium 8 3 .0 383.00 3 . 1 6 250 .00 

Beryl l ium 1 . 3 8 . 7  7.4 6.0 

Chromium 2 1 .0 3 500. 00 890. 00 749 .00 

Copper 8 . 5  5 7 .00 1 06 .00 84.00 

Manga nese 42.0 298.00 1 5 9 .00 1 38 . 00 

Lead 2.9 4.00 287.00 1 92 .00 

Nickel 1 0 . 7  1 860.00 260 .00 2 1 3 .00 

Si lver 0 .02 2 .00 0 . 7  0. 3  

Zinc 5 5 .0 3 3 .00 36 5 .00 2 5 3 .00 
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Table C.20. Environmental P rotection Agency extraction 
procedure results for ash and fiydust produced by 

GKT gasifier on SRC-I residue 

Concentrations a re in ppb u nless otherwise indicated 

Slag 
Flyd ust 

RCRA 
E lement 

R u n  1 79 
R u n  1 79 R u n  1 7 5 

standard' 

Arsenic 4 4 5 5,000 

Bar i u m  3 .3 7 3 1 2 5 1 00,000 

Cad m i u m  0.098 45 2 7  1 ,000 

Chromi u m  0.46 8 . 5  5 . 3 5,000 

Lead 1 . 1 78.5 1 3 .5 5 ,000 

Mercury 0.022 0 .047 0 .053 200 

Selen i u m  5 5 5 1 ,000 

S i lver 0.0 1 0 .0 1 0 .0 1 5 ,000 

Copper 0.00 1 3 1 . 53 0. 5 8  b 

Nickel ,  ppm 0. 1 0 3 . 7 1  1 .82 b 

Zinc,  ppm 0.01 2 7.9 2 . 1  b 

Va nadi u m ,  ppm 0.27 1 . 6 2 .0 b 

"
Resource Conservation and Recovery Act standard is based 

on 1 00 t imes the l i m its set i n  the Pri mary Dr inking Water 
Standards. 

b
Elements not l isted i n  the Interim Pri mary Drinking Water 

Standards. 

Res u l ts of fi e l d  l each i ng tests performed on the Kentucky No . 9 and I l l i n oi s No . 6 coal s are 
p resented i n  Tabl es C . 2 1  and C . 22 respecti ve l y .  Mean concentrati ons of each parameter were 
compared wi th  Pr ima ry and proposed Seconda ry Dri n k i ng Water Standards of the U . S .  Envi ronmental  
Protecti on Agency ( E PA ) . Leachate from both coa l s  exceeds the Prima ry Dri n k i n g  Wate r Standards 
for the e l ements As , Cd , Cr, and Se .  Leachate from both coa l s  a l so  exceeds proposed Secondary 
Dri n k i ng Water Standards for pH , i ron , and s u l fate c ontent .  T he  amount by whi ch meas u red 
parameters exceed the standards is shown in the tab l e .  I t  i s  c l ea r  from these data that 
spec i a l  hand l i ng of coal p i l e  l eachate i s  req u i red to avoi d contami nation  of s u rface water 
and groundwater .  

C . 4 . 3 . 3  SRC so l i d  product l eachate 

Leach i ng tests were performed on two samp l e s  of SRC - I  product whi c h  were c rus hed to pass 
through a 3 /8- i n .  s i eve .  The Ameri can Soc i ety for Testi ng and Materi a l s  (ASTM ) l eachi ng 
Method A, u s i ng de i on i zed water , was used because th i s  method most  nearly s i mu l ates expos ure of 
stored product to natural prec i p i tati on . 

The s h a k i n g  procedu re cal l s  for a l i q u i d  to so l i d  rati o of 4 : 1 , and a shak i ng  per i od of 48 h .  
The l eachate i s  then fi l te red through a 0 . 45-mi c ron membrane fi l ter and prese rved for ana l ys i s .  

For o u r  samp l es , 200 g o f  SRC- I product were contacted wi th 300 ml of the extractant fl u i d  for 
48 h .  

P r ima ry and proposed secondary dri n k i n g  water s tandards a re i nc l uded i n  Tab l e  C . 2 3  for com
pari son . Leachate concentrati ons a re we l l  be l ow  the recommended l eve l s  for a l l  the pri mary 
s tandards . The l eachate exceeds the proposed secondary dri nk i ng wate r standard for manganese 
and is more aci d than the pH range recommended i n  the secondary standard . Organ i c  consti tuents 
of  the l eachate a re under study and wi l l  be reported at a l ate r date . 

The SRC so l i d  p roduct does not appear to present a hazard to water qua l i ty ,  based on test i ng  
and ana lyses performed to date . Upon comp l eti on of the  l each i ng tests , wh i ch i nvol ved agi ta
t i on of the samp l e ,  the leachate remai ned b l ack and opaq ue . The col orati on was caused by fi ne 
parti cu l ates wh ich  rema i ned in s uspen s i o n  but were retai ned on 0 . 45-mi c ron membrane fi l ters . 
Runoff from the SRC storage area wi l l  be col l ected and routed through the wastewater treatment 
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Table C.2 1 .  Summary o f  leachate data collected from Kentucky N o. 9 coal 
"- ------- ----- --------- - ---- ---------------------- --- - - -

Standard Parameter Observations Mean deviation M i n imum M a x i m u m  M e a n  exceeds 
OW std by -----.----------------------� --� 

R u noff, % of rainfal l  8 71 29.5 65 100 
Percent transmission before fi lter 20 32.5 21.6 0.9 86.3 
Percen t  transmission after  f i l ter 19 48.0 21.6 13.3 87.1 
pH 20 2.1 0 .2 1.8 2. 5 4.4 

Aci d ity,  mg/liter as CaC03 1 5  33,100 22,400 7,760 78,200 
Electrical conductivity, Ilmhos/cm 20 10,500 4,650 4,480 20,000 
Sulfate, mg/liter 20 27,300 18,100 5,820 72,600 109X 

I ron, mg/liter 20 9,850 7,250 

Arsen ic, llg/liter 8 9,050 6,130 

1,780 26,200 32,833X 

2,040 17,500 181X 

Bar ium,  mg/liter 8 <0.2 a 0 
Cadmi u m , llg/liter 8 166 106 47 386 16.6X 
Chrom i u m, llg/liter 8 724 296 330 1 ,220 14.4X 
Lead, llg/liter 8 12 10 7.2 35 0 
Selenium, llg/liter 8 829 1,000 56 3,000 82.9X 
Silver, llg/liter 8 0.05 b 

MercurY, llg/liter 8 0.20 0. 20 0 .05 0.60 0 

" Bariu m  concentration <0. 2 mg/liter for a l l  sam ples. 
bSi lver concentration <0.05 Ilg/I iter for all samples. 

Source :  E. C. Davis, A Laboratory and Field Analysis of Factors A ffec ting Quality of Leachate from Coal Storage Piles, 

Ph.D.  dissertati on, Dept.  of Environmental and Water Resou rces E ngineering,  Vanderbi lt  Un iversity, Nashvi l le, Tenn. ,  1980. 

Table C.22. Summary of leachate data collected from I l l inois N o. 6 coal 

Parameter Observations Mean Sta ndard M i n i m u m  Max imum 
Mean  exceeds 

deviation OW std by 

R u noff, % of ra infa l l  6 73 6.7 65 83 

Percent transmission 11 80.1 20.8 19.1 94,2 
before f i l ter 

Percent transmission 11 88.6 6 .2  81.9 97.9 
after filter 

pH 11 2.2 0.1 2.1 2.4 4 .3  

Acidity, 6 21,200 7,270 6,500 25,400 
mg/liter as CaC� 

Electrical conductivity, 11 15 ,200 5,640 6,500 21,700 
Il mhos/cm 

Su l fate, mg/liter 11 21,500 10,900 5,850 37,200 86X 

I ron, mg/liter 11 7,710 3,870 2,090 12,000 25,700X 

Arsenic, llg/l iter 5 147 90.8 9.4 258 2.94X 

Barium, mg/liter 5 0 .2  a 0 

Codmium, llg/liter 5 268 165 26.8X 

Chrom i u m, llg/liter 5 438 234 21 560 8.7X 

Lead, llg/liter 5 14 5.6 7.2 21 0 

Selenium, llg/l ite r 5 438 370 19 908 43.8X 

Si lver, llg/liter 5 0.35 0.31 <0.05 0.81 0 

Mercu rY, llg/liter 5 0.12 0.12 0.03 0.30 0 

" Bar iu m concentration <0.2 mg/liter for a l l  sam ples. 

Source : E. C. Davis, A Laboratory and Field Analysis of Factors A ffecting Quality of Leachate from Coal Storage 

Piles, Ph.D. dissertation, Dept. of Env i ronmental and Water R esources E n gineeri ng, Vanderb i l t  U n iversity, Nashvi l le,  

Tenn.,  1980. 
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Table C.23. Chemical analysis of  leachates produced from SRC·I product 
using the ASTM Type "A" leaching procedure 

Constituent 
Sam pie 

_
N�o:.:.

. __ _ 
2 

Arsenic, ppb 0.5 0. 1 

Bari um, ppm 0. 1 0  0.03 
Ca dmium, ppb 0.07 0.33 
Chromium,  ppb 0.22 0. 1 8  

Lead, ppb 17  0.7 

Mercury, ppb 0.024 0.001 

Selen ium,  ppb 3 3 

Silver, ppb 0.02 0.02 

Copper, ppb 4.0 1 .8 

Nickel,  ppb 3.4 1 . 2  

Zinc, ppb 5.0 0.44 

Calci u m ,  ppm 0.54 0.44 

Chloride, ppm 1 . 1  6.6 
I ron, ppm 0.0 1 2  0.0012 
Magnesiu m ,  ppm 0. 1 2  0.06 
Manganese, ppm 0. 1 0 . 1  

Potass ium, ppm 0.5 0.5 

Sodiu m ,  ppm 2.05 1 .62 

Sulfate, ppm 1 .5 1 .0 

pH ( fi nal ) 5.5 5.6 
Electrical Conductivity (Ilmhos/c m )  1 .6 2.0 
Alkal i n ity, ppm 4 3.75 
Total dissolved sol ids, ppm 64 68 
Total f i l terable residue, ppm 2440 2520 
Total organic carbon, ppm 7.5 6.3 
Chemica l  oxygen demand, ppm 23 2 1  

Dri n k i ng 
water 

standardsa 

50 

1 0  
50 
50 

2 
1 0  
50 

1 000 
Nsb 

5000 
NS 

250 
0.3 

N S  
0.05 

N S  
N S  

250 
6 .5-8.5 

NS 
N S  

500 
NS 
NS 
NS 

a E nv i ronmental Protection Agency pri m ary and secondary dri n k i ng water standards. 
b NS-no standard prom u l gated or proposed. 
Sou rce: Wr i tten com m u n ication from W. J. Boegly, E n v i ronmental Sciences D iv i sion,  O R N L , 

J u n e  2, 1 980. 

faci l i ty .  Due to the b r i t t l e  nature of  the p roduct , s h i p p i n g  and hand l i n g  act i vi t i es are 
expected to generate dust whi ch may cause l oca l su rface water qual i ty i mpacts i f  the product i s  
stored wi thout dust suppre ss i on .  The proposed des i gn i n c l udes dust suppress i on and l eachate 
co l l ect i on and treatment .  

C . 4 . 4  Emi s s i ons  duri ng end-use combust i on 

The SRC- I p rocess  produces both so l i d  and l i q u i d  fue l products that are i n tended to rep l ace 
ex i st i n g  foss i l fue l s  for combu sti on wi thout the need for exten s i ve parti c u l ate and S 02 con 
tro l . Emi s s i ons  from combusti on of the so l i d  products have been stud ied  exten s i ve l y  dur ing  a 
f u l l -sca l e  demonstrati on burn test at Georg i a  Power Company ' s  P l ant  Mi tche l l . 4  E q u i va l ent  
fu l l -sca l e  burn tests have  not  been carr ied  out  for  the  SRC- I  l i qu i d  p roducts . However fu l l 
sca l e  te�ts have been carri ed out u s i n g  l i qu i d  products from the SRC- I I  process . I n  add i t i on , 
many sma l l er tests of both l i qu i d  and so l i d  products have been done . 

C . 4 . 4 . 1 Sol i d  products burn test 

A fu l l - sca l e  test burn of the so l i d  SRC- I product was carried  out at P l ant Mi tche l l of Georg i a  
Power Company i n  1 977 .  The purpose of  thi s test was to demonstrate that  the  so l i d  SRC- I 
p roduct cou l d  be ut i l i zed e ffect i vely i n  an exi s t i n g  uti l i ty boi l er .  An extens i ve program was 
carried out pri or to the burn test to deve l op equi pment modi fi cati ons to such  equ i pment as 
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p u l veri zers and  burners . The test burn was sponsored by EPRI , under the di recti on of Southern 
Company Serv ices , uti l i z i ng approx imate ly  3000 tons of so l i d  S RC s upp l i ed by DOE . The fue l  was 
p roduced at the Fort Lewi s ,  Wa s h i ngton , p i l ot p l ant and s h i pped to Al bany , Georg i a , for the 
tests . 

The test  boi l e r  wa s a 22 MW converted B&W ma r i t ime boi l e r ,  wi th s i de-wa l l fi r i n g .  Burners , 
p u l veri zers , and other auxi l i a ry equ i pment were of B&W des i gn .  The burn test con s i sted of  
three phases : burn i n g  of coa l  u s i ng the  ori g i n a l  burners to estab l i s h a base l i ne for compar
i son , burn i ng of coa l  u s i ng the mod i fi ed burners , and burn i n g  of SRC- I  so l i ds u s i ng the mod i 
f i ed burners . The SRC- I phase l asted 1 8  days , dur ing  wh i c h  combusti on condi ti ons were adj usted 
to obta i n  opti ma l  combusti on and emi s s i on mon i tori ng was carried out . 

When fi r i n g  SRC , the operati ng  character i sti cs of the dua l  reg i ste r  b u rners were good . Once 
the appropri ate f l ame type had been obta i ned , the performance of the modi f ied dua l reg i ster 
burners when burn i ng SRC was exce l l ent .  A series  of tes ts was performed to determi ne the 
re l ati ve e ffect of SRC compared wi th coal on the effi ci ency of the boi l er .  Effi c i enc ies  were 
essenti a l ly the same when burn i ng coa l or SRC i n  the new dua l - regi ster burners , except for 
medi um l oad cond i t i ons , where effi c i enc ies were s l i ght ly  l owe r  when burn i ng SRC .  

York Research  Corporati on was contracted t o  conduct a maj or port ion of the emi s s i ons  test i n g 
work re l ated to the SRC burn test .  Dur ing  each phase of the program , emi s s i ons  measu rements 
we re performed w i th the bo i l e r  operating  at fu l l  l oad ( 22 MW ) , med i um l oad ( 1 4  MW ) , and l ow 
l oad ( 7 . 5  MW ) .  The fol l owi ng  meas u rements were made : 

1 .  Cont in uous mon i tori ng  of opac i ty ,  O2 , CO2 , CO , NOx , and S02 i n  the prec i p i tator out l et 
fl ue gas .  

2 .  Manua l  S02 and N Ox tests u s i n g  EPA methods 6 and 7 ,  respecti ve ly , at se l e cted fu l l  l oad 
cond i t i on s .  

3 .  Part i c u l ate l oadi ngs a t  both t h e  i n let and outlet t o  the pri mary prec i p i tator by EPA 
Method 5 and ASME Power Test  Code PTC2 7 .  

4 .  Pa rt i c l e  s i ze d i stri buti ons of the flyash a t  the i n l et and out l et of the prec i p i tator . 

5 .  Percent combu sti b l es i n  the prec i p i tator i n l et flyash . 

6 .  Res i st i v i ty of the i n l et flyash ( performed by Southern Research Insti tute ) .  

Test  res u l ts for S02 and NOx emi s s i ons are summari zed i n  Tab l e  C . 24 .  These emi s s i ons  refl ect 
operati on of the boi l er after adj ustments had been made to ach i eve opt i ma l  fl ame condi t ion s .  
Comp l ete mon i tori ng resu l ts for othe r pa rameters are s umma ri zed i n  Tab l e  C . 2 5 .  

Table C.24. Gaseous boiler emissions 
from dual register burners 

Conditions 

low load 
Mediu m  load 
Full load 

low load 
Medium load 
Full load 

so, 
(ppm) 

so, 
(kg/ 1 0' Btu) 

Coal combustion 

1 88 0. 63 

2 1 7  0 .43 

3 1 9  0 .46 

S R C  combustion 

222 0 .49 

2 5 5  0 .45 

335 0.44 

NO, 
(kg/ 1 0' Btu) 

0. 2 1  
0 .23 
0. 2 1  

0. 1 9  
0. 20 

0. 1 8  



Table C.25. S ummary of emissions monitoring results 

Parameter 
Coa l :  original burners Coa l :  modified burners S R C :  modified burners 

Phase I Phase II Phase III 

Load, MW 22.5  1 5  7 . 5  2 1  1 4  7 .5  2 1 "  2 1  1 4  7 . 5  2 1 "  
Fuel rate, kg/h 1 0,831 7,322 4,087 9,378 6.706 4,3 1 4  9,5 1 0  8,035 5,524 3,3 1 6  8,01 9 
Excess 0" % 4.7 6.0 1 1 .0 4.4 6 .2  1 1 .6 4.6 6.0 7.5 1 1 .3  6 .2  
Particulate l oading i n ,  4.49 4.92 4.45 3.35 4. 1 2  4.06 2 . 1 4  0.47 0.87 0.80 0.44 

kg/ l 0' Btu 
Particulate loading out, 1 .04 0 . 2 1  0.05 0.75 0.37 0. 1 5  0.03 0.41 0.64 0.43 0.02 

kg/ l 0' Btu n , 
Carbon in ash,  % 1 3 .9 1 4.5 1 9 .5  22.33 20.6 1 6 .9 28. 1 77 .4 88.7 89.4 74.7 --J 

m 
Carbon efficiency, % 97.70 87.47 97.07 98.00 97. 1 8  97. 1 8  97.87 98.51 96.98 97.07 98.60 
SO" kg/ l 0' 0.88 0.98 1 . 1 1  0.54 0.71  0.82 0.43 0.43 0.44 0.48 0.42 
NO., kg/ l 0' Btu 0.46 0.2 1 0.40 0.22 0 . 2 1  0.22 0 . 2 1  0. 1 9  0.20 0. 1 9  .02 1 
Average opacity, % 4 1  1 8  7 30 22 1 2  66 32 29 1 6  40 
kWh / l 0' 78.05 78.67 67.85 79.30 75.81  64.97 80.22 78.98 76. 1 8  65.77 78.88 
Fuel input S0" kg/ l 0' Btub 0.89 0.63 0.44 
E missions S0" kg/ l 0' Btub 0.64 0.45 

"Secondary precipitator test. 
bAverage of all tests. 
' Equipment malfunction. 
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Al though part i c u l ate l oad i ngs  ente r i n g  the  pr imary p rec i p i tator when burn i n g  SRC  were only 1 0% 
to 1 5% of  the l oadi ngs when burn i n g  coa l . the part i c u l ate concentrati ons l eavi ng  the p r ima ry 
prec i p i tator were h i gher than EPA standards . but sti  1 1  l ower  than when burn i ng coa l . However .  
th i s  p rec i p i tator . i n s ta l l ed i n  1 946 . does n ot con form t o  current prec i p i tator des i gn standards .  
The des i gn fl aws . cou p l ed with  the h i gh ca rbon content of the SRC ash  that made the ash  res i s 
t i v i ty very l ow .  resu l ted  i n  l ow col l ection  effi c i enc i es . S i nce the un i t  i s  eq u i pped wi th a 
secondary prec i p i tator of modern des i gn .  add i t i ona l  tes ts were performed u s i n g  th i s  p rec i p i tator.  
The tests on the sec ondary prec i p i tator i nd i cated EPA comp l i ance by a wi de ma rg i n  and s how that 
an adequate ly  des i gned p rec i p i tator wi l l  a l l ow SRC to meet e x i s t i n g  EPA part i c u l ate emi s s i on 
s tandards ( Ta b l e  C . 26 ) . 

Table C.2S. Particu late emissions from 
dual register burners 

Values are in kg! 1 0' Btu 

Outlet 

In let 
Primary Secondary 

Coal combustion 
SRC combustion 

3 . 1 8  
0 .45 

precipitator precipitator" 

0 . 73 
0. 4 1  

0.03 
0. 02 

"Primary precipitator deenergized d u r ing secondary 
precipitator tests. 

Parti c l e  s i ze d i stri buti ons were dete rmi ned at two l ocati ons .  The res u l ts of the part i c l e  s i ze 
d i stri buti on tests i n d i cate that the f lyash produced from the combusti on of SRC contai ned a 
l a rger percentage of fi ne part i c l es than the flyash produced from the combust ion  of normal coa l . 
F l y  ash  res i st i v i ty measurements were attempted . The l ow res i st i v i ty of SRC fl yash  made i t  
i mpos s i b l e  to  quanti fy th i s  pa rameter.  SRC flyash res i s t i v i ty was c l ea r ly very l ow .  h owever .  

C . 4 . 4 . 2  S ol i d  products combusti on emi s s i ons  - conc l us i ons 

A number of conc l us i ons regard i n g  the combusti on and emi s s i ons  characte ri s t i c s  of SRC- I so l i d  
fue l products may be  drawn based on the res u l ts o f  the P l ant  Mi tche l l burn tes t .  Al though these 
c onc l u s i ons  a re based on a spec i fi c  test in a spec i fi c  bo i l e r . it i s  fe l t  that the compari s ons  
and data trends wi l l  be genera l ly  val i d  when SRC  is  uti l i zed  i n  other boi l ers . 

S02 and NOx emi s s i ons  were c l ear ly  w i th i n  the December 1 9 7 1  EPA Standards of Performance for 
New Ut i l i ty Sources dur ing  these tests . S 02 emi s s i ons  were l owe r  than for coal . due to the 
l ower su l fu r  content of  SRC .  NOx em i s s i ons were l ower for SRC than for coal in s p i te of the 
h i gher fue l - n i trogen typi ca l l y  present in SRC so l i d s .  Th i s  may presumab ly  b e  attri buted to 
the des i gn of the dua l reg i s ter  burner wh i c h  had been opti mi zed for SRC and whi c h  emp l oys 
s taged combusti on to reduce formati on of NOx . 

Part i c u l ate emi ss i ons  were cons i derab ly  l ower u s i n g  SRC than coa l . due to the l ow ash  content of 
SRC so l i d s .  The fly ash  formed was extreme ly  h i gh i n  ca rbon conten t .  howeve r .  wh i c h  l ed to a 
very l ow res i st i v i ty .  The o l der des i gn prima ry prec i p i tator cou l d  not co l l ect th i s  SRC f ly  ash  
adequately .  p resumabl y  because of the  l ow ash res i st i v i ty .  The  seconda ry prec i p i tator .  whi c h  i s  
of modern des i gn .  was a b l e  to reduce so l i d  emi s s i ons  to w i t h i n  the EPA New S ou rce Standards . I t  
i s  fe l t  that a p roperl y  desi gned prec i p i tator wi l l  b e  ab l e  to meet these s tanda rds i n  any future 
app l i cati on s .  

C . 4 . 4 . 3 SRC l iqu i ds b u rn tests emi s s i ons  

La rge-sca l e  burn tests have not  been carried  out us i ng the l i q u i d  by-products from the SRC- I 
p rocess . Howeve r .  a l a rge sca l e  test has been conducted by Cons ol i dated Edi son of the 
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combusti on characteri s t i cs of SRC- I I  l i q u i ds .  These l i q u i ds are s i mi l a r  i n  chemi ca l characte r 
to SRC- I I  l i q u i ds .  Al though the phys i ca l  properti es ( s uch as den s i ty and vi scos i ty )  are expected 
to vary , th i s  is not fel t to be i mp ortant to uti l i zati on of SRC l i q u i d s provi ded that appropr i ate 
m i nor mod i f i cati ons are made to the fuel s torage and del i very system . The pri mary i mportant 
d i fference is expected to be the n i trogen con tent  of these l i q u i ds .  S i n ce the n i trogen content 
of SRC- I l i q u i ds is l ower than for SRC- I I ,  the res u l ts of the Can Ed burn test wi l l  be conserva
t i ve i f  used to represent SRC- I l i q u i ds .  

Th i s  secti on summari zes the Can Ed burn test and the maj or conc l us i ons of that study .  Comp l ete 
deta i l ed emi ss i ons data for that test are presented i n  the test reportS and summari zed i n  the 
Draft E I S  for the SRC- I I  project . 6  

The demonstrati on program was carri ed out by KVB ,  I nc . s at the 74th Street Generat i n g  Stat i on of  
Consol i dated Edi son .  Approx imate ly  4500 barre l s  of SRC l i q u i ds from the Fort Lewi s p i l ot p l an t  
were fi red i n  a test  boi l e r  wi th a nom i na l  fu l l - l oad capac i ty o f  450 , 000 l b/h o f  s team.  The SRC 
l i q u i ds burned conta i ned 0 . 22% s u l fur  and 1 . 0% n i trogen . 

N i trogen ox ide and part i cu l ate emi s s i ons  are con s i dered the most s i gni fi cant prob lems anti c i 
pated when burn ing  S RC- I I  l i q u i ds . Therefore , the test  was ori e nted toward combusti on modi fi ca
t i ons to reduce these emi s s i on s .  To  obta i n  a base l i ne for  compar i s on , data were a l so  col lected 
w ith  a typ i c a l  No . 6 fue l oi l .  Tests were carried out under a range of  l oad , fuel /a i r ,  ai r 
d i stri but i on and other con d i t i ons , u s i n g  the same range for both SRC- I I  l i q u i ds and fue l  oi l .  

A vari ety of gaseous and part i cu l ate emi s s i ons  were mon i tored i nc l u d i n g  NO , N02 , CO , O2 , S02 ' 
total hydrocarbons ,  po lynuc l ear  aromati c hydrocarbons ,  part i c u l ate mass , part i c u l ate s i ze di s
tri buti on , and part i cu l ate compos i t i on .  I n  addi t i on , boi l er performance was eval uated for both 
fue l s .  

The res u l ts o f  the test program have been summari zed and rep orted by KVB ,  I n c .  The fol l owing  
g i ves the  essence of  that  summary . 

No maj or operati ona l  probl ems were encountered due to the combusti on of SRC l i q u i ds . Vi sua l  
i nspecti ons pe rformed by Can Ed i s on i nd i cated no ev i dence of de l eteri ous e ffects on the  pump 
used to feed S RC- I I  l i q u i ds to the test boi l e r .  

Bo i l er  therma l effi c i ency l e ve l s  wi th SRC- I I  l i q u i ds were comparab l e  to those obta i ned wi th 
No .  6 fue l oi l .  

The combusti on of S RC- I I  fue l o i l re su l ted i n  n i trogen ox i de emi s s i ons  l eve l s  approxi mate ly  70% 
g reater than those for No . 6 fue l o i l under a l l  test  condi t i ons . H i gher NOx emi s s i ons  were 
ant i c i pated for the SRC- I I  fue l o i l due to i ts h i gher n i trogen content . Ni trogen oxi de reduc
t i ons ach i evab l e  through combusti on mod i f i cati ons were on the order of 35% for both S RC- I I  and 
No . 6 fue l o i l s .  

Part i cu l ate mass  emi s s i ons  were l ower for the SRC l i q u i ds than for the No . 6 fue l o i l .  The 
characteri s t i cs of the part i c u l ates were s uffi c i ent ly  d i fferent to s uggest d i fferent  formati on 
mechan i sms . At fu l l  l oa d ,  the SRC- I I  combus t i on parti cu l ates exh i b i ted  a b i -moda l part i c l e  
s i ze d i stri but i on , i n c l ud i n g  very fi ne ( 0 . 05 m icrons di ameter )  i nd i v i dua l  part i c l es and much 
l a rger ( g reater than 0 . 1 mi crons d i ameter )  aggl ome rate s .  At reduced l oa d ,  the n umber of 
agg l omerates was sma l l .  I n  genera l , the parti c l e  s i zes  were sma l l e r  when burn i ng SRC- I I  
than when burn i n g  o i l .  

Total hydrocarbon emi s s i ons  were l ess  than 3 ppm under a l l  operati ng  cond i t i ons  wi th both 
fue l s .  Carbon monoxi de emi s s i ons were be l ow 50 ppm under a l l operati ng condi t i ons , wi th 
essent i a l ly  e q u i va l en t  excess air l eve l s for both fuel s .  I t  was c onc l uded that SRC- I I d i d  
not have any greater tendency toward i ncompl ete combust i on than the No . 6 fue l oi l .  

The total po lynuc l ear aromati c hydrocarbon emi s s i ons for both fue l s  were l ow ;  l e s s  than 
6 x 1 0- 6 l b /MM Btu .  Al t hough the emi s s i on l eve l s  wi th the SRC- I I l i qu i ds were n omi na l ly 
h i gher than those exh i b i ted by the No . 6 fue l oi l ,  the measurement  uncerta i nt ies  are s uch 
that no  s i gn i f i cant trend can be ass i gned at th i s  t i me .  However ,  res u l ts of another study 
wou l d  i nd i cate emi s s i on l eve l s  measured on these l i q u i d  fue l s  are substanti a l ly bel ow those 
measured on d i rect coa l -fi red bo i l ers .  
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C . 4 . 4 . 4  Conc l u s i ons  

Based on  t he  resu l ts of t he  two l a rge-sca l e  burn tests , i t  i s  concl uded that : 

1 .  SRC fuel products , both sol i d  and l i q u i d ,  can be burned i n  exi s t i n g  uti l i ty bo i lers  i n  
comp l i ance wi th the EPA Standards of Pe rformance for New Uti l i ty Sources . 

2 .  The use of so l i d  SRC i n  a pul veri zed coa l  fi red boi l e r  req u i res  modi fi cat i ons of 
pu l ve r i ze rs and bu rners . The technol ogy necessary for these modi fi cat i ons  ex i sts and 
has been demon strated .  

3 .  Deve l opment programs may be req u i red i n  order to determi ne equi pment  mod i f i cati ons 
req u i red in order to use so l i d  and l i q u i d  S RC fue l s  i n  other combusti on app l i cat i on s .  

C . 4 . 5  Constructi on 

C . 4 . 5 . 1 Con structi on burn i ng 

Norma l s tate 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 ,  wi th an 
exempti on from the reg u l ati on a l l owed for open burn i ng for d i sposa l  of natural  growth for l and 
c l eari n g , prov i ded that 

1 .  no  extraneous materi a l  such  as t i res  or heavy oi l ,  wh i ch tend to produce dense smoke , are 
u sed  to cause i gn i t i on or a i d  combusti on , 

2 .  the burn i ng i s  done on sunny days wi th mi l d  wi nds , 

3 .  the emi s s i ons  from such  fi res sha l l  n ot be equal  to or greater than 40% opac i ty ,  and 

4. open burn i ng of constructi on debr i s is proh i b i ted . 

For the constructi on of th i s  fac i l i ty ,  the p ol i cy duri ng  l and c l eari ng  wi l l  be that c l eared 
vegetati on wi l l  be s o l d  or ch i pped ; burn i n g  wi l l  be a l ast  res ort and used to d i spose of 
c l eared vegetat i on on ly .  

C . 4 . 5 . 2  Ea rth mov i ng 

Dur ing  constructi on , i t  i s  est imated that about 3 x 1 06 yd 3 of earth wi l l  be moved . Prevent i on 
o f  fug i t i ve dust  emi ss i ons  i s  necessary .  Norma l construct i on pract ice i nc l udes m i n im i z i ng 
exposed areas and keep i ng exposed areas , i nc l u d i n g  n on-hard- s urfaced roads , spri n k led wi th 
water .  

C . 4 . 5 . 3  Water runoff 

Earth d i stu rbed by su rface excavati on is eas i ly  eroded by ra i n  runoff . The mi t i gat i on measure s  
descri bed be l ow wi l l  b e  deta i led i n  the Construct i on Env i ronmental  Management P l a n  a n d  wi l l  be 
one of the fi rst acti v i t i es to take p l ace on the s i te .  To prevent pol l ut i on o f  streams by sedi 
men t ,  a system o f  d i ve rs i on d i tches wi l l  be i nsta l led  to prevent runoff from h i gher ground from 
enter ing  the d i s tu rbed area s .  Water wi l l  be reta i ned i n  the ponds l ong enough so that the d i s 
charge t o  natural dra i nages wi l l  meet state and E P A  req u i rements for suspended so l i ds content .  
A Nati ona l  Pol l utant Di scharge E l imi nati on System ( NPDES ) d i scha rge permi t wi l l  b e  obta i ned .  
Th i s  permi t ,  i ss ued by E PA ,  wi l l  spec i fy the  cond i t i ons of t he  di scha rge q ua l i ty .  T he  d i s 
charge wi l l  meet these speci fi cati ons .  

C . 4 . 5 . 4  Pa i nts and sol vents 

If wate r-based pa i nts are u sed , only very sma l l  quanti t ies  of po l l utant emi s s i on s  wi l l  be 
re l eased to the atmosphere . If oi l - based pai nts are used , between 35 and 50% of the pa i nts 
wi l l  be e vapora ted .  Typ i ca l l y ,  a bout 45% of the pa i n t i s  vol ati l e  hydrocarbons . S i nce a 
ga l l on of o i l - based pa i nt we i ghs  about 1 2  pounds , about 5 pounds of hydrocarbons wi l l  be 
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re l eased to the atmosp here per gal l on of oi l -based pai nt app l i e d .  An esti mated 1 00 ,000 gal l on s  
o f  pai nt  wi l l  be used , whi ch wi l l  res u l t  i n  hydrocarbon emi s s i ons  of about 250 ton s .  Probab l y ,  
most of the pai nti ng wi l l  be done du r i n g  the l ast  year o f  constructi on . 

C . 4 . 5 . 5  Ai r emi ss i ons  from construction  equ i pment 

From a l i st of req u i red constructi on equ i pment , usage factors for each p i ece of equi pment were 
e st imated based on the equ i pment type , i ts probab le  uti l i zati on i n  each phase of constructi on , 
and the 38-month construct ion  durati on . The a i r  emi s s i ons from the cons tructi on equi pment , 
i nc l ud i n g  cons tructi on vehi c l e s , are s h own i n  Tab l e  C . 27 .  

Table C.27. Air emissions from 
construction equipment 

Pol l uta n t  

co 
HC 
N O, 
S O, 
TSpb 

E missions ' 

(tons/year) 

94.7 

1 1 . 1 

7 1 . 5 

4.48 

3 . 58 

a At peak of construction period. 
b Total suspendec part iculates. 

Emi ss i on factors were prov i ded from Sect. 3 . 2 . 7 ,  pp . 3 . 2 . 7- 1  through 3 . 2 . 7- 5  of AP-42 . 7  

C . 4 . 5 . 6  Ai r emi s s i ons  from h i ghway veh i c l e s  

Duri ng  constructi on , a n  esti mated peak of  3500 persons wi l l  b e  emp l oyed a t  the s i te .  Construc
t i on is  p l anned for a fi ve-day work wee k .  The average round tri p commuti n g  di stance i s  esti 
mated to be 24 mi l es .  The average carl oad i s  assumed to be 1 . 9 persons . Th i s  wi l l  res u l t  i n  
1 1 , 500 , 000 veh i c l e  mi les  per year .  

Emi s s i on factors for a l l  h i ghway veh i c l es are g i ven by AP-42 . 7  These factors i nc l ude a mi x of 
veh i c l e types based on nati onwi de da ta . Th i s  mi x i nc l udes 7 . 8% heavy-duty veh i c l e s  wh i ch wou l d  
n ot be used by the constructi on workers for commut i n g .  De l i ver i es o f  materi a l s  t o  the con
structi on s i te wou l d ,  howeve r ,  be made by heavy-duty veh i c l e s . Therefore , the con structi on 
worker veh i c l e  mi l e s  trave led i s  i ncreased by 7 . 8% to i nc l ude truc k de l i ver i es to the s i te .  
H i ghway veh i c u l ar trave l assoc i ated wi th constructi on i s  est imated to be 1 2 , 400 , 000 mi l e s /year .  
Esti mates of  tota l emi s s i ons  are sh own i n  Tab l e  C . 28 .  The traffi c  has been ass umed to  be 
heavi l y  congested wi th a trave l i ng speed of 10 mph throughout the enti re tr i p  l ength . 

Table C .28. Air emissions from highway vehicles 
during construction of demonstration plants 

P o l l u ta n t  
Q ua n t i ty 

g/m i l ea g/year tons per year 

CO 67 .7  8 4 0  X 1 0' 920 
HC 9. 1 8  1 1  X 1 0' 1 20 
NO, 3.32 40 X 1 0' 45 
SO, 0 . 20 3 X 1 0' 3 
T Spb 0 . 44 5 X 1 0' 6 

a O ata from AP-42. 
b T otal suspended part icu lates. 
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I t  s hou l d  be  noted that on ly  a sma l l porti on ,  perhaps 1 0% of  the above emi s s i ons , wou l d  occur  
at the  demons trat i on p l ant s i te .  I t  s hou l d  a l so be  noted that  these represent worst-case 
emi s s i on s , e st imated before impl ementati on of mi ti gat i on measures  for traffi c conge st i on 
prob l ems . These mi ti gat i on meas ures shou l d  reduce emi s s i ons  be l ow these wors t-case est ima tes . 
Sect i on 4 . 2 . 3 . 1 conta i ns the ai r qua l i ty impact analys i s  o f  traffi c  emi s s i ons . 

C . 5  EXPANDED COMMERCIAL PLANT 

Commerc i a l - sca l e  SRC - I  fac i l i t i e s  may be bu i l t  as a resu l t  of succe s sfu l  demon strat i on p l ant 
operat ion .  Such  fac i l i t i e s  may be  bu i l t  at other s i tes , or  an expanded p l ant may be  b u i l t  at  
the  Newman s i te .  One obj ecti ve o f  demon strati on p l ant operat i on and eval uat i on i s  t o  reduce the 
economi c uncerta i nty for thi s type of synthet i c  fue l , i nc l ud i n g  uncerta i nty about cap i tal  costs 
and opera t i on and ma i n tenance costs of  req u i red envi ronmental  control s .  

The commerc i a l  p l ant ' s  conceptua l de s i gn adds four heater-di s sol ver tra i n s i n  para l l e l to the 
one tra i n  in the demonstrat i on p l ant , bri n g i n g  the tota l p l ant feed rate up to 30 , 000 ton s /d 
of coa l . Othe r p l ant e l emen ts , i n  order to ach i e ve econom i c s  of scal e ,  wou l d  be l arger vers i on s  
o f  demonstrat i on p l ant e l ements . These i n c l ude conven t i ona l  technol og i e s  s u c h  as coal storage 
and preparat i on , gas i fi cati on , water and was tewater treatment , ac i d  gas remova l and s u l fur  
p l an t ,  fl ares , cool i ng system , s o l i d  was te sys tem , and  product handl i ng .  Opportun i t i e s  for 
i ncrea s i ng p l ant eff i c i ency beyond the demonstrat i on p l a nt ' s  economi ca l ly j u st i fi a bl e l eve l wi l l  
a l so  occur i n  the cool i ng and waste- heat recovery porti ons of the p l an t .  

Pol l uti on control fac i l i t i es a n d  tech n i q ues  wi l l  b e  evol v i ng and improv i n g  duri ng  the l i fe of 
the demonstrat i on p l ant .  Exper i ence at t he  demons trat i on p l ant wi l l  very l i ke ly l ead to more 
advanced contro l s  be i ng des i gned i n to  the commerc i a l p l ant , but the i r  nature cannot be spec i fied 
at  th i s  t ime .  

C . 5 . 1 Ai r emi s s i ons  

The  emi s s i on s  rates of the  commerc i a l  p l ant wi l l  be  less  than  fi ve t i mes  those  of the  demon
s trat i on p l ant for a l l pol l utants .  The  emi s s i on rates for  S 02 and part i c u l ates wi l l  be  fa r l es s  
than d i rect ly  proport i ona l  t o  p l ant capaci ty because the capac i ty o f  the c oker/cal c i ne r ,  wh i ch 
i s  the maj or s ource of these pol l u tants i n  the demonstra t i on p l ant , i s  not expected to be 
greatly expanded i n  the commerc i a l  p l an t .  Al s o ,  emerg i ng proces s  and control techno l og i es , such  
a s  f l a s h  dry i n g , wh i c h  cou l d  great ly  reduce emi s s i ons  but  are not commerc i a l ly proven now ,  may 
be emp l oyed for the commerc i a l  p l an t .  Exten s i ve mon i tor i ng  i n  the demon strati on p l ant wou l d  
reduce emi s s i on s  i n  the commerc i a l  p l ant because i t  wi l l  prov i de more accurate emi s s i on s  data 
that can be used for des i gn  i mprovement .  

Ground- l e ve l concentrati ons of  the  pol l utants wi l l  not  be  d i rect ly  proporti ona l to  p l ant  
capac i ty ,  e i ther. Because the  comme rc i a l  p l ant  wou l d  occu py a l a rge r area , most sou rces of 
emi s s i on s  wou l d  be sepa rated by hundreds of  meters .  The d i s tances separat i ng the sources 
reduce addi ti ve i mpact of  each source . 

The emi ss i on rates from the commerci a l  p l ant wi l l  depend on many factors s uch as product s l ates 
and process des i gn .  Because p l an n i n g  for the commerc i a l  p l ant is s t i l l  in an embryon i c  stage , 
the emi s s i on rates cannot be est imated w ith  a h i gh degree of certa i nty ;  many assumpti ons  have 
to be made . The f i rst key a s s umpti on i s  that the produc t i on rate of coke at the commerc i a l  
p l ant wi l l  be about the same as  that a t  the demons trati on p l ant , and the production  rates of 
the other products wi l l  be approx i mate ly f i ve t imes  those of the demons trat i on p l ant . Us i n g 
these a s s umpt i ons , the emi s s i on rate s from po i nt and fug i t i ve sources i n  the commerc i a l  p l ant  
are est imated a s  fo l l ows : 

S u l fur d i ox i de 

Part i cu l ates 
Hydrocarbons  

N i trogen ox i des  

Carbon monox i de 

Tons per year 

1 50 

6 1 5  

320 
41 50 

3600 
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Su l fu r  d i ox i de emi ss i ons from the commerc i a l  p l ant wou l d  be l ess than  two t imes those of the 
demons trat i on p l an t .  Th i s  re l at i ve l y  sma l l i ncrease is pos s i b l e  because the demons trat i on 
p l ant ' s  l a rgest S02 source ( 7 5  to 80% ) , the coker /cal c i ne r ,  wou l d  n ot be great ly  expanded for 
commerc i a l operat i on .  

Part i cu l ate emi s s i ons  from poi nt sources i n  the commerc i a l p l ant are expected t o  be about 
4 . 0  t i mes the emi s s i ons  of the demonstrat i on p l ant  ( or 560  tons per year )  because the cok i ng 
and ca l c i n i ng proce sses are not expanded .  

Accu rate fug i t i ve part i c u l ate emi s s i ons are di ff i c u l t t o  determi ne ; on ly  mon i tori ng duri ng 
demons trat i on p l ant operati on can g i ve a re l i a b l e  data base . Fug i t i ve part i cu l ate emi ss i ons  
from the demonstrat i on p l ant were est i mated by u s i n g  a vari ety of  E PA  pub l i cat i ons and  sources . 
The l i te ratu re on fug i t i ve part i c u l ate emi s s i ons i s  not ve ry re l i a b l e  because i t  does not take 
i nto account many i mportant factors that can affect emi s s i ons , s uch as exposed s urface area of 
coal p i l es and the i r  ori entati on wi th  respect to the prevai l i n g  w i n d  or the effects of wi nd 
speed on p i l e  l oss . On ly  actual mon i tori ng can accurate ly determi ne fug i t i ve emi ss i on rates 
from the demons trat i on p l ant and prov i de a bette r bas i s  for est imat i ng fug i t i ve emi s s i ons  from 
the commerci a l  p l ant . Fug i t i ve part i c u l ate emi s s i ons from the commerc i a l  p l ant are expected to 
be l ess  t han fi ve t i mes those of the demonstrat i on p l ant because the s urface of coal p i l e s  i n  
the commerci a l  p l ant exposed t o  w i nd eros i on wou l d  not be as much as fi ve t i mes  those of the 
demonstrati on p l an t .  F o r  a i r  qua l i ty i mpact analysi s ,  the conservat i ve ass umpt i on has been made 
that fug i t i ve part i c u l ate emi s s i ons w i l l  i ncrease by a factor of 5 over the demonstrat i on 
emi s s i on s .  

Hy drocarbon emi s s i ons  from poi nt sou rces at the demonstrat i on p l ant a s  we l l a s  at the commerci a l  
p l ant  wi l l  be smal l .  The commerc i a l  p l ant wi l l  emi t  about 40 tons per year from poi nt sources . 

As for the demon strat i on p l ant , hydrocarbon emi s s i ons from t he commerc i a l  fac i l i ty wi l l  depend 
on control of the fug i t i ve sources . Fugi t i ve sources of hydrocarbons i n  the demons trat i on p l ant  
are est imated to contr i bute a l most 90% of t he  p l ant ' s overa l l  hydrocarbon emi s s i on rate . The 
e s t imates u t i l i zed for the demons trati on p l ant emi ss i on i nventory i n  Append i x C are based on the 
EPA g u i de l i ne document Assessment of A�ospheric Emissions from Petroleum Refining, Vol . 3 ,  
Appendi x  S ,  Apri l 1 980 . Th i s  document i s  based on emi s s i on measur i n g  act i v i t i e s  a t  1 3  petro l e um 
refi neri es throughout t he Un i ted State s .  Overa l l fug i t i ve emi s s i on rates from f itt i ngs such  
as va l ves , f l anges , pumps , and  compress ors varied great ly  among the  refi ner ies  i n vesti gated , 
and none of the refi ner ies  stud i ed emp l oyed mai ntenance or des i gn con s i dera t i on programs as 
str i ngent as those p l anned for the S RC- I p l ant .  Consequent l y ,  t he  emi s s i ons i nven tory for the 
demonstrati on p l ant may be conservati ve . Operat i n g  experience at the demon strati on p l an t  wou l d  
a l l ow for more preci se e s t i mat i on o f  emi ss i ons for expans i on t o  commerc i a l  capac i ty .  I f  
ana l ys i s  before commerci a l i zat i on i nd i cates the p l ant  cou l d  be a maj or source o f  hydrocarbon s ,  
appropri ate des i gn con s i derat i ons  wi l l  be empl oyed , or offsets wi l l  be obtai ned as necessary .  
A s  a worst-case assump t i on ,  the hydrocarbon emi s s i on rate from po int  and fug i ti ve sources i n  
the commerc i a l p l ant can be ass umed t o  be fi ve t i mes that of the demon strati on p l ant , o r  l ess  
t han 320  tons  per year .  

T he  n i trogen oxi de emi ss i on rate of t he  commerc i a l p l ant  i s  est i mated to be  four to  fi ve t i mes 
that of the demons trat i on p l ant , as sumi ng the use of gaseous  fue l .  The commerc i a l  p l ant wou l d  
emi t a maxi mum of fi ve t i mes  the CO of the demonstrati on p l an t .  The p l ant  commerc i a l i zati on may 
res u l t  i n  on ly  2 . 5  t i mes the CO emi s s i ons  of the demon strat i on p l ant . Thi s l ow emi s s i on rate 
may be rea l i zed i f  the l arge CO2 stream (whi ch a l s o  conta i ns 50% of the fac i l i ty ' s CO  emi ss i on s )  
can be p i pe l i ned t o  a tert i ary oi l recovery operat i on , rather than be i ng vented t o  the atmos 
phere . Th i s  opt i on appears feas i b le  for a commerc i a l - s i ze p l a nt .  

Hydrogen s u l f i de .  Mode l i ng for H2S  concentrat i ons carri ed out for the PSD permi t appl i cat i on 
for the demons trat i on p l ant  i nd i cates that the odor thresho l d for the demonstrati on p l ant  
( 1 0  ppb )  wi l l  n ot be  exceeded .  I f  the  H 2S  emi ss i ons  are conservati ve ly  e st imated to sca l e  
upward by a factor of 5 for t h e  commerc i a l  p l ant , the odor thres ho l d  for H2S cou l d  b e  exceeded 
under certa i n  meteoro l og i ca l  cond i t i on s .  Ana lys i s  duri ng the demonstrati on phase wi l l  dete rmi ne 
whether H2S  emi s s i ons  must  be l owe r than these conservati ve l y  est imated rates to meet odor 
s tandards for the commerc i a l  p l an t .  Mi t i gat i on measures wi l l  be taken i n  the des i gn of the 
commerc i a l p l ant  i f  requ i red . 

Lead . Lead concentrat i ons for the demonstrat ion  p l a n t  were pred i c ted u s i ng very conservati ve 
est imates of atmospher i c  l ead emi s s i ons ( i  . e . , a l l  l ead enteri ng w i t h  the coal was ass umed 
to be ven ted to the atmosp here at each of two l ocat i ons , mak i ng for dou b l e  accoun t i ng ) .  
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Actu a l  l ead emi s s i ons  from the demon strati on p l a nt a re expected to be much l ess  than th i s  
c onservati ve estimate , and emi s s i ons  from the commerci a l  p l ant a re ,  the refore , expected to 
be much l ess  than a 5 t ime s '  sca le-up of th i s  conservati ve estimate . The res u l t i n g  l ead 
concentrati ons  wi l l  be l ower than the ambi ent a i r  q ua l i ty standards . Mon i tori ng  d u ri n g  the 
demonstrati on phase wi l l  be done to confi rm th i s  ana lys i s .  

C . 5 . 2  Water cons umpt i on and wastewa ter di scharge 

Cu rrent p l an s  i nd i cate a f i vefol d expan s i on of the demonstrati on-sca l e  fac i l i ty ( 6 , 000 tons/d ) 
to comme rc i a l  sca l e  ( 30 , 000 tons /d ) .  One of the maj or su rface wate r hyd rol og i c  impacts accom
pany i n g  expan s i on i s  i nc reased water consumpti on .  Impacts o n  fl ood fl ows a re not expected to 
be s i gn i f icant ,  be i n g  pr imari ly  a sma l l dec rease i n  f l oodp l a i n  storage capac i ty as a res u l t  of 
addi ti ona l s i te fi l l i ng to rai se the area above f l ood l evel . Current p l ans do not i nd i cate 
that a further enc roa chment on or na rrow ing  of the f l oodway wi l l  res u l t from commerci a l  expan
s i on .  Expans i on o f  the barge s l i p  wi l l  s l i ght ly  a l ter  f l ows o f  the Green R i ve r ;  h owever ,  with  
c onti nued channe l ma i ntenance , no  effect on channel  navi gabi l i ty i s  anti c i pated ( see Appendi x  V ) .  
Ass um i n g  zero l i q u i d  d i scharge (n orma l operati on ) ,  water withdrawa l from the Green Ri ver 
at commerc i a l -sca l e  ope rati on is ant i c i pated to be about 745 l i te rs /s ( 1 1 , 822  gpm ) .  Th i s  
i nc reased wi thdrawal consti tutes u p  to a max i mum o f  about 6 . 7% of the est imated 7-d , 1 0-yea r  
l ow f l ow .  Because wastewate r wou l d  not  be  returned to the  ri ver , net  water consumpti on from 
the Green R i ver at commerc i a l -sca l e  operati on i s  ant i c i pated to be about 745 l i te rs /s 
( 1 1 ,822 gpm) a l so ,  wh i c h  i s  about 4 . 7 times  that of the demonstrati on p l ant .  Th i s  est imate wa s 
based on the fo l l owing  assumpti ons : 

1 .  c ok i n g  and ca l c i n i ng capac i ty wi l l  n ot g reat ly  expand at the commerc i a l  p l a n t ;  

2 .  other  wa ter req u i rements wi l l  b e  fi ve t imes  as much as the demonstrati on p l an t ;  and 

3. treated wastewater quant i ty wi l l  rema i n  the same as the demon strati on pl ant for each 
addi t i ona l  6000 tons /d processed . 

Potenti a l  i mpacts to the wate r qua l i ty of the Green Ri ve r  are d i ffi c u l t  to de l i neate at th i s  
t ime .  Constrai nts due t o  wate r qua l i ty o r  q uanti ty may requ i re the use o f  zero wa stewater 
d i scha rge techn o l ogy for a l l  or part of the e ff l uent . Expe ri ence and data gathered  at the 
demonstrat i on p l ant wi l l  serve as a basi s for the deci s i on of whether to cont i n ue di sc harge or 
to  imp l ement the zero-d i scharge a l ternati ve at the commerc i a l p l an t .  Extens i ve mon i tori ng  wi l l  
a l so en l arge the data base regardi n g  the treatab i l i ty o f  SRC wastewate rs at demonstrati on p l ant 
sca l e  and enab l e  an accu rate projecti on of c omme rc i a l  p l ant wastewater characteri st i c s .  Treated 
wastewate r wi l l  be d i scharged from the commerc i a l  p l ant  on ly in comp l i ance with  operati ng 
permi ts and if the l ong-term data col l ected at the demonstrati on p l ant  s how that it wi l l  n ot 
cause s i gn i f icant i mpact on the envi ronment . 

C . 5 . 3  Sol i d  waste management 

A l te rnati ves for so l i d  waste management for the comme rc i a l  fac i l i ty i n c l ude , but a re n ot l i mi ted 
to ,  ons i te versus offs i te d i s p osa l ; l andfi l l  confi g u rati ons for gas i fi e r  s l ag and flyash ; waste 
s tabi l i zati on versus  hazardou s l andfi l l i ng ;  and d i s posa l versus reuti l i zati on of materi al s .  The 
u l t i mate dec i s i on on sol i d  waste management at the comme rc i a l  fac i l i ty wi l l  be most effecti ve ly  
dete rmined  on  t he  bas i s  of stud ies  and  mon i tor i ng  conducted  at the demonstrat i on p l an t .  

T h e  demonstrati on p l ant  wi l l  have a n  exten s i ve mon i tori ng  program t o  determ i ne the l on g-term 
fate of contami nants i n  the sol i d  waste mater i al s .  Runoff and l eachate wi l l  be rout i ne ly  
ana lyzed .  Such  data  wi l l  determine more defi n i t i ve ly  i f  a waste is  hazardous or not . 

Conti n ued operati on w i thout commerc i a l -sca l e  expan s i on for 1 5  yea rs further wou l d  req u i re 
approxi mate ly 48 . 6  add i t i ona l  hectares  ( 1 20 acres ) of ash  ponds . Suffi ci ent l and  i s  ava i l a b l e  
at  the s i te for these ponds i f  no  addi t i ona l  proces s i n g  modu l es are constructed .  

I f  addi ti ona l  SRC process  modu l es are constructed to  i nc rease the p l ant  capac i ty ,  i nsuffi c i ent 
on s i te d i sposa l l and  w i l l  be avai l ab l e  to store a l l  ash gene rated dur i ng the l i fetime of the 
expanded p l ant .  At that time d i sposal  a l te rnati ves for ash wh i ch cannot be stored ons i te wi l l  
be eva l uated .  These a l ternat i ves  i nc l ude : f i xati on a s  a sol i d  and s a l e  as a commerc i a l  
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commod i ty ,  fi xat i on and u t i l i zat i on for l and  rec l amat i on ,  acq u i s i t i on of add i t i ona l  l and 
offs i te for d i s posa l .  Prec i se area requ i rements wi l l  depend on l andfi l l  or ash  pond c on fi g 
ura t i on . Al ternat i ve con fi gurat i ons  to mi n i mi ze l an d  requ i rements are be i n g  eva l u ated , and the 
bes t a l ternat i ve wi l l  be emp l oyed in the demon s t ra t i on p l ant .  Experi ence gai ned i n  the demon 
s tra t i on p l an t  wi l l  faci l i tate the l andf i l l  des i gn a t  the commerci a l  p l ant . 

I n  s i tu eva l uat i on of severa l commerc i a l l y  ava i l a b l e  was te stab i l i za t i on processes  wi l l  be a 
part of the  so l i d  was te tes t i n g  p rog ram at the demonst rat i on p l an t .  The eva l ua t i on s  wi l l  
determ i n e  whether or not the  p rocesses can conve rt hazard ou s  was te s  t o  nonhazardous was tes or 
i mp rove handl i ng p rope rt i e s  of sol i d  wastes . Aga i n  the data w i l l  be used i n  the sca l e-up  t o  
the  commerc i a l  p l an t .  

Use  o f  gas i f i er was tes a s  by-products  wi l l  a l s o  be fu l ly eva l u ated i n  the demon strat i on p l an t .  
A l ong-range program i s  requ i red for t h e  eva l u at i on .  One poten t i a l  app l i cat i on wou l d  be u s i n g  
t h e  materi a l s  a s  a ggregates for road c on s t ruct i o n .  Such u s e  wou l d  he l p  a l l e v i a te t h e  so l i d  
waste managemen t  probl ems a t  the commerc i a l  faci l i ty .  

C . 6  F LOOD I MPACTS O N  CONSTRUCT I ON AN D OPERAT I ON O F  THE DEMONSTRAT I ON PLANT 

C . 6 . 1 Con s t ruct i on 

I n  the event of a 1 00- or 500-year  fl ood d u r i n g  con s truct i on ,  access to the  p l an t  wou l d  be 
i n terrup ted because U . S .  Route 60 and the ra i l road wou l d  be under wate r ;  con s t ruct i on wou l d  
therefore stop . Becau se mos t  of the construct i on i s  tak i n g  p l ace i n  the Green Ri ver fl oodp l a i n  
( not a fl oodway ) and on l y  some tempora ry con s t ru ct i on bu i l d i ngs  wou l d  be l ocated i n  the f l o od
p l a i n  area , on ly  mi n i ma l  s tructural  damage wou l d  be expected . Some cost  wou l d  be i ncurred for 
c 1 ean i n � u p  of mate ri a l s  and equi pment  that  we re l eft i n  l ow- l y i n g  areas . Wi t h  reasonab l e 
not i ce ( 1  to 2 d )  the maj ori ty of opera t i n g  equ i pment  and cri t i ca l  mater i a l s  cou l d  be moved t o  
h i gh g round i n  t h e  u n l i ke l y  event o f  a fl ood occu rrence . T h e  USCOE fl ood control system and 
modern weather predi ct i on met h ods are capab l e of provi d i n g  such a noti ce of i mpend i ng h i gh 
wate r ,  wh i ch wou l d  a l l ow su ffi c i en t  t i me t o  secure p l an t  ope ra t i ons  or con s t ruct i on efforts . 
As s umi ng  that  the durati on of a 1 00-year fl ood wou l d  be 1 2  d wi th an i nterva l  of 1 00 years and 
a s s um i n g  a con s t ruct i on durat i on of 3 years , the average de l ay due t o  fl ood h i gh water wou l d  be 
abou t  one- th i rd of a day ( 3% of 12  days ) .  S i gn i f i cant ly  g reater con s t ruct i on de l ays wou l d  be 
caused by the heavy ra i ns wh i c h  often p recede fl ood cond i t i ons . N orma l ra i n fa l l i s  taken i nt o  
c on s i derat i on i n  the p roduct i v i ty factors on construct i on man - h ou rs . 

C . 6 . 2 Operat i on 

A l l of the opera t i n g  areas of the fac i l i ty are e i ther above the 500-year  f l ood l eve l or are 
d i ked to p rotec t  aga i n s t  a 500-year  f l ood ;  consequen t l y ,  mi n i ma l  effects t o  equ i pment and 
faci l i t i e s  wou l d  be expected duri n g  a f l ood cond i t i on .  P l ant  operat i on ,  h owe ve r ,  wou l d  be 
c urtai led  by f l ood i nundat i on of the pub l i c  acce s s  roads  and ra i l roads , wh i ch wou l d  i n terru p t  
raw mate ri a l s  s u p p l y  to the  s i te a n d  f i n a l  p rodu c t  export from t he s i te .  A s  ment i oned above i n  
Sect . C . 6 .  1 ,  warn i ng wi l l  be s uff i c i ent  t o  a l l ow p l ant opera t i ons  to be secured before a 500-
or 1 00-year f l ood .  Some expense to c l ear  roads a n d  ra i l road tracks at t h e  p l an t  entrance o f  
s i l t  a n d  debri s depos i ts from t h e  fl ood wou l d  b e  expected , b u t  these costs are n ot expected t o  
b e  excess i ve .  
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SRC- I F LOODP LAI N /WETLANDS REV I EW 

The deve l opment of t he prop osed SRC- I demon strati on p l an t  at Newman , Kentucky ,  wi l l  nec e s s i tate 
enc roac hment of the Green Ri ver fl ood p l a i n  between r i ver mi l es 1 8 . 5  and 1 9 . 8 .  Fac i l i t i e s  t o  be 
l oc a ted i n  the f l ood p l a i n  i nc l ude the barge doc k and wa ter i n take and wa stewa ter d i s c harge 
fac i l i t i es as we l l  a s  port i ons  of the coa l  storage , ash ponds , and so l i d /l i qu i d  storage area s .  
Because  port i on s  o f  t he s i te are i n  the 1 00- and 500-year  fl oodp l a i n , p l ant  l ayout des i gn 
s tud i es attempted to m i n i m i ze fl oodp l a i n  encroac hmen t .  Th i s  wa s i n  kee p i ng wi th  Execut i ve 
Orders and Depa rtment of Energy g u i de l i ne s  regard i ng the p l a cement of a Federa l acti on i n  a 
f l oodp l a i n , and to m i t i gate p os s i b l e  f l ood-re l ated damage to the proposed p l a n t .  Consequen t l y ,  
a l l  f l ood- prone areas that  conta i n  fac i l i t i e s  o f  a sens i t i ve nature wi l l  b e  fi l l ed and /or d i ked 
to or above t he c r i t i c a l  fl ood e l evati on .  Th i s fl oodp l a i n  enc roac hmen t wi l l  resu l t i n  on l y  
m i n or fl ood - re l a ted impacts . 

Ba sed on current p l an t  fac i l i ty l ayout , severa l smal l farm pond s ,  wh i c h  are c on s i dered wet l ands  
habi tat , and  sma l l  acreages of ri par ian  forest  wi l l  l i ke l y  be  impacted d u r i n g  p l an t  construct i on .  
These wet l ands  hab i tats are not u n i que or of maj or s i gn i f i canc e ,  and the i r  e l imi na t i on i s  not 
con s i dered a maj or p roj ect impact .  Al ternat i ves to the proposed devel opment have  been  eval ua ted . 
Th i s  ana lys i s  su pp orts a tentati ve f i n d i n g  that there are no pract i ca b l e  a l tern a t i ves to the 
p roj ected f l oodp l a i n /wet l ands imoact s  that are capab l e  of meet i ng the project req u i rement s .  

0 . 1 I NTRODUCTI ON 

Cons truct i on of the p roposed S RC- I demon stra t i on p l ant on the northern bank  of t he Green Ri ver 
at  Newman , Kentucky , wi l l  neces s i tate f lood p l a i n  encroac hmen ts . The s i te is l ocated on a 
moderate ly  h i g h  terrace between the confl uence of the Green and Oh i o  ri vers . Because  of t h i s  
l ocat i on t h e  s i te c ou l d  c onc e i va b l y  be fl ooded by c oncu rren t fl ood events i n  the Oh i o  Ri ver and 
t he Green R i ver.  The s i te ' s  general topog ra p hy i s  s uffi c i en t  to keep the maj or process  area 
fl ood free i n  the proj ected 500-year fl ood event .  However , other fac i l i t i es necessary for the 
project ,  espec i a l ly  water trans portat i on fac i l i t i e s ,  wi l l  have to be fl ood - proofed to ma i n t a i n  
t he i r  sec u r i ty .  

The c onstruct i on o f  t he S RC- I p l ant wi l l  requ i re the e l i m i n a t i on of f i ve sma l l fa rm p onds  
( 0 . 6  ha l and severa l acres of  ri parian  wood l and ( u p  to 1 0  ha l for the wa ter tran sporta t i on and 
water s u p p l y/di scharge fac i l i t i e s .  

T o  com p l y  w i t h  Exec ut i ve Order 1 1 988 , " F l oodp l a i n  Mana gement , "  and Execut i ve Order 1 1 990 , 
" Protec t i on of Wet l ands , "  t h i s  rep ort i dent i f i es , eva l uates , and as sesses  the pract i cabl e 
a l terna t i ves to t he fl ood p l a i n  and wet l ands  impacts assoc i ated wi t h  the proposed act i on .  Th i s  
rep ort fo l l ows the reg u l at i ons  establ i s hed by the Depa rtment of Energy ( DOE ) pub l i s hed i n  
Federa l Reserve Regu lations ( T i t l e  1 0 ,  Cha p .  X ,  Part 1 022 , Subparts A and B ,  Ma r .  7 ,  1 97 9 ) . 

0 . 2  P RE L I M I NARY F LOODPLA I N/WETLANDS DETERMI NATI ON 

The fol l ow i n g  i s  a prel i m i nary fl oodp l a i n /wet l ands  determ i n a t i on of the pract i cab i l i ty of 
l ocat i ng a Federa l act i on outs i de of a fl ood p l a i n .  Pursuant  to Execut i ve Orders 1 1 988 and 
1 1 99 0 ,  f l o odp l a i n /wet l ands  determ i n a t i on for the proj ect are to be made by the Secretary of the 
DOE and wi l l  be i n c l uded in the rec ord of dec i s i on ,  fo l l ow i n g  comp l e t i on of the f i n a l  E I S .  

The proposed devel opment o f  the Newman s i te for the SRC- I demonstra t i on p l ant wi l l  encroa c h  on 
an act i ve fl oodp l a i n  and wi l l  have a m i nor i mpact on wet l a nds at the s i te .  I t  i s  therefore 
neces sary under Execu t i ve Orders 1 1 988 and 1 1 990 to determ i ne i f  any other s i tes offer 
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practi cabl e a l ternat i ves t o  reduc i ng the  fl ood p l a i n /wet l ands effects a s soc i ated wi t h  the  Newman 
s i te .  Pra c t i cab l e a l ternat i ve s i tes are def i n ed as hav i ng no fl oodp l a i n  encroac hment  or we t 
l and s i mpacts assoc i ated wi t h  t h e  dev e l opment  o f  the proposed p l ant . 

0 . 2 . 1  S i t�cri teri a 

I n  se l ec t i ng the  pri mary and a l terna t i ve s i tes for t he proposed S RC- I demon stra t i on p l an t ,  
severa l s i t i ng con stra i nts  were estab l i shed t o  def i n e  mi n i mum req u i rements  for such  resources 
a s  l and , water , feed coal , etc . ( see Append i x  B . 3 ) . I n  a l l ,  2 5  a l tern at i ve s i tes  were eva l u 
a ted . Of pr i mary s i t i ng i mportance were acce s s  t o  s u i ta b l e  feed coa l ; s i te area of 500 acres , 
wh i c h i s  l arge enough to accommodate c on structi on of the demon strati on p l ant  and poten t i a l  
c ommerc i a l  expan s i on ;  a water s upp ly  suffi c i en t  t o  sat i s fy des i gn cr i teri a of 2 1 7  l i ters/s  
( 3445 gpm )  for  the  demon strat i on p l an t  and a s  muc h  a s  1 040 l i ters/s ( 1 6 , 500 gpm)  for  the future 
c ommerc i a l  p l an t ;  and access  to barge and ra i l  fac i l i t i e s  for the de l i very of con st ruc t i on 
materi a l s and c oa l  and the  sh i pment  of p l an t  products . 

The con structi on of the raw water i ntake fac i l i ty ,  was tewater d i ffuser , and barge s l i p  wi l l  be 
req u i red for the  demon strat i on p l an t .  A barge doc k i ng fac i l i ty i s  a l s o  req u i red for t he demon 
strati on p l ant  because of the  nature of the equ i pmen t and materi a l s  req u i red for c on struct i on .  
I t  i s  e s t i mated that  a s  muc h a s  300 , 000 tons of con struct i on equ i pment  w i l l  be de l i vered t o  the  
s i te by barg e .  Becau se of l i mi ted capac i t i e s of rai l roads and h i g hways for s i ze and we i g ht , 
much  of the  l arger s i zed equ i pment , such  a s  d i s so l vers , i s  not su i tab l e for sh i pment  by rai l 
roads  or h i g hways . Barge faci l i t i es are a l so nece ssary t o  ma i nta i n  the fl ex i b i l i ty of materi a l s 
rece i pt and product s h i p p i n g .  After commerc i a l i za t i on a l most a l l of the  feed c oa l  wou l d  proba b l y  
b e  s h i pped by barge , mak i ng t h e  barge fac i l i ty cri t i ca l  t o  t h e  commerc i a l i zat i on objec t i ve of 
the  p roposed ac t i on .  

0 . 2 . 2  Prac t i cabi l i ty of a l tern at i ve s i tes  

As  i nd i c ated i n  Append i x  B . 3 ,  ten s i tes  surv i ved the  i n i t i a l screen i ng of 25  poten t i a l  s i te s .  
The ten s i tes  i n c l uded Raven swood and Equa l i ty .  Because  of the des i gn and s i te cr i teri a neces
sary for  construct i on and operat i on of the proposed p l ant , each of t he ten  s i tes  wou l d  req u i re 
barge fac i l i t i es and i nta ke and d i scharge structures . 

Each  of these faci l i t i es ,  l ocated c l ose or c on t i guous  to a nav i gabl e ri ver , are a t  l ea s t  par
t i a l l y l ocated i n  f l oodp l a i n s .  Therefore , a l l ten s i tes wou l d  be expec ted t o  exper i ence  some 
degree of  fl oodp l a i n  encroachment . 

The exten s i ve scree n i n g  process  produced n o  poten t i a l  s i te that  comp l i es w i t h  the  ba s i c  s i t i ng 
c on st ra i nts , i s  env i ronmen ta l ly acceptabl e ,  and d oe s  n ot req u i re encroachment on a f l oodp l a i n .  
The prel i m i nary conc l u s i on i s  that  there are n o  pract i ca b l e  a l ternat i ves  t o  l ocat i ng i n  the 
base  fl oodp l a i n .  Thi s c on c l u s i on i s  not surpri s i ng in  v i ew of t he req u i rements  t ha t  are bas i c  
t o  the  type o f  demon strat i on p l an t  be i ng proposed . I n  part i c u l a r ,  the need for barge  access  
for equ i pment  del i very and feed coal  del i very for the c ommerc i a l  fac i l i ty neces s i tates  some 
f l o odp l a i n  enc roac hment .  Sect i on 2 . 3 . 2 . 1  compares the  fl oodp l a i n /wetl ands  character i s t i c s  
of the proposed a n d  a l tern a t i v e  s i te s .  

0 . 3 FLOODPLAI N/WET LANDS ASSESSMENT 

0 . 3 . 1  Proj ect descript i on 

Fl ood el eva t i on s  at the proposed s i te have been del i neated by the U . S .  Army Corps of E n g i n eers 
a s  385 and 388 ft ( NGVD)  for t he 1 00-year " base"  fl ood and 500-year " c r i t i ca l "  fl ood , respec
t i vel y ( see Append i x  G ) . These fl ood e l evat i on determi n a t i o n s  are c on s i dered to be best j udg
ments in  the a bsence of defi n i t i ve s tud i es in  the area . Defi n i ng the  base and cri t i ca l  fl ood 
e l evati on s at the s i te i s  d i ffi cu l t due to the c onfl uence of the Green  and Oh i o  ri vers , ex i st i ng 
topogra p h i c a l  features  separa t i ng the two fl oodp l a i n s ,  and a s sumpt i on s made regard i ng the 
t i mi ng and backwater e ffect s  of f l ood- cre s t  passages  down the Green and Oh i o  ri vers . I n  the  
a bsence of t he se defi n i t i v e  stud i es , the  U . S .  Army Corps of Eng i neers ' rec ommended fl ood e l eva
t i on s  presented above are u sed as the bas i s of th i s fl oodp l a i n  determi n at i on .  The n a tura l  
areas of the  s i te above t he se two fl ood datums  are i l l u strated in  Fi g s .  0 . 1  and 0 . 2 .  
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L 6 N  RAILROAD 

COAL PREPARATION 

SAC PROCESS UNIT 
3. F ILTRATION 
4 AIR SEPARATION UNIT 
5. GASIF ICATION 
6 GAS T R E ATMENT 

7. COMPRESSION 
8 SU L F U R  RECOVERY 
9 SAC SHIPPING 

10 HYDROGEN PURIF ICATION 
1 1  COKER/CALC I N E R  
1 2  WASTE T REATMENT 
13 COOLING TOWER 
14. SOUD STORAGE 
15 LIQUID STORAGE 
16 POWER HOUSE 

>- 1 7  BOILER F E E DWATER TREATMENT 
a:: 18 EVAPORATORS 1- <1  19. MAIN CONTROL BUI LDING Z o  <l Z 20 RAW WATER TREATMENT 

-' ::J  21 LIQUID LOADING ( R A I L) "- a 22 COKE PRODUCT SILOS CD 23. LIQUID LOADING (TRUCKS) 
24 SU L F U R  LOADING 
25 MAINTENANCE BUILDING AND STORAGE 
26 ADMINISTRATION BUILDING AND PARKING 
27 METAL SLUDGE WASTE LAN D F i l L  

28 SERVICE CHANGE BUILDING AND PAR K I N G  
29 SuRGE POND 

30 SUBSTATION 
31 WAREHOUSE 

32 TEST LABORATORY 

33. RETENTION POND 
34. lC F I NI N G  
3 5 .  S U L F U R  STORAGE 

36 TRUCK UNLOADING 
37 RAI L CAR UN LOADING 
38. PLANT R E F USE AND WATER TREATMENT 

SLUDGE R E F I L L  

39 BIOLOGICAL SLUDGE LANDFILL 
40 CONTRACT SERVICE CHANGE BLDG. AND PARKING 
41 l. P GAS 

42 SANITARY LAN D F I L L  
43 RAW WATE R INTAKE STRUCTURE 
44 WASTEWATER E F F LUENT DIFFUSER 
45.  S.O.M PULVERIZER 
46.  COAL PULVE R I Z E R  
4 7  STORM RETENTION POND 
48. INCINE RATOR 

49. ASH PONDS 

50 BARGE SLIP 

51.  DREDGE SPOIL FOR BARGE SLIP 
52. TOPSOil STOCKPILE 
53 EXCAVATION 

54. UNSUITABLE MAT E R IALS 
55 INCINERATOR AND PUMP HOUSE 

o 1 000 2000 It 

I I I 
o 304.8 609.6 m 

S RC- J p l ot p l an ( shad i ng s hows areas above the l OO-year f l ood e l evat i on ) . 
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GO-GROUND FLARE 

I 

RIVER 

COAL P R l P A R A T I O N  

SAC P R O C E S S  U N I T  

F I LT R A T I ON 

A l A  S E P A R A T I O N  U N I T  

GA$IF ICATION 

GAS T R E A T M E N T  

COMPRESSION 

SU L F U R  R E CO V E R Y  

S A C  SHIPPING 

10 HYDROGEN P U R I F ICATION 

1 1  COKE R CA L C I N E A  

" WASTE T R E AT M E N T  

1 3  COOLING lOWE R 

14 SOLI 0 STORAGE 

1 5  L10UID STORAGE 

16 POWER HOUSE 

>- 1 1  BO I L E R  F f E DWAT E R  T R E A T M E N T  
a: 1 8 E V A P O R A T O R S  >- <{ 19 MAIN CONTROL B U l L  D I N G  Z o  <{ Z 20 RAW WAT E R  T R E AT M E N T  

--' ::0  2 1 l I O U I D  LOADING I R A l l !  

Cl. O  22 COKE PRODUCT SilOS en 23 L I Q U I D  LOADING (TRUCKS) 

24 SU L f U R  LOADING 

25 M A I N T E NANCE B U I L D I N G  AND STORAGE 

26 A D M I N I S T R A T I O N  B U I L DING AND P A R K I N G  

2 7  M E T A L  S L U DGE WASTE LANDF I L L  

28 S E R V ICE CHANGE B U I L D I N G  AND PAR K I N G  

29 SURGE POND 

30 SUBSTATION 

3 1  WAREHOUSE 

32 TEST L A B O R A T O R Y  

3 3  R E T ENTION P O N D  

34 LC F I N I N G  

3 5  SU L F U R  STORAGE 

36 T RUCK U N L O A D I N G  

37 R A I L  CAR U N LOADING 

38 PLANT R E F USE AND WAT E R  T R E AT M E N T  

SLUDGE R E F I L L 

39 BIOLOGICAL SLUDGE L AN D F I L L  

40 CONTR ACT S E R V ICE CHANGE B L DG AND P A R K I N G  

4 1 L P GAS 

42 SANITARY LANDF I L L  

43 RAW W AT E R  I N T A K E  STRUCTURE 

44 WASTEWAT E R  E F F LU E NT D I F F US E R  

45 S O  M P U LV E R I Z E R  

46 COAL PULV E R I Z E R  

4 7  STORM R E T E N T I O N  POND 

48 I N C I N E R A T O R  

49 ASH PONDS 

50 BARGE SLIP 

5 1  D R E DGE SPOIL F O R  B A R G E  S L I P  

52 TOPSOil STOCKPI L E  

53 EXCAVATION 

54 UNSUITABLE MAT E R I ALS 

55 I N C I N E R A T O R  AND PUMP HOUSE 

o 1 000 2000 f! 
I I I 

o 304.8 609.6 m 

Fi g .  0 . 2 .  S RC- I p l ot p l an ( shad i n g  s hows areas above the 500-year f l ood e l evati on ) . 
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The l ayout of  the S RC- I fac i l i t i es at the Newman s i te are c on strai ned by proj ect and s i te 
requ i rements that requ i re the e l evat i on of the process and storage areas to be out of the 1 00-
and 500-year fl oodp l a i n s . Pr imary among these constra i n ts is  the project ' s  requ i rement for the 
barge de l i very of process feed coal  for the commerc i a l  p l ant , a lmost 1 00% , and the de l i very of 
l a rge ,  heavy equi pment dur ing the construct i on phase of the demonstrat i on p l an t .  As i l l us trated 
i n  F i gs .  0 . 1  and 0 . 2 ,  various  permanent and temporary structures and uti l i t ies  have to be 
c ons truc ted w i t h i n  the bounds of the 1 00- and 500-year fl oodp l a i ns .  The l ayout of the s i te has 
been carefu l ly devel oped to ut i l i ze as much of the h i g her  ground as pos s i b l e  for the demon stra
t i on p l ant and to reta i n  suff i c i ent  h i gh ground in the southeastern quadrant for the poten t i a l  
commerc i a l  expans i on phase .  

The fac i l i ty component s can be d i v i ded i nto  the fol l ow i n g  genera l c l as s i fi cat i on i n  re l a t i on to  
f l oodp l a i n  encroachment : 

1 .  r i ver-dependent faci l i t i e s  ( fl ood p l a i n  encroachment and fl ood proof i ng i nev i tabl e ) , 

2 .  process  area s and wa rehous i ng  ( nonfloodp l a i n  areas ut i l i zed ) , 

3 .  coa l , product ,  and waste storage ( fl ood- secure des i gns requ i red ) , 

4 .  permanent uti l i t i e s  ( some fl ood proof i ng  requ i red ) ,  and 

5 .  temporary construction  fac i l i t i es (major fl ood proofi ng not req u i red ) . 

The devel opment of the s i te wi l l  genera l l y not req u i re f l oodp l a i n  encroachments i n  the northern 
t h i rd of the s i te .  W i th the except i on of roadways throug h  th i s  a rea , no recontour i ng wi l l  be 
neces sary to prevent f l oodwaters from fl owi ng over th i s area . The m idd l e  thi rd of the s i te 
w i l l  requ i re f l ood proofing and runoff water control for the l i q u i d  storage , ash  ponds , SRC 
product storage , coal storage , and the adm i n i strat i on bu i l d i ng , wh i c h  wi l l  resu l t  i n  fl ood pl a i n  
encroachment and i mpacts . The southern th i rd o f  the s i te ,  adj acent t o  the ri ve r ,  wi l l  not 
enta i l  f l oodp l a i n  encroachments , a s i de from the sma l l encroachments necessary for the construc
t i on of the r i ver-dependent fac i l i t i e s .  Th i s  sector of the s i te wi l l  conta i n  the maj or process  
faci l i t i e s  and wi l l  a l so conta i n  suffi c i ent acreage for  commerc i a l  expan s i on .  The  temporary 
construct i on fac i l i t i e s  a re i n  f l ood- secure areas that shou ld  prov i de amp l e  protect i on dur ing  
the short construct ion  per i od .  The maj or faci l i t i e s  to  be  constructed wi th i n  the  1 00-year 
f l oodp l a i n  are d i scussed be l ow .  T he s i te grad i n g  p l an i s  shown i n  F i g .  0 . 3 .  

From the i n i t i a t i on o f  stud ies  for the SRC- I  s i t i ng ana l ys i s ,  the avoi dance o f  wet l ands and 
other natu ra l wi l d l i fe habi tats has been a pol i cy obj ecti ve .  The absence of  maj or wet l ands 
and woodl ands a t  the s i te i s  due to the exten s i ve c l ear i ng  and d ra i nage of  the s i tes  for 
agri cu l tural devel opment .  The se pr i or c hanges have resu l ted in the s i te conta i n i ng f i ve or 
s i x  sma l l farm ponds that cou l d  be cons i dered wet l and habi tat .  I n  add i t i on ,  there i s  a fringe 
of  bottoml and and r i parian forest a l ong Ma rt i n  Cree k and the Green Ri ver .  B i o l og i ca l  ( f i e l d 
reconna i ssance)  su rveys and eva l uat i on of these hab i tats were conducted dur ing  the envi ron 
men tal report phase of the project .  Severa l of  these farm ponds and  sma l l acreages of the 
r i parian forest wi l l  be l ost d ur i n g  pl ant con st ruct i on .  

Barge doc k i ng fac i l i ty 

The barge doc k i ng fac i l i ty ( i l l u strated i n  F i g s .  0 . 4  and 0 . 5  and descri bed i n  Append i x  Y )  i s  
des i gned to prov i de for the water transportat i on of constructi on mater i a l s  to and from the s i te 
and for coa l  supp ly  transference dur i ng the demon strati on phase . The barge doc k i n g  fac i l i t i e s  
wi l l  be  expandab l e  to  fac i l i tate s i m i l a r  u ses  shou l d  commerc i a l  expans i on occu r .  I t  i s  est i 
mated t hat a l most 1 00% o f  the commerc i a l  p l ant ' s  feed coa l  wi l l  be supp l i ed by barge . The 
expanda b l e  barge dock opt i on was c hosen because of the l ong-term savi ngs that wou l d  occur 
dur ing  constructi on of  the commerc i a l  faci l i ty .  T he barge s l i p  s i te has been carefu l l y  chosen 
to  take advantage of l ower ground a l ong the base of  the b l uff ,  thereby reduc i n g  the vol ume and 
the a rea of excavat i on .  The doc k  dec k i n g  and the access ramps wi l l  be des i gned for i nundati on 
under l arger f l ood even ts .  Constructi on of the demon strati on barge s l i p ,  d ocks , and access 
ramps wi l l  necessi tate the remova l of 700 ft of ri pa r ian  hab i tat equa l i ng 0 . 8  ha (2  acre s )  of 
hab i tat .  T he  area of dredg i n g  i s  esti mated to be  3300 m2 ( 3 946 yd2 ) .  The dredged mater ia l  
wi l l  be  excavated by convent i onal drag l i ne c l amshe l l  and  scraper i n  the  i n l and areas and by 
hyd raul i c  dredge for the fi nal cut and the r i veri ne sectors . Dredged mater i a l  wi l l  be u sed 
for f i l l  or d i sposed of in u pl and fi l l  s i tes . R i pra p wi l l  be provi ded to  reduce shore l i ne  
eros i on and to  secu re t he  cut ban k s .  Cu rrent l y ,  coal un l oad i n g  fac i l i t i e s  have n ot been 
des i gned , but they a re expected to be conven t i ona l ,  commerc i a l  des i gn s  that wi l l  u t i l i ze 
the be st ava i l ab l e  control  technol ogy to reduce a i r  pol l ut i on fug i t i ve emi s s i on s .  
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D E MONSTRATION PLANT 

1000 2000 3000 F E E T  

t ! i 
500 1000 METE RS 

� AREA G R A D E D  TO E LEVATION O F  388 ft 

1. HAZARDOUS WASTE LAN D F I L L  - BOnOM ELEVATION IS 390 ft 

2.  WAST EWATER T R E ATMENT FACI LITY - ELEVATION IS 388 It 

gLJ AREA G R A D E D  TO E LEVATION OF 385 It 
3. L IQU I D  PRO DUCT STORAGE A R E A  - 80TTOM ELEVATION I S  380 ft A N D  

T O P  O F  D I KE I S  AT AN E L E V A T I O N  OF 3 8 7  I t  
4 .  A S H  PONDS - BOnOM ELEVATION I S  373 ft AND T O P  O F  D I K E  I S  AT 

AN E LEVATION OF 385 It 

5. SRC S O L I D  PRODUCT STORAGE A R E A  - E L EVATION IS 385 It 

6. COAL P R E PARATION AN D STO RAGE AREA - E LEVATION IS 385 ft 

Fi g .  0 . 3 .  S i te devel opment p l ans for the iJroposed SRC- I  fac i l i ty at I�ewman , Kentucky.  
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BRIDGE TO DOCK 

IB.3-m ( 6 0 - t l )  DOCK 

6100-YEAR FLOOD E L .  1 1 7. 3  m ( 385.0 t t )  r '':::'"0- ' ' '  '"'' sue 
380 

1 15 

105 

TOP OF DOCK 
EL. 1 1 2 . 2  m (368 0 ft) 
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F i g .  0 . 5  Pre l i mi nary des i gn s howi ng cross secti on of  the barge doc k fac i l i ty p l anned 
for the p roposed SRC- I s i te .  

Raw water i ntake fac i l i ty 

The raw wa ter i ntake faci l i ty wi l l  be l ocated immedi ate ly  downstream of the barge fac i l i ty .  
Two a l ternat i ve i ntake devi ces a re under cons i derati on : conventi onal  and s ubmerged ( i l l us 
trated i n  F i gs . 0 . 6  a nd 0 . 7 ) . Append i x  C ,  Sec t .  C . l . 2 . 6 ,  di scusses these devi ces . Norma l 
water wi thdrawa l s wi l l  be 2520 gpm. S hort- term and fi re-protecti on water req u i rements wou l d  
be added to th i s  vol ume . The structure wi l l  be fl ood-proofed to above the 500-yea r fl ood 
e l evat i o n .  

T h e  channel wi l l  requ i re a bout 2000 yd3 o f  dredg i ng and wi l l  probab ly  req u i re ma i ntenance 
dredg i ng .  Dredge spoi l wi l l  be stored in u p l and s i tes ( F i g .  2 . 3 ) . Construct i on wi l l  resu l t  
i n  the e l i m i nat i D n  of 1 20 m2 of ri pari an  habi tat and 1 92 m2 of ri ver bottom hab i tat .  

Wastewater d i ffus i on system 

The was tewater d i ffuser sys tem i s  i l l ustrated i n  F i g s . 0 . 1  and 0 . 8 .  The we i ghted d i ffuser l i ne 
wi l l  be desi gned to prov i de the necessary wa stewater d i spers i on characteri st ics , avo i d  impacts 
on  the ri ver ' s water commerce ,  and ensure fl ood-scour securi ty .  The effl uent l i ne wi l l  req u i re 
the d i sturbance of 1 20 m2 of ri pari a n  habi tat and 1 92 m2 of r i ver bottom hab itat .  Data are as  
fol l ows : 

P l ant As s umed P i pe Ori fi ce No . Jet f l ow rate Temp. ( o F) s i ze Operati ng d i am .  d i am .  of vel oc i ty 
( tpd )  mode Mgd Cfs ( i  n .  ) ( i  n . ) or i fi ces ( fps ) Summer Wi nter 

6 , 000 Normal 1 .  56 2 . 41 20 2 40 4 . 7  1 05 55  
6 , 000 Max i mum 2 x 1 .  56 4 . 82 20 2 80 5 . 1  1 05 35 

30 , 000 Normal 5 x 1 . 56 1 2 . 07 20 2 1 00 1 0 . 8 1 05 55 
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F i g .  0 . 6 .  Convent i ona l  raw water i n take dev ice .  

T he  l ocat i on of  t he  as h p onds ( F i g .  0 . 1 ) ,  neces s i tates the rerou ti ng of Bryant D i tch  and an 
encroachment on the Green R i ver fl oodp l a i n .  The l andfi l l s  wi l l  i ncorporate a c l ay and other 
l i ners to prevent l each i n g .  The base of the l andfi l l s  wi l l  be be l ow  the l OO-year f l ood l eve l , 
and the top of the emban kment wi l l  be above the 500-year f l ood e l evat i on .  Leachate col l ecti on 
remova l ,  fol l owed by tre atment , w i l l  be prov i ded above and be l ow  the impervi ous l i ners .  The 
amount of encroac hmen t is about 5 acres .  

L iqu id  storage area 

The l i q u i d  product storage and ass oc i ated sp i l l  conta i nment reserv oi rs a re l ocated immed i ately 
west of t he ash  p ond l ag oons ( F i g .  o . l ) . The product tankage wi l l  be su rrounded by a d i ke 
sys tem rai sed above the 500-year f l ood e l evat i on .  Ra i nwate r runoff col l ect i on and reuse wi l l  
be desi gned i n to  t he fac i l i ty .  The neces s i ty of prov i d i ng d i ke protecti on from fl ood i ng 
ensures that reservo i r  capac i t i e s  are a l s o  adequate for contai nment of product sp i l l age and 
ra i n fa l l  ru n off .  To avo id  groundwater contami nati on by product l i q u i d s  in the event of tank 
rupture or s p i l l s ,  t he d i ked area  wi l l  be l i ned w ith  appropri ate impermeab l e  mater i a l s .  
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Fi g .  0 . 7 .  Submerged raw water i ntake dev i c e .  
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SRC  s o l i d  product storage 

The SRC  so l i d  product wi l l  be stored i n  an open-d i ked area before i t  i s  s h i pped . The area 
( i l l u strated in F i g .  0 . 1 )  wi l l  be fi l l ed to  above the 1 00-year f l ood l evel  and wi l l  be equ i pped 
w i t h  an impermeab l e  l i ner and rai nwater col l ect i on and treatment system capa b l e  of hand l i n g  
maj or ra i n fa l l  even t s .  

Coa l storage area 

The open c oa l  storage area ( F i g .  0 . 1 ) ,  w i l l  nece s s i tate enc roachment in the 1 00-year f l ood 
p l a i n .  The open s t orage area wi l l  be fi l l ed t o  above the 1 00-year fl ood pl a i n .  The c oa l  
storage p i l es wi l l  have a n  i ntern a l  su rface water col l ecti on sys tem . Col l ected water from 
the storage area s wi l l  be drai ned i nto  the water rec l ama t i on sys tem . 

Temp orary construct ion fac i l i t i e s  

Con struct i on o f  t h e  demon strati on fac i l i ty wi l l  requ i re many temporary stora ge a n d  l ayout 
areas , road s ,  u t i l i ty c orri dors , park i ng l ots , and temp orary s hops and off ices . As s h own i n  
Fi g .  0 . 1 ,  many o f  these areas wi l l  b e  l ocated i n  areas be l ow the 1 00-yea r fl ood el evat i on ,  but 
at  e l evat i ons  above the most frequent f l ood even t s .  These areas wou l d  n ot be used after the 
cons truct i on of the demons trati on p l ant  unt i l the commerc i a l  expan s i on p hase . The temporary 
areas w i l l  n ot be fl ood proofed from maj or fl ood events but wi l l  be graded to prov i de n orma l 
drai n age and eros i on control . 

0 . 3 . 2  F l oodp l a i n  effects 

The construct i on of certa i n  fac i l i t i es w i t h i n  the 1 00- and 500-yea r fl ood p l a i n  of the over
l ap p i ng Green Ri ver and Oh i o  Ri ver f l ood p l a i ns i s  unavoi dab l e .  The fl oodp l a i n  impacts of 
i ncreased fl ood e l evati on s due to s i te deve l opment and the concomi tant l os s  of overban k fl ood 
storage are m i n i ma l . A fl oodwater profi l e  imp act  determ i n at i on wa s conducted by model i ng the 
1 00-yea r storm f l ood profi les  before and after construct i on by u s i ng the U . S .  Army Co rps of 
Eng i neers standard HEC-2 computer program ( Appen d i x  E ) . Operat i on of the computer ana lys i s  was 
c onduc ted by a l teri ng  prog rammed var i a b l es and match i ng the Corps of Eng i neers 1 00-year f l ood 
p rofi l e  a l ong  th i s  study reac h and then de l e t i ng the f l ood p l a i n  u sed for the SRC- I p roj ect . 
The ana l ys i s  i nd i cated that the construct i on of the fac i l i ty wou l d  re su l t  i n  an i ncre ase of the 
he i g ht of t he fl ood prof i l e  of abou t 0 . 2 5  i n .  i mmedi ate ly upstream of the fac i l i ty .  Ba sed on 
t hese f i n d i n g s  the i n creased fl ood i ng impacts resu l t i ng from constru c t i n g  the S RC- I fac i l i ty 
are c on s i dered to be neg l i g i b l e .  The deve l opment of the ri ver-dependent faci l i t i es wi l l  
requ i re enc roac hment i n  the f l oodp l a i n  of l esser fl ood events . The de s i gn of these faci l i t i es 
has  i nc l uded fl ood p roof i n g  the structures , w i t h  a l l owance for certa i n  areas to be i n und ated . 
The devel opment of the faci l i ty wou l d  not be expected to i n crease f l ood i ng of any upstream or 
d own stream res i dences .  

The l os s  o f  a sma l l amount of fl oodp l a i n  storage i s  c on s idered i n s i gn i f i cant  compared w i t h  the 
mag n i tude of fl oods that c ou l d  affect the s i te .  Su rface dra i n age a t  the s i te wi l l  be carefu l ly 
c ontrol l ed to prevent p ond i n g .  Dra i n age from potent i a l l y c ontam i n ated areas  wi l l  b e  co l l e cted , 
treated , and reused by the fac i l i ty .  Based on these des i g n  parameters , impacts from uncon
trol l ed water runoff are not  expec ted to  reduce fl ood p l a i n  v a l ues i n  the  Green Ri ver , Ma rt i n  
Creek , or the Ri c h l and S l ou g h .  

Sec ondary i mpacts d u e  to  the eventu al  c ommerc i a l i zat i on a t  the s i te are not expected t o  mate
ri a l ly c hange the l eve l s  of i mpacts as presented for the demon strati on p l ant .  The s i te has  
s u ff i c i ent e l evated areas above the 1 00-year f l oodp l a i n  to bu i l d  the exp anded fac i l i t i e s . The  
l argest  fl ood p l a i n  encroachmen t from the c ommerc i a l  devel opment wou l d  be the expan s i on of the  
barge s l i p  and product feed and waste storage area s .  

0 . 3 . 3  Wet l and  effects 

Wetl ands  in the Un i ted States have been c l a s s i f i ed by S haw and Fred i n e . ] Hab i tats ( other than 
the Green Ri ver)  on t he s i te that may be c on s i dered wet l ands under the i r  c l a s s i f icat i on i n c l ude 
t he bottom land  forest  a l ong Mart i n  Creek , Bryant D i tch , the Green Ri ver shore l i ne ,  and s i x  
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sma l l  p ond s .  Bryan t  D i tc h  and t he Green Ri ver s hore l i ne are l ow-qua l i ty wetl and s .  Bryant 
D i tch  wa s or i g i na l l y  an ag r i c u l tural  dra i nage d i tc h ;  it fl ows on l y  i n termi tten t l y  and i s  n ot 
an i mportant habi ta t for b i ota.  The Green Ri ver s hore l i ne i s  steep i n  most p l aces on the s i te .  
Th i s steep s hore l i ne does n ot form any wet l ands  that are fl ooded or wet for peri ods of t i me 
l ong enough to be i mportant to many spec i es or to perform s i g n i f i cant  am ounts  of serv i ces 
u s u a l ly a s soc i ated wi t h  fl oodp l a i n s  ( i . e . , groundwater rec harge , sed i ment en trapment , and 
reduced f l ood l eve l s ) . Because of t he low q ua l i ty of these two wet l and hab i tats , t he i r  
mod i f i cat i on because  of the SRC- I project wi l l  not have s i g n i f i cant  impacts . 

The Mart i n  Cree k bottoml and forest and the ponds  are h i g her-qua l i ty wet l and  areas .  The Mart i n  
Creek forest wi l l  n ot be affected by the SRC- I project .  F i ve of  t he s i x  sma l l  ponds  wi l l  be 
e l i m i n ated . The tot a l  area of ponds to be e l im i nated i s  0 . 6 ha ( 1 . 5  acres ) .  About 0 . 1 to 
0 . 2  ha of pond area wi l l  remai n .  Al thou g h  t hese ponds  s upport a wi de vari ety of s pec i es , 
i nc l ud i ng aqua t i c  b i ot a ,  amp h i b i ou s  bi ota , and a few waterfowl , no i n format i on i nd i cates that 
t hese ponds are in  any way u n i que in  compari s on wi th  ponds  in  genera l . Because  of the i r  sma l l  
s i ze ,  t he i r i mportance a s  a reg i ona l res ource i s  m i n ima l . Con s i deri ng a l l wet l ands  found on 
t he s i te ,  the l oss  of wet l ands and wet l and v a l ues caused by the SRC- I project i s  m i n i ma l .  

The c hange i n  l and u se  at t he s i te ( from i nten s i ve agr icu lture to i ndustr i a l  deve l opme n t )  wou l d  
b e  expected t o  y i e l d  some wi l d l i fe and wet l and benefi ts i f  the s i te i s  rep l an ted for wi l d l i fe 
habi tat i mprovement or a l l owed to g o  fal l ow and proceed throu g h  the s tages of secondary succes
s i on wi t h  the c rea t i on of wet l ands occu rr i ng  a s  necessary surface drai nage rearrangements  are 
made . M i nor s i te wet l and and wi l d l i fe en hancement  p rog rams wi l l  prov i de some i mp rovement i n  
the s i te ' s hab i tat va l u e .  H owever ,  the net effect wi l l  be a l os s  of wi l d l i fe ha b i tat and of 
p oten t i a l  for the area to supp ort s i gn i fi cant wi l d l i fe popu l at i on s . 

0 . 4  ALTERNAT I VE ACT I ONS AT THE PROP OSED  S ITE 

Al ternat i ve ac t i ons  at  the prop osed s i te i nc l ude a l ternat i ve l ayouts for p l an t  fac i l i t i e s  and 
a l ternat i ve des i gns  for p l ant  fac i l i t i e s . These a l ternat i ves c on s t i tute envi ronmen ta l  i mpact 
m i t i ga t i on mea s u res when they resu l t  in reduced impacts . T h i s  secti on descr i bes fac i l i ty 
l ayout and des i gn a l ternat i ves , a l ong  wi t h  other p oten t i a l  envi ronment a l  i mpact mi t i g at i on 
measures , wh i c h  have been eva l u ated dur i ng the vari ous p hases  of devel opment of the proposed 
S RC- I demonstra t i on p l ant .  

0 . 4 . 1  Al ternat i ve s i te l ayout and des i gn 

The a l ternat i ve l ayout des i gns  con s i dered that wou l d  pos s i b l y  reduce f l oodp l a i n /wet l ands  
i mpacts are 

1 .  l oc ate the demon s trat i on fac i l i ty above the 1 00-year f l oodp l a i n  e l evat i on , 

2 .  rai se t he s i te t o  above t he 500-year fl ood e l evati on , 

3 .  ra i se the base o f  the ash  and l i qu i d  storage areas a b ove the 1 00-year fl ood e l evat i on , 

4 .  u t i l i ze adj acen t l and wi t h  h i g her e l evat i on s  i n  Henders on County , 

5 .  u se a n  a l ternat i ve d oc k i ng a rrangement ,  and 

6.  de l ete barge trans p ortati on from the proj ec t .  

Locate t he demonstrati on pl ant a bove t he 1 00-year f l oodp l a i n  e l evati on 

W i th t he except i on of t he ri ver-dependent  fac i l i ti e s  ( i . e . , i ntake and dock structures ) ,  i t  
i s  fea s i b l e  t o  ut i l i ze areas above the 1 00-year f l ood p l a i n  for t he construc t i on of t he SRC- I 
demonstrat i on p l ant .  Th i s  a l ternat i ve wou l d  neces s i tate l oc at i n g  a l l proces s  and storage 
faci l i t i e s  for a future commerc i a l  p l ant  w i t h i n  f l oodp l ai n  area s . Thu s , t h i s a l tern at i ve 
represents o n l y  a s hort- term deferra l of fl oodpl a i n  encroachment  and i s  not  cons i dered to 
offer any l ong-range benef i t s  re l at i ve to the proposed des i g n .  I n  add i ti on ,  unsu i ta b l e  l oad
beari ng c haracteri s t i c s  of t he soi l i n  certa i n  areas  a bove the 1 00-year fl ood p l a i n  make t h i s 
a l ternat i ve unde s i rab l e  from an engi neer i ng  standpo i n t .  
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Ra i se the s i te above the 500-year fl ood el evat ion  

Al thoug h thi s a l ternati ve i s  feas i b l e ,  i t  wou l d  cause a substant i a l  de l ay i n  the  project ' s  
compl eti on and wou l d  re su l t  i n  su bstan t i a l  cost i nc rea ses . To ra i se the base of the ash  and 
l i qu i d  storage tanks a l one wou l d  req u i re the acqu i s i t i on of  1 1  mi l l i on yd3 of  soi l from an 
offs i te l ocati on and wou l d  de l ay the project for about two yea rs . Import i n g  the soi l wou l d  
cost about $33 mi l l i on ,  and de l ay wou l d  esca l ate equ i pment costs . 

W i t h  respect to fl ood p l a i n  enc roachment , t h i s  a l ternati ve wou l d  have the same impacts as the 
proposed acti on , wh i c h  i nc l udes d i k i n g  to prevent i nundati on of p l ant fac i l i t i es .  

Ra i se the base of t he ash  and l iqu i d  storage areas above t he 1 00-year fl ood e l evat i on 

Th i s  a l ternati ve wou l d  requ i re l ess fi l l  than for ra i s i ng fac i l i t i es above the 500-year fl ood 
e l evat i on but wou l d  resu l t  in encroachment s im i l ar to the proposed d i ked des i g n . The e l evat i on 
of the ash  and l i qu i d  tank ba ses m i g ht prov i de added f l ood sec uri ty and envi ronmenta l benefi ts . 
Consequent l y ,  thi s des ign  a l ternati ve i s  be i ng con s i dered . 

Ut i l i ze adjacent l and w ith  h igher e l evati on i n  Henderson Cou nty 

About  90 acres of f l ood- free ag r icu l tu ra l  l and ex i sts  i n  Henderson County adjacent to the s i te .  
The fea s i b i l i ty of u s i ng t h i s  l and i s  recogn i zed for the c omme rc i a l  expan s i on phase . Howeve r ,  
for the present , i t  has been conc l uded that the i nc l u s i on o f  t h i s  smal l a rea wou l d  resu l t  i n  
prog ram de l ays and wou l d  not materi a l ly change the f l oodpl a i n /wet l ands impacts o f  the proposed 
act i on . Based on t hese factors , t h i s  a l ternat ive has not been pu rsued . Adopti on of  t h i s  
a l ternati ve wou l d  necess i tate add i t i ona l  envi ronmenta l mon i tor i ng work for groundwater and 
su rface water hyd rol ogy, archaeol ogy , terrestr i a l  and aquati c ecol ogy ,  noi se , and l and u se .  At 
a m i n i mum , the mon i tori ng work wou l d  requ i re e i g ht months . Add i t i ona l l y ,  t h i s  a l ternat i ve 
wou l d  requ i re a major p l ot p l an rearrangement , whi c h  wou l d  cause a de l ay of up to 1 1  month s .  

Use a n  a l ternat i ve doc k i ng arrangement  

Du ri ng t he i n i t i a l  des i g n ,  severa l pos s i b l e dock  a rrangements were cons i de red , i ncl u d i n g  l ocat
i ng the dock at  d i fferent  l ocati ons  a l ong the shore l i ne i n  l i eu of t he proposed s l i p  arrangement . 
The shore l i ne a rrangements were rejected primari l y  becau se of navi gat iona l  haza rds  and prob l ems 
w ith  the secu ri ty of  fac i l i t i e s .  Becau se of the s ha rpness and narrowness  of  the r i ver  bends 
adjacent to the s i te , a shore l i ne a rrangement wou l d  be l i ke l y  to i nc rease acc i dents that cou l d  
resu l t  i n  sp i l l s  o f  hazardous materi a l s .  The proposed barge s l i p  fac i l i ty uti l i zes the l ocati on 
that m i n i m i zes  the amount of excavat i on ;  therefore , the envi ronmenta l impacts assoc i ated wi th 
con struct i on a re m i n im i zed . Based on these factors , the proposed barge s l i p  de s i gn is con
s i dered the most acceptab l e  envi ronmenta l des i gn .  

De l ete ba rge transportat i on from the project 

Because of l i mi ted capac i t i e s  of ra i l roads and h i g hways , it wou l d  be imposs i b l e  to sh i p bu l ky 
and heavy equ i pment to the s i te i f  t h i s  a l ternat i ve is adopted . A l t houg h it is pos s i b l e  to 
fabri cate the equ i pment on s i te ,  i t  wou l d  be extreme ly  cost ly .  

T h i s a l ternati ve wou l d  a l so dramat i ca l l y  l i m i t  t he  f l ex i bi l i ty of  materi a l s  rece ipt  a nd  product 
s h i pp i n g .  After commerc i a l i zat ion a l most a l l the feed coal wou l d  probab ly  be s h i pped by barge : 
t hu s ,  de l et i ng t he barge option wou l d  reduce t he fea s i b i l i ty of commerc i a l i zati on at t h i s  s i t e .  

Fu rthermore , de l eti on o f  the ba rge fac i l i ty wou l d  not s i gn i f icant l y  al ter  t h e  impacts as soci ated 
w ith  fl ood p l a i n  enc roac hment . For the above rea sons , th i s  a l ternat i ve was rej ec ted . 

0 . 4 . 2  M i t i gati on measures  

The primary m i t i gat i on mea sures  to  reduce fl oodp l a i n /wet l ands impacts have been carefu l p l ant 
l ayout and a l ternati ve de s i gn anal yses a s  prev i ou s l y  di scussed . The resu l ts of these ana l yses 
have been to m i n imize  fl oodp l a i n  enc roachments , to avo i d  s i gn i fi cant offs i te f l ood i n g  impacts , 
and to reduce the amount of wetl ands ut i l i zed to a l most zero.  
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The  management and construct i on of the faci l i t i es wi l l  be conduc ted i n  acc ordance wi t h  permi t 
s t i p u l at i on s  and sound eng i neeri ng prac t i ces . Throughout  the construct i on and opera t i on 
phases , d ra i nage and eros i on control procedures wi l l  be fol l owed to reduce pond i n g  and sed i 
mentat i on .  Spoi l from the dred g i n g  of Green Ri ver wi l l  be e i ther u t i l i zed for fi l l  ( i f  the 
materi a l  i s  acceptab l e )  or l evel ed and resea led  at  an u p l and s i te .  T here are suffi c i en t  buffers 
from t he ma i n  c onstru c t i on a rea to prec l ude offs i te sed i mentat i on in exce s s  of that wh i c h  wou l d  
b e  expected from n orma l  agri c u l tural  pract i ces . 

Bryant D i t c h  wi l l  be rerouted around the l i qu i d  product  and a s h  storage area and wi l l  m a i n ta i n  
i t s  functi on o f  prov i d i ng s i te surface d ra i nage . Sp i l l  col l ec t i on , control , and treatment wi l l  
be des i g ned i nto t he proces s ,  handl i n g ,  and storage area s , and these faci l i t i es s hou l d  prec l ude 
any poten t i a l  sp i l l  i mpacts to Bryant Di tc h ,  Green R i ver , or to groundwater resources .  

F l ood protecti on wi l l  be des i gned i n to a l l fl ood p l a i n  structure s  to protect the fac i l i t i es from 
f l ood waters and to protect the env i ronment from fac i l i ty fa i l u re and pos s i b l e  s p i l l  and l eakage .  
Process areas wi l l  be  ra i sed to  a bove the  5DO-year f l ood e l evati on by s i te grad i n g  and  fi l l i ng . 
The ba ses of t he s l ag d i s posa l and l i qu i d  tankage area s wi l l  be bel ow the l Oa-year fl ood l eve l  
and wi l l  be  protec ted from fl o od i n g  by norma l d i k i ng p rocedure s  and  other f i l l ed area s .  Du r i ng 
t he wet sea son ( l a te wi nter and spri ng ) when groundwater l eve l s  natu ra l l y  ri se , h i g h  water 
t a b l e  cond i t i on s  accompany i ng fl ood events cou l d  cause  fl ood i ng wi t h i n  the tankage area , and 
exert u p l i ft i ng forces  beneath the s l ag pond s .  T h i s cou l d  brea c h  l i ners i n  the s l a g  d i s posa l 
l andfi l l s , p rov i d i ng a route for poten t i a l ly  hazardous  s ubstances to enter t he g roundwa ter . 
However , t he l i ke l i hood of such  an i mpact wi l l  be m i n i m i zed by l i ner stab i l i zat i on mea sures 
i nc l ud i ng a h o l d-down system to prevent fa i l u re under h i g h  g roundwater cond i t i on s .  Hazardou s 
wastes wi l l  be s tored a s  s hown i n  Fi g .  0 . 9  i n  an area of the s i te natura l ly  a bove t he 5 00-year 
f l ood e l evati on ( Fi g .  0 . 3 ) . The tran s fer  and storage of coal , products , and wa stes wi l l  be 
conducted u t i l i z i ng best control tec hnol ogy to avo id  s p i l l age , fug i t i ve l o s se s ,  d ra i nage and 
l each i ng from the s i te .  A s urface water co l l ect i on and control sys tem wi l l  be desi gned to 
p rec l ude d i scharge of untreated runoff from potent i a l l y  contam i nated area s . I t  i s  be l i eved 
that  these m i t i gati on mea su res can pro v i de the envi ronmenta l secur i ty that a p roj ect of t h i s 
n ature and magn i tude requ i re s .  
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0 . 4 . 3  No  act i on - no fl oodpl a i n /wet l ands encroac hmen t  

Encroachment on f l oodp l a i n /wet l ands area s at t h e  Newman s i te cannot b e  avo i ded i f  t he proposed 
S RC- I demonstrati on p l an t  i s  constructed and operated t here . The p roject ' s  req u i rement  fo r 
barge transportati on ,  ra i l  access of coa l , and water wi t hd rawa l s  for p l ant  u se necess i tate 
some degree of f l oodp l a i n  enc roachment .  The m i n or i mpacts expec ted at the Newman s i te can be 
e l i m i nated on l y  i f  t he p l ant i s  not constructed and operated . The u se of an a l ternati ve s i te 
wou l d  avo i d  i mpacts a t  the Newman s i te but  wou l d  resu l t  i n  fl oodp l a i n /wetl ands  encroachment at 
the a l terna t i ve ,  a s  has been descri bed prev i ou s l y  in  Sect .  0 . 2 . 2 .  The only way to avo id  
f l oodp l a i n /wet l a nd s  enc roachment i s  to termi nate the  contract for t h i s demonstra t i on prog ram -
the no-ac t i o n  a l ternat i v e .  

I f  t h e  dec i s i on i s  made to termi nate the demonstrati on project , the opportun i ty to obta i n  the 
i ntended env i ronmenta l ,  techn i ca l ,  and econom i c  data on the S RC- I process  at near-commerc i a l  
sca l e  wou l d  b e  g rea t ly  reduced . The proposed SRC- I I  demon strati on program wou l d  prov i de i nfor
mati on of a gene r i c  natu re , such as hydrogen p roducti on v i a  ga s i fi ca t i on ; ash and s l ag d i sposa l ; 
p ressure l etdown ; l arge - sc a l e  oxygen producti on ; wastewater treatment ;  sol i d- l i qu i d  separat i on ;  
and h i g h-temperature and  - pressure hand l i ng of hydroca rbon , hyd rogen , and oxygen m i xtu re s .  
Howeve r ,  t he c onceptual  des i gn s  for each o f  the two SRC demonstrati on p l ants have u n i que  
feature s .  Demon strati on of both  tec hnol og i e s  wou l d  prov i de a va l u a b l e  d i vers i ty of i nfonna 
t i on and opera t i ng experi ence a bout a l tern a t i ve des i g n s .  

Demon strati on p l ants  a re con s i dered by DOE t o  be a factor i n  red u c i n g  sca l e-up  ri sks  
( tec hn i ca l ,  f i nanci a l , and envi ronmen ta l ) from p i l ot p l ant  to  c ommerc i a l  fac i l i t i es to a rea son
a b l e  l eve l . S i nce the S RC p rocess  i s  nearer to commerc i a l  read i ne s s  than any other d i rect coal 
l i quefacti on proce s s ,  dec i s i ons  that restr ict  or i n h i b i t  i ts path to c ommerc i a l  deve l opment  may 
de l ay DOE ' s  respon se to meeti ng  nati onal  energy goa l s throu g h  the u se of d i rect c oa l  l i quefac 
t i on techno l ogy. Al s o ,  i n  the a bsence of a synfuel  i ndustry produc i ng c l ean-burn i ng fuel s ,  
conventi ona l coa l u t i l i za t i on and i t s  a ssoci ated envi ronmental  i mpacts wou l d  l i ke l y  c onti nue . 

On the other hand , c ommerc i a l  synfuel  deve l opment may take p l ace i n  the pri vate sector , when 
econom i c  cond i t i on s  make i t  attrac t i ve . I f  comme rci a l i zat i on takes pl ace wi thout the bene f i t s  
of a demonstrati on prog ram , i t  i s  l i ke l y  t ha t  deve l opment wou l d  proceed i n  a l e ss  c ontrol l ed 
manner,  wi th l arge- sca l e  tec hn i ca l  and env i ronmental  prob l ems sol ved dur i n g  the opera t i on of 
the p l ant rather t han duri ng the des i gn of the p l ant .  
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I MPACTS ON FLOOD ELEVAT I ON 

Newman s i te fl oodpl a i n  encroachment study 

Fl ood i ng at the s i te cou l d  res u l t from three di fferent scenar i os : ( 1 ) Green R i ve r  fl ood i ng 
o n ly , ( 2 )  backwater from the O h i o  Ri ver at the mouth of the Green R i ver caus i n g  i ncreased water 
l eve l s  of  the Green Ri ver at the s i te ,  and ( 3 )  Oh i o  R i ver fl ood i ng a t  R i ver M i l e  769 encom
pass i n g  the s i te a re a .  For the fi rst case , the 1 00-year  f l ood of  the Green Ri ver at the s i te 
has  been cal cu l ated to be 382 . 5 ft . For the second case , rev i ew of f l ood e l evations  i n  the 
Oh i o  and Lower Green ri vers has  i n d i ca ted that because  s i mu l taneous 1 00-year fl oods are un l i ke l y , 
the Green R i ver f l ood l eve l  of 382 . 5  ft wou l d  be reached . The th i rd scena r i o  wou l d  appear 
to be the worst ca se , or  more conservat i ve case , beca use  the 1 00-year fl ood l eve l on the Oh i o  
R i ver  a t  Ri ver Mi l e  769 has  been est i mated to be 385 ft by the Corps o f  Eng i neers . Because the 
two ri vers share a common four-mi l e  w i de f l ood p l a i n  a t  the s i te , the poten t i a l  ex i sts  for the 
g reatest fl ood i n g  to res u l t  from overf l ow from the Oh i o  R i ve r .  

As sumi ng the l atter scena ri o ,  an  i nvest i gat i on was conducted to determ i ne the i ncrease i n  the 
1 00-yea r  f l ood el evati on res u l t i n g  from the p roposed s i te deve l opmen t .  The bas i c  approach con
s i sted of  fi rst deve l o p i ng and ca l i bra t i n g  a backwater model for the 1 00-year f l ood under 
ex i st i ng cond i t i ons and then modi fy i ng the model to refl ect the presence of  pl ant  structures i n  
the f l ood p l a i n  to determi ne the i r  effect on the 1 00-year fl ood e l evat i on . 

The backwater model was deve l o ped by us i ng the Corps o f  Eng i neer ' s  HEC-2 computer p rogra m .  I n  
the v i c i n i ty of  the s i te ,  the Oh i o  a n d  Green ri vers share a common fl oodp l a i n .  Cross sections  
were therefore devel oped across  the  common f l oodp l a i n  by  u s i ng a va i l ab l e  USGS  7 . 5-m i n u te 
topograph i c  ma ps hav i ng a contour i n te rval  of 1 0  ft .  Backwater computa t i ons were begun 
a t  Ri ver Mi l e  776 , near Newburgh Dam,  and were performed a d i stance of  8 . 4  mi l es u pstream of  
the s i te .  A tota l  fl ow o f  920 , 000 cfs , corres pond i n g  to  the  1 00-year f l ood d i scharge on the 
Oh i o  R i ver downstream of the Green R i ver con fl uence , was u sed i n  the ana lys i s .  

The backwater model for ex i st i ng cond i t i on s  was cal i brated by the adj ustmen t o f  Mann i ng ' s  n 
to recons t i tute the Corps of Eng i neers ' 1 00-year f l ood profi l e  a l on g  the study reach . Ca l i 
bration wa s a c h i eved u s i ng va l ues of Mann i ng ' s  n as equa l to 0 . 03 for the channel  and  0 . 07 for 
the overba n k ,  wh i ch res u l ted i n  a computed 1 00-year f l oo d  el evation of 1 1 7  m ( 384 . 93 ft ) a t  the 
s i te .  Th i s va l ue a g rees favorab ly  wi th the Corp ' s  1 00-year fl ood e l eva t i on of a ppro x i ma te l y  
1 1 7  m ( 385  ft ) .  

The ca l i brated model wa s then u sed to determ i n e  the i nc rease i n  the 1 00-year fl ood e l eva t i on 
res u l t i n g  from p l ant devel opmen t .  Cro s s  secti ons pas s i n g  through  the p l an t  a rea were mod i  fed 
to re fl ect the p resence of the proposed ra i l road emban kmen t ,  d i kes , and  other p l ant structures . 
Backwater computa t i ons were then performed a g a i n ,  wh i ch res u l ted i n  a compu ted 1 00-year f l ood 
e l evation of  384 . 95 ft a t  the s i te .  

Based on th i s  ana l ys i s ,  i t  was conc l uded tha t ,  beca use  o f  the presence o f  p l ant s tructures , the 
1 00-year fl ood e l eva t i on wou l d  be i n creased an average of  0 . 02 ft , or  about 0 . 2 5  i n . , a l on g  
t h e  fl oodp l a i n  c ross  sec t i on i mmedi a te l y  upstream of  t h e  p l ant area . 
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S URFACE WATER HYDROLOGY 

F . l H YDROLOGY 

The s i te i s  l ocated near the con fl uence of  the Green and O h i o  Ri vers at about ri ver mi l e  1 9  of 
the Green R i ve r .  Th e Green Ri ver watershed i nc l udes 23 , 040 sq km ( 8896 sq mi l e s )  of Wes t
centra l  Kentucky and 976 sq km ( 377 sq mi l e s )  of  north central Tennessee . Maj or  tri buta ri es a re 
the Ba rren , No l i n ,  Po nd , and Ro ugh ri ve rs ( Fi g .  F . l l . 

F i g u re F . 2  s hows the a rea i n undated by the h i stori ca l  fl ood , the a rea i n undated by a 5 -yea r 
fl ood , and the G reen R i ver ' s  fl oodway boundary .  The fl oodway was determi ned by Dames & Moore 
u s i ng National  Fl ood I n s urance Agency methods from i n format i on p rovi ded  by the U . S .  Army Corps 
of Eng i nee rs ( COE ) .  As s hown in Fi g .  F . l , the 1 00-year fl oodway of  the Oh i o  Ri ver wou l d  not 
come anywhere near the proposed s i te on the Green R i ver . The fl oodway boundary rep resents that 
F-3 po i nt in the fl oodpl a i n  at wh i ch the wate r l evel is  i ncreased by 1 ft above the i n i t i a l  
fl ood e l evation  a s  storage capac i ty i n  t h e  fl oodpl a i n  i s  reduced . These bounda r i es are s e t  by 
the Nati onal Fl ood I n s u rance Agency i n  conj unct i on with  l ocal  commun i t i es to restri ct deve l op 
ment a l ong waterways .  I f  no f lood�lay boundary map exi sts , as  i s  t h e  case fo r t h i s  a rea o f  
t h e  Green R i ver , t h e  f l oodway has  not been l egal l y  de fi ned . Appendi x  D has  add i t i onal i nforma 
t ion about fl oodpl a i n s  and wet l ands . 

The fo l l owing secti ons provi de spec i f i c  descr i pt i ons  of  the s u rface water systems i n  the 
v i c i n i ty gf tAe s i te ( Fi g .  F . 3 ) . 

F . l . l  Green R i ver 

The Green Ri ve r ,  wh i c h  fo rms the s i te ' s  southern boundary from r i ver  mi l e  ( RM )  1 8 . 5  to 1 9 . 8 ,  
converges w ith the Oh i o  R i ve r  about 2 1  km ( 1 3  mi l es )  northwest  o f  the s i te .  The mai n  stem of 
the Green R i ver  is  nav igab l e ,  w i th a pool  mai ntai ned by a se ri e s  of fou r  l ocks  and dams operated 
by the COE . 

The Green R i ver fl ows northwest past the s i te and then bends s harp l y  to the south j ust past the 
s i te ' s  western boundary .  At the s i te ,  the Green R i ver ' s  navi gab l e  channel reaches a depth of 
about 3 m ( 9  ft ) ;  the ri ver i s  approxi mate ly  61 m ( 200 ft ) wide , wi th a poo l norma l l y  ma i n 
tai ned a t  e l evation  1 06 . 4  m ( 349 ft ) a bove mean sea l evel Nati onal  Geodet i c  Ve rt i ca l  Datum , 
1 929  general adj ustment ( NGVD ) . T h i s pool e l evation  i s  ma i ntai ned by Lock and  Dam No . 1 ,  
l ocated 1 6  km ( 1 0  m i l es )  downstream from the s i te .  

I n  add i t i on to the fou r  l ocks  and dams o n  the Green R i ve r ,  fou r  reservoi rs , one each o n  the 
Ba rren , Nol i n ,  and Rough R i vers and one on the Green Ri ver mai n  stem ( F i g .  F . l ) ,  hel p regul ate 
fl ow i n  the bas i n .  

The G reen R i ver  gagi ng station  c l o sest to the s i te i s  ne�r LDCk  2 ,  a t  Ca l houn , Kentucky 
eRM 6 3 . 3 ) . Fl ow data a re avai l abl e from 1 930 to the presell t .  

The reg u l ated fl ow of  the ri ver bel ow Lock  2 a t  Ca l houn i s  22 . 3  m3/ s ( 400  cfs ) ( ref .  1 ) . The 
p red i cted 7-d , 1 0-year l ow fl ow of  the Green R i ve r  at i ts confl uence w i th the O h i o  R i ver  i s  
approx imate ly  1 1 . 2 m 3/ s  ( 394 cfs )  ( ref .  2 ) .  The l owest fl ow on reco rd at Ca l houn was 7 . 9  m3/s  
( 2 80 cfs ) i n  October 1 930 .  

The max imum recorded d i s charge at  Ca l houn , 5890 . 6  m 3/ s  ( 208 , 000  cfs ) , occurred on January 2 7 ,  
1 93 7 ,  d ur i ng  the g reate s t  fl ood reco rded o n  the Green R i ver ( ref .  3 ) . The fl ood of 1 898 may 
have been g reater ,  but no accurate records are ava i l ab l e .  
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F i g .  F . l .  Maj or  tr ibutar ies  of the Green R i ver ( above ) and the common fl oodpl a i n  
of the Green R i ver and the O h i o  R iver .  
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ES·5809 

U. S. H I G HWAY 60 

F i g .  F . 2 .  Areas of the s i te i nundated by h i stori cal and 5-year fl oods . 
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Fi g .  F . 3 .  S urface water sys tems i n  the v i c i n i ty of the s i te .  

The s i te i s  d ra i ned pr imari l y  b y  two sha l l ow , i ntermi ttent streams ( F i g .  F . 3 ) . Mart i n  Creek , 
wh i ch compri ses  the s i te ' s  eastern boundary ,  dra i n s  s urface water from the eastern hal f of 
the s i te .  I t  fl ows d i rectl y t o  the Green R i ver a t  R M  1 9 . 8 .  The wes te rn port ion  o f  the s i te i s  
d ra i ned by B ryant D i tch , a man-made channel ma i ntai ned by dragl i n i ng . Except for an occas i onal 
pool , both creeks  are usua l l y  dry duri n g  s ummer and  fa l l .  B ryant Di tch fl ows i nto R i c h l and 
Sl o ugh  a bout  2 . 5  km ( 3 . 1  mi l es )  west  of the s i te .  The oxbow s l ough  then fl ows about 5 . 8  km 
( 3 . 6  mi l es )  before emptyi ng  i nto the Green R i ve r  at RM 1 5 . 4 .  
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The s i x  farm ponds ons i te ,  0 . 3  ha ( 1  acre )  or l ess  each , a re p robab ly  recharged from prec i p i ta
tion via s u rface dra i nage ( Fi g .  F . 2 ) . Pond P- l  i s  al so peri od i ca l l y  recha rged by fl ood i n g  of 
the Green R i ver. The  maj or ity of water l o ss may resu l t from seepage to the groundwater and from 
evaporat ion ; however , no quant i tati ve data a re ava i l a b l e  on the s i te ' s  recha rge o r  water l oss 
characteri sti c s .  
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LETTER FROM THE CORPS OF ENG I NEERS ON FLOOD ELEVAT I ONS 





OiLED-HB 

Mr. �p Sharma 

SRC-I J o i nt V e nture 
P.O. Bo x  538 
Al lent own. PA 1 8 1 0 1  

Dea r  M r .  Sha rma : 

G-3  

DEPARTM ENT OF T H E  A R M Y  
LOUISVIL.L.E OISTRICT CORPS O F  E N G INEERS 

P O BOX !j9 
L.OUISVIL.L.E KENTUCKY "0201 

RECEIVED 

APR 2 8  1980 

Hr .  Mul lins of this o f f i c e  d i s cu s s e d  with Mr . Knauss the impac t  of the Oh io 
Rive r  f loods o f  1 0 0  and 500-year f requency of occurrence on the Green Rive r  a t  
Mile 1 9 .  I t  i s  our judgme n t  that the land between the r i ve r s  i s  low enough 
in eleva t ion to be i ne f f e c t i ve in s epa r a t i n g  the f looding between the two 
rive rs . In the absence of any d e f ini t ive s tudy in the area , the Oh i o  R i ve r  
f lood e leva t i ons o f  3 8 5  a n d  3 8 8  (NGV D )  a t  Mi l e  7 6 8  a r e  recommended f o r  u s e  a t  
Green Ri ve r Mi le 1 9 .  

Th e  above i nf orma t i o n  i s  be l i e ve d  comme nsurate with you r reque s t  o f  1 7  Ap r i l  
1980.  

Since re l y ,  

\�.� � orl,--l" Ch i�;�i�g i ne e r i n g  D i v i s i o n  � 





Append i x  H 

SURFACE WATER QUAL ITY 





Table H. l . Water quality standards and criteria applicable to the Green River" 

Constituent 
Kentucky water Criterionb Agency Value 

qual ity standard protectede 

Alka l in ity G reater than 20 mg/L d E PA B 

Ammonia,  u n -ion ized 0.05 mg/L 0.02 mg/L E PA B 

Arsenic 0.05 mg/L d E PA B,D 

Bacteria Fecal coliform content d u ri ng the R 
recreation season sha l l  not exceed 
200 colonies per 1 00 m L as a 
month ly geometric mean, based 
on not less than five samples per 
month Or 400 colonies 1 00 m L  i n  
more than 1 0% o f  sample taken 
du ring the month 

Barium 1 mg/L d EPA 0 

Beryl l i u m  1 . 1  mg/L (hard water) d E PA B 

Cadm i u m  0 .0 1 2  m g / L  (hard water) 24·h average exp( 1 .05 E PA-T B 
[ I n  h J  -8.53 ) ,  maximum 
ex p ( 1 .05[ l n  h J -3.73) 

Chloride 250 mg/L d O RSANCO 0 

Chlorine, total 0.01 mg/L d E PA B 
residual 

Ch romium,  hexavalent 0.368 mg/L ( B )  24·h average 0.29 "giL, EPA·T B 

Ch romium,  total 0.05 mg/L 

maximum 21 "y/L 

Copper, total 1 mg/L ( 0 ) , 0.0034 mg/L ( B )  24·h average 5.8 "giL, E PA-T D , B  
maximum exp (0.94 [ 1 n  h J  
+3.48) 

Cyanide, free 0.005 mg/L 24·h average 5.8 "giL, B 
maximum 52 "giL 

Fl uoride 1 mg/ L d O RSANCO 0 

H y drogen sul f ide 0.002 mg/L d E PA B 
undissociated 

I ron,  total 1 mg/L 0.3 mg/L E PA B,D 

Lead, total 0.05 mg/L ( 0 ) , 0.046 mg/L ( B )  24·h average exp(2.35 [ l n  h J  E PA·T D,B 
-9.48), maximum exp 
( 1 .22 [In h J  -0 .47) 

Manganese 0.05 mg/L ( 0 ) , 0.082 mg/L ( B )  d E PA D , B  

Mercury 0.002 mg/L ( 0 ) , 0.00 1 6  mg/L ( B )  24·h averaye 0.00057 "giL, EPA-T D,B 
max imum 0.00 1 7  "giL 

M i x ing zones Defined on a case·by·case 
basise 

N ickel 0 . 1 83 mg/L ( B )  24·h average exp(0. 7 6 [ l n  h J  E PA·T D,B 
+ 1 .06 ) ,  maximum exp(0.76 
[ I n  hJ +4.02) 

N itrate 1 0  mg/L d O RSANCO 0 
Oil and grease V irtual ly free from all oi l  and d E PA 0 

grease, particularly from 
associated tastes and odors 

Oxygen, dissolved Dai ly  average of 5.0 mg/L; d O R SANCO B 
not to be less th a n  4 .0 mg/L 
a t  any time 



Constituent 

pH 

Phenol 

Selen ium 

Silver 

Sol ids,  total d issolved 

Sui ids, total suspended 

Sulfate 

Temperature 
Taxies, noncu mul ative 

and nonpersistent 
materials 

Other su bstances 

Vanadium 

Zinc 
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Table H .l .  Water quality standards and criteria applicable to the Green River<' 

(Continued) 

Kentucky water 
qua l i ty standard 

6 -9 u n i ts 

0.005 mg/L 

0.01  mg/L ( D ) .  0.031 mg/L ( B )  

0 .05 mg/L ( D l .  0.00044 mg/ L ( B )  

7 50 mg/L 

Shal l  not be changed to the extent 
that i n d igenous aquatic commun ity 
is adversely affected 

250 mg/L 

Not to exceed 3 1 .7°C at any time' 
I nstream concentration shal l  not 

exceed 0 . 1  of the 96-h med ian 
lethal concentration ( LC50) of a 
representative i nd igenous aquatic 
organism 

I n stream concentration shall not 
exceed 0.1  of the 96-h median 
lethal concentration ( LC50) of a 
representative ind igenous aquatic 
organism 

0 .046 mg/L ( B )  

5 mg/ L ( D ) ,  0_ 1 34 mg/L ( B )  

Criterionb 

6 .5-9 u n its 

0.001 mg/L 

24-h average 35 Ilg/L,  
maximum 260 Ilg/L 

d 
Dai ly 500 mg/L, maximum 

750 mg/L 

d 

0 . 1  mg/L ( A )  

24-h average 47 Ilg/ L ,  
maximum exp(0.B3 
[In hl + 1 .95) 

Agency 

E P A  

E P A  

E PA-T 

E PA 

O RSANCO 

EPA 

EPA-T 

a U n less otherwise specif ied, standards and criteria a re expressed as concentrations not to be exceeded. 
b Criteria may be indicated as a fu nction of hardness ( h ) .  

Value 
protectede 

B 

B 

D,tl 

D 

D 

B 

D 
B 

BA 
D,tl 

e " B "  denotes water qual ity criteria for the protection of freshwater biota; " D "  denotes criteria for  the protection of domestic water 
su ppl ies ; " R "  denotes criteria for the protection of recreational waters; and "A" denotes criteria for the protection of agricu l tural supplies. 
These same letters are used to denote the same meaning in other columns of this table. 

dSame. 
eThe m i x i n g  zones ( 1 )  sh a l l  be free of a l l  pol lutants that are i n  excess of med ian lethal conce ntration (LC50 )  for a representative 

ind igenous aquatic organism; (2) shal l  not interfere with spawning areas, nu rsery areas, fish m igration routes, public water supply intakes, 
or bathing areas, or  precl ude the free passage of fish or  other aquatic l ife ;  (3 )  whenever possible, sha l l  not exceed one-third of the width 
or cross-sectional area of the receiving stream, and, i n  no case, shall exceed one-half of th is  volume; and (4)  i n  a l l  cases, must be l i m ited 
to an area or volume that wi l l  not adversely alter the legitimate uses of the receiving water, or adversely affect an established community 
of aquatic organisms. 

'Also, ( 1 )  the normal daily and seasonal temperature fluctuations that existed before the addition of heat from other than natural 
causes shal l  be maintained; (2) the maximum temperature rise other than the effects of a m ix ing zone shal l  not exceed the natu ral temperature 
by 2 .8°C, with a maximum rate of change not to exceed 1 °C per h; and (3) water temperature for all surface waters sh ould not exceed 
these maximum l im i ts :  January and February, 1 Q° C ;  M a rch,  1 5 .6°C ;  Apri l ,  2 1 . 1  °C; May,  26.7° C ;  June,  30.6°C; July and August, 2 1 .7°C; 
September, 30.6° C ;  October, 25.6°C; November, 2 1 . 1 ° C ;  and December, 1 3 .9°C. 

Sources: Kentucky Department of Natural Resou rces and Environmental Protection, Surface Wa ter Standards, Report 401 K A R  
5 : 03 1 ,  F ran kfort, Ky. ,  December 1 979;  Ohio R iver Valley Water Sanitation Commission, Ohio River Main Stem, Assessmen t of 1977 

and Future Wa ter Ouality Conditions, Cincinnat i ,  M a rch 1 978, pp.  1 4 5- 1 48; U .S .  Environmenta l  Protection Agency, Ouality Criteria 

for Water. Report 440/9-76-023, Washington, D .C . ,  Ju ly  1 9 76; and U .S .  Env i ronmental Protection Agency, "Water Quality Criteria 
Documents, Avai lable (Criteria for Toxic Substances)," Fed. Regist. , November 28, 1 980, pp. 793 1 8-79379. 
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Table H.2. Water quality data for the Green River Lock and Dam No. 1 ,  at RM 9.1 

Period of record-October 1 956 to August 1 974 

Parameter 
Values' 

No. of sam pies 
Mean Max imum Min imum 

Alka l inity, total, as Caco3 79 1 1 9 44 39 
Aluminum, total, i/g/liter 0. 1 0. 1 0. 1 2 
Bicarbonate 97 1 70 54 1 43 
Calcium, dissolved 36 62 1 8  1 2 7  
Chloride, dissolved 24 254 2.5 143 
Color, PCV 7 50 1 1 1 9 
F luoride, dissolved 0. 1 0.5 0.0 1 22 
Hardness, total, as Caco3 1 24 225 58 1 43 
I ron, total, i/g/l iter 370 1 300 0 7 1  
Magnesium, dissolved 7.7 1 8  3.0 1 27 
Manganese, total, i/g/l iter 1 80 550 0 8 1  
Nitrate, total 1 . 4  2.0 1 .0 3 
pH, un its 7.3 8. 1 6.8 1 06  
Phosphate 0. 1 4  0.48 0.01  42 
Potassi u m, di ssolved 1 . 6 4. 1 0.3 1 25 
Silica, dissolved 9.0 1 7  4.9 132 
Sodi u m, d i ssolved 1 6  1 32 2.0 1 27 
Sulfate, dissolved 40 1 07 1 0  1 43 
Temperature, OC 1 6. 7  3 1 . 0 4.0 38 
Total dissolved solids 1 90  572 88 1 40 

'Values expressed in mg/l iter u n less otherwise noted. 
Source : U.s. Department of the I nterior, Geological Survey, 1 956- 1 974 ( E R, Appendix E, 

Table E.3) .  



Table H.3. Water quality data for the Green River near Sebree, Kentucky, at RM 4 1 .3 

----- ------- -- - -
Period o f  record-N ovember 1 975 to J u ne 1 979 

- - - - ------ - - -----
Valuesa No. of Parameter 

Meanb Maximum M i n im u m  samples 

Ac id ity, total 0 0 0 1 1  
Alkal in ity 75.9 1 03 45 1 1  
Ammonia, N 0. 1 5  < 1 0  0.01  91  
Arsenic, total, I1g/liter 47 1 2  
Bacteria 

Fecal coliform per 1 00 ml 375.7 3,900 0 78 
Total coli form per 100 m l  1 ,8 1 5.5 20,000 0 7 1  

Barium, total, I1g/liter 300 0 34 
Biochemical oxygen demand (BOD ) 2. 0 4.4 0. 1 37 
Cadmium, tota l ,  I1g /l iter 7 0 39 
Calcium, total 43.28 1 25.0 24.0 77 
Chemical oxygen demand ( CO D )  1 1 .33 22.00 <4.00 6 
Chloride, total 5.6 9 2.8 1 1  
Chromium, total, I1g/liter 30 0 33 
Cobalt, total, l1g /l i ter 30 3 1 9  
Copper, total, I1g/liter 80 2 22 
Cyanide, total <1 0 0 86 
Flow, ft3 /s 30,850 42,400 9,800 6 
F l u oride, total 0.27 0.9 0 1 1  
Hardness, total 1 1 3.6 270 8 35 
I ron,  total, I1g/l i ter 3,254.6 3,280 90 41 
Lead, total, I1g/liter 75 0 44 
Magnesium, total 9. 8 1 7  4.9 78 
M a nganese, total, I1g/liter 381 . 7  1 ,700 1 1 0  35 
Mercury, total, I1g/liter 22.5 0 45 
N ickel, total, I1g/l iter < 1 00 6 33 
Nitrate, totalC 0.82 1 .24 0.33 78 
N i trogen, Kjeldahl 0.50 2.9 <0.1  89 
Oxygen, dissolved 9.9 1 5.0 6.4 50 
pH , u n i ts 7.4 8.3 6.6 31 
Phenol, 119/liter 1 7  0 88 
Phosphate, dissolved 0.01 3 0.03 0 1 1  
Phosphorus, total 0. 1 9  1 .48 0.02 87 
Potassiu m, total 1 . 9  2.9 1 .5 1 1  
Selenium, total, I1g/liter < 1 0  0 1 2  
Si l ica, d issolved 5.93 6.7 5 1 1  
S i lver, total, I1g/liter <30 0 2 1  
Sod i u m, total 7.6 1 7  4 39 
Specific conductance, I1mhos 286 . 1  5 1 3  1 49 52 
Su I fate, tota l 58.8 260 26 84 
Sol ids, total dissolved 1 95.4 476 1 1 8 80 
Sol ids, total suspended 77.3 492 1 0  87 
Temperature, O C  1 5.3 26. 1 0 52 
Total organic carbon 4.73 1 1  2.6 1 1  
Un-ioni zed ammonia 0.00 1 7  0.003 0.001 6 
Zinc, total, I1g/l iter 39.6 260 < 1 0  46 

" Measurements are given i n  m i l l igrams per l i ter ( mg/liter) u nless otherwise noted. 
b Data reported in  "less than" figures prevented computation of  mean values. 

Sampling Period 

Start End 

1 1 /5/75 616179 
1 1 /5175 2124176 
1 1 /5175 616179 
1 2/3175 1 0/1 9178 

1 1 /14175 1 0/19178 
1 1 / 1 4175 1 0/1 9178 
1 1 /5175 1 0/1 9178 
1 1 /14175 1 0/1 9178 
1 1 /1 4175 616179 
1 1 /5175 1 1 /1 3178 
1 /1 8179 6/6179 
1 1 /5175 2124176 
1 1 /5175 1 0/1 9178 
1 1 /5175 2124176 
7/1 1 177 6/6179 
1 1 15175 616179 
1 /1 8179 6/6179 
1 1 15175 2124179 
1 1 /5175 616179 
1 1 /5175 616179 
1 1 /5175 616179 
1 1 /5175 412/79 
1 1 /5175 412179 
1 1 /5175 616179 
1 1 /5/75 1 0/ 1 9178 
1 1 /5175 616179 
1 1 /5175 616179 
1 1 /5175 616179 
6/28176 6/6179 
1 1 /5175 616179 
1 1 /5175 5126/77 
1 1 /5/75 616179 
1 1 /5175 5126/77 
1 2/3175 1 0/ 19178 
1 2/3175 416177 
1 1 /5175 1 0/1 9178 
1 1 15/75 1 1 /1 3178 
1 1 /5175 616179 
1 1 /5175 616179 
1 1 /5175 616179 
1 1 15175 616179 
1 1 /5179 616179 
1 1 /5175 5126177 
1 /1 8179 6/6179 
1 1 /5/75 616179 

C Al l  va lues starting with 1 /1 0178 are based on N i trate and N itr ite. 
Source: Ohio River Val l ey Water Sanitation Commission, "Water Qual ity Data from Sebree, Kentucky," O RSANCO 

Quality Monitor, 1 975-1 979 ( E R, Appendix E,  Table E .4) .  
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Table H .4. Water quality data for the Green R iver near Beech Grove, Kentucky, at RM 49.1 

Period of record-October 1974 to Ju ly 1 979 

Parameter Values' 

Mean Max imum 

Alkal in ity, as  CaC03 78 1 10 
Ammonia,  N 0.04 0 . 1 5  
Arsenic, total, J.Lg/liter 1 .00 6.00 
Bariu m .  total, J.Lg/l iter 6.00 1 00.00 
B icarbonate, HC03 97 1 30 
Cad m i u m ,  tota l ,  J.Lg/liter 1 .00 8.00 
Calcium, d issolved 39 60 
Chloride, d issolved 6.3 14 
Chrom i u m ,  total ,  J.Lg/liter 1 5.00 40.00 
Cobalt, total 0.00 1 0.0 1 1  
Coliform bacteria, fecal, per 1 00 m l  300 2,500 
Copper, total 0.009 0.035 
F l u oride, dissolved 0 . 1  0.4 

Hardness as CaC03 1 36 220 
I ron, tota l ,  J.Ly/liter 3,322 1 2,000 
Kjeldahl n itrogen 0.43 1 .2 
Lead, total, J.Lg/liter 1 8.00 4 1 .00 
Magnesium, d i ssolved 9.0 1 7  
Manganese, total, J.Lg/llter 326.00 840.00 
Mercury, total, J.Lg/liter 0.20 0.50 
Oxygen, d issolved 7. 1 8 .2 
p H ,  u n its 7.2 8.5 
Phosphate 0 . 1 4  0. 1 5  
Potass ium,  d i ssolved 2.4 1 1  
Selenium, total, J.Lg/liter 0.0 1 .00 
Sil ica,  di ssolved 5.5 7.4 
Silver, total ,  J.Lg/liter 0.0 1 .00 
Sod ium, d i ssolved 6.5 1 5  
Sulfate, d issolved 55 1 20 
Temperature, 0 C 1 7.4 30.0 
Total d issolved sol ids 1 92 3 1 9  
Total organic carbon 4 .9 1 1  
Turbidity, J TLf' 35 270 
Zinc, total 0.038 0.07 

' Values expressed in  m i l l igrams per l iter (mg/l ) un less otherwise indicated. 
b JTU - Jackson Turbidity U nits. 

M i nimum 

45 

0.0 
0.0 

61 
0.0 

24 
2.9 
0.0 
0.0 

22 
0.003 
0 .0 

80 
1 00 

0 . 1 6  
5.00 
4 .2  

70.00 
0.0 
0.0 
6 .0 
0 . 1 2  
1 .4 
0.0 
3.4 
0.0 
2.4 

16 
2.0 

1 04 
0.0 
2 
0.01 

No.  of samples 

53 
19 
1 8  

6 
4 1  
1 7  
53 
54 
19  
19  
28 
19  
54 
53 
19  
54 
1 8  
53 

1 9  
1 8  
8 

51 
3 

53 
1 8  
54 

6 
53 
54 
56 
54 
24 

52 
19  

Source: U . S .  Department of the I n terior, Geological Survey, 1 975- 1979, ( E R, Appendix E, T a b l e  E.5 ) .  



H-8 

Table H.5. Average trace element concentrations" in geologic formations 

Element Shaleb Limestoneb Western Ky.c 
Ky.  No. 9 Coald 

Coal 

Arsenic 1 3  1 9.05 
Bery l l ium 3 < 1  1 .4 
Boron 1 00 20 70 

Cad m i u m  0.3 0.035 0. 1 66 
Chrom ium 90 1 1  1 B  0 .724 
Copper 4 5  4 8. 8 
I ron 9,850 
Lead 20 9 6.4 0.0 1 2  
Manganese 850 1 , 1 00  1 9  
Mercury 0.4 0.04 0.0002 
N ickel 68 20 16 
Selenium 0.6 0.08 3 . 1  0.829 
Vanad ium 1 30 20 32 
Z inc 9 5  20 48 

'Concentrations given as parts per m il l ion (ppm ) .  
bShale a n d  l imestone values are national mean composites. 
C Average values for western Kentucky coal. 
d Leachate concentrations taken from E R, Table 0.3, Appendix O. 
Source: Data from U.S. Department of the I nterior, F i sh and Wi ld l ife 

Service, March 1 978 ( E R ,  Append i x  E, Table E. 1 6 ) .  



H-9 

Table H . 6 .  Estimated area disturbed by construction 
in and near the Green River 

Facil i ty 

Area distu rbed 

(m') 

River  bottom Riparian h abitat 

Water i ntake structure 
Eff luent diffuser 

F i rst stage ba rge slip (demo pla nt)  
Expanded barge s l ip  (comm erc ia l  p lant )  

S o u rce:  Appendixes C a nd Y.  

1 9 2 

1 20 

3300 

3300 

1 20 
60 

1 6000 

1 7000 





Appendi x  I 

u . s .  DEPARTMENT OF ENERGY-U . S .  F I SH  AND 
W I LDL I FE SERVI CE CORRES PONDENCE 





Department of Energy 
Oak Ridge Operations 
P. O. Box E 
Oak Ridge, Tennessee 37830 

Mr .  1tennetb E . Black 
Regional Director 
U. S. Yuh & Wildlife Service ,  

Southeast Region 
Federal Building 
75 Spring Street, S . W. 
Atlanta, GA 30303 

Dear Hr. Black: 

[ - 3 

April 9 ,  1980 

SRC-I - ENVIRONMEN'rAL IHPACT S!A.TEMENT 

The U. S .  Department of Energy (DOE) u preparil18 an Environmental Impact Statement on the propo8ed construction and operation of a Solvent Refined Coal (saC-I) Demonstration Plant near Newman, ICY. I>uril18 the preparation of the Environmental Report , the industrial partner of OOE, Southern Company Servic .. , has contacted the U .  S .  Fish & Wildlife Service IU1d other agend_ , and haa lllade an a88esslIIent of the potent:1&l impact the proposed facility would have on enc1al18ered or threatened speci .. aDd on critical habitat for 8uch species . 

In cODlplianc:e with Section 7 (c) of the Endangered Speciea Act ,  Amendments of 1978 (P .L. 95-362,  November 10 , 19 78) , the Department of Energy requests that you provide any information available to the Yuh and Wild.l1fe Service regardil18 : 1) the presence of any listed or proposed to be listed endangered or threatened species in the are& of the proposed proj ect , 2) the presence of any critical habitat for a luted or propoeed speci .. , or 3) any potential impact of the proposed proj ect on such species . To assist in your review, copies of appropriate 8ectiOI18 of the Environmental Report and a map showing the location of the proposed site are enclosed . 

Preparation of the Environmental Impact Statement is critical to the 
proj ect schedule IU1d receipt of your response by May 15 , 1980 , would 
be greatly appreciated. If you cannot respond by this date, plea8e 
advue me aa soon aa p08sible of the expected date of your respon8e . 

If you or your 8taff have questions regarding this matter, please 
contact lIIe or James Reafsnyder at (615) 576-1055 . 

HS : 331 : RCM 

Enclosur es :  
As stated 

Sincerely , 

@,/L(j. Assis tant Manager for SOlvent 
Refined Coal Proj ects 

cc: L. M. Joseph, DOE/FE-40 , wlo encl .  
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-... :(=0;-',,-.<t�-��<�, 4.·�"" United States Department of the Interior 

%;i� .. ��c ._ •..• � . $  FISH AND W I LDLIFE SERVICE 
�...... -- w  ROOM 1 7 _ ,  FED E R A L  B U I L D I N G  

ASH E V I L L E ,  N O R T H  C A RO L I N A  Z 8 8 0 1  

Mr. John F .  Pears o n ,  Jr . 
Depa rtment of Energy 
Oak Ridge Operat ions 
P . O .  Box E 
Oak Ri d ge , Tennessee 3 7830 

Re : 4-2-80-A-1 92  

Dear  Mr . Pears o n :  

J u ne 1 7 , 1 980 

He have rev i ewed the propo sed cons truct i on of a sol vent ref i ned coal 
demons trat i on p l a nt in Dav i es s  County ,  Kentucky , as requested by l etter 
of Apr i l  9, 1 980 , rece i ved Apr i l  1 0 ,  1 980 .  It appears that the endangered 
I ndi ana ba t (Myoti s soda l i s ) may occur i n  the area of i nfl uence of thi s 
a ct i on duri ng the summer mont h s .  Ou r records i ndi cate that n o  other 
p roposed or l i sted enda ngered or threatened s pec i e s  are known to occur 
wi th in  the proj ect area . 

Sect i on 7 ( c )  of the Endangered Spec i es  Act of 1973 , a s  amended 1978 ,  
req u i res agenci es to  prov i de a bi ol og i ca l  assessment for the  l i sted 
s pecies  and/or the speci es proposed for l i s t i ng wh i c h  are l i ke l y  to be 
a ffected . The bi o l og i ca l  assessment shal l be compl eted wi th i n  180 days 
a fter the da te on wh i ch i n i t iated , or a mu tu a l ly  ag reed time frame , 
'before any contracts fo r cons truct i on are entered i nto , and before 
cons truct i o n  i s  begu n .  W e  do not fee l  that we can adequate ly  assess the 
effects of the proposed act i on  on l i s ted s peci es , s peci es proposed for 
l i s t i ng or Cri t ica l  Hab i tat  wi thout a compl ete assessment .  At a mi n i mum 
the fo l l owi ng i nfonnat ion  i s  reques ted : 

1 .  Ident i f i cat i on of the l i sted s peci es , s pec i e s  propo sed for l i sti ng 
and Cri t ica l  Hab i tat de tenn i ned to be present wi t h i n  the area 
a ffected by the proposal . 

2 .  Descr i pti on of the su rvey methods used to de termine  presence of 
l i s ted s pec i e s  or s pec i e s  proposed for l i s t i ng w i th i n  the area . 

3 .  The resu l ts of a comprehens i ve  su rvey of the area . I t  i s  approp r i a te 
to : 

a .  Su rvey the su i tab l e  habi ta t ava i l ab l e  a t  the proj ect s i te fo r 
trees wh i ch cou l d  po tent i al l y  be used a s  materni ty roosts for 
the Indi ana ba t .  



1 - 5  

b .  I f  su i tab l e  hab i ta t i s  present , you shou l d  then de tenn i ne i f  
the hab i tat does i n  fact suppo rt the I nd i ana ba t by appropr i a te 
f i el d su rveys . 

I f  the resu l ts of these i n ves t i gat i ons are nega t i ve , t h i s  wou l d  
comp l e te you r  respons i b i l i t i es i n  conduct i ng a b i ol og i ca l  a s ses sme nt .  

4 .  Des c r i p t i on of any d i f f i c u l t i e s  encountered i n  obta i n i ng da ta and 
c om p l e t i ng proposed s tud i e s . 

5 .  Desc r i p t i on of the propo sed cons truct i on project and a s so c i a ted 
a ct i v i t i es .  

6 .  Des c r i p t i on of method s and resu l t s o f  stud i e s  made to detenn i ne the 
a ctua l a nd potent i al impacts of proj ect or  assoc i ated act i v i t i e s  on 
l i sted s pec i es ,  spe c i e s  proposed fo r l i s t i ng , or  C r i t i ca l  Hab i tat .  
I n  ad d i t i on to the di rect ( s i te rel at2d ) i mpacts of  proj ect construc
t i on the b i ol og i ca l  a s ses sments s hou l d i nc l u de ,  when  appl i cab l e ,  
desc r i p t i ons of : 

A .  Impa cts a s soc i ated wi th project operat i o n .  

B .  Seconda ry impacts from act i v i t i es ,  such a s  deve l opment ,  wh i c h  
w i l l  b e  generated b y  the proposed proj ect . 

C .  The cumu l a tive effects of the proposa l  on the s pec i es and/or 
i ts C r i t i cal  Hab i tat .  Clj�lu l a t i ve  effects are de f i ned as  the 
d i rect and i nd i rect impacts of the Federal act i on under con
s iderat i on cou p l ed w i th the ident i f i ab l e  effects of other 
reasonab l y  fo reseeab l e  act i ons of the Fede ral agency ; other 
Federal , State , a nd l oca l  agenc i es ; c orpo rat i ons ; a nd i nd i v i d
ua l s upon a s pe c i es or i ts Cr i t i ca l  Hab i ta t .  

7 .  Where impa cts to l i s ted s pec i es , s pe c i es proposed fo r l i s t i ng ,  or  
C r i t i ca l  Hab i tat are ident i fi ed ,  t he  assessme nt s houl d i ncl ude a 
d i sc us s i on of the effo rts that w i l l  be taken to el i m i nate ,  reduce , 
or mi t i gate any ad ve rse effects . 

8 .  Concl u s i ons of  the agency i ncl udi ng recommenda ti ons rega rdi ng 
fu rther stud i es . 

9 .  Any other rel evant i nfonna t i on .  

Shou l d you req u i re ad d i t i onal  i nfonna t i on o n  th i s  subj ect , p l ea se  contact 
f�r .  Ga ry Henry ,  Mr . Robe rt Curr i e ,  or f1s . Nora r�u rdock i n  the Ashev i l le  
Area Off i ce , FTS 6 72-032 1 ,  commerc ia l  704/ 2 58-2850 ,  ext . 3 2 1 .  

After you r  age ncy h a s  compl eted a n d  rev i ewed the a s sessme nt ,  i t  i s  you r 
respons i b i l i ty to de tenn i ne i f  the proposed act i on "may affect"  any of 
the l i s ted s pe c i e s  or C r i t i ca l  Hab i tat .  I f  the de tenn i nat i on  i s  "may 
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a ffe ct , "  you a re requ i red to  i n i t i a te cons u l tat ion  by a wr i t ten  request  
to the  Reg i o nal  Di rector  ( S Ell ) ,  U . S .  F i s h  and  W i l d l i fe Serv i c e ,  R i c hard B .  
Russe l l Federal Bui l d i ng ,  7 5  S pr i ng Stree t ,  S .IL ,  Atl anta , Georg i a  
3 0303 .  At t h i s  time you shou l d  prov i de a copy of the bi ol og i ca l  a ssessment 
and any other rel evant i nfonnat ion  that a s s i s ted you in reach i ng your 
concl u s i on .  I f  the de tenni nation  i s  "no effect , "  cons u l tat i o n  i s  not 
n eces sary ,  u n l e s s  reques ted by the F i s h  and Wi l d l i fe Serv i c e .  I f  the 
s pec i e s  proposed for l i s t i ng have not been l i s ted in the pe r i od of time 
d u ri ng �Ih i c h  a b i ol og i ca l  as ses sment was conducted , cons u l tation  i s  not 
requ i red . However , at  any po i nt in time that the s pec i e s  i s  l i s ted , you 
a re req u i red to rei n i t i ate consu l tat i on , i f  you detenni ned that the 
p roposed act i o n  "may affect" the s peci es . 

Your attent i on i s  a l so di rected to Sect ion  7 ( d )  of the Enda nge red Spec i es 
Act , a s  amended , wh i ch u nde rscores the requi rement that the Federal 
age ncy and the pe nn i t  or  l i cense app l i cant s hal l not make any i rrevers i b l e  
o r  i rretr i evab l e  c�nmi tment of  resou rces duri ng the consu l tat ion  per i od 
wh i c h  i n  effect wou l d  de ny the fonnu l a t ion  or imp l ementat ion  of rea sonab l e  
a l ternat ives  reg ardi ng the i r  act i ons o n  any endangered o r  threatened 
s pec i es . 

I f  we can be of fu rther a ss i s tance , p lease  adv i s e .  
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U n i t e d  S t a t e s  D e p a rt m e n t  ot t he l n terior 
R oom 279 , F e d e r a l  B U i l d i n g 
F i s h  a n d  W i l d l i t e  S e r v i c e  
A s h ev il l e ,  NC 28801 

G e n t l e me n : 

OCT 3 1980 

l ND l AN A  BAT ( MYOT l S  SODA L I S l  AT DOE ' S  P RO PO SE D S R C  1 S l T E 

I n  r e s p o n s e  to you r J u ne 1 7 , 1980 l e t t e r  on t h e  a bo v e  s u bj ec t , you 
w i l l  fi n d  a tt a c h e d  two rel e v a n t  d o c u m e n t s : 

1 .  " B i o log i c a l  A s s e s s m e n t  o t  l m p a c t s  ot t h e  P ro p o s e d  S R C  1 
F a c i l i t y  on t h e  l nd i a n a  B a t  ( My o t i s  Sod a l i s l "  p r e p a red 
b y  t h e  O a k  R id g e  Na tion a l  L a bo r a tory in c o n j u nc ti o n  _11t h  
l nd i a n a  B a t  e x p e r t s  from Me m p h i s  S t a te U n iv er s i t y .  
( E nclos u re 1 . ) 

2 .  " P r e l i m i n a ry D r a f t  E n v i ro n m e n t a l  l m p ac t  S t a t e m e n t  for 
S R C  l " ,  s c h e d u l e d  for r e l e a s e  a s  a p u b l i c  d r a f t  in a 
few w e ek s .  ( E nc lo s u re 2 . ) 

T he s e  two doc u m e n t s  r e s p o n d  to m o s t  of t he con c e r n s  di rected t o  
D O E  i n  t he J un e  1 7  l e t te r .  

B r i e fl y , t he r e s u l t s  of t wo t r a p p i n g  s u rv e y s  con fi rm t ha t  a t  l e a s t  
a l e w  i n d i v i d u a l s  o f  t h i s  e n d a n g e red s pe c ie s c a n  b e  e x p e c t e d  to b e  
p r e s e n t  o n  a s e a son al b a s i s  i n  t h e  17 h a  r i p a r i a n  t o r e s t  a lo n g  
M a r t i n  C reek , t he e a s te r n  b o u n d a r y  ot t h e  S R C  1 p l a n t s it e .  I t  i s  
u nfor t u n a te t h a t  s u rvey effo r t s  c o u l d  n o t  be i n i t i a t e d  e a r l i e r  I n  
t h e  s u m m e r  to confi r m  w he t h e r  or not a m a t e rn i t y  roo s t  i s  p r e s en t .  
I t  w a s  som e w h a t  for t U i t o u s  t h a t  t h e cu r r e n t  p l a n s  t o r  p l a n t  l a yo u t  
con c e n t r a t e  t h e  h e a v y  proc e s s  a r e a s  f a i r l y  r e m o t e  f r o m  t he M a r t i n  
C reek fore s t , a n d  con s i d e r a t i o n  i s  b e i n g  g i v e n  t o  o t h e r  p l a n t  
l a y o u t  a n d  d e s i g n  m e a s u res t h a t  m i g h t  b e n e ti t  b a t s  l i v i n g  a l o n g  
t h e  c r ee k .  F u r t h e r  s u r v e y s  a r e  ten t a t i v e l y  p l a nn e d  tor t h e  1981  
s e a son to try to d e t e r m i n e  m o r e  a b o u t  l nd i a n a  B a t s  on t h e  p l a n t
s ite . 
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Notwi t h s t a n d i n g  any effo r t s  on o u r  p a r t , t a ke n  i n  g e n u i n e  good 
fait h to reduce any c o n ce i v a b l e  a d v e r s e  i m p a c t s  of t he SRC 1 P l a n t  
o n  t h e  M a rt i n C r e e k  fo r e s t  a r e a  o r  t o  further con s i d e r  t h e  s u s c e p t i 
b i li t y  o f  a n y  ind i v i d u a l s  t h a t  l i ve o n  or n e a r  t h e  p l a n t si t e , i t  i s  
DOE ' s  cons idered o p i n ion b a se d  on a v a i l a b l e  i n formation t h a t , even 
i n  t he worst  ca se,  w here all  ecolog i c a l  fea t u  res impor t a n t  to t h e  
b a t ' s  h a b i t a tion on t h e  p l a n t s i t e  m i g ht b e  d e stroyed , there wou l d  
n o t  r e s u l t  a n y  d i sc e r n i b l e  i m p a c t  to t h e  spec i e s  o r  to a c ri t i c a l  
h a b i t a t  of t he spec i e s . W e  a r e ,  t h erefore , reason a b l y  confident  
with a " n o  e tfec t "  determination a n d  do not  p l a n  to e n ter into 
fo r m a l  con s u l t ation with t h e  Fish a n d  W il d li f e  Service . 

I n d e p e n d e n t  of t h e  F i s h  a n d  W ildlife Serv i c e  determ i n a tion on a n y  
n e e d  fo r further for m a l  c o n s u l t ation o n  t h i s  m a tter , DOE-ORO 
reque s t s  g u id a nce on the proper c o u r s e  of action rela t i ve to p rotec
tion of t h e  Martin Creek forest  a re a  i n  t h e  short  term . Ken t u c k y  
D e p a rt m e n t  o f  E n e r g y , o n e  of U . S .  DOE ' s  p ar t n e r s  for t h e  S R C  1 
p r o j ec t ,  c u rrently h o l d s  a p u rc h a s e  option for t h e  for e s t  property 
on t h e  w e s t  s i d e  of · M a rti n C r ee k , b ut this option does not  i n c l u d e  
t i mber r i g h t s . No o p t io n s  are h e l d , nor a re a n y  p l a n n e d , f o r  t h e  
for e s t  p roperty o n  t h e  e a s t  s i d e  of t h e  c r ee k .  DOE-ORO i s  n o t  
a w a re o f  a n y  i m m i n e n t  p l a n s  of t h e  cu rren t p roperty o w n e r s  to 
h a rvest  t h e  M a r t i n  Creek for e s t  t i mb e r ; however , t here a r e  c u r
rently no leg a l  i m p e d i m e n t s  to s u c h  action a n d  t h e  e v e n t u a l  
h a rv e s t  of t h e  w e s t  s i d e  t i mb e r , p r i or to t he exe rc ise of t he 
p u rc h a se option , would not be an u n real i s t i c  expectation . S u b j e c t  
t o  F i s h  a n d  W il d l ife ' s  a d v i c e , DOE-ORO w o u l d  be willi n g  to requ e s t  
t ha t t h e  Ken t u c k y  D e p a r t m e n t  of E n e r g y  p u  r s u e  t h e  a d d i t io n  o f  
t i mb e r  r i g h t s  to t h e  w e s t  s i d e  forest p rope rty p u rc h a s e  option a n d , 
i f  nec e s s a ry to seek t i m b e r  ri g h t s  or o t h e r  l e g a l  a r r a n g e m e n t s  to 
p r ev e n t  d e s truction o f  t he east side forest a s  wel l .  

I n  a dd i t io n  t o  t he r e q u i r e m e n t s  o f  Section 7 .  ( c )  o f  t he E n d a n gered 
Species Act , DOE-O R O  a l s o  a c k n o w l e d g e s  i t s  respon s i b i l i t y  to confer 
with t h e  F i s h  a nd W il d l ife Service relative to Section 622 ( a )  of the 
Fish a n d  W i l d l ife Coordi na tion Act . Toward this  end , w e  h a v e  
a t t ac h e d  cop i e s  o f  t w o  o f  t he S R C  l E I S E n v io r n m e n t a l  R e port  
a pp e n d i c e s , "Appe n d i x  D - W il d life" and " A p p e n d i x  G - Aquatic 
Ecolog y " .  W e  b el i e v e  that t h e  S R C  1 D E l S  a n d  reference m a t e r i a l s  
w i l l  s u b s t a n t i a l l y  d o c u m e n t  t h a t  t h e  proJec t , a s  con c ei ved , does 
not  pose a s i g n i f i c a n t  t h reat  to w i l d life resou rc e s . W e  w o u l d  
w e l c o m e  y o u r  t ho u g h t s  on t h is s u b j ec t .  
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P le a s e  .:::o n t a c t  J a me s A .  R e a r s n y de r ,  R e s e a r.::: h a n d  Developmenc 
M a n a g e r  for the SRC p ro j ect s , a t  FTS 626-2429 , o r  J a k e  Alex a n de r ,  
E nv i ro n m e n t a l  E n g i ne e r  a s s i g n e d  t o  S R C  1 ,  FTS 626-0849 , i f  y o u  
h a ve q u e s t i o n s  or need a dd i t i o n a l  i nform ation . 

MS-331 : J KA 

E n.:::l o s u re s  

C C  w/enc l .  1 :  
U . S .  DO l F & W S  
75 S p r i n g  St . S W  
At l a n t a ,  GA 30303 

M r .  J ames R o t h , A s s t . to Secy . 
U . S .  D ep a rt me n t  of I nterior 
Office of t he Se.::: ret a ry 
W a s h i n gton , D . C .  20240 

S i n.:::e rely , 

( 
. \ 

, �  . .,)� \. ( " -
J o h n  F .  P e a rson , J r .  
A s  s i s  t a n  t M a n a g e r  for 
Solvent R e f i n e d  Coal Proje.::: t s  
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U n i ted StJ tes Department o f  t he Interior 
FISH AND W I LD L I FE S E R V I C E  

It O O M  1 7 . ,  f,' I[ O E l-f A L  8 U I L O I N G  
ASH E V I L L E, N O R T H  C A R O L I N A  2 8 0 0 1  

Mr . John F .  Pe arson , J r .  
As s i stant Manag e r  

Nove�nbe r 4 ,  I -J O 

Sol vent Re f i ned Coal  Pro jects  
Depa rtment of En ergy 
P . O .  Box E 
Oak R i d ge , Te nnes see 3 7830 

Re : 4-2-80-A- 1 92 

Dear Mr . Pearson : 

Th i s  i s  i n  response  to yo u r  l e tter of Oc tobe r 3 ,  1 980 ,  r,=ce i v c d  ()c to;)� ,. F ) ,  
1 980,  reques t i ng enda nge red spe c i es rev i ew o f  yo u r  13 i o l or] i c a l  As sessmen i-. 
for the Department of  Energy ' s  ( DO E ) proposed SRC I s i te a t  Newna n ,  
Kentu c ky .  Th i s  l etter wi l l  con f i rm the i n fo rm a t i on prov i d ed to ;·1 r .  Ga t)l' i ,� l  
r�a rc i a nte of  you r  o f f i c e  by �'r . Robe rt Cu rrie  o f  thi s o f f i c e  o n  NOV ei:1bc r 
4 ,  1 980 .  

Ba sed upon the i nfo rm a t i o n  prov ided in  yo u r  a s se s sme n t ,  i t  is  c l ear thil t 
cons truct i on of the pr oposed pr o i ect de f i n i te l y  "may a f fe c t "  the endan�e red 
I n d i ana  ba t (0Yo t i s soda 1 i2) . The  f i n a l  reg u l at i ons  dev e l oped by the 
Serv i c e  to i mp l ement the prov i s i on s  of  Sec t i o n  7 state in Sec t i on 40? � ' ( a ) ( 3 )  
( copy encl osed ) tha t :  "when a Federa l  agency i d en t i f i e s  ac t i v i t i e s  or  
prog rams tha t may a ffect l i s ted spe c i e s or  the i r ha b i ta t ,  the  ag ency 
s ha l l convey a �I r i tten request  fo r consu l ta t i o n \� i th ava i l a b l e  i n fo r::1a t i l) 'l 
to : the Reg i o nal  Di recto r . . .  " You r request  fo r fo nna1  consu l ta t i o n  
s hou l d  be d i rected to i lr . Ken n eth B l ac k , Reg i on a l  D i rec t n "  U . :  F l . :1 
and W i l d l i fe Serv i ce . R i c hard B .  Ru s se l l  Federal  Bu i l d i n ':! ,  75 S[-<r i n g 
S treet , S . �i . .  At l a n L  Georg i a  30303.  The consu l ta t i o n  vl i 1 1  be hand l e· j  
by the Asht  I l e  Area O f f i c e  and  we wou l d  apprec i a te rece i v i ng a copy o f  
yo u r  request  fo r consu l ta t ion . Ava i l ab l e  i n fo nnat ion  concern i ng the 
effects  of the pr oject on the I nd i ana  bat shou l d  accompa ny you r  req u e s t  
f o r  cons u l  ta ti o n .  I f  yo u Il ave prev i ou s l y  prov id ed any o f  th i s  i n fo nna t i o n  
t o  u s , i t  i s  approp r i a te to re Fer to i t  rather than su p p l y  a n  add i t i on a l  
copy . We have no�  rece ived a copy o f  Dr . Harvey ' s  repo rt to you on the 
resu l ts of h i s  su rvey . A copy of Dr . Harvey ' s  repo rt shou l d  accom pany 
you r  request  fo r consu l ta t i o n . 
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Ttle E".ia ngered Spe c i e s  Act o f  1 97 3  h a s  been am�nded sevr !  Jl t l  " s . I n c c  
the regu l a t i ons refe rred to above were i s su ed . The Serv l ce i s  cu rren t l y  
d ev e l op i ng rev i sed I ''1 u l a t i ons  to i ncorpo rate the changes requ i red by 
these amer . : , .o:!nts . Howeve r ,  the c i rcumstances u nder wh i ch  fo nna l consu l ta t i o n  
i s  requ i red have n ot  be e n  al  tered by these amendments  nor  w i  1 1  the 
revi sed reg u l at i o ns change them .  Formal consu l ta t i o n  wi l l  st i l l  be 
requi red a ny t ime a Federal ag ency determ i nes tha t the i r  acti ons "may 
a ffect"  a fede ral ly  1 i s ted enda nge red or threatened spec i e s . Formal  
consu l tat i o n  is  o. l so requ i red when  reques ted by the Serv i ce .  

Add i tional l y  you requested g u idance concern i ng the protect i on o f  the 
vegetat ion  a l o ng Ma rti n ' s  Creek . We be l i eve tha t purchase of the t imber  
r i g hts fo r the prope rty a l ong the we st  s i de  o f  the creek and  pu rchase o f  
a n  easement fo r t h e  timber  r i gh ts on  the east s ide of the creek wou l d  
cons t i tu te a po s i tive conservati o n  measu re by DOE .  

Rev i ew o f  th i s  project u nder the F i sh and W i l d l i fe Coord i n at i o n  Act i s  
the  respons i b i l i ty o f  the Serv i ce ' s  La nd and Iola ter Resou rces IJevel o[lment 
F i el d Office in Cookev i l l e .  I n  order to exped i te Coord i nat i o n  Act 
r ev i ew o f  you r  Draft E n v i rorT.lental Impact Statement wh en  it is  i ssued , 
you shou l d ( i n  ae di t ion  to the cop i es sent through  other channe l s )  send 
a copy d i rect l y  to t1r .  Thoma s S .  Ta l l ey , Fi e l d Su pe rv i so r ,  U . S .  F i s h  and 
Wi l d l i fe Serv i ce ,  P . O .  Box 84 5,  Cookev i l l e ,  Te nnes see 38501 . 

We apprec i ate you r i n terest i n  the Endangered Spe c i es prog ram and l ook  
forwa rd to  cont i nued cooperat ion  in  �ee ti ng o u r  mutu a l  res po ns i b i l i t i e s  
u nde r the Endangered Spe C i es Act . I f  you have any quest i ons  concern i ng 
t h i s l etter , p l ease contdct t1r .  Robe rt R .  C urr i e , ;.1r .  Ga ry Hen ry ,  o r  � ls . 
Nora �'u rdock , FTS 6 72-032 1  or  commerc i a 1 tel ephone  numbe r 704/2 58-2850  
ext . 321 . 

S i ncerel y you rs , 

Wa rren T. Pa rke r 
Act i ng Area 11a nager 
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November 20 , 1980 

U . S .  F i s h  a n d  W i l dlife Service 
R ic h a rd B. R u s sell  Fede r a l  B u i l d i n g  75 Sp r i n g  Stree t ,  S W  
Atl a n t a , Georg i a  30303 

D e a r  M r .  B l ac k : 

R EQUEST FOR CONSU L T A T I O N  S R C  I ,  4-2-80-A-192 
I n  a .:cord ance w i t h  the g u i d a nce p resented in Wa rren T .  P a rker ' s  l etter to me on November 4 ,  1980 on the s u b j ec t ,  on b eh a l f  of t h e  U . S .  D e p a rtment o f  Energ y ,  I w o u l d  l i ke t o  req uest con s u lt a tion w i t h  the F i s h  a nd W i l dlife Service p u rs u a n t  to 509 C F R  402 . 04 ( a ) ( J ) , w ith respect t o  i mp acts on t h e  I nd i a n a  b a t  ( �!yoti s  sod a l i s )  b y  o u r  p roposed Solvent Refi ned Coal I P l a n t  a t  Newma n ,  K e n tu c k y . S i nce our biological a s s e s s ment for the s ite i n d i c a ted t h a t  t h e  p roject "may a ffect "  the endangered I nd i a n a  bat the cons u ltation p roc e s s  i s  w a rranted . 

E nclosed w i t h  t h i s  request is a copy of o u r  b iolog i c a l  a s se s sment and a copy of Dr. M i c h a el H a rvey ' 5 report to u s  on the res u lt s  of his s u rvey for the I nd i a n a  bat at t h e  Newman s i t e .  
I t  i s  o u r  b el i e f  a n d  t h a t  o f  o u r  expert con s u lt a n t s  t h a t  t h e  S R C  I p roject w i l l  not jeopardize the con t i nued e x i s tence of t h e  I nd i a n a  b a t  nor res u l t  in the d e struction o r  a dverse mod i fic ation o f  a critic a l  habitat  for t h a t  spec ie s .  I hope you w i l l  concu r .  
I f  you requ i re a n y  further i nform a tion o r  wou l d  like t o  a rrange for a meeting on t h e  s u bj e c t ,  p le a s e  contact  James A.  R e a fs n yder at FTS 626-2429 , or G a b M e l  J .  M a rc i ante a t  626-0850 . 

MS-33l : GJ M  

Enclosure 

CC w/encl : 
W .  T .  P a rker ,  F & WS/Asheville  

�tt� ;/7 
/ / ( i.���� • .//I I o IfZY .  Pea rson , � 

A s s i s t a n t  M a n a g e r' for 
Solvent Refined Coal P rojects 
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November 2 1 , 1 980 

Mr. Thomas J .  Ta l l ey ,  F i el d  Superv i s o r  
U .  S .  F i s h  and  W i l dl i fe Serv i ce 
Pos t  Offi ce  Box 845 
Cookev i l l e ,  TN 3850 1  

Dear  Mr . Tal l ey :  

COORDI NAT I ON �l ITH  T H E  F I SH AND W I L DL I FE S ERV I CE FOR DOE ' S  PROPOSE D  
S RC- I COAL L I QU E FACT I ON PLANT AT N EWMAN , KENTUC KY 

Reference i s  made to John  F .  Pears on ' s  l etter of October 3 ,  1 980 , to 
the Ashev i l l e  Area Offi ce of the U .  S .  F i s h  and Wi l d l i fe S erv i ce 
( copy attach ed ) , �Ih i ch ack now l edged DOE ' s  res pons i b i l i ty to confer wi th 
the Fi s h  and Wi l d l i fe Servi ce rel ati ve  to Secti on 622 ( a )  o f  the F i s h  
and W i l d l i fe Coordi nati on Act . 

Attached for your  rev i ew i s  an u pdated vers i on of the Pre l i m i nary 
Draft E I S  prev i ous l y  s ubmi tted to the As h ev i l l e  Area Offi ce . Al s o ,  
attached i s  a cooy o f  the SRC- I  Env i ronmenta l  Repo rt , wh i ch conta i ns 
perti nent data on wi l d l i fe  and aquat i c ecol ogy for the p roposed Newman , 
Kentu c ky s i t e .  We be l i eve the  i n format i o n  i n  the attached documen ts 
substanti ates that the p roposed S RC - I  p l ant  does not pose a s i gn i f i -
cant threat to wi l dl i f e  resou rces . Y o u r  rev i ew of the  attached documen ts 
and any comments you may have wou l d  be app rec i ated . Repres entati ves 
of DOE ' s  i ndus tri a l  partner ( I n ternat i onal Coal Refi n i ng Company ) , 
preparers of the  Envi ronmenta l  Repo rt , the  Oak  Ri dge Nat iona l  Labora tory , 
whi ch i s  cu rrent ly  prepari ng  the draft E I S , and DOE are avai l ab l e to 
meet at  you r conven i ence  and d i s cu s s  any concerns you may h ave . 

If you requ i re addi t i onal  i nformat i on o r  w i s h  to a rrange a meeti n g  on  
thi s  s ubject , p l eas e cal l me at FTS  626- 1 05 5  or  contact  Gabri e l  Marci ante 
at FTS 626-0850 . 

SR-74 : JAR : tfk 

Encl osures : 
As s tated 

Si ncere ly , 

Jam" A .  �J:i:7� 
R&D Manager . Techn i ca l Di v i s i on 
Sol vent Refi ned Coal P roj ects 
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Thomas J .  Tal l ey 
U. S .  F i s h  & Wi l d l i fe Serv i ce -2 -

cc : Dan Harker,  D i rec tor (w/enc l o sures ) 
Na ture P reserves Commi ss i on 
Commonwea l th of Kentucky 

U .  S .  F i s h  & Wi l d l i fe Serv i ce ,  As hev i l l e ,  N .  C .  
U .  S .  F i sh & W i l d l i fe Serv i ce ,  At l anta , GA 
Mr. James Roth , As s t .  to Secretary , S ,  DOE 
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Cop i ed fo r J .  L .  
G .  J .  

United States Department o f  the Interior i :  � :  
FISH AND W I LDLI FE SERVICE 

Mr. John  F .  Pearso n ,  J r .  
D epartment o f  E nergy 
Oak R i d ge Ope rat i ons  
Post Offi c e  Box E 

75 SPRING ST REET. S.W < 
ATLANTA. GEORGIA 30303 

Oak R i d g e ,  Tennessee 37830 

Dear  Mr. Pearso n :  

R e :  Log Number 4-2-80-A-192  

Morri s ,  ' ;' - 1 2 - SG 
Marc i a n te 
Reafsnydet' 
Boston 

Thi s acknowl edges your  l etter of N ovember 2 0 ,  1980 , recei ved november 2 6 , 1020 , 
request i ng consul t at i on as req u i red under  Sect i on 7 of t he E nda nge red Spec i e s 
Act .  I n your 1 etter you refe rred t o  potent i a 1 effect s from t h e  proposed 
So l vent Ref i ned Coal I Pl ant at Newman , Kentucky , o n  t he fo l l owi ng End angered 
o r  Threatened spec i e s :  I nd i ana bat P�yot i s  sodal i s ) . 

The F i s h and \� i l d l i fe Serv i c e  representat i v e s  I.mO wi l l  ass i st you wi t h  t h i s 
c on s ul t at i on are r1r . Gary Henry a nd f'lr . Bob Curri e at the As h ev i l l e Area 
Offi c e ,  Room A-5 , P l ateau Bu i l di ng ,  50  South  Frenc h  Rroad Ave nue , As hev i l l e ,  
North  Carol i na 28801 , t el ephone FTS 6 72-0382 , c ommerc i al 704/258-2850 , 
ext ens i on 3 2 1 . 

The i nfo rmati on wh i c h  you prov i d ed h a s  b een fo rwarded to t he A s hev i l l e  Area 
Off i ce fo r rev i e\� . I f  you have addi t i o nal i nformat i on i n  you r  fi l es t hat 
c ou l d ass i st us  i n  th i s consul tat i o n ,  we wou l d apprec i ate you r  fo r'tla rd i ng 
i t  d i rectl y to  the As hev i l l e Area Offi ce .  

We apprec i ate  your  i nterest and  concern i n  the preservat i o n  of l i st ed s pec i es 
a nd feel confi dent t hat our coope rat i v e  effort wi l l  contr i bute  towa rd 
m i n imi zi ng potent i al adverse effects  to t hese  spec i es .  

S i ncere ly  yo u r s ,  

'ZU��� 1{ctlnQ' Reg i onal  D i rector  
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Cop i ed 

U n i ted S ta tes Depa rtmen t o f  the  I n teri o r  
I I S H  .\ � f) h l l . f ) L I � �  S I K \ I CI 

Mr .  John F .  Pearson , J r .  
Depa rtmen t of Energy 
Oak Ridge Operat ions  
Post  Off i c e  Box  E 
Oak Ridge , TN 37830 

Re : 4-2-80- 1 92 

Dear Mr . Pearson : 

PLATFAl'  H I ' I Lll l l\ , ;. H ()()M A·, 

50 SOl 'TIl FrtE!l:CII RHOAD A \T"'l'E 

ASI IEV ILLE, >'; O H T I I  C A H O I . 1 1l: ,\ 2HHO I 

March 2 ,  1 981 

for G. Marc i an te 
3/4/81 

Th i s  i s  i n  response to you r l etter of November 2 0 ,  1 980 , recei ved November 26 ,  
1 980 , requ esting  formal Sect ion 7 consu l tation  under the  Endangered 
Spec ies  Act of 1 9 73 , as amended , for the propo sed construction  of the 
Sol vent Refi ned Coal - I  Demons tration  project in Dav iess  County , Kentuc ky . 
Th i s  B i o l og i ca l  Op i n ion  addresses the impacts of construction  and operation  
of  the demon stration  fac i l i ty on the endangered Ind i ana ba t (Myo t i s  
sodal i s ) .  Ou r  analys i s  does not address  the impacts o f  the expans i on o f  
the demonstra t ion fa c i l i ty to a commerc i a l  operation , n o r  does i t  
address the construction impacts o f  the power transm i s s i on l i ne  wh i c h  
wi l l  b e  requ i red fo r the project . Th i s  l etter presents the B i o l og ica l  
Op i n ion  of the U . S .  F i sh  and  Wi l d l i fe Serv ice  and wa s prepared i n  accordance 
wi th the Section  7 Interagency Cooperative  Regu l at ions  ( 50  C . F . R .  402 ,  
43 F R  870 ) .  

We have rev iewed the b io l og ica l  i nformation prov i ded by you , the su rvey 
report prepared by Dr . M .  Harvey , and other i nformation in our  fi l es 
wh i c h  i s  app l icab l e  to th i s  project . The Ind iana/Gray Ba t Recovery Team 
rev i ewed and commented on the adequacy of you r b i o l og ica l  a ssessment .  
Copi es of or  references to pertinent documen ts are conta i ned i n  the 
Adm i n i strat i ve  Record for th i s  consu l tation  wh i ch i s  ma i nta i ned in th i s  
offi c e .  

I t  i s  the B i o l og i cal  Op i n ion  o f  the Fi sh and Wi l d l i fe Serv ice  that the 
construct i on and operation  of the SRC- I demonstration  pl ant and i t s  
c umu l ati ve impacts wi l l  not jeopard i ze t he  conti nued ex i stence of the 
endangered Ind iana  ba t .  

Th i s  con su l ta t ion concerns the construction  o f  a demonstration sol vent 
refi ned coal project in Newman , Dav i e s s  County , Kentu cky ,  by the Department 
of Energy in cooperation  wi th the Internat ional  Coal and Refi n i ng Company . 
Du ri ng the demonstration  phase of the proj ect ' s  operation , the proposed 
p l ant wi l l  process 6 , 000 tons of coal pe r day . Shou l d  the process  be 
cOllll1erc i al l y  feas i bl e ,  the pl ant may be expanded to a 30, 000 ton pe r day 
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pl ant i n  the futu re . Cu rrent project pl ans ca l l fo r the construct i on of 
coal barge un l oad ing  fac i l i t i e s  on the Green Ri ver and pl ant proces s i ng 
u n i ts i n  the up l and po rti ons of the 1 , 484 acre s i te .  None o f  the construction  
ac t i v i t i e s  pl anned for the demonstration  project wi l l  d i rec t ly  effect 
the bo ttoml and hardwood fo rest  found al ong the west  s i de  of Ma rt in  
Creek . I nd i rect impacts on th i s  area from s i te preparation wi l l  be 
m i n i m i zed by care fu l ly  contro l l i ng eros i on from the d i s tu rbed so i l  
su rfaces . 

The b i o l og i ca l  assessment s ubm i tted for th i s  project adequate ly  rev i ews 
the b i o l ogy of the I nd iana  ba t bo th i n  general terms and in re l a tion to 
the propo sed proj ec t .  The presence of a matern i ty co l ony of I n d i ana 
bats in the area adjacent to Mart i n  Creek has not been documented . 
Howev er , th i s  area conta i n s habi ta t wh i c h  i s  su i tab l e fo r summer use by 
the Ind i ana ba t and dur i ng the su rvey performed i n  Ju l y  and August , 
1 980 , several matu re fema l e Ind i ana ba ts were captu red on the s i te .  In  
order to comp l ete Endangered Spec ies  rev i ew in  a t ime l y  manner ,  the  
Depa rtment of Energy mad e the  as sumpt ion  that  the  Mart in  Creek fo rest  
does support a matern i ty col ony of Ind i ana bats . The analys i s  of project 
impacts i s  pe rformed from th i s  perspect ive  i n  the b i o l og ica l  assessment .  
The Departmen t o f  Energy p l ans  to conti nue the i r  stu d i es of  I nd i ana bat 
use of the s i te dur i ng the spri ng and summer of 1 981 . 

The Departmen t of Energy has made a comm i tment to preserve the character 
and b i o l og i ca l  i n tegr i ty of the Mart i n  Creek bo ttoml and hardwood fo rest 
l ocated wi th i n  the s i te boundr i e s .  Th i s  wi l l  prov i de protec t i on fo r the 
su i tab l e Ind i ana ba t habi tat found on the west s i de  of  Mart in  Creek . We 
recommend as a conservation  enhancement measure tha t the Depa rtment of 
Energy , throug h  acqu i s i t ion  of the timber r i g hts , prov i de fo r the protect ion 
of the su i tab l e habi ta t found on the east s i d e  of Ma rt i n  Cree k .  Ba sed 
upon the i n formation cu rrent ly  avai l abl e ,  protect i on of th i s  a rea wou l d  
consti tu te an ac t i on o n  the pa rt o f  the Department o f  Energy wh i c h  wou l d  
enhance the statu s of  the Ind i ana ba t .  Such act ion  wou l d  be i n  kee p i ng 
wi th the d i rec t i ve  i n  Sec t ion  7 ( a )  of the Endangered Spe c i e s  Ac t ,  a s  
amended , to Federal agenc i e s  to "ut i l i ze the i r  author i t i es  i n  fu rtherance 
o f  the purposes  of th i s  Ac t by carryi ng out programs fo r the conserva t ion  
of endangered spec i e s  . . .  " 

The Department of Energy i s  rem i nded of i ts conti n u i ng respons i b i l i ty to 
rev iew i ts acti v i t i e s  and programs i n  l i ght  of Sec ti on 7 and to re i n i t i ate 
th i s  con sul ta t i on i f :  

1 .  New i n format i on becomes avai l ab l e  wh i c h  i nd i cates that the pro po sed 
action may have add i t iona l  impacts on l i sted spec ies ; 

2 .  The action a s  desc ri bed i s  mod i f i ed ;  or , 

3 .  Add i t i ona l spec i e s  are  l i sted wh i c h  may be  affected by the  proposed 
act ion . 
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We apprec i a te the consc i ent ious  manner i n  wh i c h  the Department of  Energy 
has  met i ts endangered spec i e s  respons i b i l i ti e s  on th i s  project and l ook 
forward to conti nued cooperat i on in meeti ng our mutua l  res pons i b i l i ti e s  
u nder th i s  Act .  

Z�: YJ6:�� . .  _ 

Wi l l i am �. H ick l i ng � ) 
Area Manag er � 
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Table J . l . Fish species collected during baseline monitoring 

Longnose gar 
Gizzard shad 
Ski pjack herring 
Goldeye 
Carp 
E merald shiner 
Spotfin sh iner 
B igmouth buffalo 
Smal l  mouth buffalo 
R i ve r  carpsucker 
Ou i lback 

G izzard shad 
Carp 
Emerald s h i ner 
Ghost sh iner  
Spotfin sh i ner 

Green River" 

Martin Creekb 

Bryant D itchC 

G reen sun fish and other sunfishes 
Emerald sh iner 

Bowfin 
G i zzard shad 
Golden sh i ner 
Suckermouth m i nnow 
B lack bu l lhead 
Yel low bul lhead 
B lack crappie 

Blu n tnose m i nnow 
Golden sh i ne r  
Black bul lhead 

R ichland Sioughd 

Ponds' 

Blue catfish 
Channel catfish 
F l athead catfish 
White basss 
B lack crappie 
B lueg i l l  
Spotted bass 
Wh ite crappie 
Sauger 
Fresh water drum 

Mosquitofish 
B lueg i l l  
Wh ite crapp,e 
Sauger 
B lackspotted topm i n now 

Golden sh i ner 
Mosqu ito fish 

Bluegi l l  
F l i e r  
Largemouth bass 
Longear su nfish 
Warmouth 
White crapp,e 

G reen su nfish 
B luegi l l  

a E R ,  Appendix G ,  Part I ,  Tables G . 1 1 ,  G . 1 2, a n d  G . 1 3. 
b E R ,  Appendix G, Part I, Table G . 1 4 .  
c E R ,  Appendix G ,  P a r t  I .  
d E R ,  Appendix G ,  Table G . 1 5. 
e E R ,  Appendix G, Table G . 1 6. 
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Table J.2. F ish species collected in Green R iver 
lock and dam chambers, 1960-1963" 

Silver lam prey 
Paddlefish 
Spotted gar 
Longnose gar 
Shortnose gar 
Bowfin 
Skipjack herring 
Gizzard shad 
Threadfin shad 
Goldeye 
Mooneye 
Grass pickerel 
Stoneroller 
Carp 
Silvery mi nnow 
Speckled c h u b  
Strea ml ine chu b 
Silver chub 
Golden shi ner 
Emerald sh iner 
G h ost sh iner 
Common shiner 
Rosyface shiner 
Spotfin shiner 
M i m ic shi ner 
Steelcolor shiner 
Pugnose minnow 
Blun tnose m in n ow 
Bul l head m i nnow 
River carpsucker 
Qui l l back 
Highfin carpsucker 
Smal lmouth buffalo 
Bigmouth buffalo 
Black buffalo 
Spotted sucker 
Si lve r red horse 
Shorthead redhorse 

R iver redhorse 
Golden red horse 
Blue catfish 
B l ack bul lhead 
Yellow bullhead 
Chan nel catfish 
Br indled madtom 
F reckled mad tom 
Flathead catfish 
American eel 
Rock bass 
Warmouth 
G reen s u nfish 
Orangespotted sunfish 
Bluegi l l  
Longear sunfish 
Redear s u n fish 
H y brid sunfish 
Spotted bass 
Largemouth bass 
White crappie 
Black crappie 
Greenside darter 
Logperch 
Blackside darter 
Dusky darter 
Sauger 
Wal leye 
Freshwater drum 
Brook si lverside 

a J .  R. Charles, "Effects of Oi l f iel d  Brines," Reprinted 
from Proceedings of the 18th Annual Can ference, South· 

eastern Association of Game and Fish Commissioners, 

pp. 1 6 - 1 8, October 1 8 -21 , 1 964. 
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Table J.3. Ichthyoplankton species collected i n  the 
Green River during baseline monitoring" 

Ichthyoplan kton identified to the level of species 

Carp 
Emerald sh i ner 
Steelcolor shiner 
Ghost shiner 
B u l lhead m innow 
Channel catfish 
Blue catfish 
F l a thead catfish 

Pirate perch 
B luegi l l  
Rock bass 
Freshwater drum 
Paddlefish 
G izzard shad 
Goldeye 
Mooneye 

Ichthyoplankton identified to the level 
of genus or family 

Shiner 
Crappie 
Sunfish 
Pikeperch 
Rock bass 
White bass 
Shad or herr ing 

Carpsucker 
Sucker 
Buffalo 
Gar 
Topm innow or studfish 
Catfish or bul lhead 
Da rter 

• I n formation from E R, Appendix G, Part I, Tables G . 1 B  
to G . 30B. 

Table J.4. Peripheral fish species (considered rare 
or threatened in Kentucky, but more abundant 

in other parts of their range)· 

Troutperch 
Mud darter 
Harlequ in darter 
Tippecanoe darter 
Longhead darter 

'c. H. Stephens and J .  S. Durre l l ,  Endangered and Rare 

Species in Kentuckv, p. 7, Publ ication of the Department 
of Natural  Resources and Environmental Protection, 
Fran kfort, Ky, March 1 979. 
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Table J .5. Average daily densities ( N o . / l00 m') 0 1  ichthyoplankton 

collected et Green River sampling stations during 1979 

Date 

3/22 

4/5 

4 / 1 9  

5 / 3  

51 1 7  

5/31 

6/18 

7/2 

7/24 

817 

8/21 

9/6 

1 0/ 1 1  

1 1 ( 5 )  

0.0 

1 . 3 

58.3 

747. 3  

1 1 35.8 

239.5 

1825 3 

245.0 

33.7 

5.9 

2 . 1  

0.4 

0.7  

12(5)  

0.0 

1 .0 

34.2 

1 1 2.0 

402.9 

44.5 

41 1 .9 

131 . 1  

49.7 

5.2 

9.4 

0.6 

0.2 

121 M )  

0 .0 

0.7 

65.5 

50.0 

274.8 

74.7 

693.9 

593.7 

26 . 1  

2.4 

61 .4 

0.2 

0.0 

1315)  

0 .0 

0.5 

49.5 

127.9 

297.8 

120.7 

758. 1 

103 1 . 0  

1 43 . 1  

8 . 1  

26.4 

0.3 

0.0 

as _ surface; M - middle; and 8 - bo trom. 

Source: ER, Appendix G, Table G. T ?  

2 1 ( 5 ) 

0.0 

0.2 

50.1  

149.7 

565.6 

1 93 . 1  

697 . 1  

656.7 

33.4 

5.6 

10.3 

0.9 

0.2 

Stationa 

22( 5 )  221 M )  

0.0 0.0 

0.0 1 .8 

50.0 62.2 

152.9 122.6 

542.0 264.0 

1 3 1 . 0  58 . 7  

565.7 768.5 

467 .5 190.6 

32.1 35.7 

7 .4 2.7 

14.3 40.6 

1 .7 0.0 

0.7 0.2 

22I B )  

0.0 

0.4 

76.5 

1 38 . 1  

48.2 

126.4 

680.3 

1 65.2 

29.2 

2.3 

29.4 

0.2 

0.0 

23( 5)  

0.0 

1 . 1  

49.3 

359.7 

349.6 

451 .0 

793.3 

1237.6 

59.9 

1 1 .5 

24.9 

1 .4 

0.0 

3 1 ( 5 )  

0 . 0  

2 . 5  

30 . 5  

683 . 6  

2003.6 

431 . 3 

670. 5  

546.7 

78.2 

13.4 

49.3 

1 .0 

2 . 1  

32( 5)  

0.0 

0.6 

52.6 

9 1 .3 

267.8 

265.3 

586.4 

578.6 

5 1 .8 

4.3 

16.9 

0.2 

0.0 

321 M )  

0.0 

0.5 

45.7 

69.7 

172.0 

70.3 

385.0 

223.6 

79.5 

2.6 

37 . 1  

0.0 

0.0 

33( 5)  

0.0 

2.0 

45.7 

227. 1  

256.5 

259.9 

1347.2 

1 844.6 

52.0 

12.2 

13.6 

0.4 

3.4 

Table J.6. Ichthyoplankton densities (No/100 m') at the site 01 the proposed SRC-I water intake during 1979 

(mean density ± standard error, n = 4) 

Date 

3/22 

4 / 5  

4/19 

5/3 

5 1 1 7  

5/31 

6/ 18 

7/2 

7 / 24 

817 

8/21 

9/6 

1 0/ 1 1  

21 5 

Norlh channel 
( intake site) 

0.0 

0.2 ± 0 .15  

50.1  ± 7 . 1  

149.7 ± 22.6 

565.6 ± 36.8 

1 93 . 1  ± 73.2 

697. 1  ± 165.6 

656.7 ± 264.6 

33.4 ± 8.4 

5.6 ± 1 .5 

10.3 ± 1 .6 

0.9 ± 0.6 

0.2 ± 0.3 

Source: ER, Tables G-19-G-30. 

Station 

22 5  

Mid-channel 

0.0 

0.0 

50.0 ± 10.7 

1 52.9 ± 14.2 

542.0 ± 93.1 

131 .0 ± 34.0 

565.7 ± 165.9 

467.5 ± 173.7 

32.1 ± 3.0 

7 .4 ± 1 .4 

14.3 ± 1 .2 

1 .7 ± 0.4 

0.7 ± 0.4 

23 

South channel 

0.0 

1 . 1  ± 0.4 

49.3 ± 10.8 

369.7 ± 47.6 

349.6 ± 101 . 1  

451.0 ± 337.8 

688.2 ± 100.8 

1237.6 ± 316.2 

59.9 ± 12.2 

1 1 .5 ± 4.8 

24.9 ± 2.0 

1 .4 ± 1 .2 

0.0 



Parameter 

Arsenic 

Beryllium 

Cadmium 

Chromium 
Trivalent 
Hexavalent 

Copper 

Cyanide 

Lead 

Mercury 

Nickel 

Selenium 

Silver 

Zinc 

J - 7  

Tabla J.7. Derivation of Kentucky toxicity-baaed atendarda 

96-h LC .. 

(I'Q/liter) 

19,485 

3,250 

6,435 

22,700 
36,860 

345 
284 

4,612 

164 

1 8,260 

3,060 

44 
13,400 

Source of detaB 

Bluegill, geometric mean of five vatues 

Fathead minnow, hardness = 140 mg/liter 

Fathead minnow, regression of 96 h LC .. vs 
hardness, exp [ l .250n hI 2.67J 

Fathead minnow, exp [O.830n hI + 5.98J 

Geometric mean of flow-through measured tests 

at hardness equal to 209 mg/liter 

Fathead minnow, exp [ l . 120n hI + O.38J 

Fathead minnow, geometric mean of two tests at 
230 and 250 mg/liter hardness (the only two 
values for adult fathead minnows) 

Fathead minnow, geometric mean of three values at 
20 mg/liter hardness 

Fathead minnow, geometric mean of two values, 
150 and 180 I'Q /liter hardness 

Fathead minnow, exp [O.830n h I  + 5.76J 

Fathead minnow, geometric mean of all values 

except fry and juvenile 

Fathead minnow, exp [O.83(1n hI - 3.5:?J 

Fathead minnow, geometric mean of all values at 
100 mg/liter hardness 

BAli 96-h LC .. values were taken from the 1980 Water Quality Criteria Documents. 

Source: J. O'Connor, EPA Region 4, Atlanta, Georgia, personal communication to R. D. Roop, Oak Ridge National 
Laboratory, Oak Ridge, TN. 
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Append ix  K 

TERRESTR IAL ECOLOGY 

Th i s  appendi x  p rovi des  s u pporti ve d i scuss i on  fo r Sects . 3 . 2 . 1 . 3  and 4 . 2 . 1 . 3 ,  des cri p t i o n  o f  
and i mpacts on terres tr i a l  eco l ogy . Co rres pondence wi th t h e  U . S .  F i sh a n d  W i l d l i fe Servi ce 
( US FWS ) ,  i nc l ud ing  the i r  asse ssment of impacts on the I nd i ana Bat , i s  presented i n  Append i x I .  

K . l B I OLOG I CAL ASS ESSMENT FOR THE I ND I ANA BAT* 

The I n d i ana bat (Myotis sodalis ) i s  l i s ted by the U . S .  F i s h  and W i l d l i fe Servi ce ( U S FWS ) as an 
endangered s pec i es . !  In comp l i ance wi th  Sec t .  7 ( a )  of  the Endangered S pec i es Act of  1 97 3 ,  as 
amended , the U . S .  Depa rtment of Energy ( DOE )  s uppl i ed the US FWS wi th b i o l og i cal  and phys i ca l  
i n format i o n  on  t h e  S RC - I  Project i n  Apri l 1 980 ( Appendi x  I )  and req uested i nformat i on  on the 
poten t i a l  p resence of  endangered pl ant and a n i ma l  spec i e s  on t he S RC - I  s i te .  The res ponse from 
the USFWS i nd i cated t hat I n di ana bats may occur  on the s i te and requested that DOE perform a 
su rvey for t he bat ( Ap pend i x  I ) .  Therefo re , an ons i te s urvey was a rranged by DOE and i ts i ndus
tr i a l  pa rtners and conduc ted by authori zed bat experts , M .  J .  Ha rvey and M .  L .  Kennedy , from 
Memph i s  S tate Un i vers i ty ,  and J .  S .  Kes s l e r ,  from the U . S .  Corps of Eng i neers , L ou i s v i l l e  
D i s tr i c t , from J u l y  2 5 -3 1  and August 1 0- 1 5 ,  1 980 .  

The pu rpose  o f  th i s  document i s  to  present the  methods , res u l ts , and  i mp l i cat i ons  of  the s urvey , 
and to assess  the s i gn i f i cance of  potent i a l  i mpacts of  the S RC- I  proj ect on the I nd i ana bat . 

The p resent doc ument , the J u l y-Augu s t  1 980 ons i te s u rvey fo r the I nd i ana bat , and s upport i ng 
i nformat ion  i n  the Draft Env i ronmenta l Impact S tatement ( DE I S )  and the Envi ronmental  Report ( ER )  
p repa red by the i ndustri a l  partner ,  consti tute the offi c i a l  B i o l og i ca l  As sessment req u i red o f  
DOE fo r comp l i ance w i t h  Sec t .  7 ( c )  o f  the Endangered S pec i es Act o f  1 9 73 as  amended i n  1 976 , 
1 977 , and 1 9 78.  These B i o l og i ca l  Assessment documents wi l l  be subm i tted to the US FWS . 

Th i s  report was prepared by DOE s taff. Al though i nformat i on obtai ned dur i ng  the su rvey by the 
bat experts was freely used i n  th i s doc ument ,  any erro rs and i nadequac ie s  i n  th i s  document a re 
the  sol e respons i b i l i ty o f  the DOE s taff.  The bat experts wi l l  fi l e  w i t h  the US FWS the i r  own 
report of t he i r  s urvey act i vi t i es .  

K . l . l De s c ript i o n  o f  t he S RC- I project 

The envi ronment of t he S RC- I s i te and proj ect des i g n ,  l ayout , and processes  are descri bed i n  
Sects . 2 . 2  and 3 . 2 .  Impacts a re descri bed i n  Sec t .  4 . 2 .  To br i efly s umma r i z e ,  about 85% of  the 
600-ha s i te cons i s ts o f  act i ve agri cu l tura l  fi e l ds and pasture . Approx i mate ly  1 5  ha of  ri pari an 
fo rest  occur  on  the s i te a l ong Ma rt i n  Creek , wh i ch bounds the s i te to the so utheas t ,  and 1 5  ha 
occur  a l ong the Green R i ve r ,  wh i c h  bo unds the s i te on the south . Addi t i ona l ri parian  fo rest  i s  
l ocated a l ong t he southea stern bank o f  Ma rt i n  Cree k ,  wh i ch i s  off the s i te ( Mart i n  Creek i s  the 
SRC-I s i te p roperty l i ne ) . R i pa rian  fo res t  is the prefe rred hab i tat for I nd i a na bats i n  the 
s pri ng , s ummer ,  and early fal l ; 2 , 3 a gri cu l tura l  f ie l ds and  pasture a re not i mportant to the 
s pec i es .  A port ion of t he Green Ri ve r forest  wou l d  be c l ea red fo r SRC-I fac i l i t i es ,  but none of 
the Ma rt i n  Creek forest  whe re I nd i ana bats have been fo und . 

* 
Th i s  i s  the assessment that was presented i n  the DE I S  and s ubmi tted to the US FWS . Subse-

quent  to  i ss uance o f  the  DE I S ,  the  US FWS concu rred wi th DOE ' s  assessment  that the  proposed 
project wi l l  not jeopard i ze the ex i s tence of  the I nd i ana Bat  (Append ix  1 ) .  

K-3 
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K . l . 2 I n d i ana bat ecol ogy 

The I nd i ana bat ranges from eastern O k l ahoma and southeastern Al abama to extreme southern 
Wi s con s i n  and Vermont . 4 , 5 Duri ng the wi nte r ,  the bat h i bernates i n  caves . Tens of thousands 
of  these h i bernating  bats occur i n  s i ng l e caves , duri ng wh i ch t ime the s pec i es i s  most  vul ner
ab l e to h uman d i s turbance .  In  the s pri ng , most  of the bats di s perse from the caves . Fema l es 
d i s perse to ri parian forests , where they form smal l co l on i es ( e . g . , 25 to 30 adul t fema l e s )  and 
ra i se t he i r young . 2 , 4 Each femal e  g i ves  b i rth to a s i ng l e  young . The col on i e s  are l ocated 
un der the l oose  bark of  dead and  l i v i ng trees and in cav i t i e s  in trees , from wh i ch the bats fl y 
n i ght ly  to feed ,  pr imari l y  w i t h i n  the forest . Sma l l g roups of mal es s pend the s pr ing  and s ummer 
around the caves , but most  ma l es l eave the cave areas in the spr ing  and rema i n  away for the 
s ummer .  Duri ng the s ummer ,  the spec ies  i s  much l es s  vul nerab l e  to l ocal i zed  h uman d i sturbance 
because much l ower numbers of bats occur i n  any one area . In the fa l l , ma l es and fema l e s  retu rn 
to the caves , where copul at i on occurs . The n umber of I nd i ana bats u s i ng caves known to be 
h i bernacul a has  been estimated  at 509 , 000 i ndi vi dual s . 6  

The maj or  threat to the exi stence of the I nd i ana bat s pec i es appears to be di sturbance at caves , 
where the h i gh aggregat ion  " makes  the s pec i es extraordi nari l y  vu l ne rab l e  to natural catastrophes 
and  l osses  caused by h uman s "  ( ref .  7 ) . The seri ous h uman hazards  to wh i ch bats i n  general are 
s ubjected whi l e  h i bernati ng i n  caves are c l earl y s hown by Tuttl e . 8 Wi des pread appl i cat ion  of 
pesti c i des and l arge-sca l e c l eari ng of  ri pari an and bottoml and fo res ts for agri cu l tu re and 
urbani zation  may a l so be maj or threats to exi stence of the Ind i ana bat . 4 , 9 , I O The total  popu l a 
t i on of I n d i ana bats h as dec l i ned rap i d l y  duri ng recent years , a n d  the s peci es i s  now vi rtua l l y  
gone from the northeastern Un ited S tates . 1 1 

Al though no caves exi st  i n  the immedi ate area of the s i te ,  the l argest extant h i bernati ng popu 
l at i on of I n d i ana bats ( n umbering  about 1 50 , 000 ) i s  l ocated i n  th ree caves approximately  97 km 
northeast of the s i te . 6  I n  add i t i on , the Mammoth Cave reg i on , where severa l thousand I nd i ana 
bats h i bernate , i s  a bout 1 30 km E SE of  the s i te ,  a l though th i s is  not expecte d .  

Studi es of  t h e  s umme r d i s tri bu t i on of I nd i ana bats h i bernating  a t  Mammoth Cave a n d  a t  Bat Cave 
i n  northeas tern Kentucky s how that ma l es and  fema l e s  move a l most  exc l u s i ve l y  northward i n  the 
spr i ng and  o ccupy rather d i sti nct s ummer geograph i c  ranges ( F i g .  K . l ) .  The SRC-I  s i te l i e s  
outs i de of these  ranges , w h i c h  i nd i cates t hat  I n di ana bats may be  l es s  abundant i n  t he  SRC- I  
s i te area than  wi thi n these summer geograph i c  ranges . 

The  fol l owi ng h abi tats , a l l caves or mi nes , have been des i gnated as Cr it i ca l  Habi tat for the 
I n d i ana bat ( 50 CFR Part 1 . 1 : 1 09 ,  Rev i sed  October 1 979 ) : 

1 .  I l l i no i s ,  the B l ackba l l Mi ne , La S a l l e  County .  

2 .  I n d i ana , B i g  Wyandotte Cave , Crawford County ;  Ray ' s  Cave , Greene County .  

3 .  Ke ntuc ky ,  Bat Cave , Carter County ;  Coach Cave , Edmonson County ( Mammoth Cave area ) . 

4 .  Mi s souri , Cave 02 1 , Crawford County ;  Cave 009 , Frank l i n  County ; Cave 0 1 7 ,  Fran k l i n  County ; 
P i l ot Knob  Mi ne , I ron County ;  Bat Cave , S h annon County ;  Cave 029 , Wash i ngton County .  

5 .  Tennes see , Wh i te O a k  B l owho l e  Cave , B l ount County .  

6 .  West V i rg i ni a ,  H e l l ho l e Cave , Pendl eton County .  

Of  thes e ,  t h e  fo l l ow i ng l i e wi th i n 1 61 km ( 1 00 mi l es )  of t h e  S RC - I  s i te : 

1 .  B i g  Wyandotte Cave , 9 7  km ( 60 mi l es ) NE of the s i te .  

2 .  Ray ' s Cave , 1 45 km ( 90 mi l es ) NNE o f  the s i te .  

3 .  Coach Ca ve ( �lammoth Cave area ) , 1 30 km ( 80 mi l es )  ESE  o f  the s i te .  

K . l . 3 Methods o f  s urvey i ng for I nd i ana bats 

Before i n i t i at i ng trapp i ng ,  the s urvey team i nspected the ons i te r i parian habi tats that m ight  be 
s u i tabl e for I n d i ana bats . The  trees al ong the Green Ri ver formed a very na rrow str i p  of woods , 
i n  many p l aces o n ly  a few trees wi de .  The fores t a l ong Mart i n  Creek was much wi der , h a v i ng many 
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F i g .  K . l .  Summer d i s tri but i on of  Myotis soda lis that w i nte rs in two of Ken tucky ' s  cave 
reg i ons ; th i s  d i stri but i on i s  based on recoveri es of  banded i nd i v i dua l s .  N umbe rs i nd i cate 
mu l t i p l e  recover ies  from the s ame l oca l i ty .  The " x "  s hows the l ocati on of the SRC- I s i te .  
Source : Repri nted by permi s s i on of R .  W .  Barbour and W .  H .  Davi s ,  Bats of America, Un i vers i ty 
Pre s s  of Ken tucky ,  Lex i ngton , 1 969 . 

l a rge , t a l l trees , l arge dead trees wi th l oose bark , and trees wi th cavi t i e s . The forest canopy 
was not den se and  wa s broken i n  many p l aces by open i ngs 1 5  to 30 m i n  d i ameter.  Th i s forest 
appeared to be better h a b i tat for I n d i ana ba ts than the woods a l ong the Green Ri ver ,  based on 
the desc r i p t i on by Humphrey et a l . of s u i tabl e I nd i a na bat hab i tat . 2 No  fl ow of  water was 
v i s i b l e  i n  Mart i n  C reek at the t ime of  the s u rvey , a l though  poo l s of  stan d i n g  water occurred i n  
severa l  p l aces . 

To i dent i fy t he s everal s pe c i es o f  bats expected to occu r  on the s i te ,  i nd i v i dual  bats were 
captured w i th m i s t  nets . Three I n d i ana bats were marked tempora ri l y  w i th red f i ngerna i l  pol i s h  
o n  a toena i l  s o  t hat recaptured bats cou l d  b e  d i s t i n g u i shed from those captured for the 
f i rst t i m e .  A fourth cou l d  be i dent i fi ed by an ex i s t i n g  d i s t i nct i ve ho l e i n  one wi n g . The 
bats were rel eased unharmed as soon as poss i b l e  after capture . 

Trapp i n g  was done on s i x  n i ghts i n  J u l y  ( J u l y  25-3 1 ) and  fi ve n i ghts i n  August  (August  1 0 - 1 5 ) .  
D u ri ng  the J u l y  s amp l i ng peri od , 4 5  mi s t  nets were erected i n  wooded a reas a l on g  Mart i n  Creek 
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and the Green R i ve r ,  or  nea rby ( two over ponds ; one i n  an empty barn ) . 
h i g h  wi th wi dths  of 1 8  ft , 30 ft , 4 2  ft , and  60 ft , respecti ve l y , were 
p l aced on 8 to 1 0  ft pol es , except that two mul t i p l e ,  h i g h  nets ( 30 ft 
empl oyed , both i n  the Ma rt i n  C ree k area . 

Nets mea s u r i n g  7 ft 
used . Mo st  nets were 
and  24 ft ) were a l so 

By n i ght  one ( before dark ) o f  netti n g , 1 6  nets had  been erected : 1 0  i n  the Mart i n  Cree k area 
and 6 near the Green R i ve r .  Before n i ght  two , 1 4  addi t i onal  nets were p l aced a l ong Ma rti n 
C ree k , bri n g i ng the total n umber o f  nets on the s i te to 30 . S i x  more nets were added to the 
Ma rt i n  Creek a rea before n i ght  three ( tota l , 36 nets ) . That n umber rema i ned the same on 
n i ght  fou r .  Four add i t i onal  nets were p l aced i n  t h e  Ma rt i n  Cree k a rea before n i ght  fi ve ( tota l , 
4 0  nets ) . Several nets were a l so moved before n i ght  fi ve . Before n i g h t  s i x ,  5 mo re nets were 
p l aced near the Green R i ver . The total nett i n g  effo rt i n  J u l y  consi sted of 203 net n i g hts . 

Duri n g  the August  sampl i n g  peri od , add i t i onal  nets were erected a l on g  the Green Ri ver .  Tota l 
approxi mate nett i ng effort wa s 2 1 9 net n i g hts  ( count i ng  mul t i p l e nets erected together a s  s i ng l e  
nets ) , i ncl ud i n g  1 46 net n i ghts  a l on g  Ma rt i n  Creek ( and  a few a t  ponds ) and 7 3  net n i ghts  a l ong  
the Green Ri ver .  A n i g h t  v i s i on scope  and a bat detecto r  ( u l traso n i c  sound  detector )  were used  
to  search fo r fl y i n g  bats . 

I n  both s amp l i ng peri ods , nets were opened a t  dusk  and  c l o sed ( bund l ed and t i ed ) a t  dawn . They 
were checked period i cal l y  between d u s k  and m i dn i ght , the peri od of g reatest bat acti v i ty .  
D u r i n g  dayl i ght hours , the s i te was searched for s i gn s  o f  bat hab i tat i on . Many dead and l i v i ng 
trees wi th l oose  bark or cav i ti es were exami ned i n  a n  attempt to l ocate a n u rsery co l ony . 

K . l . 4 Re s u l ts of s urveys for I n d i ana bats 

In the J u l y  s amp l i ng per i od , three I n d i ana bats were captured a l ong Ma rt i n  Cree k , wh i l e  none 
was captured a l ong the Green Ri ver.  Al l three bats were adu l t femal es ( one or  more yea rs ol d )  
that s howed n o  i nd i cat i on o f  l actati on , a l though they appeared to be reproduct i ve fema l es that 
had had young  a t  some t i me ( M .  J .  Harvey , Memph i s State Un i vers i ty ,  personal  commun i ca ti o n , 
Sep t .  30 , 1 980 ) .  Al l were captured i n  nets set a t  conventi onal  h e i g h t  ( o n  8 to 1 0  ft po l es )  
across  Ma rt i n Cree k .  One wa s caught duri n g  each of  the f i rst three n i ghts . None was recap
ture d .  S i xteen a dd i t iona l  bats  o f  other  s pec i es were a l so captured . They cons i sted o f  n i ne 
red bats (Lasiurus borealis ) , f i ve b i g  brown bats (Eptesicus fUscus ) , one Keen ' s  bat (Myotis 
keenii ) , and one even i n g  bat (Nycticeius humeralis ) . 

I n  the August  sampl i n g  peri od , one a dd i t i onal  I n d i ana  bat ,  a non l actat i ng adul t fema l e ,  
wa s captured a l ong Ma rt i n  C reek .  Aga i n  none was captured a l ong the Green Ri ver . F i fteen 
red bats were a l so caugh t .  

I n s pect i on of  the Ma rt i n  Creek forest  i nd i cated that the re were s uffi c i en t  n umbers o f  l a rge 
l i v i ng and dead trees w i t h  l oose bark and ca v i t i es to s upport n u rsery co l o n i es . No ev i dence 
of  a n ursery c o l o ny was foun d ,  a l t ho u g h  o n l y  a sma l l fract i o n  of  the ma ny potenti a l l y  s u i tab l e 
n u rsery trees coul d be adequate l y  exam i ned to determi ne the presence or a bsence o f  a col ony . 

Searches for bats conducted wi th the n i ght  v i s i on scope and the bat detecto r i nd i cated that 
bat  pop u l at ions  were rel at i ve l y  l ow on  the s i te and at R i c h l and  S l o u g h  wes t  o f  the s i te ,  and 
that the m i s t  nets were capturi n g  a s  ma ny o f  the bats a s  coul d be reasonab ly  expected .  

K . l . 5 D i s c u s s i o n  o f  res u l ts 

Al though adu l t fema l e  I n d i a na bats were captured on the S RC - I  s i te ,  the ex i stence of a n ursery 
col ony wa s not  conc l u s i ve l y  s hown . Two res u l ts  i n di cated that there may h a ve been no n u rsery 
col ony on the s i te :  ( 1 ) the fema l es were n o t  l actat i ng a n d  ( 2 )  n o  i mmature bats were capture d .  
However ,  i t  i s  poss i b l e  that  fema l es were not l acta t i n g  because the young may h a ve a l ready been 
weaned by the t i me of the J u l y  s u rvey . Extrapo l a t i n g  from the res u l ts of H umphrey et a l . , 2 any 
young  at the S RC- I s i te coul d have become vo l an t  by J u l y  1 3  and coul d have been weaned before 
i n i ti at i on of the s urvey on J u l y  2 5 .  Thus , any fema l es that had  young may not have s hown s i g n s  
of  l actati on a t  t he t i me o f  the survey . T h i s extrapol a t i on i s  based on the a s s umption  that the 
ra i s i ng o f  yo ung a t  the S RC - I  s i te ,  beca use  o f  i ts more southern l ocat i on , was a week advanced 
o ver that s tudi ed by Humphrey et a l . 2 in 1 975 in east-central I nd i ana , where young became vo l ant  
by  Ju ly  2 0 .  I f  young  had been rai sed i n  the SRC - I  a rea , however , i t  i s  puzz l i ng that none wa s 
captured , beca use  a bo ut h a l f o f  the fema l es and young s hou l d  h a ve rema i ned at the co l ony s i te 
unti l the end of J u l y  ( e xtrapo l ati ng from F i g .  3 i n  ref .  2 ) . 
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Because i t  cou l d not be determi ned wi th absol u te certa i nty that the femal es had been reproduct ive 
a t  one t ime , they may have been nonparous yea rl i ngs  ( one year o l d ) . Fema l e  gray bat yearl i ngs  
(Myotis gpisescens ) do not ra i s e  young , 1 2 and about  ha l f  of l i tt l e brown bat year l i ngs  (Myotis 
lucifugus ) a re nonparous . 1 3  Whether I nd i ana bat yearl i ng s  ra i se young i s  not known . 

K . l . 6  Assessment of i mpacts 

K . l . 6 . 1  Impacts on hab i tat 

None of the ons i te r i pari a n  forest  ( i n  wh i c h  I nd i ana bats a re known to occur) a l ong Mart i n  Creek 
wi l l  be c l eared for the S RC- I demonstrat i on project or for the poss i b l e  commerc i a l  fac i l i ty .  
The Commonweal th of Kentucky and DOE a re cons i der ing  purchas i ng the t imber r ights  from the 
present l and owners p r i o r  to acqu i s i ti on of the SRC- I s i te p roperty ;  t h i s  m i g ht ens ure that 
the  forest wou l d  not  be  c l eared by the  p resent l and owners as a d i rect res u l t of p u rc hase of 
the property for the S RC- I faci l i ty .  Once the s i te property and/or the t imber r ig hts have 
been purc hased , the  DOE or the  i ndustria l  partner wi l l  p rotect the ons i te fores t from cutti ng 
or c l eari ng as l ong as the I nd i ana bat i s  l i s ted by the US FWS as threatened or endangered . 

Up to 3 . 6  h a  of ri par i an forest a l ong the Green Ri ver wi l l  be c l eared for barge fac i l i t i es 
and water i ntake structure ( Sect .  4 . 2 . 1  and Append ix  V ) . The I nd i ana bat was not found i n  t h i s  
fo rest duri ng the  s u rvey . 

The l ocation  of demonstrati on faci l i ti es wi th respect to Marti n Creek and the Green R iver  i s  
s hown i n  F i g .  2 . 3 .  B u i l d i ngs  o r  other permanent o r  tempora ry s tructures  ( except s tockp i l es )  
a re s hown l ocated more than 305 m ( 1 000 ft)  from the Mart i n  Creek forest .  The topsoi l stoc k
p i l e ,  excavat i on stockp i l e ,  and the  unsu i tab l e materi a l  stockp i l e  wi l l  be l ocated at l eas t 
3 0 . 5  m ( 1 00 ft )  from the edge of the  Ma rt i n  Creek fo res t and 1 83 m ( 600 f t )  f rom the  SRC- I s i te 
property l i ne a t  Mart i n  Creek .  Faci l i t i es associ ated wi th  the poss i bl e  commerc i a l  p hase  wi l l  
probabl y be l ocated w i t h i n  305 m of the Mart i n  Creek forest .  

To prevent fore i gn materi a l s from enteri ng Marti n Creek , i ntercept i on d i tches , retent i on dams , 
or  other control s tructures wi l l  be constructed i n  appropri ate p l aces near the faci l i ti es . 
These structures  shou l d adequately contro l  any sediment-l aden surface runoff duri ng construct i on 
and any s p i l l s  of o i l  o r  other tox i c  materi al s .  ( Control of s p i l l s i s  addres sed i n  Sec t .  2 . 2 . 1 . )  
The re l at i ve l y  l evel terra i n  ( about a 9 . 1  m or  30 ft drop from the center of the s i te to the 
edge of the forest al ong Marti n Creek ) mi nimi zes the potent i a l  for sed imentati on of Marti n 
Creek . 

Ai r pol l u tants wi l l  be emi tted from construction equ i pment and from p l ant fac i l i ti e s  duri ng 
operat i on . Impacts of these emi s s i ons on vegetation  a re add ressed i n  Sec t .  4 . 2 . 1 . 3  and th i s 
appendi x .  To s umma ri ze , even a t  l ocal i t i es near the p l ant where g round- l evel concentrati ons of 
the maj or  a i r  pol l utants  ( S02 ' NOx ' and parti cu l a tes ) wi l l  be max imal dur i ng p l ant operat ion , 
these concentrat i ons ( resu l t i ng from operat ion  of o n ly  the SRC- I fac i l i ty ,  not i nc l ud i ng pre
sently ex i s t i ng amb i ent  concentrati ons ) a re p red i cted to be l ess  than one-tenth of presentl y 
exi s t i ng ambi ent  concentrati ons . Dur ing  abnormal or  upset condi t i ons , concentrati ons  wou l d  be 
s i gn i f i cant ly  h i g her  over the s ho rt term . No g ross  vegetat i onal changes are expected to occur 
in  the Mart i n  Creek forest  a s  a resu l t of the add i t i on of a i r  po l l utants from the SRC - I  p l ant  to 
the exi st i ng a i r  po l l utants in  the area . 

Di rect i mpacts on bats 

Di rect  impacts on bats cou l d resu l t  from fel l i ng of trees conta i n i ng nursery co l on i es ( or 
pos s i b l y  so l i tary bats ) , from noi se of equ i pment , and from a i r  pol l utan t emi s s i ons . I t  i s  
un l i ke ly  but  poss i b l e  that any nursery co l on i es o f  bats a re l ocated i n  trees i n  the woods to be 
c l eared a l ong  the Green Ri ver . To avo i d  poss i b l e  d i rect  effects dur i ng c l ear i ng , trees wi l l  
not  be cut dur ing  Apri l through September ,  i f  reasonab l y  feas i bl e .  I f  any nu rsery trees are 
cut wh i l e  bats a re at  the cave h i bernacu l a ,  bats return i ng i n  the s pri ng shou l d be ab l e  to f ind  
o ther s u i ta b l e  trees in  the  v i c i n i ty [as bats d id  i n  one recorded i ns tance ( ref .  2 ) ] .  

No i se from cons tructi on equ i pment ,  p l ant  fac i l i ti e s , and rai l road acti v i t i es m i g h t  s i g n i fi cant ly  
d i s turb the  bats . So urces of noi se wi l l  be  l ocated at  l east  30 . 5  m from the Mart i n  Creek 
forest and 1 83 m from the Creek . The no i se of s teady p l ant operat ion is expected to resu l t 
i n  sound l evel s s l i gh t ly  h i g her b ut  comparabl e to exi s t i ng amb i en t  sound l eve l s  ( Sect . 4 . 2 . 3 . 2 ) . 
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Howeve r ,  noi se from ra i l  acti v i ty ( un l oad i ng 300 coal cars per day i n  commerc i a l operati on ) 
wi l l  be con s i derab ly  greater .  Where Mart i n  Creek i s  cl osest  to the rai l yard , the max i mum 
noi se l eve l i s  pred i cted to be 67  dB ( John  C .  Tao , I nternn ti ona l Coal Refi n i ng Company , 
personal commu n i cati on , September 8 ,  1 980 ) .  The EPA recommended max i mum res i den t ia l  n o i s e  
l e ve l  i s  70 dB . Act i v i ty o f  earth-mo v i ng eq u i pment o n  the stockp i l e s  w i l l  extend for 
approxi mate l y  one yea r  and wi l l  not be conti nuous . No i se gene ra te d  from bu l l dozers and  other 
earth-movi ng equ i pment  has a rou g h l y  s i m i l a r  s ound l evel range to tractors , comb i nes , and 
other farm eq u i pment p resent l y  a c t i ve in fi e l ds adjacent to the Marti n Creek fores t .  The 
freq uency and d u rati on of the acti v i ty on the stockp i l es w i l l ,  howeve r ,  be greater than that 
of the p resent farm mac h i nery .  

Mo st  wi l dl i fe s pec i e s  appear t o  become accus tomed t o  h i gh noi se l eve l s , such  a s  noi se from 
h i ghway traffi c and fa rm equ i pme n t .  Studi es s howi ng negat i ve e ffects of n o i s e  on noncapti ve 
wi l d l i fe a re l ac k i n g ,  and  vari ous  stud ies  have s hown that many wi l d l i fe spec i es read i l y  adapt 
to no i se . l 4  No stud ies  have s hown that n o i s e  l eve l s  expecte d  from constructi on equ i pment 
and p l an t  faci l i t i es wou l d  i nterfere w i th the bats ' u l trason i c  sound commun i cati on and p rey
l ocat i on system.  A s tudy by Gri ffi n et a l . showed that the echo l ocat i on sys tem of bats i s  
res i s tant  to j ammi ng by extraneous no i se ; l S a pparent l y  the bats or ient  themsel ves s o  that the 
no i se and the echol oca t i o n  s i gnal  a re rece i ved from d i fferent  angl es . l 6 

Ai r po l l utant emi s s i on s  a re not l i ke l y  to have s i g n i f i cant effects on bats . Amb i en t  l evel s of  
a i r pol l utants p resent in  many a reas wi th above average concentrati ons have  not been s hown to 
have d i rect adverse e ffects on te rrestr ia l  w i l d l i fe .  Certa i n  a i r  pol l utants such  as tox i c  
heavy meta l s ,  wh i ch can not be rap i d l y  metabo l i zed by b i ota , coul d accumu l ate i n  vegetati on 
and a n i ma l s ,  i nc l u d i n g  I nd i ana bats . Because  of the i r  s urpri s i ng l y  great l ongev i ty ,  frequen t l y  
1 0  yea rs o r  more , 2 b a t s  may b e  re l ati ve l y  s uscepti b l e to accumu l a t i on of  tox i c  s ubstances . 
However,  a i rborne concentrat i ons of s uch substances emi tte d  a re expected to be very smal l 
( Sect .  4 . 2 . 3 ) ,  and  any pre d i c t i on s  of i mpacts on bats wou l d be h i gh l y  s pecu l ati ve .  The re i s  
no ava i l ab l e  i nforma t i on to adeq uate l y  s upport the hypothe s i s  that bats wo u l d be adverse l y  
affected . An i ma l  pop u l at i on s  that have been a ffected s i g n i f icant ly  by a i r  pol l u tants have 
been s u bjected to extremel y  h i gh concentrati ons of  toxi c s ubstances l ? - much h i gher concentra
ti ons than those expected at the S RC - I  faci l i ty .  The only chemi cal po l l u tants imp l � cated 
in  wi des p read dec l i ne s  of  I n d i ana bat popu l at i ons are certa i n  pes ti c i de s , s uc h  as DDT . 2 , 9 , l O 

I mpacts of commerc i a l i zat i on 

The proposed SRC - I  p roject  i s  the constructi on and short-term opera t i on of a 6000 ton s  per 
s tream day (TPSD )  fac i l i ty to demons trate the techn i cal operab i l i ty ,  econom i c  v i a b i l i ty ,  and  
env i ronmental  accep tab i l i ty o f  the  SRC- I p roce s s  ( Se c t .  1 . 1 . 1 ) .  Fol l owi ng an  approxi mate l y  
two-year operat i ng per i o d ,  t h e  i ndustr ia l  pa rtner has t h e  ri ght  t o  purc hase the fac i l i ty 
from the government .  Shou l d  the demons trat i on p rove success ful , i t  i s  anti c i pated that the 
fi rs t  comme rci a l  S RC- I p l ant  of about 30 , 000 tpsd capac i ty wi l l  be con s tructe d  at the s i te by 
the i n du s tri a l  partn e r .  

T h e  demonstrat ion  p l ant  and  s upport fac i l i ti e s  w i l l  occupy approx i mate l y  1 0 1 ha o f  t h e  600-ha 
s i te .  I f  a commerc i a l fac i l i ty i s  cons tructed , the add i t i onal  faci l i ti e s  w i l l  requ i re approx i 
mate ly  33 nddi t i ona l  hectare s . Based on the pre l i mi nary s i te l ayou t , i t  a ppears that the 
p roposed s i te can accommodate t he p l anned expans i o n ;  howeve r ,  i f  the s l ag from the commerc i a l  
fac i l i ty can n o t  b e  u t i l i zed as  concrete aggre gate , addi t i onal  area wi l l  b e  req u i red for 
d i s posal . Comme rci a l  expa ns i on wi l l  p robab ly  requ i re use  of the l an d  presently p l anned to be 
vacant , except for s tock p i l es ,  between the demonstrati on fac i l i ty and Ma rti n  Creek .  No ons i te 
fo re s t  a l on g  Ma rti n Creek wou l d be c l eared for fac i l i t i es associ a ted w i th comme rc i a i i za t i on , 
but  the p rox imi ty of t he commerc i a l  fac i l i ti e s  wou l d  cause add i t i ona l  s t ress  on any I nd i ana 
bats u s i ng the Marti n Creek fo re s t .  

Operati on o f  a f i vefo l d expanded comme rc i a l  faci l i ty wi� i i nc rease the a i r  q ua l i ty i mpacts 
predi cted fo r the demonstra t i on p l an t ,  and "ground- l eve l cor.ccntrati ons of a i r pol l u tants wi l l  
be h i gher  than dur ing  the demonstra t i on phase . T�e concentrati ons can not be p redi cted a t  
th i s  t i me .  
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Impacts from seconda ry a ct i v i ti es 

Seconda ry acti vi ti es con s i st  o f  growth in  res i de n t i a l  and  i nd u s tri a l  a reas  that may be i nduced 
by the cons truc t i on and  opera t i on o f  the SRC - I  fac i l i ty .  Mos t  o f  the work force wi l l  be 
ava i l ab l e  in the Owensboro-Hende rson a rea of  Kentucky and  the Evansvi l l e  a rea of  I n d i ana ; 
therefore , l a rge n umbers of new res i dents a re not l i ke l y  a s  a res u l t o f  the demons trat i on 
p l an t  cons tructi on and  operati on . D i rect and  i nd i rect g rowth i s  esti mated to res u l t i n  
approxi mate l y  1 635 to 1 776 peop l e ,  i nc l u d i n g  both cons truc t i on workers and  secondary serv i ce 
workers and the i r fami l i es . Th i s  i s  an i ncrease of approx ima te l y  2 . 5% over the 1 97 5  popu l a t i on 
of the two-county a rea . I t  i s  expec ted that new hou s i ng fo r these peopl e wi l l  be l ocated i n  
o r  near the c i t i es o f  Owensboro and Henderson , rather than i n  the more rural areas  near the 
SRC- I s i te .  

There i s  l i ttl e i nduced i ndustri a l  g rowth expected to be assoc i a ted w i th the demons trat i on 
p l ant ,  p ri ma ri l y  because the SRC- I p roducts a re i n tended to be eas i l y s h i pped l on g  d i s tances 
to rep l ace other fuel s .  Thu s , there i s  no i ncenti ve fo r new i nd u stry to l ocate near the p l ant  
to  use  the  SRC- I p roduc t .  Some serv i ce- i ndustry g rowth re l ated to  ma i ntenance needs o f  the 
SRC- I p l a n t  i s  poss i b l e  ( e . g . , p i pe supp l i ers and  val ve d i s tr i butors ) ,  but mos t  of  these 
needs wou l d  be met through  ex i st i ng a rea  f i rms , rather than th rough  new i ndustry . Aga i n ,  any 
new serv ice  f i rms wou l d  p robab l y  l ocate in the urban a reas  hav i ng good tran s po rtati on acces s ,  
ra ther than i n  t he rural a reas  near the SRC - I  s i te .  

Because  the exact amount  and  l ocat ion o f  hab i tat l os s  due  to secondary acti v i ti e s  can not be 
accu ra te l y  p redi cted , i mpacts of  these acti v i ti es on I nd i ana bats can not be accurate l y  
p redi cted . 

Cumu l a ti ve e ffec ts 

" Cumu l a t i ve effects a re defi ned as the d i rect and i nd i rect i mpacts of the Federa l acti on under 
cons i dera t i on coup l e d  w i th the i denti f i ab l e  effec ts of  other re�sonab l y  foreseeab l e  act ions  
of  t he Federa l agency; other  Feder�l , State , and  l ocal  agenc i es ; corpora t i on s ; and  i nd i v i dua l s 
upon a s pe c i e s  o r  i ts Cri t i ca l  Habi tat"  ( W .  C .  H i ck l i n g , U . S .  F i s h  and W i l d l i fe Serv i ce ,  
personal cOTTlTIun i cat i on , J une 1 7 ,  1 980 ) .  Other pos s i bl e  future DOE p rojects that cou l d  a ffect 
I nd i ana bats i n  the reg i on of  the SRC- I s i te i ncl ude the p ropo�ed Sasol  P l ant  i n  Henderson 
County wes t  of Henderson , the proposed W. R. Grace gaso l i ne p l ant  a t  Bas kett in Henderson 
County ,  and  the p roposed commerc i a l  H-Coal  p l ant  in Breckenri dge County .  Al l of  these wou l d 
be syntheti c fue l p l ants . They m i g h t  i mpact r i veri ne habi tat used by I nd i ana bats and wi l l  
emi t  a i r  pol l u tants . Another i ndustr i a l  project i n  the reg i on i s  the Rock po rt Generat i ng 
Station  of the I nd i ana and  M i c h i gan  E l ectri c Company . I t  i s  under con s truc t i on a l on g  the 
O h i o  Ri ver near Rock port , I l l i no i s ,  about 1 5  km NNE of  Owens boro . The e ffects of emi s s i ons 
from the Rockport Stati on have been a s se s sed i n  conj unct i on w i th the SRC - I  fac i l i ty 
(Sect .  4 . 2 . 3 ) .  Al l these projects w i l l  i nduce secondary act i v i t i es of the s ame types a s  the 
SRC- I fac i l  i ty .  

S i gn i fi cance 

The Endangered Spec i es Act of  1 9 73 , a s  amended , req u i res the Federa l a gency ( DOE in th i s  case ) 
to determi ne whether i ts p roj ect wi l l  " affect l i sted s pe c i es or the i r  hab i tat"  ( re f .  1 8 ) . 
The DOE has  de te rm i ned d u r i n g  th i s  b i o l o g i ca l  a ssessmen t  that the proposed SRC- I p l ant  w i l l  
have some e ffect on I n d i ana  bats . Th i s  de te rmi nati on i s  based on the l ocat i on of  the fac i l i ti e s  
near fore s ted ri par i a n  hab i tat i n  w h i c h  I nd i ana bats were found a n d  the p l anned cl ear i ng o f  a 
sma l l amount  o f  other r i par ian  woods ( where I nd i ana bats were not found ) .  Howeve r ,  the DOE 
be l i eves that d i rect and i nd i rect i mpacts of  the cons truc t i on and opera t i on of  the SRC - I  
demonstra t i o n  faci l i ty w i l l  not j eopard i ze the con t i n ued ex i stence of  the s pec ies  for the 
fol l ow i n g  rea s on s :  

1 .  There i s  no cri t i ca l  hab i tat des i gnated by the Secreta ry of  the I nteri or  l ocated i n  the 
v i c i n i ty of the p roposed SRC- I p l ant  or  on the s i te .  There fore , no cri t i ca l  hab i tat wi l l  
be a ffected by the SRC- I Proj ect .  Becau se of  the w i de s pread d i s tri but i on o f  the I nd i ana 
bat i n  sma l l  co l on i es d u r i n g  the summe r ,  it  is  un l i ke l y  that any parti c u l a r  ri par ian  
habi tats wou l d  be  con s i dered cri t i ca l  to  the s urv i va l  o f  the  spec i e s . 
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2 .  I n d i ana bats may conti nue  to ex i s t i n  the Mart i n Creek forest  on the s i te ,  i n  the 
absence of unforeseen i mpacts not rel ated to the proposed SRC - I  fac i l i ty .  Thi s forest  
i s  the  o n l y  ons i te hab i tat in  wh ich  I n d i ana bats were foun d .  Al l of  th i s  forest  o n  the 
s i te wi l l  be pro tected from cutti ng  and c l eari ng  once the l and  and/or t i mber r i g hts 
a re purchased by DOE and/or Ken tucky , and a l l temporary and permanent SRC - I  fac i l i t i e s  
( i nc l u d i n g  construc t i o n  faci l i t i es )  w i l l  be l o cated more than 30 . 5  m from t h e  fo rest and 
1 83 m from Marti n Cree k .  Ai r pol l ut i on , pos s i b l e  s ed i menta t i on o f  s treams d u r i n g  
construct i on , a n d  pos s i bl e  s p i l l s  o f  tox i c  substances w i l l  be h i g h l y  contro l l ed and 
shou l d  not have s i gn i f i cant  effects on I n d i ana  bats . Al though i t  i s  pos s i b l e  that no i se 
( pr i mari l y  from ra i l road yard opera t i on ) may advers e l y  affect the bats , the l ack  of 
l i terature p revents ma k i n g  a confi dent  predi c ti o n .  

3 .  Dur i ng the s umme r ,  when I nd i ana  bats are present a t  the SRC - I  s i te ,  the s pec i e s  apparent ly  
occurs i n  sma l l  co l on i es w i de l y  d i spersed i n  ri par ian  hab i tats i n  much  of the eastern 
U n i ted States . Unpub l i s hed res u l ts of ongo i ng s urveys i n  s evera l s tates i nd i cate that 
I n d i ana bats a re found i n  a rel a t i ve l y  h i g h  percentage of  r i pari an hab i tats searched -
a h i gher  percentage than wou l d be expected for a n  endangered spec i es . The w i despread 
s ummer d i s tri but i on of I nd i ana bats m i n i mi zes the s i gn i f i cance of the effects of a ny 
s i ng l e project s u c h  a s  the SRC - I  p roj ect . 

4 .  The SRC- I s i te a p pears to be l ocated outs i de of the ma i n  s ummer geograph i c ranges of 
I n d i ana bats or i g i nat i ng from the cave h i bernacu l a  nearest the s i te .  

5 .  Popu l a t i on decl i nes i n  the s pec i e s  have apparent ly  been due to i mpacts of d i s turbance 
at cave h i bernacu l a ,  l arge-sca l e  c l ear i ng of forests for agr i cu l ture , and  w i despread 
app l i ca t i on of pesti c i de s . The SRC- I project w i l l  not i nvo l ve any of  these types of 
i mpacts . 

K . l . 7 Adequacy of the da ta 

The Endangered Spec i e s  Act a s  amended s tates that i f  the " Reg i on a l  D i rector determ i ne s  as a 
res u l t  of the thresho l d exami nat ion  that i ns u ff i c i en t  i nforma t i on ex i s ts to conc l ude that a n  
i denti f i ed act i v i ty or  p rogram i s  not  l i ke l y  t o  jeopard i ze t h e  conti n ued ex i stence of a l i s ted 
s peci es or  res u l t i n  the destruct ion  or adverse mod i f i ca t i on of  i ts cr i ti ca l  habi ta t . . .  the 
Federa l a gency . . .  s ha l l  then o bta i n  addi t i onal  i nformat i on and  conduct . . .  s tud i e s  to determ i n e  
how the act i v i ty or p rogram may affect l i sted s pec i e s  or  the i r  cr i t i ca l  habi tat"  ( ref . 1 8 ,  
p .  876 ) . The DOE bel i eves that the i nforma t i on i t  has  obta i ned and presented i s  s uffi c i ent  to 
determ i ne that the proposed p roject w i l l  not jeopard i ze the cont i nued ex i stence of the spec i e s . 
Th i s  i nformati on i ncl udes descri p t i o n s  i n  the DE I S  and  the ER of the proposed p rojec t ,  pro
cesse s , proj ected emi s s i ons , no i se l evel s ,  and the natural  env i ronment .  I nforma t i o n  presented 
i n  the present document concerns the forma l b i o l og i ca l  a ssessmen t  conducted s pec i fi ca l l y  for the 
I n d i ana bat . 

I n format i on p resented that i s  s pec i f i c to the I nd i ana  bat  s hows that ( 1 )  th i s  spec ies  has a 
broad d i stri but i on i n  the eas tern U n i ted States ; ( 2 )  i ts est imated popu l at i on s i ze i s  a bout  
5 09 ,000 i nd i v i d ua l s ;  ( 3 )  d ur i ng  the s ummer i t  occurs i n  re l at i ve ly  sma l l co l on i es of  fema l es and  
t he i r young  i n  ri pa r i a n  forest ;  ( 4 )  t he  p r i mary threat to  the  s pe c i es i s  d i s turbance a t  the  cave 
h i bernacu l a  where the bats concentrate in l arge n umbers ; ( 5 )  the SRC - I  s i te l i es  outs i de of the 
ma i n  s ummer geograph i c ranges or  concentrati ons of  I nd i ana  bats ; ( 6 )  there may be no nursery 
col ony on the s i te ,  even though a du l t  fema l es occurred on the s i te ; ( 7 )  s ummer habi ta t on the 
s i te i n  w h i ch I nd i ana  bats were found w i l l  not be cut or  c l eared for SRC - I  fac i l i ti e s  and w i l l  
be protected upon a cq u i s i t i on of t i mber r i g hts and/or the p roperty ;  ( 8 )  tempora ry and  permanent 
fac i l i t i e s  ( except s tockp i l es and commerc i a l  faci l i ti e s ) wi l l  be l im i ted to a reas more than 
305 m from the I nd i ana bat habi tat a l ong  Mart i n  Cree k ; ( 9 )  a i r pol l utant emi s s i on s  w i l l  be 
l im i ted to sma l l amounts that s houl d not have s i g n i fi cant effects o n  I nd i a na bats or  the i r 
hab i tat ; and ( 1 0 ) no cave h i bernacu l a  or cr i ti cal  hab i ta t  w i l l  be affected . Th i s  i nforma t i on 
i nd i cates that the SRC- I proj ect i s  not expected to jeopard i ze the cont i n ued ex i s tence of the 
I nd i ana  bat s pec i es . 

Al though  the DOE cons i ders that overa l l the i nformati on i s  adequate , certa i n  types of i nforma
t i on were l ac k i ng i n  the s c i enti f i c  l i terature a n d  were not adequate to p redi ct i mpacts w i t h  a 
great deal of certa i n ty .  T h i s  i nformat i o n  concerns effects o f  no i se and a i r  po l l uta n ts o n  bats . 
Stud i e s  of the effects o f  no i se o n  noncapti ve w i l d l i fe i n  general have s hown that wi l d l i fe 
u s ua l l y  a p pears to become accus tomed to no i se .  However , v i rtua l l y noth i ng has  been pub l i shed o n  
t h e  e ffects of  no i se on non-capti ve b a t  popu l a t i on s .  
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The effects of  a i r  po l l utants on bats i s  another area i n  w h i c h  v i rtua l l y  no i n fo rma ti on has  
been pub l i s h e d .  Al though i t  is  known that  the SRC - I  fac i l i ty wi l l  emi t  the u sua l  a ir  po l l u
tan ts ( e . g . , S02 , NOx , and  pa rt i c u l ates ) and  u n i que po l l utants or comb i na t i ons  of  po l l utants 
( e . g . , certa i n  organ i cs and  hydrocarbon s ) , a l l pol l utants to be emi tted can not be i denti fi ed 
a t  th i s  t i me becau se o f  unknown a spects o f  the SRC - I  proce s s . Th i s  i den ti fi cati on wi l l  
have to wa i t  unt i l operat i on of  the fac i l i ty .  

K . l . 8 Recommendat i ons  for fu rther stud ies  

The  fi e l d  s u rvey d i d  not  beg i n  unt i l  J u l y  25 ,  by  wh i ch t i me some young  i n  any col ony may have 
a l rea dy been weaned and  some i nd i v i dua l s  may have a l ready d i s persed to other areas . There fore , 
the DOE and  the i ndustri a l  pa rtner wi l l  s u pport another s u rvey on the s i te duri ng the spri ng 
and  s umme r of  1 981 . Th i s  s u rvey wi l l  be i n i t i a ted at the most  des i rab l e t ime to l ocate any 
nu rsery c o l o n i e s  that mi g h t  be p resen t .  The res u l ts of  th i s 1 981  s u rvey wi l l  be s ubmi tted 
to the USFWS . At that t i me ,  recommendat ions  for any add i t i on a l  stud i e s  w i l l  a l so be su bmi tted 
to the USFWS and w i l l  depend on the new res u l ts to be obtai ned as we l l  as on the res u l ts 
presented i n  the p resent docume n t .  

K . 2  A I R  POLLUT ION E F F ECTS 

Negati ve effects of  a i r  po l l utants on p l ants  i nc l ude reduced g rowth and reproduc t i o n  due to 
var i o u s  phys i o l og i ca l  changes caused d i rect l y  by the pol l utants , i ncreased su scepti b i l i ty of 
p l ants  to para s i te s  and  d i seases , and morta l i ty of  i n d i v i du a l  p l ants . The many s pec i e s  of 
p l ants  are genera l l y  d i v i ded i n to three l evel s of  sens i t i v i ty to a i r  pol l utants : s en s i t i ve ,  
i n termedi ate , and to l eran t .  Under con d i t i on s  o f  l ow dosage l evel s ,  vegetati on and  s o i l s  may 
funct i on as i mportant s i n k s  for a i rborne contami nants wi thout adverse effects . Under i nter
medi ate dosage , s u bt l e  adverse effects  ( e . g . , reduced g rowt h )  may occ u r ,  parti cu l a rl y  i n  sen
s i t i ve p l ant  s pec i es .  Expos u re to h i gh dosage may i nduce acute mo rb i d i ty or morta l i ty i n  
sen s i t i ve and  i n termedi ate p l ants . Effects of a i r  pol l u tants  on natura l  ecosystems i n  d i fferent 
areas have ranged from v i rtual e l i mi nat i on of vegetation  to subt l e change s , i ncl u d i n g  s l i ght 
reduct ions  of  s pec i e s  d i vers i ty due to the l os s  of  one or  a few sen s i t i ve s pec i e s , and  reduced 
producti v i ty of  certa i n  s pec i e s .  I n  forest ecosystems , certa i n  p l ant  s pec i e s  cou l d  become l es s  
abundant becau se of  the effect of  a i r  po l l utants o n  the s pec i e s ' compe t i t i ve i nteract i on s . 1 g 
Such s pec i e s  cou l d  be i mportant to wi l d l i fe .  Cu rrent amb i ent l eve l s o f  a i r  po l l utants i n  many 
areas of the eastern U . S .  adverse l y  affect p l ant  product i v i ty . 2 o Est i mates of annual  nat i ona l  
econom i c  l osses  to  p l ants  caused  by effects on  crops and  ornamenta l s ,  for  examp l e ,  have ranged 
from 1 35 mi l l i on 2 1 to 500 mi l l i on do l l a rs . 27 I f  a l l p l ant  s pec i e s  and other factors are con
s i dere d ,  it i s  est i mated that annual l os s  wou l d  exceed a b i l l i on dol l a rs . 2 2 I ncreased a i r  
po l l ut ion  from i ndustr i a l  deve l o pmen t w i l l  i ncrease th i s  i mpac t .  

S u l fur d i o xi de , n i trogen d i o x i de ,  carbon monox i de ,  a n d  other gases  and  part i c u l ates w i l l  be 
emi tted duri ng  p l ant opera t i on s .  Under normal opera t i n g  condi t i on s , a p p l i cabl e EPA a i r  qual i ty 
standards wi l l  not be v i o l ated ( Sect . 4 . 2 . 3 . 1 ) ,  a l though th i s  doe s  not guarantee the absence of  
s u bt l e  e ffects on vegetati on . Unpl anned , nonrout i ne emi s s i on s  cou l d  re l ease  g reater quant i t i es 
o f  su l fur d i ox i de ,  dust , and  hyd rocarbon s i n to the a tmos phere than norma l operat i ons d u r i n g  
short t i me peri ods . Wh i l e p l ant s pec i es vary i n  the i r  sen s i t i v i ty t o  s u l fur d i ox i de ,  n i trogen 
d i o x i de ,  carbon monoxi de ,  and part i c u l ate matter ,  vegetati on near the s i te wi l l  l i ke l y  experi 
ence few d i rectly observab l e effects from any of these pol l u tants , except , pos s i b l y ,  s u l fu r  
d i ox i de ,  a s s um i n g  standa rds are not v i o l ated . Because the max i mum po l l utant concentra t i on s  
d u e  to p l ant  o perat i on wou l d  b e  a sma l l fract i on of  ex i st i n g  l evel s ,  any i mpacts d u e  t o  the 
p l ant wou l d  probabl y be undetectab l e .  

K . 2 . 1  S u l fur d i ox i de 

At the l oca l i t i e s  where po l l utant concentra t i ons  wi l l  be max i ma l  a s  determi ned by w i nd d i rect i on , 
the  normal opera t i on of the p l ant i s  expected to i ncrease ambi ent g round- l e vel  concentrati ons of  
S02 by  9 . 5 �g/m3 for  the  3-h max i mum , 2 . 4  �g/m3 for  the  24-h  max i mum , and  0 . 2  �g/m3  fo r the 
annua l  average ( Sect . 4 . 2 . 3 . 1 ) .  These concentra t i on s  compare to cu rrent amb i ent  l evel s i n  the 
a rea of 824 , 1 90 ,  and 20 �g/m3 , res pect i ve l y .  These amb i ent l evel s cou l d  a l ready adverse ly  
a ffect s en s i t i ve p l ant  s pec i e s .  Var ious  of  the fol l ow i n g  pub l i shed s t u d i e s  i nd i cate that the 
i ncreased concentrat i on s  of  S02 near the  fac i l i ty wou l d  have adverse effects on o n l y  the most  
s en s i t i ve p l ant  spec i es , a l though such  effects  cou l d  l i ke l y  not be d i st i ng u i sed from effects of  
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c urrent amb i ent l evel s of  S02 ' Four-h S02 concentrations that caused l eaf i nj ury to 22 d i fferen t 
ag r i c u l tural crops ranged from 629 �g/m3 to 1 834 �g/m3 ( ref . 2 3 ) .  I n  the presence of ozone or 
n i trogen d i oxi de ,  4-h  S02 concentrat ions  that resul ted in fo l i a r  i nj ury in 1 0  agri c u l tural crops 
ranged upward from 262 �g/m3 ( ref . 24 ) . Fo r sens i t i ve p l ants , i t  has been projected that 4-h 
S02 concentrati ons requ i red to produce thresho l d  i nj ury are from 262 to 2620 �g/m 3 ( ref . 2 5 ) .  
S i m i l arl y for i ntermedi ate p l ants , the concentrations  requ i red are 1 31 0  to 1 3 , 1 00 �g/m 3 . For 
sen s i t i ve woody p l ants i n  the southeastern U . S . , i t  has been est imated that 3-h S02 concen
trati ons req u i red to produce threshol d i nj ury are from 786 to 1 572 �g/m3 ( ref .  2 6 ) .  

These var ious  s tu d i es and the predi cted SRC- I  emi s s i ons  i nd i cate that , at  l east over s hort 
pe ri ods , S02 emi ss i ons  from the proposed fac i l i ty s hou l d have l i tt l e  i mpact on most p l ant 
spec i e s .  However ,  t he i ncreas i ng amb i ent concentrati ons of  certai n  pol l utants , such a s  ozone 
and pe roxyacetyl n i trate ( PAN ) , 2 0  may resu l t i n  pl ant i njury from S02 concentrat i ons  l ower than 
the above l evel s ,  produc i ng thresho l d i nj ury.  T h i s  specul ation  is supported by the f ind ings  of 
several  studi es that S02 concentrations  be l ow the thresho l d i nj ury concentrati ons  fo r S02 can 
cause i nj ury when other pol l utants are present. 2 7 E ffects of  c hron i c , l ow-l e ve l  expos ures  are 
more di ffi cu l t to a ssess than those of s hort-term exposures , because few l ong-te rm  studies  have 
been done , and there are , subsequentl y ,  i nsuffi c i ent data . Most f ie l d s tudies near pol l u t i ng 
i ndustries have not been abl e to sepa rate the effects of acute and chron i c  exposures . I n  one 
l ong-term study , whi te p i ne (a sens i t i ve s pec i es )  conti nued to i ncrease i n  vo l ume over a 
1 0-year peri od when concentrati ons  of  S02 a veraged 2 1  �g/m3 duri ng each 6 -month g rowi ng  
season . 2 7 

Soybean cropp i ng i s  the predomi nant l and use i n  the area ; pasture and tobacco are m inor  uses . 
Soybeans ,  tobacco , and most pasture g rasses are cons i dered sens i t i ve spec i es2 3 and coul d experi 
ence s l i ght ly  reduced p roducti v i ty i n  areas of  maxi mum concentration  near the s i t e .  Con s i der
i ng that the i nc rease in concentration  of  S02 i s  ve ry sma l l in compari son to amb i ent  l evel s ,  
reduct i on i n  producti v i ty wo ul d pro bab ly  not be  detectab l e .  

Duri ng a bnorma l  o perati ng cond i t ions , S02 concentrations offs i te cou l d  b e  h i gh for a few hours . 
T h i s  cou l d affect the growth of very sens i t i ve p l ant s pec ies  to a greater extent than coul d the 
c hro n i c  l ow l evel s duri ng o perati on . 

K . 2 . 2  N i trogen oxi des 

N i t rogen d i ox i de ' s  thres ho l d of  i nj ury to vegetation  appears to be severa l fo l d h i gher than that 
of s u l fur d ioxi de . 2 2  N i trogen d i oxi de concentrati ons in the amb i ent a i r  ra re ly  reach phytotoxi c 
l evel s .  When N02 concentrations  are h i g h ,  other pol l utants are u s ua l l y  present ;  resul t i ng p l ant 
i nj ury is therefore most  commonly  from pol l utant comb i nations , rather than from exposure to N02 
al one . 2 o  N i trogen oxi de causes very l i ttl e i nj ury to trees and s hrubs , except  occa s i onal l y  when 
they are adjacent to l arge po i nt sources . 2 6 

Normal p l ant o peration  i s  expected to i ncrease the ambi ent annual average NOx concentrat ion  of  
1 6  �g/m3 by  2 . 7  � g/m3  ( Sect .  4 . 2 . 3 . 1 ) .  Because th i s i ncrease represents on ly  2 . 7% of  the 
national  ambi ent  a i r  qual i ty standard ( 1 00 �g/m3 )  and 1 7% of  ambi ent l evel s ,  there s ho u l d  be no 
s i gn i fi cant i mpacts on  vegetati on from n i trogen oxi de emi s s i on s .  

K . 2 . 3  Ca rbon monoxi de 

Carbon monox i de has a rel ati vel y s ho rt l i fe or  res i dence t ime in the atmosphere and is not 
recogni zed a s  a pol l utant hav ing  seri ous  effects on vegetati on . Because p redi cted i nc reases i n  
maxi mum concentrations due to fac i l i ty operation  rep resent l ess  than 1 0% o f  the a i r  qua l i ty 
standard ( Sect .  4 . 2 . 3 . 1 ) .  no s i gn i f i cant i mpacts a re ant i c i pated .  

K . 2 . 4  Hydrocarbons 

Duri ng normal operations , most hydrocarbons are expected to be consumed by the control l ed com
bustion system ( Sect .  2 . 2 . 1 ) .  The maxi mum l -h concentration  of nonmethane hydrocarbons i s  con
servati vel y  p redi cted to be  236 �g/m3 ( Sect . 4 . 2 . 3 . 1 ) ,  w h i c h  about equa l s the a i r  qual i ty 
g u i de l i ne ( 240 �g/m3 ) .  T h i s  s houl d not cause s i gn i fi cant impacts on vegetation near the s i te ,  
but  wi l l  add a smal l amount to reg i onal i mpacts of  hydrocarbon emi s s i ons . 
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K . 2 . 5  Pe roxyacetyl n i trate ( PAN ) 

Pe roxyacetyl n i trate i s  formed a l most  excl u s i ve l y  from the photochem ica l  react i o n  of unsaturated 
hydroca rbons w i th o x i des o f  n i trogen2 0 and i s  a reg iona l , rather than a s i te-spec i f i c , p robl em .  
A s u s pected p hytotox i cant o n  vegeta b l e s , PAN h a s  been a n  i mportant  p robl em i n  the Los Ange l es 
bas i n . 2 6 Woody p l ants , however ,  a re a pparent l y  very tol erant of PAN . The reg ion  a round  the 
SRC - I  faci l i ty wou l d  experi ence a sma l l i nc rement to any i mpacts caused by PAN . 

K . 2 . 6  Parti cu l ates and  trace meta l s  

H i g h l y  concentrated a i rborne part i c u l ates can a ffect vetetat i on by c l og g i ng stomata and  reduci ng 
l i ght penetra t i on i nto l eaves ( th u s  i nterferi ng wi th p l ant  resp i rat i on and  photo synthe s i s ) . 
Nonvo l a t i l e  t race meta l s  conta i ned i n  parti cu l ates , vo l at i l e  trace meta l s  conden sed on the 
s urfaces of pa rt i cu l a te s , and t race meta l s  i n  vapors can be depo s i ted on  the s u rfaces of vegeta
t i on and on the so i l ,  resu l ti ng i n  tox i c  effects  on vegetati on and a n i ma l s .  However ,  two 
re ports h ave i nd i cated that trace meta l em i s s i on s  i n  the next severa l years wi l l  not have 
ser ious  e ffec ts on  b i ota . 2 8 , 2 9 Both reports emphas i zed that knowl edge o f  source terms and 
effects on  b i ota i s  l ac k i ng and  that furthe r research i s  needed . Based on data from conventi onal  
coal comb u s ti on stud ies  for power pl a nts , Turner and Stroj an 3 0  conc l uded that atmospheri c 
re l eases  o f  t race el ements do not present acute eco l og i ca l  p rob l ems . Howe ver , the effects o f  
chron i c  expo s u re o f  ecosystems t o  l ong-term ,  l ow- l eve l  re l ea se s  a n d  accumu l a t ion  i n  so i l s  are 
not that we l l  known . T h u s , s ho rt-term e ffects to vegetat i on and w i l d l i fe a re not expected to 
occ u r ,  but  data a re i ns u ff i c i ent to predi c t  what l ong-te rm effects , i f  any ,  wi l l  occu r  a s  a 
res u l t of fac i l i ty o pe ra t i on . 

D u r i n g  faci l i ty opera t i o n , parti cu l a te s  conta i n i ng trace meta l s w i l l  be re l eased by coal handl 
i ng and  s torage fac i l i t i e s  and by coal convers i o n - re l ated p roces ses i ncl ud i ng coa l  comb u s t i on 
fo r steam product ion . P a rt i c l es from coal handl i ng and  sto rage wi l l  p r i mar i l y  settl e cl ose  to 
the faci l i ty and s hou l d have no s i gn i f i cant effect on vegetati on s urround i ng the s i te .  Normal 
pl ant operati on ( e xc l u d i ng coal handl i ng and  s to rage ) i s  expected to i nc rease the amb i ent  annual  
average part i c u l ate concentrat ion of  42  �g/m3 by 1 . 0 �g/m3  ( Sect . 4 . 2 . 3 . 1 ) .  Th i s  i nc rease i n  
concentra t i on represents 2% o f  t he secondary a i r  q ua l i ty s tandard ( 60 �g/m 3 ) . No s i gn i f icant  
i mpacts on vegetat ion  or  a n i ma l s due  to  part i cu l ates shou l d occur .  

K . 2 . 7  Cool i ng tower i mpacts 

Duri ng operat i o n  o f  the p l ant , sma l l re l eases  of  cool i ng tower water termed "dri ft"  wi l l  occ u r .  
T h e  dri ft w i l l  conta i n  sa l ts , b i oc i de s , and  i nh i b i tors . Cool i ng towe r i nsta l l a t i ons a t  ex i s t i ng 
i n dustr ies  have not had  s i g n i f i cant e ffects  on b i ota . Thus , s i g n i fi cant i mpacts a t  the proposed 
fac i l i ty wou l d not be expected .  The amount of sa l ts  depos i ted on vegetation  i n  dri ft i ng water 
d rop l ets from freshwate r coo l i ng towe rs i s  con s i dered i nconse q uent i a l  based on n umerous  
s t ud i e s . 3 1  The amount  o f  ra i nfal l in  the  s i te a rea i s  h i g h  and  s a l ts  wo u l d be  read i l y  washed  
from vegeta t i on . 

Us i ng p rocess  was tewater a s  makeup water for the cool i ng tower ( a n  opt i on not current l y  i n  
project p l ans  but  one be i ng consi dered a s  a pos s i b l e  a l terna ti ve mode o f  opera t i on ) cannot be 
accuratel y a s sessed at t h i s t i me ,  g i ven the uncerta i n  c hem i c a l  characteri st i cs of the p ri o ri ty 
org an i cs of t h i s  wate r .  A comp l ex set of trace e l ements , organ i cs , d i s sol ved sol i ds ,  and other 
co nst i tuents wou l d be p resent in t h i s water .  These consti tuents , wh i ch wo u l d be heated dur ing  
certa i n  p l ant p rocesses  a nd cou l d form chemi cal spec i e s  such  a s  ch l oroform and ch l o rophenol s ,  
wou l d be emi tted duri ng cool i ng tower operat i ons . The b i o l o g i ca l  effects  of  these consti tuents 
after rel ease from the tower i s  not known , a l though the i r concentra t i o n s  wou l d  l i ke l y  be so 
sma l l that no s i g n i fi cant i mpacts to b i ota wou l d  occu r .  Careful  mo n i to r i n g  of  t h e  coo l i ng tower 
makeup water and/or use of o ther t han proce s s  water as a cool i ng towe r makeup source wou l d  be 
m i t i gat i ng meas u res . 

K . 3  F I S H  AND W I LDL I FE M I T I GAT I ON FOR THE SRC - I  P ROJECT 

K . 3 . 1  I n troduction  

The U . S .  Depa rtment of Energy ( DOE ) , i n  coopera t i on wi th the Kentucky Department of F i s h  and 
W i l d l i fe Resources ( KDFW R )  and the U . S .  F i sh and  W i l d l i fe Serv i ce ( USFWS ) , is  con s i deri ng 
several opt i ons for m i t i ga t i n g  the fi s h  and w i l d l i fe i mpacts of the SRC - I  proj ect . The opti ons 
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i nvol ve habi tat acqu i s i t i on and i mprovement , habi tat i mprovement on the s i te ,  o r  prov i d i ng funds 
for mi ti gat i o n  to KDFWR . Representati ves of the three agenc i es met at  the s i te on Marc h 24 , 
1 981 , whe re the opti ons were d i scussed . The purpose of th i s  section i s  to present these opti ons 
and to prov i de i n i t i a l  est imates of the amount of mi ti gation  that wou l d  offset habi tat va l ue 
l osses caused by SRC- I . Habi tat va l ue l osses wi l l  resu l t  from hab itat  destruct ion  on l and to be 
occup i ed by faci l i ti e s  and from the reduced potent i a l  for wi l d l i fe u se of habi tats near the 
major  i ndustri a l  fac i l i ty .  

T h e  term "m i t i gat i on "  i n  t h i s  d i scu s s i on refers t o  i ncreas i ng t h e  va l ue of habi tat for f i s h  and 
w i l d l i fe to offset the val ue l ost because of the proposed SRC - I  proj ect . Habi tat val ues  cou l d  
b e  i ncreased by i mprovi ng a hab i tat that i s  current ly  i n  poor cond i t i on o r  by preserv i ng exi st
i ng h i gh-qua l i ty habi tats that might otherwi se  be destroyed ( e . g . , by c l eari ng for agri cu l ture ) . 

Descri pti ons of f i sh and w i l d l i fe resources at the SRC - I  s i te are g i ven i n  Sects . 3 . 2 . 1 . 3 and 
3 . 2 . 2 . 3 ,  and the i mpacts need i n g  mi t i gat i on are d i scussed in Sects . 4 . 2 . 1 . 3  and 4 . 2 . 2 . 4 .  Other 
m i t i gat ion  is d i scussed in Sect . 4 . 6 .  Impacts on fl oodp l a i n s  and wetl ands are presented i n  
Append i x  D .  

K . 3 . 2  The opti ons 

The options be i ng  eva l uated are : 

1 .  i mprovement of wi l dl i fe habi tat  on the s i te by deve l op i n g  ce rta i n  vegetation  p l anti ngs or  
a l l ow ing  natural s ucces s i on to occur on l and to  be unoccu p i ed by SRC-I  fac i l i t i e s ; 

2 .  purchase of forested l and on the east s i de of Mart i n  Creek for management by the i ndustri a l  
partner or DOE , or for  preservat i on i n  i ts natura l state ; 

3 .  purc hase o f  l and adjacent to ex i s t i n g  State wi l d l i fe management areas and transfer to the 
KDFWR for management ; 

4 .  purchase o f  the forested wet l ands a t  R i c h l and S l ough and transfer to KDFWR for management ;  
and 

5 .  prov i s i on of funds to KDFWR for impl ementa t i on of other mi ti gation options . 

One or more of these opt i on s  cou l d  be used to offset the i mpacts of the proposed proj ect . The 
opti ons can i nvol ve m i t i gat i ng  i mpacts of the demon strati on p l ant  al one or both the demonstra
t i on and commerc i al p hases . The re l at i ve eco l og i cal  val ues of the opti ons are d i s cu ssed in the 
fol l owi ng paragraph s .  The f i na l  sect i on est imates the amount of habi tat acq u i s i t i on necessary 
to offset habi tat va l ue l os se s .  Cu rrentl y ,  DOE has n o  author i ty t o  i n i t i ate act i o n  o n  any 
option  except the fi rst .  

K . 3 . 2 . 1  Improv i n g  fi sh  and wi l d l i fe habi tat  o n  the s i te 

The agri c u l tura l  l and on the s i te i s  very product i ve . Barri ng i ndustri a l  use , the l and cou l d  
prov i de excel l ent  wi l d l i fe hab i tat  i f  des i rabl e vegetati on were p l anted and managed o r  i f  
natural  succe s s i on were a l l owed t o  occu r .  Vacant c l eared or agri cul tural  l and on the s i te ,  i f  
a l l owed to undergo natural  succes s i on ,  woul d deve l op fi rst i nto o l d f i e l d  habi tat  w i th dense 
he rbaceous vegetat i on , wh i ch wou l d  be fol l owed by s hrubl and habi tats , then by young  forest , and 
f i na l l y  by mature forest .  Management cou l d  i nvol ve deve l op i ng certa i n p l anti ngs , man i p u l at ing  
the vegetat i on i n  some way to obta i n  a des i red mi x of  habi tat types ,  and  creat ing  ponds or other 
wetl and hab i tats . 

Wi th a maj or i ndustri al  fac i l i ty on the s i te ,  the actual va l ue of i mproved ons i te habi tat  to 
wi l d l i fe popu l at i ons  wou l d  be rel at ive ly  l ow .  Any forest that wou l d  deve l op on the s i te wou l d  
occur i n  narrow stri ps  or wou l d  be bro ken i nto rel at ive ly  sma l l b l ocks by the fac i l i t i e s , roads , 
and ra i l roads and wou l d  be of l i tt l e use  to the many forest  spec i es that need l a rger bl ocks of 
re l at i ve ly  undi sturbed forest . I n  add i t i on , to assess  con servati ve ly  the val ue of ons i te 
hab i tat to w i l d l i fe ,  i t  must be assumed that such  hab i tat wou l d  eventua l l y be c l eared for the 
commerc ia l  fac i l i ty .  Thus , any forest  al l owed to deve l op on the s i te wou l d  not become mature 
enough to provi de much benefi t to w i l d l i fe .  Because a fence w i l l  s urround t h e  s i te ,  med i um
s i zed and  l a rge mamma l s  wou l d  be exc l uded . Ponds wou l d have l i tt l e  val ue to the f i sheri es  
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resource because t hey wou l d  l ac k  d i rect connect i on to the Green R i ver or  to a creek . I n  v i ew of 
these factors , t h i s  opt i on wou l d not be l i ke ly  to produce maj or benef i ts for f i s h  and wi l d l i fe .  

DOE p l ans  t o  p l ant vegetat i on or  a l l ow natura l  succes s i on o n  l ands t o  b e  unoccup i ed by faci l i t i es 
( Sect . 4 . 2 . 1 . 1 ) .  Management wi l l  be conducted as necessary to restore natura l  vegetati on on 
l ands d i sturbed temporari ly  duri ng constructi on . F i ve tracts of l and on the s i te are con
s i dered to be su i tabl e a s  mi t i gat ion  area s ( i . e . , they have the potent i a l  to be more va l uabl e 
to wi l d l i fe i f  managed properly i n  the presence o f  the demonstrat i on faci l i ty than i f  used fo r 
i ntens i ve agr i cu l ture i n  the absence of demonstra t i on faci l i t i es ) .  Al l of these tracts wou l d  
b e  more than 1 00 m from maj or faci l i t i es a n d  are cu rrent ly  agri cu l t ural l and . The s i zes  of 
the tracts are 4 . 8  ha , 9 . 5  ha , 30 . 5  ha , 40 . 8  ha , and 45 . 1  ha ( total 1 30 . 7  ha or 323 acres ) .  

K . 3 . 2 . 2  P urc hase of add i t i onal  Marti n Cree k forest 

Rough ly  30 . 4  ha (75  acre s )  of forest l i e adjacent to the s i te on the east s ide of  Marti n Creek . 
About one-th i rd of the forest i s  i n  c reek bottoms and represents a fl oodp l a i n  wet l and hab itat . 
Th i s  forest s upports a h i gh-qua l i ty wi l d l i fe commun i ty ( Sect s .  3 . 2 . 1 . 3 and 4 . 2 . 1 . 3 ) .  I n  add i 
t i on , several i nd i v i dual s o f  the I nd i ana bat , a n  endangered spec i es ,  have been observed i n  thi s 
forest . Port i ons  ( perhaps about one-ha l f )  of the forest have been sel ect i ve l y  cut  for ti mber 
and may be cut  more i n  the future . About one-hal f of the forest coul d apparent l y  be eas i l y 
c l eared for agri c u l ture , ba sed on i ts e l evat i on of g reater than 1 1 3  m ( 370  ft ) .  

Acqu i s i t i on of  t h i s  forest wou l d en sure i ts preserva t i on for the d i verse wi l d l i fe commun i ty 
that i t  c u rrent ly  s upport s .  Protect i on from sel ect i ve cutt i n g  as we l l as from c l eari ng for 
a gri c u l ture wou l d probabl y enhance i ts va l ue to the I nd i ana bat , a l though the forest i s  not 
c r i t i ca l  to the surv i va l  of  the spec i es .  I n  addi t i on , hab i tat  o f  moderate va l ue to f i s h  and 
other aquati c b i ota wou l d  be preserved . The creek prov i des  val uab l e spawn i ng hab itat for f i s h  
popu l a t i on s  a s soc i ated wi th t h e  Green R i ver , a n d  there i s  a very sma l l marsh near the creek ' s  
mouth . Because t h i s  forest conta i n s  a f l oodp l a i n  wet l and , supports a very d i verse wi l d l i fe 
commun i ty ,  i s  i n hab i tated by the I n d i ana bat , and provi des f i s h  spawn i n g  hab i ta t ,  i ts preserva
t i on cou l d  prov i de benefi ts to many s pec i es .  

However , the uncerta i n  future o f  the agr icu l tural l ands i mmedi ate ly  su rroundi ng t h i s forest 
detracts from the benef i t s  to be ga i ned by preservat i on .  I nd i rect effects of the SRC - I  project 
may i nc l ude some commerci a l  or  other devel opment of l and  surround ing  th i s  forest . Such 
devel opments , in add i t i on to the adjacent SRC- I fac i l i ty ,  wou l d  have negat i ve impacts on nearby 
wi l d l i fe commun i t i e s  and wou l d reduce the val ue  of the Mart i n  Creek forest to wi l d l i fe .  The 
KDFWR cons i ders that t h i s  forest i s  too sma l l to prov i de much potent i a l  benef i t  as a Kentucky 
w i l d l i fe management u n i t  and wou l d l eave re spon s i b i l i ty for management of the forest to DOE . 
M i t i gat i on woul d l i kel y i nvol ve preservat i on rather than management of vegetat i on because i t  
i s  doubtful that any management wou l d  s i gn i f i cant l y  improve the val ue of  the forest t o  f i s h  
a nd wi l d l i fe .  

Al though not d i scussed at the t hree-agency meet i ng , a pos s i b l e action that coul d be added to 
t h i s  opt i on i s  the purc hase of agri c u l tural  l ands adjacent to the Marti n Creek forest . Add i 
t i onal  l and wou l d  i nc rease the s i ze o f  the mi t i gat i on area a n d  thus wou l d  reduce the potent ia l  
for  d i sturbance by  i nd i rect i mpacts such  as commerc i a l  deve l opment and  m ight  ma ke t he  area 
more adequate as a KDFWR management u n i t .  

K . 3 . 2 . 3  P urc hase o f  l and adjacent to Kentucky wi l d l i fe management areas 

Approximate l y  78 . 5  ha ( 1 94 acres ) of l and at  the Frank  Sauerhaber U n i t  near Henderson and 
94 . 8  ha ( 234 acres ) at  the Ash  F l ats Un i t  across the ri ver from the proposed s i te cou l d  be 
p urchased for transfer to the KDFWR . T h i s action wou l d  enhance the va l ue of  the exi st i ng wi l d
l i fe management areas , wh i c h  are managed for waterfowl . T he l and at the Sauerhaber U n i t  i s  
s l i ght ly  more val uabl e for management because waterfowl are more numerous  there than a t  the 
Ash Fl ats U n i t .  

At the Sauerhaber Un i t ,  the l and be i ng  cons i dered for purchase cons i sts o f  ro ugh l y  5 to 1 0% 
forest , 80 to 95% c rop l and ,  and 1 0% l and wi th scattered permanent stand i ng water . Al l of  
th i s  l and is  subject to  annua l  fl ood i n g .  Management by KDFWR wou l d  probab ly  i nvol ve ma inta i n i ng 
about t he same amount o f  crop l and and forest as present l y  ex i sts and i ncrea s i n g  the amount of  
permanent stand i ng water .  The  crop l ands wou l d  be managed for  waterfowl and wou l d  thus be 
taken out of agri cu l tural produ ct i on .  
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At the As h Fl ats Un i t ,  the l and con s i sts  of rough l y  1 5  to 30% forest , 1 0  to 1 5% l and  wi th 
scattered permanent s tand i n g  water ,  and 5 5  to 85% crop l and . About  one-ha l f  o f  th i s  l and  i s  
s u bject to annual  f l ood i n g .  Management wou l d  b e  s imi l a r to that a t  the Sauerhaber Un i t .  
Barri ng purchase  o f  the l and for management , the forest i n  th i s area wi l l  probab ly  be c l eared 
for agri c u l ture in the near future . 

The propert i e s  at both u n i t s  have l im i ted val ue  for f i s h  and other aquati c l i fe .  The wetl ands 
have l i mi ted val ue  to f i s h  because they l ac k  d i rect connect i ons  to the Ohio or  Green ri vers 
or  to a cree k .  Dur ing  fl ood i ng , some of  the habi ta t  is val uabl e for spawn i ng of  nume rous 
f i s h  spec i e s .  

Preserv i ng the fores ted areas at  these management  area un i ts  wou l d  benefi t many s pec i es that 
presentl y res i de in the  e x i s t i n g  forests on the un i t s .  The amount of  benef i t ,  however , i s  
l i mi ted by the smal l amount  o f  wood l and i nvol ved and the fact that the l and wou l d  be ma i nta i ned 
pr imari l y  i n  cropl and , wh i ch i s  val uabl e to fewer spec i es than forest .  

K . 3 . 2 . 4 Purc hase o f  R i c h l and S l ough 

R i c h l and S l ough  cons i sts  of more than 263 ha  ( 65 0  acres ) of  f l oodpl a i n  forest . Much of  t he 
fores ted area appears to be permanent ly  wet or to have s tand i ng water . T h i s  fores ted area i s  
h i gh l y  val uabl e t o  a l arge number o f  game and nongame spec i e s  i nc l u d i ng waterfowl . I n  addi ti on , 
the I nd i ana bat may occur i n  the fore s t .  T he s l ough al so provi des h i g h-qua l i ty hab i tat for 
f i s h  and other aquat i c  s peci e s .  T h i s  q ua l i ty i s  enhanced by the s l ough ' s  l arge area , the 
presence of  s ubstanti al  areas of  s tandi ng water and emergent vegetat i on , and the s l ough ' s  d i rect 
connecti on wi th the Green R i ver . Spawn i ng and nursery habi tat  for fi s h  i s  provi ded , and the 
area i s  u sed for sport f i s h i ng by the l ocal  res i dents . 

The s l ough forms a rel at i ve l y  l arge area of forest i n  a reg i on that has l os t  mos t  of i ts 
ori g i na l  forest to c l ear i n g  for agr icu l ture . Mos t wi l dl i fe spec i es i n  the reg i on ( i nc l u d i n g  
amp h i b i an s , rept i l es ,  b i rds , a n d  mammal s )  requ i re brushy or forested area s a n d  are adverse l y  
a ffected by creation  o f  c ropl and . Even mos t  of  those spec i es that benefi t from cropl and i n  the 
reg i on a l so benefi t from forest or  forested wetl ands . Popu l at i ons of  these s pec i es in the area 
may be l i mi ted by the l ac k  of  forest  or forested wetl and because the amount of crop l and in the 
reg i on far exceeds the amount that wou l d  prov i de maximum benefi ts to such  s pec i e s .  

Al though R i c h 'l and S l ough  i s  farther from the s i te than the forest o n  the east s i de o f  Marti n 
Cree k ,  i t  cou l d  s t i l l  be affected by nearby commerci a l  or other devel opment that cou l d  res u l t 
i nd i rect ly  from the SRC- I  project .  However , because the  R i ch l and S l ough  covers a much  l arger 
area and extends for a l ong d i s tance a l ong a creek [approx imate ly  8 km ( 5  mi l es ) ] ,  on ly  rel a
t i ve ly  sma l l port ions  o f  it  are  l i ke ly  to be  affected .  

Preservat i on o f  R i c h l and S l ough  wou l d  prevent further l os s  o f  th i s important hab i ta t ,  wh i ch 
ha s  al ready been part ly  c l eared for agr icu l ture [U . S .  Geo l og i ca l  S urvey topograph i c  maps i n d i ca te 
t hat c l eari ng  has  occurred i n  the s l ough  bel ow 1 1 3  m ( 370 ft ) e l evati on ]  and i s  s ubject to add i 
t i onal c l eari n g .  T h e  s l ough  a n d  adj acent areas that conta i n  some forest as  we l l as  cropl and  
cou l d  prov i de an  area o f  s u ffi c i ent s i ze for  a Kentucky wi l d l i fe management area . 

K . 3 . 2 . 5  Other pos s i bl e  m i t igat ion  opt i ons 

Other opt i ons  bei ng cons i dered i nc l ude the purchase of  other wi l d l i fe habi tats in the reg i on 
and t he prov i d i ng o f  funds to KDFWR for any f i s h  and wi l dl i fe management they deem appropr iate . 

K . 3 . 3  E st imat i on o f  hab i ta t  aCqu i s i t i o n  or  i mprovement needs 

Mi t i gat ion  of  the i mpacts of the proposed SRC-I proj ect coul d con s i s t  of  offset t i ng the l os s  of 
hab i tat val ues by i ncrea s i ng habi tat val ues  in areas not occu p i ed by fac i l i t i e s .  For examp l e ,  
th i s cou l d be done by p urc ha s i n g  c rop l and and convert i ng  i t  to forest or by purc has i ng and 
preservi ng an  equal  amount of  e x i s t i n g  forest that wou l d  otherw i se  be c l eared . These two 
approaches can be as sumed to prov i de about the same quant i ty of improvement .  

Objective  quanti f i cat i on o f  habi tat val ue l os s  and g a i n  i s  desi rabl e .  
t i o n  cannot be h i gh l y  obj ective because o f  the uncertai nt i e s  i nvo l ved . 

However , any quanti f i ca
These  u ncertai nt i es 
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i nc l ude the extent to whi ch  wi l d l i fe are d i stu rbed by nea rby i ndustr ia l  faci l i t i e s , the extent 
to wh i c h  i nduced deve l o pment wi l l  occur and affect a mi ti gat ion  area , and the extent to wh i ch 
a forested area wi l l  be c l eared i f  not purchased fo r mi t i gation . 

Du r ing  the March 24th meet ing  at the s i te ,  a pre l imi nary estimate of the va l ue of the s i te to 
waterfowl was made u s i ng a mod i fi cation  of the forma l hab i tat eva l uation  procedure ( HEP ) be i ng 
deve l oped by the USFWS . The estimate was for waterfowl because they are the primary spec i es 
of i n terest fo r management i n  th i s reg i on . I t  was i n i t i a l l y  est imated that the approx imate ly  
2 23  ha ( 5 50 acres ) of  l and  to be used for demonstra t i on fac i l i t i es at  t he  s i te represented a 
total va l ue to waterfowl of 1 200 hab i tat  u n i t s  and that l and for the demonstrat i on p l us  com
merc i a l  fac i l i t i es represented 3300 u n i ts .  Howeve r ,  the 223 ha of  l and to be covered by demon
stration  fac i l i t i es doe s not i n c l ude sma l l or narrow pa rce l s of l and between bu i l d i ng s  and 
other fac i l i t i es ( F i g .  2 . 3 ) . These sma l l l and  pa rce l s  wi l l  be parti a l l y  used for i ntrapl ant 
roads and park i n g  l ots  and wi l l  be o f  v i rtua l ly  no va l ue to fi sh  and wi l d l i fe .  Add i n g  the 
area of  these l and parcel s to the 223  ha to be covered by demon strati on fac i l i t i e s  y i e l d s  a 
tota l l os s  to wi l d l i fe of 285 ha ( 704 acres ) .  Therefore , constructi on of the demonstrat ion  
fac i l i ty wou l d  actual l y  i n vo l ve a va l ue l oss  of about 1 530 hab i tat un i ts .  T h i s  est imate does 
not i n c l ude some temporary construction  areas , the excavat i on area , topso i l s toc kp i l e ,  barge 
s l i p  dredge s po i l  d i sposal area , and unsu i tab l e  materi a l  d i s posal  area ( F i g .  2 . 3 ) , because 
impacts at these area s may be temporary . These areas total about 48 ha ( 1 1 9  ac res ) .  I n  add i 
ti on , t h i s  est imate does not i n c l ude the reduced potent ia l  for wi l d l i fe use of habi tats nea r 
the demonstrat i on fac i l i ty .  To prov i de suffi c i ent mi t i gat i on , i t  i s  now est imated that 
1 03 ( Sauerhaber )  or 1 25 (As h  F l a ts )  ha ( 2 54 or 3 1 0  acre s )  o f  l and near ex i st i ng Kentucky wi l d 
l i fe managemen t area s cou l d  b e  purchased and improved by KDFWR to obta i n  a va l ue ga i n  o f  
1 530 hab i tat  un i ts .  S im i l arl y ,  a total o f  about 263 h a  ( 650  acre s )  wou l d  have to be acqu i red 
and improved to m i t i gate the combi ned effects of  the demonstrat i on and commerci a l  fac i l i t i e s .  

Another major opt i on i s  t o  purchase R i c h l and S l ough . T he H E P  cou l d  n o t  b e  as objec t i ve ly  
a ppl i ed to  R i c h l and S l ough  because i t  i s  uncerta i n  how much  of  t he  s l ough forest wou l d  be 
c l eared for agr i c u l ture i f  not preserved and because most  spec i e s  that wou l d  benef i t  from 
preservat i on of R i c h l and S l ough are not yet covered by the HEP . Therefore , the fol l owi ng assess
ment  has been  prepared , wh i c h  a ttempts to  quanti tati ve"' y  compare the  benefi ts of  preserv i ng 
R i c h l and S l ough  to the benefi ts of manag i ng the cropl ands and sma l l amounts of forest at the 
ex i sti ng wi l d l i fe management  area s .  

Al l of  the mamma l i an  a n d  a v i an s pec i e s  that can b e  reasonab l y  expected to b e  potent i a l  summer 
res i dents or breeders i n  the Owensboro-Henderson area were l i s ted ( Tab l e  K . l )  based on the i r  
geograph i c  ranges i nd i cated i n  var ious  pUbl i cati ons . Then , for each m i t i gat ion  option the 
benefi t to each  spec i e s  was j udged to be l ow ,  med i um ,  or h i gh , aga i n  based on var ious  pub l i ca
t i ons . A va l ue o f  1 wa s a s s i gned to  l ow ,  2 to  med i um ,  and 3 to h i gh These va l ues  were then 
total ed for each opt i on ( Tab l e K . l ) .  F i g ure K . 2  summar i zes  the resu l ts for a l l s pec i e s  and for 
fur/game spec i e s .  

T h e  greater va l ue i nd i cated for the R i c h l and S l ough i n  F i g .  K . 2  refl ects the fact  that many more 
s pec i e s  i n  t h i s  area wou l d  benefi t from an i ncrea se i n  forest  than an i ncrease i n  c ropl and , 
even i f  c ropl and i s  managed for waterfowl . The magn i tude of hab i tat  va l ue ga i n  that wou l d  be 
o bta ined by purcha s i ng R i c h l and S l ough  depends pr imar i l y  on the amount of t h i s  forest  that 
wou l d  be saved from c l earing  for ag r i c u l ture . Because the future amount of c l ear ing  cannot be 
accurate ly  est imated , a subjecti ve j udgment must  be made on how much  va l ue wou l d  be gai ned . 

Based on  the s l ough ' s  val ue to wi l dl i fe and the fact that fi s h ,  other aquati c b i ota , repti l e s , 
and amph i b i ans  woul d a l so benef i t ,  DOE be l i eves that preservati on o f  an acreage o f  R i c h l and 
S l ough somewhat  l es s  than that wh i ch woul d be added at  the ex i st i ng wi l dl i fe management areas 
woul d o ffset the impacts o f  the SRC- I proj ect .  It is est ima ted  that preservat i on o f  about 89 ha 
( 220 acre s )  of Ri ch l and S l ough wo u l d o ffset impacts of the demonstra t i on phase and 222  ha 
( 5 50 acre s )  wou l d offset i mpacts of  the combi ned demonstrat ion  and commerc i a l  phase s .  

Preservat i on of  the Mart i n  Cree k forest  cou l d  a l so benefi t a l a rge number o f  spec i e s  because i t  
al so i s  a fl oodpl a i n forest . However , because o f  i ts sma l l s i ze ,  the u ncerta i nt i es i nvol v i n g  
i nd i rect impacts , a n d  t h e  prox i mi ty to  t h e  SRC- I fac i l i ty ,  t h e  potent i a l  fo r hab i tat  va l ue ga i n  
t hrough i mprovement  i s  not a s  great a s  at  the R i c h l and S l ough forest .  DOE bel i eves t hat  preser
vation  of  the rough ly  30-ha ( 75-acre)  forest on the east s i de of  Marti n  Creek wou l d  prov i de a 
ga i n  of a bout 300 hab i tat  u n i ts ,  wh i c h  i s  about one-fi fth the ga i n  needed to m i t i gate for the 
demonstrat i on fac i l i ty .  T h e  rema i n i ng ga i n  requ i red mi ght b e  prov i ded by an  addi t i onal  
h a b i tat acqu i s i t i on and i mprovement on about 1 25 ha ( 3 1 0  acres ) of agri c u l tural  l and adjacent 
to the Ma rti n  Creek forest . 
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Table K_  1 _ Value to breeding birds and mammals of land 
with mostly crops and a small amount of forest and standing water 

compared to floodplain forest or forested swamp 

Species" Cropland and smal l  F l oodpla in 
amou nt of forestl' forestl' 

Opossumc M H 
Southeastern sh rew M H 
Least shrew M M 
Shorttail sh rew M H 
Eastern mole M M 
Little brown myotis L M 
Keen myotis L M 
I nd iana bat L M 
Smal l -footed my otis L M 
Silver-h a i red bat L H 
Eastern pip istrel L M 
Red bat L H 
Big brown bat L M 
Hoary bat L H 
Eveni n g  bat L M 
Raccoonc L H 
Longtail weaselc M H 
M i n kc M H 
Striped skunkc M H 
Spotted sku nk M H 
Red foxc M H 
G ray foxc M H 
Bobcat" L H 
Eastern chipmunk M M 
G ray sQu i rrelc L M 
Fox sQu i rrelc M M 
F ly ing  squi rrel L M 
Beaver" L H 
Harvest mouse M L 

Wh ite-footed mouse L H 
Deer mouse L M 
Golden mouse L H 
Eastern wood rat L H 
Bog lemming L M 
Meadow vole L M 
Musk rat" L M 
Meadow jumping mouse M L 
Eastern cottontailc M M 
Swamp rabbitC L H 
Whitetail  deer" M H 
Mal lar� M H 

Black duckc M H 
Pintailc M H 
Gadwallc M H 
Blue-winged tealc M H 
Wood duckc M H 



Table K.1 (continued) 

SpecieS" Cropland and smal l  F loodpla in 
amount of forestb forestb 

Cooper's hawk M H 
Sharp·shinned hawk M H 
M a rsh hawk M M 
Red·tailed hawk M H 
Red·shouldered hawk M H 
Broad·winged hawk M H 
Sparrow hawk M M 
BobwhiteC H M 

Great blue heron L H 

Green heron L H 
Black-crowned night heron L H 

Spotted sandpiper L M 

American woodcock M H 

Mourning dovec M M 
Yellow·bil led cuckoo M H 
Screech owl M M 
Great horned owl M H 
Barred owl M H 
Chuck·wills-widow L M 
Whip·poor·will L M 
Belted k i ngfisher L H 
Yel low-shafted f l icke r M M 
Pi leated woodpecker L H 
Red·bell ied woodpecker L H 
Red·headed woodpecker L H 
Hairy woodpecker L H 
Downy woodpecker L H 
Eastern k ingbird L M 
Crested flycatcher L H 
Acadian flycatcher L H 
Eastern wood pewee L H 
Horned lark  M L 
Blue jay L H 
Common crow M M 
Caro l ina  ch ickadee L H 
Tufted t itmouse L H 
White·breasted nuthatch L H 
Carol ina wren L H 
Catbird L M 
Brown th rasher L M 
Wood th rush L M 
Eastern bluebird M M 
Blue-gray gn atcatcher L H 
Loggerhead shr ike L L 
Wh i te-eyed v i reo L H 
Yellow·throated v i re o  L M 
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Table K . 1  (continued) 

Species· Cropland and smal l  Floodpl a in  
amount  of foresti' forestb 

Red·eyed v i reo L H 

Black·and·white warbler L H 

Prothonotary warbler L H 

Swainson's warbler L H 

Pa ru la  warbler L H 

Yellow warbler L H 
Cerulean warbler M H 
Yellow·throated warbler L H 

Prair ie warbler M L 

Ovenbird L M 
Lou iS lana waterth rush L H 

Yellowth roat L H 
Y el low·breasted chat M M 
Kentucky warbler L H 

Hooded warbler M H 
American redstart L H 

E astern meadowlark M L 
Red·winged blackbird L M 
Common grackle M M 

Orchard oriole M M 
Baltimore or iole M M 

Scarlet tanager L H 

Su mmer tanager L M 

Cardinal L M 

Blue grosbeak L L 

I n digo bunting M M 

American goldfinch M L 

Dickcissel H L 

Towhee M M 

Grasshopper sparrow M L 
Bachman's sparrow M L 
Chipping sparrow M L 
F ield sparrow H L 
Song sparrow M M 

• Al l  species a re potential summer residents or breeders in the 
region su rrounding the SRC· I  s i te except the pinta i l .  gadwa l l ,  and 
tea l .  

b L, l o w  v a l u e ;  M ,  medium v a l u e ;  and H ,  h igh value.  
C Game species or  fur species. 
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M i t i gat i on on the s i te wou l d  not produce major benefi ts for f i s h  and wi l d l i f e ,  because of  
the probl ems noted i n  t he previ ous  sect ion . I t  i s  e st ima ted that management of the 1 3 1 ha 
( 323  acres ) of  l and s u i tabl e fo r m i t i gation wou l d  pro v i de a val ue ga i n  of  about 400 hab i tat  
u n i ts . Th i s ga i n  i s  one-fourth of  the  mi t i gati on needed to  offset l osses  caused hy the 
demonstrat ion fac i l i ty .  

A L L  S P E C I E S  

LOW 

F U R  AND GAME SPECI E S  

LOW 

( C ROPLAND A R E A  

I I 

C ROPLAND 

AREA '" 
I 

M E D I U M  

M E D I U M  

E s - seoo 

( F LO O D P L A I N  
FO R E ST 

I 

F LO O D P LA I N  
FO R E ST , 

I 

H I G H  

H IG H  

F i g .  K . 2 .  Compa r i son o f  hab i tat  va l ues  o f  forest  a nd crop l and area s 
ba sed on va l ues a s s i gned i n  Ta b l e  K . l .  The cropl and area i s  a s s umed to 
conta i n  a sma l l  amount of forest  and stand i ng wa ter . 
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GEOLOGY AND SO I LS 

L . l  G EOLOGY 

L . l . l  P hys i ography 

The proposed s i te l i es wi th i n  the We stern Coal  F i e l d  port i on of the I nter i or  Low Pl ateaus 
Prov i nce ( F i g .  L . l . ) .  The s i te i s  wi th i n  the a l l uv i ated Oh i o  R i ver Val l ey ,  a w i de trench eroded 
i n  the bedrock surface and subsequently f i l l ed wi th sand and gravel by g l ac i a l mel twaters . 1 
Both the Oh i o  R i ver and the Green R i ver f l ow i n  channe l s cut i n to th i s  outwash  depos i t  of 
al l uv i um .  The Green R i ver f l ows al ong the south edge of the s i te ,  wh i l e  the Oh i o  R i ver passes 
about 4 . 5  km ( 2 . 8  m i l e s )  north of the s i te .  
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Surface drai nage in the reg i on is by smal l creeks  and s l oughs wh i ch dra i n  i nto the O h i o  or the 
Green ri ver .  St ream c hannel  gradi ents in the al l uv i um are typ i cal ly  l es s  than 5% , or 5-m 
fa l l  per 1 00 m of l ength ( 5-ft fal l per 1 00 ft of l ength ) .  Most of the creeks are i nter
mi ttent , but a few that ori g i nate i n  the border i ng h i l l s  may be s pri ng fed . Man -made dra i n age 
d i tches and farm ponds have modi fi ed the s urface drai nage on the a l l uv i um.  

L . 2  STRAT IGRAPHY 

L . 2 . 1  Regi onal  sett i ng 

The rock col umn i n  northwestern Kentucky i nc l udes up to 4267 m ( 24 , 000 ft ) of young sed iments 
and ol der sed i mentary rocks . F i g ure L . 2  presents the ages , formati on s ,  groups , thi c knesses , and 
the character of these depos i ts i n  a genera l i zed strat i g raph i c  col umn . A genera l i zed geol og ic  
map  of  the  s i te reg i on i s  s hown i n  Sect . 3 . 2 . 2 . 

The s urfi c i a l  geol ogy i n  th i s  reg i on res u l ted from g l ac i a l acti v i ty of the P l e i stocene Epoch , 
al though g l aci ers d i d not cover th i s  part of Kentucky . l  The depos i ts here formed duri ng the i ce 
me l t i ng of the Wi scon s i n g l ac i a l stage ( the fourth and f i na l  g l ac i a l stage ) and the I l l i n o i an 
g l aci al  stage ( the th i rd g l ac i a l stag e ) . The me l twater from each i ce reces s i on was l aden w ith  
s i l t ,  san d ,  and  g rave l  that  were s ubsequently depos i ted i n  the  deeply eroded channe l  of  t he Ohi o 
Ri ver Val l ey to form a broad al l uv i a l p l a i n  extend i ng to the present base of the h i l l s  s urround
i ng the Oh i o  and Green R i ver Val l eys . Depos i t i on of th i s  sed i ment in the mai n va l l ey caused 
tr i butary val l eys to become dammed ;  and l ake sedi ments of f i ne san d ,  s i l t ,  and c l ay were 
deposi ted beh i nd these natural  dams . I n  add i t i o n ,  f i ne s i l t  p i c ked up by the strong northerly 
wi nds was depos i ted a s  l oess  on the s urroundi ng h i l l s .  

The top of the underl yi ng bedroc k i n  northwestern Kentucky con s i sts of Pennsyl van i an coal 
beari ng strata .  Al ternat i ng beds of sha l e ,  sandstone , l i mestone , coal , and u ndercl ay const i tute 
( i n descendi ng order) the He nshaw ,  L i sman , Carbonda l e ,  Tradewater ,  and Casev i l l e  format i on s .  
The L i sman and Carbondal e  format i ons  conta i n  the most coa l . 2 

Underlyi ng these Pennsy l van i an format i ons are numerous Upper-M i s s i s s i p p i an o i l -produc i ng l i me
stones and  sandstones . These a n d  deeper rocks are known from subsurface data only . 

L . 2 . 2  S i te c ond i t i ons 

L . 2 . 2 . 1  Su rf i c i a l deposi ts 

Two maj or types of s urfi c i a l  depos i ts are found on the s i te :  recent a l l uv i al  depos i ts of the 
Green Ri ver and P l e i s tocene te rrace depos i t s  from g l ac i al  me l twater .  The th i ckness of these 
depos i ts vari e s ,  but the bedrock i s  over l a i n  by approximate ly  40 m ( 1 30 ft) of unconsol i dated 
materi al . General i zed north-south and east-west c ross sect i ons  throug h the s i te ,  based on data 
from bor i ng s  compl eted by ATE C Associ ates , I nc . , 3 are shown i n  F i g . 3 . 6  ( see Sec t .  3 . 2 . 2 ) . 

L . 2 . 2 . 2  Re cent al l uv i um 

Recent a l l uv i um depo s i ted dur i ng f l oodi ng of the Green R i ver and cons i st i ng of i nterl e n s i ng 
c l ay ,  s i l t ,  and sand covers the l ower port i on s  of the s i te ,  usua l l y  bel ow an e l evati on of 1 1 3 m 
( 370 ft)  a bove mean sea l evel  ( MSL ) . These depos i ts form a ser i es of broad , sha l l ow swa l e s  that 
are apparent l y  near equ i l i bri um ,  as they do not markedly agg rade or degrade when the r i ver 
fl oods . l  

L . 2 . 2 . 3  P l e i stocene terrace depo s i ts 

A te st bori ng ( No . 3 i n  F i g . 3 . 6 ,  Sec t .  3 . 2 . 1 . 2 )  by ATEC ( ref . 3 )  penetrates the total th i ckness 
of an on s i te terrace . Th e sequence of depo s i ts on the detai l ed l og is presented in Tab l e  L . l . 

The th i c knesses of the c l ay and f i ne sand depos i ts vary over the s i te .  One type of depos i t  
commonly  p i nches out or  g rades i nto another type o f  depos i t  w ith i n  a re l at i ve ly  s hort d i s tance . 
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ER" PEAIODS OR EPOCHS OR GROUP OR FORMATION (tilt) CHARACTER SYSTEM SEAlES 

LOESS: SILT AND SOME F I N E  
U N I O N  fORMATION 0-68 G RA I N E D  SAND, MANTLES 

UPLANDS 

QUATE R N A R Y  P L E I STOCENE ALLUVIUM OF OHIO OUTWASH. SAND AND G R A V E L  

V A L L E Y  
0-130 O V E R L A I N  BY SILT AND CLAY 

CENOZOIC 

ALLUVIUM OF 0-80 GLACIAL LAKE D E POSITS; 

TRIBUTARY VALLEYS P R I NCIPALLY SILT AND CLAY 

PEBBLES OF C H E R T  AND OUARTZ; 

TERTIARY? UNASSIGNED LaFAYETTE F O R MATION 0-1 SCATTE R E D  PATCHY D E POSITS 

ABOVE ELEVATION 450 

MESOZOIC NOT REPRESENTED AT STUDY AREA 

SHALE,  SANDSTONE,  COAL, A N D  

LISMAN FORMATION 
SEVE RAL T H I N  LIMESTONE BEDS. 

UPPER 253-308' COARSE-GR A I N E D  A N V I L  ROCK 
(STU RGIS FORMATION) 

SANDSTONE M E M B E R ,  20 TO 50 ft 
THICK, !N LOWER PART 

SHALE, COAL BEDS, SEVE RAL 

CARBONDALE 
THIN LIMESTONE BEDS, A N D  A 

FORMATION 
3OO-450! PROMINENT WHITE, M E D I UM· 

G R A I N E D  SANDSTONE, 20 TO t OO  
PENNSYLVANIAN 

M I D D L E  It T H I C K  

M A I N L Y  SHALE WITH COAL 

T R A DEWATE R 
400-6(Xh 

SEAMS, A N D  A T H I N  PE RSISTENT 

FORMATION LIMESTONE B E D .  SEVE R A L  

SANDSTONES USUALLY OCCUR 

CASEYV I L LE 
MASSIVE SANDSTONES, M E D IUM· 

LOWE R F O R MATION 300-6OC" G R A I N E D ,  PEBBLY; A F EW B E D S  

OF S H A L E ,  COAL, AND L I MESTONE 

UPPER 
CHESTER LIM ESTONE, SHALE, AND 

GROUP 9 t 5 !  SEVERAL SANDSTONES 

MERAMEC 
MAINLY LIMESTONES, OOLITIC IN 

MISSISSIPPIAN M I D D LE 860, UPPER PART, DOLOMITIC IN 
GROUP 

LOWER PART 
PALEOZOIC 

LOWER OSAGE G ROUP 650, LIMESTONES AND SHALES 

UPPE R 
NEW ALBANY 

BLACK SHALE 
GROUP 

DEVONIAN M I D D L E  

LOWE R  HUNTON 
1 ,500± 

MASSIVE DOLOMITIC 
MEGAGRoUP LIMESTONE 

NIAGARAN 

S I L U R IAN 

ALEXANDRIAN 

CINCINNA TlAN 
MAQUOKETA 
GROUP 

OTTAWA 
MEGAGROUP 

O R DOVICIAN CHAMPLAINIAN 1,600' 

ANCE L L  GROUP (ST. PETER FORMATION) 
MASSIVE DOLOMITIC 

L I M ESTONE WITH SOME 

SI L TSTONE, SHALE, AND 

CANADIAN 
KNOX 

SANDSTONE 

MEGAGROUP 

7oo± CAMBRIAN CROIXAN 
POTSDAM EAU CLAIRE FORMATION 

MEGAGROUP MT. SIMON FORMATION SANDSTONE A N D  SHALE 

U N o I F F E R ·  BASEMENT , IGNEOUS AND METAMO RPH I C  
PRECAMBRIAN 

ENT1ATEo ROC� ROCK 

F i g .  L . 2 .  Genera l i zed  strat i g raph i c  col umn of the study area . Sou rce : H .  D .  Swann , 
"A  SUlTIllary of Geo l og i C  H i story of the I l l i n o i s  Basi n , " i n  A Symposiwn on the Ge0 7,ogy and 
Petrolewn Production of the Il linois Basin, j o i n t  pub l i cati on of the I l l i no i s ,  I nd i ana , and 
Kentucky geol ogi cal ' societi es , 1 968 .  



L . 2 . 2 . 4  Bedrock 
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Table L. 1 .  Sequence of deposits in boring No. 3 

Description of u n i t  

Clay, si lty, l i ght brown a n d  gr a y ,  s l ightly moist 

Si l t, sandy, brown, very mo ist 

Sand, f i ne, si lty, brown, moist, loose 

Sand, brown, moist to wet, loose to medium ·dense, 
with some si lty f ine  sand 

Sand, fine to medium,  s i l ty, brown to gray, with 
traces of coarse sand and fine grave! 

Sand, fine to medium,  brown, medium·dense to very dense, 
wet, with traces of coarse sand, f ine gravel, and some 
organ ic  material 

Sand, fine to coarse, si lty, brown, medium·dense to dense, 
wet, with traces of gravel and organic material ; some 
gray, coarse, dense sands also noted 

Share, l ight gray, l a m i nated (bedrock ) 

Depth to su rface 
m (It )  

o 
2.0 (6.5) 

2.4 (8.0) 

4.0 ( 1 3.0)  

1 2.3 (40.5) 

20. 7 (68.0) 

28.3 (93.0) 

38. 1  ( 1 25.0) 

Source: AlEC Associates, Preliminarv Geotechnical Engineering Study, 200 SliD 
Project, Wheelabrator Cleanfuel Corporation, Kentucky Center for Energy Research, 
1977.  

The bedrock beneath the s i te has been i n te rpreted from l og s  of o i l an d gas we l l s  i n  the area . A 
bedrock topog raphy map ( F i g .  L . 3 )  i nd i cates that the bedrock s urface i s  at an approximate e l eva
ti on of 80 m ( 260 ft ) near sea l eve l  (MSL ) . 4  The uppermost bedrock on the s i te con s i s ts of 
Penn sy l v an i an s h a l e ,  s andstone , and coal beds an d has been i denti fi ed from l ogs of we l l s  on and 
near the s i te as the l ower part of the Carbonda le  Format i on .  

No outcrops of bedrock a re present on the s i te .  The c l osest outcrops are approximate ly  8 km 
( 5  mi l es )  southwest of the s i te ,  where the Carbondal e  Format i on of Pennsyl van i an Age crops out  
at an e l evat i on of  1 22 m ( 400 ft )  MSL . The  N o . 9 coal seam of the  Carbonda l e  Formati on , found 
just be low the a l l uv i a l - bedrock contact , has been m i ned in the h i l l s  south of the s i te .  The 
h i l l tops are bl anketed P l e i s tocene l oess , but expos ures of the Pennsyl van i an Age L i sman Forma
t i on ,  whi ch overl i e s  the Carbonda l e  Formati on , can be found beneath the l oess cover .  

Be neath the Pennsyl van i an roc ks are Upper-M i s s i s s i p p i an l imestones and sandstones t hat produce 
o i l  in the s i te area but, e v i dent ly , not on the s i te ( see M i neral Resources section of th i s  
append i x ) . 

L . 2 . 2 . 5  Structural geo l ogy 

The s i te i s  l ocated i n  the southeastern corner of the I l l i no i s  Bas i n  i n  a su bbas i n  cal l ed the 
Henderson Ba s i n . 2 Located on the eastern l imb of the structure , bedrock  d i p  at  t he s i te is to 
the wes t ,  though m i no r  l ocal  features cause some var i at i on i n  bedrock atti tude . Genera l l oca l  
bedroc k structure i s  i nd i cated on F i g . L . 4 ,  wh i ch i s  a structural contour map drawn on the  base 
of the M i ss i s s i pp i an Age V i enna l imes tone , showi ng a d i p  of approximate ly  7 . 6  m/ km ( 40 ft/mi l e ) . 5  
O i l we l l  l og s  i nd i cate that whi l e  the V i enna l imestone i s  l oca l l y  absent , the under ly i ng  G l en 
Dean and Gol conda l imestones ( respect i v e ly  30 . 5  and 64 m be l ow the V i enna ) are present at t he 
expected depth s .  

Two fau l t zones o f  reg i ona l  i mportance and one l oca l l y  s i g n i f i cant fau l t  zone are l ocated i n  the 
general s i te v i c i n i ty .  F i g ure L . 5  shows geol og i c  structura l e l ements of the reg i on .  The Rough  
Creek Fau l t  Zone , an eas t-west  trend i ng s tructure , l i es  about 13  km  ( 2 1 m i l e s )  south of the  s i te ,  
Normal and h i g h -ang l e  reverse fau l ts predom i nate i n  t h i s  zone , though some sc i s sor and shear 
fau l ts a re observed . D i sp l acements of as much a s  6 1 0  m ( 2000 f t )  have been measured i n  thi s 
compl ex . 2 The northeast-southwest trendi ng Shawneetown-Un i on town Fau l t  Zone ( a l so cal l ed the 
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Fi g .  L . 3 .  Bedroc k topography wi th i n  2 km ( 1 . 2  m i l e s )  of s i te .  Source : R. L .  Norri s ,  
"Ma p  Show i ng Bedrock Topogra phy and Subcrop o f  Sel ected Beds Beneath Al l uv i a l Depos i ts o f  
the Reed Quadrangl e ,  Kentucky- I nd i ana , "  Mi scel l aneous Geo l og i ca l  I nvestigati ons Map 1 -802 , 
U . S .  Geo l og i cal  Survey , 1 97 3 .  

Wabash Val l ey Fau l t  Zone ) l i es approx imately  56 k m  ( 35 m i l e s )  west o f  t h e  s i te .  Normal fau l t s 
predomi na te i n  th i s  zone wi th maximum d i sp l acements of approx imate ly  1 20 m { 400 f t ) . 2 The 
nearest known faul ts are in the northeast trend i ng Curdsv i l l e  Fau l t Zone , approximate l y  8 km 
(5 m i l es )  southeast of the s i te . 2 These fau l ts ,  as mapped by Schwal b ,  et . al . 6  form a genera l l y  
graben- l i ke structure . Where exposed i n  outcrops of the L i sman Format i on , overly i ng P l e i stocene 
depo s i ts are apparently und i sturbed . 7  

L . 2 . 2 . 6  Se i sm i c  haza rd 

Re cords of s e i sm i c  acti v i ty i n  the centra l Un i ted States date back to the settl ement of that 
port i on of the country .  Cont i n uous  records ex i s t  from the l ate 1 700s to the present . Early 
records were subjecti ve ,  con s i s t i ng of newspaper art i c l es and other wri tten observat i on s .  The 
Mod i fi ed Mercal l i  I nten s i ty Sca l e  of earthquake i nten s i ty was devel oped a s  a sem i quant i ta t i ve 
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Fi g .  L .  4 .  Structure contours drawn on the base of the V i  enna 1 imes  tone . Source : W .  E .  
John son , " Geo l og i c  Map o f  the Reed Quadrang l e ,  Kentucky- I nd i ana , "  U . S .  Geo l og i cal  S urvey Map 
GQ- 1 038 , 1 972 . 

measure of earthquake i ntens i ty based on the react i ons  of peop l e  to earthquakes and the amount 
of damage to bu i l d i ng s  ( F i g . L . 6 ) . The Mod i f i e d  Merca l l i  I ntens i ty ( MM I )  i s  we l l  s u i ted to 
rat i ng the i n tens i ty of earthquakes for wh i ch no s c i enti f i c  measurements  are avai l abl e .  

Records pri or t o  the early 1 900s when the fi rst sei smographs were i nsta l l e d  i n  the m i dwest  were 
i n comp l ete in that on l y  wi de ly fe l t  events were recorded . Now , a s i zab l e  array of record i ng 
sei smograph i c equi pment mon i tors mi crose i smi c and earthquake act i v i ty throughout the reg i on .  

Wi th i n  the l ast  decade our understand i ng of m i d-conti nent se i smi c i ty has  improved through the 
app l i ed use  of geophys i ca l  research methods . Pred i ct i ve capabi l i t i es , however , are l im i ted to 
est imates of recurrence i nterva l s of earthquakes based on approximately 200 years of observat i ons . 
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I .  NOT F E LT EXCEPT B Y  A V E RY F EW U N D E R  ESPECIA LLY FAVORABLE C I R CUMSTANCE. 

I I .  F E LT O N LY B Y  A FEW PE RSONS AT R EST, ESPECIALLY O N  UPPER F LOORS O F  BU I L D I NGS. 
D E LICATE LY SUSP E N D E D  OBJECTS MAY SWI N G. 

I I I .  F E LT QU ITE NOTICEABLY I N DOORS, ESPECIALLY O N  UPPER F LOORS O F  B U I LD I NGS, BUT 
MANY PEOPLE DO NOT RECOG N I ZE IT AS AN EARTHQUAKE. STAN D I N G  MOTOR CARS 
MAY ROCK SLIG HTLY. V I B RATION L I KE PASSING OF TR UCK. DU RATION EST I MATED.  

IV .  D U R I NG THE DAY F E LT I N DOORS BY MANY, OUTDOORS BY F EW. AT N IGHT SOME 
AWAKE N E D .  D ISH ES, WINDOWS, DOORS D ISTU R B E D ;  WALLS MAKE CREAKING SOU N D .  
SE NSATION L IKE  H EAVY TRUCK STR I K I N G  BU I LD I NG.  STAND I NG MOTOR CARS ROCKED 
NOTICEABL Y. 

V. F E LT BY N E A R LY EVERYONE;  MANY AWAKENED.  SOM E  DISHES, W I NDOWS, etc. B RO K E N ;  
A F EW I NSTANCES O F  CRACKED PLAST E R ;  UNSTABLE OBJECTS OV E RT U R N E D. 
D I ST U R BANCE OF T R E ES, POLES, AND OTH E R  TAL L  OBJECTS SOMETIMES NOTICED.  
PE N DU LUM CLOCKS MAY STOP. 

V I .  F E LT B Y  ALL;  MANY F R IGHTENED A N D  R U N  OUTDOO RS. SOME H E AVY F U R N ITU R E  
MOVED ; A F EW I N STANCES O F  F A L LE N  PLASTER AND DAMAGED C H I MN EYS. DAMAGE 
SLI GHT. 

V I I .  EVERYBODY R U NS OUTDOORS. DAMAGE N E G L I G I B L E  I N  B U I LD I NGS O F  GOOD DES IGN 
AND CONSTRUCT IO N ;  S LIGHT TO MODE RATE IN  WE LL-B U I LT O R D I NARY STRUCTU RES, 
CONSI D E RABLE I N  POO R L Y  B U I LT OR BAD LY DES IG N E D  STRUCTUR ES; SOME CHIM NEYS 
BROKEN.  NOTICED BY PE RSONS D R IV I NG MOTOR CARS. 

V I I I .  DAMAGE S LIGHT I N  SPECIALLY DES IGNED STR UCTU R ES; CO NS I D E RABLE I N  O R D INARY 
SU BSTANTIAL BUI  L D I NGS W ITH PARTIAL COL LAPSE; G R EAT IN  POOR L Y BU I LT 
STRUCT U R ES. PAN E L  WALLS THROWN OUT OF F RAME STR UCTU R ES. FALL O F  
CH IM N EYS, FACTORY STACKS, COLU MNS, MONUMENTS, WAL LS. H E AVY F U R N ITU R E  
OVE RTU R N E D .  SAN D  A N D  M U D  EJECTED I N  SMA L L  AMOU NTS. CHANGES I N  W E L L  WAT E R .  
PE RSONS D R I V I N G  MOTOR CA RS D ISTU R B E D. 

IX .  DAMAGE CONS I D E RABLE I N  SPEC IALLY DESIGNED STRUCT U R ES; W E L L-DES IGNED F RAME 
STRUCT U R ES TH ROWN OUT OF PLUMB; G R EAT I N  SU BSTANTIAL B U I LD I NGS, WITH PARTIAL 
CO LLAPSE. BU I LD I NGS SH I FTED OFF FOU NDAT IONS. G ROUND CRACKED CONSPECIUOUSLY. 
U N D E R G ROU N D  PIPES B ROKEN.  

X .  SOME W E L L-BU I LT WOOD E N  ST RUCT U R ES D ESTROYED;  MOST MASONRY A N D  F RAME 
STRUCT U R ES D ESTROYED WITH FOU N DATIONS, GROUND BAD LY CRACKED. RA I LS BE NT. 
LANDSLIDES CONS I D E RABLE F ROM R I V E R  BANKS AND STEEP SLOPES. SH I FTED SAND 
AND MUD.  WATE R SPLASHED (SLOPPED)  OV E R  BAN KS. 

I NTENSITIES X I .  AND X I I .  NOT I NCLUDED.  

ES·5263 
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F i g .  L . 6 .  Modi fi ed Mercal l i  ep i central i ntens i ty s ca l e  for earthquakes . Sources : H .  O .  
Wood and F .  Neumann ,  "Modi fi ed Mercal l i  I nten s i ty Sca l e  of 1 9 3 1 , "  BuZ Z .  SeismoZ .  Soc. of Am. 2 1 : 
278-283 ( 1 93 1 ) ;  U . S .  Atomi c Energy Commi ss i on ,  NucZear Reactors and Earthquakes, Report 
T I O- 7024 , Was h i n gton , D . C . , 1 9 75 .  
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The  mos t  severe earthquakes that h ave affected the reg i on occurred l ong  before d i rect me asure
men t  of g round mot i on was pos s i b l e ;  therefore , mag n i tudes have been e s t imated u s i ng the Mod i f i e d  
Me rca l l i  S ca l e  a n d  t h e  s i ze o f  t h e  affec te d  are a s . Recent  work c i ted i n  t h e  fol l owi ng para
graphs  i s  the best  ava i l a b l e  i nformat i on on the reg i on ;  however , there i s  an e l ement of  
u n certai nty in  pred i c t i ng the frequency and magn i tude of future events . 

Se i sm i c i ty i n  the  m i d-cont i nent  reg i on i s  rel ated to a c t i v i ty i n  the  New Madr i d ,  Wabash  Val l ey ,  
and St . Ge nev i eve Fau l t  z ones ( see F i g .  3 . 5  Sec t .  3 . 2 . 1 . 2 ) . As a resul t o f  the s e i sm i c  h i s tory 
of the reg i o n ,  there i s  moderate  to h i g h  r i s k  of ea rthq uake damage as s hown on the Se i smi c R i s k  
Zone M a p  i n  F i g .  L . 7 .  T h e  s i te i s  l ocated  i n  R i s k Zone 2 near the Zone 3 boundary . I n  Zone 2 
the  max i m um an t i c i pated i ntens i ty i s  V I I on the Mod i f i ed Mercal l i  S ca l e  or hori zonta l ground 
a c ce l erat i on of  a pprox imate l y  0 . 1 5  g .  I n  R i s k  Zone 3 the max imum a nt i c i pated i n ten s i ty and  
g round acce l era t i on a re expected  to  be g rea ter than  V I I  and 0 . 1 5  g .  

DA M A G E  
c=J 0 N O N E  

�·::::::::.1 M I N  0 R 

IIIIII!I 2 M O D E RAT E 

_ 3 M A J O R  

D. S ITE 
LOCAT I O N  

E S - 2 2 8C  

F i g .  L . 7. Se i sm i c ri s k  map o f  t h e  U n i ted S tates . Source : S .  T .  Al germi ssen , United 
States Earthquakes , U . S .  Government  P ri n t i ng Offi ce , Was h i ng ton , D . C . , 1 96 8 ,  F i g .  2 . 4 .  

Ta b l e  L . 2  i s  a l i s t  of earthquakes  wh i ch are bel i eved to have affected the  s i te a t  Mercal l i  
I n tens i t i e s  of V or greater . Ta bl e L . 3  l i sts  a l l recorded I n tens i ty V or g reater earthqua kes 
w i t h i n  a 320-km ( 200-mi l e )  rad i us  of the s i te and a l l  earthq uakes  wi t h i n a 40- km ( 25 -m i l e )  
rad i u s  of the s i te .  The  h i stor i c  max imum earthquake w h i c h  has  affec ted the s i te wa s the  ser i es 
of events dur i ng the 1 8 1 1 - 1 8 1 2  New Madri d earthq uakes . E s t imated Mod i f i ed Mercal l i  I ntens i t i es 
a t  the  s i te dur i ng those  q ua kes were V I I  to V I I I .  Accord i n� to Nutt l i and  Herrmann , s  the 
mb = 7 . 5  event of February 7 ,  1 8 1 2  was the  maximum magn i tude earthquake for the central  Un i ted 
State s .  Attenuat ion of e arthquake mot i on between an e p i central  l ocat i on and a p o i n t  of i nteres t 
i s  a funct i on of d i s tance , wave frequency , and p ropert i es of bedrock  and a l l uv i um .  Assum i ng 
that  e s t imates of the  mag n i tude and i ntens i ty of the New Madr i d event are rea sona bl e ,  the 
max imum i ntens i ty expected a t  the s i te from occurrence of s uch  a q uake  wou l d  be about  MM I V I I I .  
The recurrence  i n te rva l  for the maximum magn i tude event i s  e st ima ted to be on the order of 



Table L.2. list of earthquakes believed to have affected the proposed site at 

modified Mercalli intensity levels of V or greater 

Modified Modified 

Date 
Epicentral Mercal l i  Mercal l i  Henderson reference Owensboro reference 
location intensity intensity 

( Henderson )  (Owensboro) 

1 .  Dec. 1 6, 1 8 1 1 New Madrid, Mo. V I I  V I I  The Weekly Register Estimated 
2. Jan. 23, 1 8 1 2  New Madrid, Mo. V I - V I I  V I -V I I  Estimated" Estimated" 
3. Feb. 7, 1 8 1 2  New Madrid, Mo. V I I -V I I I  V I I -V I I I  Estimated" Estimated" 
4. June 9, 1 838 Southern I l l i nois V I  V Estimated on the basis of Estimated on the basis of 

isoseismal of Nuttl i  ( 1 974) isoseismal of Nuttl i  ( 1 974) 
5.  Jan.  4, 1 843b Shelby County, Tenn. V V Estimated on the basis of Estimated on the basis of 

isoseismal of N u ttl i  ( 1 974) isoseismal of N u  ttl i ( 1 974) 
6. Aug. 7, 1 860 Western Kentucky V I V  Louisv i l le  Dai ly Courier Estimated 
7. Aug. 3 1 ,  1 886b Charleston, S. C. V V Estimated Bol l i nger and Stover ( 1 976) 
a July 27, 1 89 1  Southern I l l inois V I  Felt Henderson Daily G leaner Louisvil le Times 

(at Zion, Kentucky) 
9. Sept. 26, 1 891 Cairo, I I I .  V I V  Henderson D a i l y  G leaner Estimated 

1 0. Oct. 3 1 , 1 895 Charleston, Mo. V-VI V I -V I I  Henderson Dai ly Gleaner Owensboro Daily Tribune 
1 1 . Aug. 21 ,  1 90 5  Missouri (Near Sikeston) IV V Henderson Dai ly Gleaner Owensboro Daily Messenger 
1 2. Apr. 27, 1 925 Ind iana V IV Henderson Morning Gleaner Owensboro Messenger 
13. Sept. 2, 1 925 Kentucky V I  V I  Henderson D a i l y  G leaner Owensboro Messenger 
14. N ov. 9, 1 968 Southern I l l i nois V I - V I I  V I -V I I  Unpublished data Unpubl ished data 

"The epicentral intensity of this event is l isted by Nuttli ( 1 973) as being one-half u nit l ower than the Dec. 1 6, 1 8 1 1  event. 
bThis event occurred more than 200 miles from the proposed s i te. 
Sou rce: R . 1 . Street, Assistant Professor, University of Kentucky, Department of Geology, personal communication, 1 979. 
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Date of 

occurrence 

Dec. 16, 1 8 1 1 

Jan. 23. 1 8 1 2  

Feb. 7, 1 8 1 2  

Nov. 9 .  1 820 

Aug. 7, 1827 

Aug. 7, 1 827 

Mar. 9. 1 828 

Mar. 10. 1 828 

June 9, 1 838 

Dec. 27. 1 84 1  

Nov. 4. 1 842 

Nov. 4. 1 84 2  

Dec. 1 8. 1853 

Oct. 8. 1857 

SepL 21,  1858 

Aug. 7, 1860 

Aug. 1 7. 1 86 5  

Sept. 24, 1876 

Sept. 25, 1 876 

May 26, 1877 
Mar. 1 2. 1 878 

Nov. 1 8. 1 878 

Nov. 1 9. 1 878 

July 20. 1 882 

JUly 20. 1 882 

SepL 27, 1 88 2  

Sept. 29, 1 882 

OeL 14. 1 882 

Oct. 1 5. 1 882 

Jan. I I ,  1883 

April 1 2. 1 883 

JUly 14. 1 883 

Feb. 6, 1 887 

Aug. 2. 1 887 

JUly 27, 1 89 1  

SepL 26. 1 89 1  

Oct. 3 1 .  1 895 

Apr. 25. 1 897 

Apr. 30. 1 899 

Jan. 24. 1902 

Feb. 9. 1 903 

OeL 4, 1 903 

Nov. 4. 1 903 

Nov. 4. 1 903 

Nov. 27. 1 903 

Aug. 2 1 ,  1905 

May I I, 1 906 

May 2 1 ,  1 906  

Sept. 7 ,  1 906 

Jan. 29, 1 907 

Jan. 3D, 1 907 

Oct. 28. 1 908 

Sept. 22. 1 909 

SepL 27, 1909 

Oct. 23. 1 909 

Oct. 23. 1 909 

Apr. 28. 1 9 1 5  
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Tabl. L3. Earthquakes of epicentral inten.ity V. or greater. within 200 miles of the .it. and all .arthquake. 

occurring within 25 miles of the site 

Time of occurrence 

H 

8 

1 5  

9 

22 

4 

1 6  

6 

1 0  

1 5  

6 

1 0  

5 

1 0  

1 0  

6 

7 

8 

22 

1 8  

2 

1 1  

2 

1 0  

o 

1 8  

9 

6 

1 9  

o 

9 

7 

9 

23 

M 

o 
o 

45 

o 
30 

o 
30 

o 

o 

o 

1 5  

o 

52 

o 

20 

o 
1 2  

30 

1 5  

36 

28 

8 

48 

21 

18 

20 

1 5  

o 

27 

45 

10 

47 

40 

s 

0.0 

0.0 

0.0 

0.0 

no 
0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

no 

0.0 

0.0 

no 
0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Approximate location 

New Madrid, Mo. 

New Madrid, Mo. 

New Madrid, Mo. 

Cape Girardeau. Mo. 

New Albany, Ind. 

Southern I l l inois 

Western Kentucky 

Western Ken tucky 

Western Kentucky 

Western Kentucky 

Southern Illinois 

Western Kentucky 

Western Kentucky 

Near Missouri-Tennessee border 

Southern Il l inois-Indiana border 

Southern I l l inois-Indiana border 

Missoori-Kentucky border 

Missouri--Kentucky border 

Missouri - I l l inois-Kentucky border region 

M issou ri-Il l inois-Kentucky border region 

Near Springfield. I I I .  

Near Springfield. I I I. 

Near Springfield, I I I .  

Cairo, I II .  

Cairo, I I I .  

Cairo, I I I .  

Vincennes, Ind. 

Cairo, I I I .  

Southern I l l inois 

Cai ro, I I I .  

Olarleston, Mo. 

M issou ri -Tennessee border 

M issou ri-I l l inois border 

New Madriq, Mo. 

Missouri � l l Iinois �Kentucky border region 

M issou ri�ll l inois�Kentucky border region 

New Madrid, Mo. 

Missou ri�ll l inois�Kentucky border region 

Southwestern I ndiana 

Southern I l l inois 

Southern i l l inOis 

Near Springfield, I I I. 

Ohio Valley 

Southern Ill inois�lndiana border 

Southeastern Missouri 

Near Robinson, I I I .  

New Madrid� Tiptonville, Mo.  

Latitude 

north 

36.6 

36.6 

36.6 

37.3 

38.3 

38.3 

38.6 

38.6 

38.5 

36.6 

36.6 

36.6 

36.6 

38.7 

36.5 

37.8 

36.0 

38.5 

38.5 

38.2 

36.8 

36.7 

36.7 

38.0 

36.9 

39.0 

39.0 
39.0 

39.0 

37.0 

37.0 

37.0 

38.7 

37.0 

37.9 

37.0 

37.0 

35.8 

38.5 

38.6 

37.8 

37.0 

36.9 

36.9 

36.5 

36.8 

38.5 

38.7 

38.2 

39. 5 

38.9 

37.0 

38.7 

39.5 

37.0 

39.0 

36.5 

Longitude 

west 

89.6 

89.6 

89.6 

89.5 

85.8 

85.8 

83.8 

83.8 

89.0 

89.2 

89.2 

89.2 

89.2 

89.2 

89.2 

87.5 

89.5 

87.8 

87.7 

87.9 

89.1 

89.3 

90.4 

90.0 

89.2 

89.5 

90.0 

89.5 

89.5 

89.2 

89.2 

89.2 

87.5 

89.2 

87.5 

89.2 

89.4 

89.6 

87.0 

90.2 

89.3 

90.0 

89.3 

89.3 

89.5 

89.6 

87.2 

88.4 

87.7 

86.6 

89.5 

89.2 

86.5 

87.4 

89.5 

87.8 

89.5 

M M la 

X I I  

X I I  

X I I  

V 

V I  

V I  

V 

V 

V I I I  

V 

V 

V 

V 

V I I  

V I  

V 

V I I  

V I  

V I  

I V  

V 

V I  

V I  

V 

V 

V I  

V I  

V 

V 

V I  

V I I  

V 

V I  

V 

V I  

V 

I X  

V 

V I I  

V I  

V I  

V I  

V I I  

V I  

V 

V I I  

I V  

V 

I V  

V 

V 

V 

V 

V I I  

V I  

V 

V 

Distance 

from site 

km miles 

243 

243 

243 

201 

1 42 

142 

3 1 9  

3 1 9  

1 6 7  

214 

214 

214 

2 1 4  

1 93  

220 

1 6  

278 

89 

84 
68 

193 

2 1 4  

299 
238 

1 95 

233 

270 

233 

233 

1 90 

1 90  

1 90 

1 0 1  

1 90 

1 9  

1 90 

206 

301  

80 

269 

1 7 5  

2 54  

203 

203 

241 

232 

77 

1 38 

56 

1 98 

227 

1 90 

1 2 1  

1 88 

214 

140 

241 

1 51 

1 51 

1 5 1  

1 2 5  

88 

88 

198 

1 98 

1 04  

133 

133 

1 33 

133 

1 20 

137 

1 0  

1 7 3  

5 5  

52 

42 

1 20 

1 33 

1 86  

148 

1 2 1  

145 

168 

145 

145 

1 1 8  

1 1 8 

1 1 8  

63 

1 1 8 

1 2  

1 1 8  

128 

187 

50 

167 

1 09 

1 58 
1 26 

126 

1 50  

144 

48 

86 

35 

1 23 

1 4 1  

1 1 8  

75 

1 1 7  

133 

87 

1 50 



Date of 

occurrence 

Oct. 26, 1 9 1 5 

Dec. 7, 1 9 1 5  

Dec. 1 9, 1 9 1 6  

Apr. 9, 1 9 1 7  

Feb. 1 0, 1 9 1 9  
May 25, 1 9 1 9  

M a y  1 , 1 920 

Dec. 24, 1 920 

Mar. 3 1 , 1 92 1  
Jan. 1 0, 1 922 

Mar. 22, 1922 

Mar. 22, 1 922 

Mar. 30, 1922 

Nov.  26, 1 9 2 2  

N o v .  28, 1 923 

Mar. 2,  1 924 

June 6, 1 924 

Apr. 27, 1 925 

July 1 3, 1925 

Sept. 2, 1 925 

Sept. 20,  1925 
Oct. 3, 1 926 

J u l y  20, 1 927 

Aug. 13, 1 92 7  

Feb. 1 4 ,  1 929 

Sept. 1, 1 930 

Jan. 5, 1 93 1  

Jan. 6 ,  1 93 1  

Dec. 3 1 ,  1 93 1  

Aug. 1 9 ,  1 934 

Nov. 1 7 ,  1937 

Nov. 23, 1 939 

May 3 1 ,  1 94 0  

Nov. 23, 1 940 

Dec. 28, 1 940 

Oct. 8, 1 94 1  

Oct. 8, 1 946 

June 30, 1 947 

Jan. 5, 1 948 

Jan. 1 3, 1949 

F e b .  20,  1952 

July 16, 1 9 52 

Sept. 1 1 , 1953 

Feb. 2, 1 954 

Aug. 9, 1954 

Jan. 25, 1 955 

Mar. 29, 1955 

Apr. 9, 1 955 

Sept. 5, 1 955 

Dec. 13, 1 955 

Jan. 29, 1 956 

Oct. 29, 1 9 56  

N o v .  26, 1 956 

June 23, 1 957 

Jan. 26, 1 958 

Jan. 27, 1 958 

Apr. 8, 1 958 

Apr. 26, 1 958 

T I me of QCcu rrence 

H 

1 8  

5 

20 

9 

1 5  

8 

22 

1 1  

4 

1 1  

20 

20 

2 

23 

1 7  

1 5  

2 1  

1 

3 

22 

1 8  

1 3  

4 

4 

6 

M 

40 

40 

4 2  

52 

45 

1 5  

30 

30 

18 

55 

1 2  

30 

51 

47 

4 

14  

1 5  

1 2  

23 

34 

26 

24 

44 

1 2  

34 

S 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 .0  

0 .0  

0.0 

54 . 0  

0 . 0  

2.5 

53.0 

39.0 

28.0 

30.0 

24.0 

1 5. 0  

44.0 

1 8. 0  
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Table L.3 (continued) 

Approximate location 

Mayfield, Ky.  

Near  mouth of Ohio River 

Eastern M issou ri 

[ ! t inois- I ndlana-Kentucky border region 
Southern I ndiana 

M i ssouri 

Rockwood, Tenn. area 

I l l inoi s - i ndia na-Kentucky border region 
I l l inois-I ndiana-Ken tucky border region 

Southern I l l inois 

Southern I l linois 

Missouri -Tennessee border 

Southern I l l inois 

Kentucky 

New Madrid, Mo. 

M issou r i · l ll inois  border 

Kentucky 

Kentucky 

New Madrid, Mo. 

New Madrid, Mo. 

E l l iston, Ind. 

Rodney, Mo. 

Centralia, l i t .  

N e a r  Griggs, I I I .  

Paducah, Ky. 

Missou r i - I l l i nois border 

New Madrid, Mo. 

Southern I l l inois 

New Madrid, Mo. 

Tennessee-Missouri border 

Dyersburg, Tenn. 

Southwestern i l l inOIS  

Missouri-Arkansas border 

Tennessee-Arkansas-Missouri border 

F inley, Tenn. 

West of Sparta, I I I .  

F inley, Tenn. 

Oyer County, Tenn. 

Caruthersville, Mo. 

North of Memphis, Tenn. 

1 I 1 inois- Kentucky-Missouri border 

Obion County, Tenn. 

Lake County, Tenn. 

Latitude 

north 

36.7 

36.7 

36.6 

38. 1 

37.8 
38.4 

38.5 

36.0 

37.9 

37.9 

37,3 

37.3 

36. 1 

37.8 

37.5 

37.0 

36.4 

38.3 

38.8 

37.8 

37,8 
38.3 

35.8 

36,4 

38.3 

36.6 

39.0 

39.0 

38.5 

36,9 

38.6 

38.2 

37.1  

38.2 

37.9 

36.2 

37.5 

38.4 

38.6 

36.4 

36.4 

36.2 

38.8 

36.7 

38.5 

36.0 

36.0 

38. 1 

36,0 

36.0 

35.6 

36. 1  

37.1  

36.5 

36.1 

37. 1 

36.3 

36.4 

Longitude 

west 

88.6 

89.1 

89.2 

90.2 

87.5 
87.5 

89.5 

85.0 

87.8 
87.8 

88.9 

88.9 

89.6 

88.5 

87.3 

89.1 

89.5 

87.6 

90.0 

87.5 

87. 5  
87.6 

86.0 

89,5 

87.6 

89.4 

87.0 

87.0 

87.2 

89.2 

89. 1  

90,1 

88,6 

90. 1 

87.3 

89.7 

90.6 

90.2 

89. 1  

89.7 

89.5 

89,6 

90.1  

90,3 

87.3 

89.5 

89.5 

89,9 

89.5 

89,5 

89.6 

89.7 

90.6 

84.5 

89,7 

89,2 

89.2 

89.5 

M M I' 

V 

V I  

V I  

V I  

IV 
V 

V 

V 

I V  
V 

V 

V 

V 

V I I  

I I I  

V 

V 

V I I  

V 

V I  

I V  
I I I  

V I  

V 

I V  

V 

V 

V 

I I  

V I  

V 

V 

V 

V I  

I I I  

V 

V 

V I  

V 

V 

V 

V I  

V I  

V 

IV 

V I  

V I  

V I  

V 

V 

V I  

V 

V I  

V 

V 

V 

V 

V 

D istance 

from site 

km miles 

1 67 

200 

2 1 4  

256 

16 
68 

208 

285 

45 
45 

1 5 1  

1 5 1  

278 

1 05 

32 

182 

249 

6 1  

261 

16 

16 
61  

249 

249 

6 1  

229 

1 3 5  

135 

1 95 

1 80 

249 

1 38 

249 

1 0  

277 

293 

262 

1 80 

264 
249 

270 

269 

291 

77 

278 

278 

230 

278 

278 

3 1 9  

285 

301  

286 

285 

185 

237 

249 

104 

1 24 

133 

1 59 

1 0  
42 

1 29 

1 77 

28 
28 

94 
94 

1 73 

65 

20 

1 1 3 

1 55 

38 

162 

1 0  

1 0  
38 

1 5 5  

1 55 

38 

1 4 2  

84 

84 

48 

1 2 1  

1 1 2  

1 55 

86 

1 55 

6 

1 72 

1 82 

163 

1 1 2  

164 

1 55 

168 

167 

1 8 1  

48 

1 7 3  

1 73 

143 

173 

1 73 

198 

1 77 

1 87 

1 78 

1 7 7  

1 1 5 

1 4 7  

1 55 



Date of 

occu rrence 

Nov. 8, 1958 

Feb. 13, 1 959 

Aug. 1 2, 1 959 

Dec. 21,  1 959 

Jan. 28, 1960 

Apr. 21, 1 960 
Feb. 2, 1 962 

June 27, 1 962 

July 23, 1962 
Mar. 3,  1 963 

Aug. 3, 1963 

Dec. 5, 1963 
Dec. 14, 1963 
May 23, 1 964  

Aug. 14, 1 965 
Aug. 14, 1 965 
Aug. 1 5, 1965 

Aug. 1 5, 1 965 
July 21 ,  1967 

Nov. 9, 1 968 

Dec. l l , I968 

Mar. 29, 1972 

Jan. 7, 1 973 

Jan. 8, 1974 
Apr. 3, 1974 

May 13, 1 974 

June 5, 1 974 

Aug. 22, 1 974 

Time of occurrence 

H 

2 

1 8  

6 
1 

6 
1 7  

o 
6 

1 1  

5 
13 

6 

9 

1 7  

20 

22 
1 

23 
6 

8 
22 

M 

4 1  

6 

43 

28 

5 

30 

37 
51 

25 
46 
13 

7 

14 

38 

56 

1 2  

5 

52 

6 

33 

S 

43.0 

7.0 

28.8 
55.7 
1 8.4 
1 1 .4 

50.3 
2.5 

34.2 
1 7.4 

54 . 1  
25.3 

48.9 
4 1 . 1  

3 1 .9 

6. 1 

37.4 

25 

1 8.8 

1 1 .3 

59.6 

aModified Mercalli intensity. 
Source: E R ,  Appendix B, Table 8.3. 
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Table L3 (continuecU 

Approximate location 

Bogota, Tenn. 

Alabama-Tennessee border 
Finley. Tenn. 

Dyer County , Ten n. 

Lake County, Tenn. 

New Madrid, Mo. 

Southern Missouri 

Southeastern Missouri 

New Madrid, Mo. 
Southwestern Ill inois 

South eastern I l l inois 
Southwestern Il l inois 

Southwestern I l l inois 
Missouri 

South·Central Illinois 

Louisville, Ky. 

Southeast M issouri 

New Madrid, Mo. 

Southern Illinois 

Southern Illinois 
Southern Illinois 

Latitude 

north 

38.4 

36 . 1  

35.0 

36.0 

36.0 

36.3 

36.5 
37.8 
36.1 

36.7 

37.0 
37.2 
37.2 

36.5 

37.2 
37.1  

37.4 
37.4 
37.5 

38.0 

38.2 
36.2 

37.4 
36.2 

38.6 

36.7 

38.6 
38.2 

Longitude 

west 

87.9 

89.5 

87.0 

89.5 

89.5 

89.5 
89.6 

88.9 

89.8 
90.0 

88.8 

87.0 
87. 1  

89.9 
89.3 
89.2 

89.5 
89.5 
90.4 

88.5 
85.9 

89.6 

87.3 

89.4 

88. 1 

89.4 

89.9 
89.7 

M M la 

VI  
V 

VI  

V 

V 
V 

VI  

V 

V 
V I  

V 

I I I  
I I I  
V 

VI 

V I I  
V 

V 
VI 

V I I  

V 

V 

I I I  

V 
VI  

V I  

V 
V 

Distance 

from site 

km miles 

84 
272 

31 1 

278 

278 

256 

249 
140 

291 

268 
1 59 

71  

68 

272 

1 88 

185 

198 

198 

275 

108 

130 

270 

3 1  

256 

1 1 1  

220 

248 
2 1 7  

52 
1 69 

193 
1 73 
1 73 
1 59 
1 55 

87 

1 8 1  

167 

99 
44 
4 2  

169 
1 1 7  

1 1 5 
1 23 

1 23 

1 7 1  

67 

81 

168 

24 
1 59 

69 

137 
1 54  
135 

660-1 000 years . s  Factors whi ch affect the re l i abi l i ty of such  e st imates are the re l at i ve l y  
s hort peri od of  record a n d  l ack o f  quanti tati ve data for earthq uakes  i n  the 1 800s . 

The s i te i s  l ocated on the edge of the Wabash Val l ey sei smi c source zone . Maxi mum magn i tude for 
earthquakes w i th a recurrence frequency of  1 000 years i s  e st imated to be mb = approxi mately  6 . 6  
( re f .  8 ) . The maxi mum observed event duri ng the approxi mate ly  200 years of record was the 
mb = 5 . 5  of 9 November 1 968 ( re f .  8 ) . Th i s  event res u l ted i n  MMI V I I  effects at the proposed 
s i te ;  i sosei sma l s  are shown on F i g .  L . 8 . Other earthquakes ori g i nat ing  in the Wabas h Val l ey 
Zone have had MMI V and V I  effects i n  the Henderson-Owens boro a rea . Sei smi c acti v i ty i n  the 
Wabas h Val l ey Zon e ,  though l es s  i ntense  than that of the New Madr id  Zone , has the potent i a l  to 
affect structures  i n  the s i te a rea . 

L . 2 . 3  Foundation  condi t i ons  

Subsurface i n vest i gati ons and  so i l  test i ng were compl eted by ATEC  Assoc i ates for  the  proposed 
2000 TPD faci l i ty in 1 97 7 ,  and a Prel im i nary Geotechn i ca l  Report was p repared at that t ime . A 
propos al  for a foundat ion-preparati on test program was i ss ued  i n  1 979 . The s ummary , the 
sect i on on l i q uefact i on potenti a l  of the Pre liminary Geotechnical Report of 1 9 7 7 ,  and the so i l  
l i que fact i on analys i s  i ssued by ATEC Associ ates  i n  June 1 980 , are i nc l uded  i n  th i s  secti on . 

Duri n g  the pre l imi nary i nvesti gat i on , a zone of poorly cons o l i dated s and  was encountered beneath 
the h i gh  terrace area that consti tutes the southern port i on of  the s i te area . The l ower 
port i on of  th i s  zone i s  bel ow the observed water tab l e .  The presence of thi s materi al  is of 
concern in foundation des i gn for the faci l i ty because of i ts potenti a l  to cause d i fferent i a l  
settl ement o f  structures . Eva l uat ion o f  exi s t i ng so i l  cond i t i on s  u s i n g  methods deve l oped by 
Seed9 , l O , 1 1 i nd i cate that the l owest  dens i ty zones w i t h i n  the l oose sand hori zons may be s u s 
cepti b l e  to  l i quefacti on . Th i s  wou l d  occur under cond i t i ons  of 0 , 1 5  g acce l erat i on and a water 
tab l e  e l evation of  1 1 1 . 3 m ( 365 ft ) i f  other factors that l ead to l i quefact i on are presen t .  
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MILES 

I -VII MODIFIED MERCALLI I NTENSITIES AS OBSERVED IN 1968 EARTHQUAKES. 
F i g .  L . 8 .  General i zed i sose i smal map of the South Centra l  I l l i no i s earthquake , November 9 ,  

1 968 .  Source : D .  W .  Gordon , et a l . ,  l iThe South Central I l l i no i s Earthquake of November 9 , 1 968 : 
Macrose i sm i c  Stud i e s , "  Bul l .  Seismo l .  Soc .  Am. 60 : 953-97 1  ( 1 970 ) . 

Factors wh i c h  contri bute to so i l fai l ure by l i quefact i on are 

1 .  l oose pack i ng of so i l part i c l e s  g i v i ng l ow den s i ty ,  
2 .  fi ne sand and s i l t  content of about 65% or more , 
3 .  saturati on of the so i l , 
4 .  re l at i ve ly  l ow conf i n i ng press ure , 
5 .  exposure to a s uffi c i ent  n umber of stress cyc l es to i n duce exces s  pore pressure , and 
6 .  l ow permeab i l i ty wi th i n  the so i l that promotes pore press ure bu i l du p .  

Den s i t i es a n d  part i c l e  s i ze d i s tri but i ons o f  the l oose ,  near-surface sands are s i mi l ar t o  those 
of sands wh i ch have l i q uefi ed in observed natural  cond i t i on s . 9 , l D Subsurface i nvesti gat i on s  
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and p i e zometer mon i tori ng were carried out duri ng September ,  a season of typ i cal l y  l ow ground
water l e ve l s .  At the t i me of i nves ti gat i on ,  the l ower part of the l oose sand hori zon was 
saturated ; duri ng w i nter and early s pr i ng , g roundwater e l evat i ons  wou l d  be expected to be 
severa l  feet h i gher ,  saturati n g  more of th i s  hori zon . In orde r to ca l cu l ate ove rbu rden 
pres s ure on the saturated zone , un i t we i ghts of representat i ve overbu rden materi a l s are requ i red . 
Un i t  we i ghts are known for the approx imate ly  2 . 5  m ( 8  ft ) of s urfi c i a l  s o i l s ;  howeve r ,  we i ght  of 
the l oose sand i tse l f  i s  not accurate ly  known . The tendency of so i l s  to l i quefy is reduced i f  
confi n i ng pre s s ure i s  g reater than excess pore pressures  wh i ch deve l op du r i ng  se i smi c v i brat i on . 
An t i c i pated g round accel erati ons at the s i te wh i ch cou l d  resu l t  from se i smi c i ty i n  the Wabash  
Va l l ey or  New Ma dri d Fa u l t  Zones are i n  t he  0 . 1 0 g and  0 . 20 g range . Th i s  range of qround 
mot i on i s  suffi c i ent  to i nduce l i q uefact i on if other pre req u i s i te con d i t i on s  exi s t . I D 

L i quefact i on i s  con s i dered a worst- case fai l ure for th i s  s i te .  The more probab l e  occu rrence 
wou l d  be d i ffe renti a l  settl ement of the foundati on under l oa d  cond i t i ons . Data obta i ned  dur ing  
the pre l i m i na ry tes t i ng program were not  i ntended to  g i ve spec i f i c  des i g n  pa rameters ; con
seq uent ly , settl ement e st imates cannot be produced . F i gure L . 9  s hows the areas underl a i n  by 
l oose sand based on the p re l im i nary subsurface i nves t i gati on s .  Foundati on pretreatment wi l l  be 
necessary beneath cr i t i ca l  s tructures and areas expected to ca rry heavy l oads . Addi t i ona l  
s ubsurface i n ves t i gati ons p l anned to provi de data for  founda t i on des i gn wi l l  be  i nc l uded i n  
Phase  I of the p roj ect .  

S ECTI ONS FROM THE PRE L I M I NARY GEOTECHN I CAL REPORT BY ATEC ASSOC IATES 

SUMMARY 

The pre l i mi nary geotechn i cal  eng i neeri ng  s tudy was conducted for the Ru s t  Eng i neer
i ng Compamy at the s i te of the p roposed 2000 STjD SRC Project in Dav i es s  County , 
Ken tucky .  Subsurface i nformat ion wa s gathered at 1 2  l ocati ons and l a boratory tes ts 
were conducted on samp l e s  ta ken from the s i te .  Eng i neer i n g  analyses were conducted by 
us i ng these f i e l d and l a boratory data to deve l op pre l im i nary foundati on and earth 
work recommendati ons for the proposed fac i l i t i e s . These pre l im i nary f i n d i ng s  are 
summari zed i n  the fol l ow i ng paragraphs : 

( i )  Bori ngs  made through the h i gh  terra ce ( Bori ngs 3 through 9 and PVC- l , re l a te ) ,  
whe re ground  s urface i s  at about E l  388 , d i s c l osed about 8 ft of su rface s i l ty 
c l ay and s i l t  underl a i n  by a l ayer of un i fo rm ,  l oose fi ne sand . The l oose sand 
appears to be va r i ab l e in  t h i cknes s ran g i ng from severa l  feet to a th i c knes s wh i ch 
extends to E l  345 . Bel ow th i s  l oose sand , a more competent med i um dense , f i ne sand 
is  present wh i ch extends to roc k .  

( i i ) Bor i ng s  made th rough the l ow terrace o r  the trans i t i on area between the two 
terraces (where ground s u rface i s  a t  about E l  380 ) d i sc l osed a somewhat th i cker 
l ayer of  s i l t  and c l ay ( approx imately 1 3  to 1 7  ft ) .  Of the three bor i ngs made 
wi th i n  th i s  genera l area , the l oose sand wa s d i s c l o sed at on ly  one l ocati on . Con
d i t i ons be l ow the l oose sand and upper a l l uv i um were noted to be more or  l es s  
s im i l a r t o  those d i s c l osed o n  the h i gh terrace . 

( i i i )  Boring  1 0 ,  made i n  the fl oodp l a i n  of Green R i ve r ,  d i s c l osed soft c l ay 
so i l s  to about E l  297  ( a  t h i c kness of approx i mate ly  69 ft ) .  Be l ow th i s  materi a l , 
a med i um dense sand was genera l l y  present to roc k .  The presence of a th i n  c l ay 
l ayer w i t h  the sand i nd i cates that th i s  materi a l  may be more recent than the 
other granu l ar depo s i t i on at  the s i te .  

( i v )  Bedrock  was d i sc l osed benea th the s i te a t  e l evat i on s  wh i ch ranged from 
El 2 6 1  to El 263 . At a l l l ocat i ons , the rock encountered was a th i n l y  bedded 
s ha l e .  

( v )  The g round water l e ve l  a t  the t i me o f  our f ie l d s tudy wa s a t  E l  358 .  
Normal poo l  of the Oh i o  and Green Ri vers are E l  358  and E l  348 , respecti ve l y .  
The l e ve l s o f  these major streams wi l l  l arge l y  i nfl uence the wa ter l evel  
beneath the s i te .  During peri ods of fl ood i ng , a h i gher ground water l e vel  
shou l d  be a nt i c i pated . 
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( v i ) The l oose sands where p resent at or s l i ght ly  be l ow the wate r tabl e ,  p resent 
a potent i a l l i q uefact i on p rob l em .  The S i mp l i fi ed Procedure for Eva l uat i ng So i l  
L i q uefac t i on Potent i a l  i nd i cates that l i q uefact ion  cou l d  i n i t i a te i f  ground 
acce l erat i ons on the order of 0 . 1 5  g deve l o p .  Because o f  the uncerta i n ty regard
i n g  expected s e i smi c acti v i ty ,  the probab i l i ty of a l i q uefacti on prob l em cannot 
be assessed  q uant i tat i ve l y .  It i s  recommended , howeve r ,  that the l i q uefact i on con
s i derati ons be i nc l uded i n  the des i gn for a l l major  structures wh i ch are essent i a l  
t o  the u t i l i zat i on of  t h i s  fac i l i ty .  

( v i i )  Whe re l oose sands are present beneath major s tructures , improvement of  
the  foundat ion  so i l s  w i l l  be requ i red in  orde r to  contro l  settl ements assoc i ated 
w i t h  stat ic  and dynami c l oads . 

( v i i i )  S ha l l ow foundat i ons can be used to support mos t  proposed fac i l i t i e s . 
For major  fac i l i t i es , foundat i ons bea r i n g  on gran u l ar s o i l i mproved to a 
re l at i ve dens i ty of at  l east 6 5  percent can be des i gned for net a l l owab l e  so i l 
pre s s ures not exceed i ng 4000 l bs/sq ft . For secondary structures , i n d i v i dual  
foot i ngs beari ng over l oose sand  can be des i gned for a l l owab l e  net s o i l pres s ures 
not excee d i ng 2000 l bs/sq . ft . , pro v i ded  the co l umn l oads do not exceed 1 00 k i ps .  

( i x )  P i l es can be used to s upport concen trated l oads . I n d i v i d ua l  l oads per 
p i l e  u p  to 70 tons can be devel oped by auger cast , s tee l p i pe or  step-taper p i l es 
of conven t i ona l  s i ze and l ength . I nd i v i dua l  l oads per p i l e  of over 1 00 tons can 
be deve l oped by s tee l  H-p i l es extend i n g  to rock or by Fra n k i  p i l es ( pres s ure 
i nj ected foot i ngs ) bea ri ng i n  the med i um dense sand be l ow about E l  335 . 

( x )  Methods of compact i ng the l oose sand i nc l ude tota l removal  and recompaction , 
l a rge v i bratory s u rface ro l l ers , compacti on p i l es ,  dynam i c  compact i on and v i bro
f l otat i on . The  mos t  s u i tabl e method for  prov i d i ng th i s  i mprovement wi l l  depend 
on the t h i ckness  of  both the l oose sand and the overl y i ng c l ay and s i l t .  The 
mos t  s u i tabl e method can be better a s ses sed once the t h i c�ness  of  l oose sand i s  
determi ned at the s pec i fi c  structure l ocat i ons . The deta i l s  of any method of 
compac t i on s hou l d  be determi ned by u s i ng a tr i a l  sect i on pri or to the product i on 
compact i on . I t  may be advantageous to conduct these fi e l d  tests dur i ng the 
f i na l  geotec hn i ca l  eng i nee r i ng  study .  

( x i ) The emban kments , wh i ch wi l l  form the a s h  ponds , a re t o  be o n l y  about 20 ft 
h i g h .  Therefore , the emban kment s l opes w i l l  be d i ctated pr imar i l y  by ma i ntenance 
or  ero s i on contro l . S l opes no s teeper than 2 . 5  ( hori zonta l ) to 1 ( vert i ca l ) or  
preferably 3 to 1 wi l l  be requ i red . The  near s u rface c l ayey so i l s  present over 
the h i gh terrace wi l l  produce an e st imated coeff i c i ent  of permeab i l i ty ( k )  of  
about  1 x 1 0-7 to  1 X 1 0-8 cmls , wh i ch i s  norma l l y acceptab l e  for  l i n i ng ash 
ponds . 

( x i i )  Based on the f i n d i ngs  at Bor i n g  1 0  l ocat i on , p i l e  foundat i ons  shou l d  be 
anti c i pated for a l l shore l i ne and offs hore structures . Because of the l a rge 
th i c kness of soft c l ay present wi th i n  t h i s  area , the add i t i on of  even a modest 
th i ckness  of area fi l l  wi l l  probab ly  produce l arge movements  and shou l d  be 
avo i ded i f  poss i b l e .  Because  o f  the poss i b l e  presence o f  c l ay wi th i n  the sand 
at th i s  l ocat i on , p i l e  foundat i ons must extend to roc k .  

4 . 2  L i q uefacti on poten t i a l  

L i q ue facti on o f  g ranu l a r  so i l s  can b e  caused by earthquake mot i on i f  s uffi c i ent stra i n  wi th i n  
the so i l mass occurs to p roduce a n  excess pore water pres s ure a t  l east approxi mate l y  equa l  to 
the effecti ve wei g h t  of the overl y i n g  so i l .  Therefore , the mate ri a l  i n  q ue s t i on mus t be be l ow 
the g roundwate r tab l e  to i n i t i ate l i q uefact i on .  Other i mportant con s i derat i ons  are the gra i n  
s i ze d i str i but i on , re l at i ve dens i ty o f  the s an d ,  and effect i ve confi n i ng pres s ure of 
the so i l  mas s ; howeve r ,  the mos t  perti nent factor i s  probab ly  the characteri s t i c s  of the 
earthquake mot i on . Both the magn i tude of  ground acce l e rat i on and the n umber of  s tress  cyc l es 
of strong mot i on great l y  i nf l uence the probab i l i ty of l i quefac t i on occ u rri ng . 

The permeab i l i ty of the sand mus t  be s uffi c i ent ly  l ow such  that s ubstan t i a l  excess pore 
pres s ures can occur .  Case h i s tori es where l i q ue fact ion  has  taken p l ace re l ate to granu l ar  
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so i l s  that  are p r i mari ly  f i ne sands ( l ow penneabi l i ty sands ) or s i l ts .  No case h i s tor i e s  
of l i quefact i on have been recorded where more than approx imate ly 4 5 %  by wei g ht of the sand 
ma teri a l  was of  the medi um sand g ra i n  s i ze or  l a rger . A gra i n  s i ze d i stri but i on range of  
so i l s  found  to be s uscept i b l e  to l i quefacti on ( based on a series  of  case h i stori es avai l a b l e  
i n  the l i te rature )  i s  s hown o n  P l ate 8 .  

Laboratory tests were conducted t o  determi ne the gra i n  s i ze d i stri but i on o f  the sandy so i l s  
p resent  at the s i te .  The resu l ts of these tests are shown as  i nd i v i dual  gra i n  s i ze characteri s 
t i cs of t he  near  s u rface l oose s and , w h i c h  i s  most  s u s cepti b l e  to  the l i quefac t i on probl em ; 
an i l l u strat i on s how i n g  the g radati on range i s  provi ded on P l ate 9 .  As i n d i cated by th i s  
i l l ustra t i on ,  t he maj ori ty of l oose materi al  fal l s  wi th i n  the fi ne sand range , wh i ch i s  the mos t  
s uscept i b l e  materi al . 

The water tab l e  at the study area i s  at about El 358 , approx imate ly  30 ft be l ow the l e ve l  of 
the h i gh terrace . The we i ght of so i l above the water l evel wi l l  produce an  effecti ve confi n i ng 
pre s s ure i n  the most cri t i ca l  area ( at  the g round water l evel ) of about 3500 l b/ft2 . Thi s 
re l at i ve ly  h i gh confi n i ng p ress ure i s  a rel evant factor that reduces the overa l l  l i quefacti on 
potent i a l  of the s i te under t he condi t i on of the nonnal water l evel . Unde r peri ods of fl ood i n g , 
howe ver , the sha l l ower l oose sand wi l l  be saturated  and wi l l  al so be s ubject to a l ower 
confi n i ng p res s ure , and consequently  l i q uefact ion potent i a l  i n c reases . 

The l i q uefac t i on potent i a l  i s  al so i nf l uenced by the re l at i ve den s i ty of gran u l ar materi al s .  
To a i d  i n  assess i ng t h i s  cond i ti on ,  the res u l ts  of the s tandard penetrat i on tests  ( N -va l ue s )  
have been tabul ated for the bori ngs  made on the h i gh terrace ( see  P l ate 1 0 )  and the l ow terrace 
( Pl ate 1 1  re l ates ) .  These i l l u strati ons i nd i cate that the upper , l oose sands typ i ca l ly  have 
a re l at i ve dens i ty of l es s  than about 50% , whe reas the deeper materi al s  h ave an average 
rel at i ve den s i ty on the order of 60% . The re l at i ve dens i ty i nd i cated  for the near  surface 
l oose mate ri a l s fa l l s  wel l wi th i n  the range of concern regard i ng a l i quefact i on prob l em .  

T o  prov i de some quant i tat i ve measure o f  the l i q uefact ion  potenti a l , computati ons were made to 
re l ate th i s  to sand dens i ty and depth . Th i s  analys i s  i s  s hown graph i ca l l y  on P l ate 1 2 .  The 
curves were devel oped u s i ng procedures avai l ab l e  in the l i terature . Poi nts  wh i ch fal l to the 
ri ght  of the g i ven  g round acce l erat ion  l i ne theoreti cal ly shou l d not l i q uefy under that 
parti cu l ar ground acce l erat i o n .  The mean gra i n  s i ze d i ameter ( D 50 )  of the s and was taken as 
0 . 2  mm, and 1 0  s i gn i fi cant s hear stress  cyc l e s  were assumed for the earthq uake mot i on .  The 
l i quefact ion potent i a l  l i ne s  for earthq uakes  wh i ch produce a ground acce l erati on of 5 ,  1 5  and 
25% of g rav i ty are s hown on P l ate 1 2  s u per imposed over t he re l evant N-val ues . 

Pl ate 1 2  may a l so be used to eval uate condi t i on s  at a spec i fi c  bor i ng l ocati on on e i ther of 
these terraces by enteri ng the chart wi th the appropri ate N-va l ue and depth . I t  must be 
emphas i zed that these computati ons rel ate to a s i mp l i f i ed  procedure wh i ch i s  emp i ri cal  i n  
nature and uti l i ze s  data gathered i n  another port i on of the Uni ted States . I n  add i t i on , 
because of the i nfrequent occu rrence of se i sm i c  acti v i ty i n  the Mi dwest , i t  i s  d i ffi c u l t 
to se l e ct an appropri ate des i gn-ground acce l erati on for des i gn p urposes . 

Recent pub l i cati ons are avai l ab l e  wh i ch suggest e st imated val ues of hori zontal base rock 
acce l erat ion  for u se in the Mi dwes t  ( USGS Open F i l e  Report 76-41 6 ,  1 976 ) .  Based on th i s  
map ,  the study area fal l s  between the 4 and 1 0% of g ravi ty contour l i ne s . These val ues  are 
qua l i fi e d  by the author as a pre l i m i nary map of hori zontal acce l e rat i on i n  rock w i t h  90% 
probab i l i ty of not be i ng exceeded i n  50 years . I t  must a l s o  be noted that these va l ue s  of 
hori zontal accel erati on re l ate to base rock moti on . The c urves represented  on P l ate 1 2 ,  
howeve r ,  s how g round accel erati on . The magni tude of acce l e rati on experi enced by the so i l 
wi l l  general ly  be g reater than that of the base rock . The extent  to wh i ch the base rock 
moti on wi l l  be ampl i f i ed  i s  a funct i on of the st i ffnes s  and t h i ckness of  the so i l overly i n g  
rock ( s i te pe ri od )  a n d  t h e  characteri s t i cs of  t h e  earthquake mot i on ( accel erat ion l eve l and 
peri od ) .  

I n  s ummary , the l oose near-surface sand , present pr imari l y  over the h i gh terrace , i s  s uscepti b l e 
to l i quefacti on . Because of the s tate of knowl edge regard i n g  the se i smi c i ty of the M i dwest , the 
l i quefact i on prob l em cannot be quan t i ta ti ve l y  assessed on a p robabi l i ty bas i s .  
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CONCLUS I ONS AND  RECOMMENDAT I ONS OF  ATEC L I QUEFACT ION  ANALYS I S  

CONCLUS I ONS  

Even  though  the  data  presented in  Sect i on 3 . 0  has  been  qual i fi ed as  extreme ly 
approxi mate , it  does prov i de a g u i de for  assess i ng l i quefacti on potent i a l at  
the Newman s i te .  I n  genera l , the  h i ghest probab i l i ty of  l i quefacti on occurri ng  
ex i sts  under normal groundwater cond i t i on s . Under  these  cond i t i on s , the  
i ns tab i l i ty wi l l  be deep  and the most  l i ke ly  d i s tress  wi l l  be in  the  form of  an  
area s u b s i dence ( on the order of 5 i n . ) w i t h  some d i fferenti a l  settl ement l i ke l y .  
O n  the other hand , s hou l d  l i quefacti on occur dur ing  h i gh groundwater l evel s ,  
the occurrence and magni tude of ground d i s tort i on wi l l  be cons i derab ly  greater  
than for the l ower groundwate r condi ti on , a l though t h e  probab i l i ty of both the 
earthquake and a major  fl ood occurri ng  s i mu l taneous l y  i s  extreme ly  remote . 

Based on these conc l us i on s , the fo l l ow i ng  recommendati ons are made regard i ng 
the l i quefact ion  prob l em :  

( i ) S i nce there i s  on ly  a remote poss i b i l i ty that a cri t i c a l  earthquake wi l l  
occur dur i ng a major fl ood , i t  i s  recommended that on ly  s tructures that present 
a serious threat to the publ i c  safety in the event of a l i quefacti o n  fa i l ure be 
des i gned for th i s  cas e .  Therefore , subgrade i mprovement of the near-surface 
l oose gran u l a r  so i l  to reduce the l i quefacti on potenti a l  wi l l  be req u i red i n  
on ly  very l i mi ted areas ( i f  a t  a l l ) .  The s ubgrade shou l d  be i mproved to be 
s afe aga i n st  an earthquake i nduced ground acce l erati on of 1 5% of grav i ty .  I n  
add i t i on , the granu l a r  so i l s  above t h e  normal groundwater l evel s hou l d  be 
i mproved to an average N-val ue of  1 5 .  

( i i ) I t  i s  recommended that l i quefacti on be con s i dered on l y  under normal 
groundwater condi t i ons for a l l other s tructures . Subgrade i mprovement for the 
s o l e  purpose of redu ci ng l i q uefact ion  potenti a l s hou l d  be based on a ground 
acce l erati on of  1 5  percent . Cons i deri ng the d ata generated to date , i t  appears 
that s ubgrade i mprovement be l ow the normal groundwater l evel  necessary to 
sati sfy th i s  cri teri on w i l l  be requ i red over on ly  l i mi ted  port i ons  of Area B 
and C .  

( i i i )  A re l at i ve l y  th i ck l ayer o f  c l ayey so i l  i s  present over the maj ori ty 
of Area  C .  Th i s  c l ay wi l l  tend to mi n i m i ze d i fferenti al  movement i n  the event 
of deep seated l i q uefact i on . Therefore , it wi l l  probab ly  not be necessary to 
i mprove the subgrade ( as i mp l i ed i n  statement i i  above ) beneath the structures 
that are c urrent ly  p l anned wi th i n  Area C .  

( i v ) There may be certai n comb i nati ons o f  s tructure character i s t i cs and so i l 
cond i ti ons wh i ch provi de add i ti onal  l i q uefact i on con s i derati ons  not d i s cus sed 
here i n .  Th i s  pos s i b i l i ty must be rev i ewed d uri ng  the fi nal  phases o f  des i gn .  

L . 2 . 4 Mi nera l resources 

Petro l e um ,  coal , s and , and gravel are commerc i al l y  produced in the count ie s  around the s i te .  

L . 2 . 4 . 1  Petro l eum 

Oi l ,  the most i mportant mi neral resou rce i n  the l oca l  are a ,  was f i rst d i scovered  i n  Dav i e s s  
County i n  1 938 , i n  what i s  cal l ed t he  B i rk  Ci ty Conso l i dated F i e l d . s S i n ce then , t he  l oca l  
area has  been expl ored exten s i ve ly  for add i t i ona l  reserves of  o i l .  Seven o i l fi e l ds have 
been d i s covered  in the l ocal  are a :  B i rk Ci ty Conso l i dated , B l uff Ci ty ,  Gri ffi th Conso l i dated , 
Laketown , Mason Ferry , Ree d ,  and Reed East  ( Fi g .  L . 1 0 ) .  A s ummary of each fi e l d  - i ts produc i ng 
format i on ( s )  and i ts p roducti on through June 1 977  - i s  presented  in Tab l e  L . 4 .  The total 
producti on of oi l i n  1 978 was 403 , 388 bbl for Dav i e s s  County and 7 1 5 , 783 bbl for Henders on 
County ( E R ,  Appendi x ) .  No producti on data for natural gas are avai l ab l e .  
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Table L.4. O i l  and gas pools near the proposed SRC·I site 

Name 
Producing Approximate depth Location Year 
formation m ft (Carter coord i nates) discovered 

B i rk City Palestine 3 1 3. 7  1 032 P·27 1938 
Waltersburg, 337.7 1 1 1 1  

o i l  and gas 
Tar Springs 380.9 1 253 
Jackson 459.6 1 51 2  
Cypress 502.2 1 652 
Pa int  Creek 53 1 .4 1 748 
Bethel 495.5 1 630 
Renau l t  578.8 1 904 
Aux Vases 526.8 1 733 
O'Hara 532 1 750 
McClosky 551 .7  1 8 1 5  

Bluff City Aux Vases 594.6 1 956 1 0·P·26 1 956 

Griffith Consol idated Pennsylvanian 1 67 .2  550 9·P·28 1 946 
( includes Stan ley ) Palestine, 308.3 1 0 1 4  

o i l  and gas 
Menard, Chapman 325.3 1 070 
Waltersburg, 339.0 1 1 1 5  

o i l  and gas 
Tar Springs 356.5 1 1 76 
Jackson 460.3 1 51 4  
Sample 495.5 1 630 
McClosky 548.7 1 805 

Laketown Aux Vases 538.4 1 771  1 9·0·27 1 952 
O'Hara 54 1 . 1  1 780 
McClosky 551 .7  1 8 1 5 

Mason Ferry Tar Springs 41 7.7 1 374 1 1 ·P·26 1955 

Reed Aux Vases 608.0 2000 1 1 ·0·26 1939 
O'Hara 445.0 1 964 

Reed East Waltersbu rg 364.8 1 200 1 5·0·27 1 939 
Aux Vases 561 . 2 1 846 
O'Hara 565.4 1 960 

Source: H .  R. Schwalb, E .  N .  Wilson, and D .  G .  Sutton, Oi l  and Gas Map of Kentucky, Kentucky 
Geological Survey, Series 1 0, 1972. 

Based on publ i s he d  i nformati on , the s i te appears to be outs i de the boundari e s  of known o i l  
f i e l ds . F i gure L . l l  s hows the o i l and gas wel l s  wi th i n  a l -km ( O . 6-mi l e )  rad i us o f  the s i te .  
Tab l e  L . 5  l i s ts these wel l s  and i nd i cates operator , farm name , e l evati on , total depth , and we l l  
s tatus . Th i s  tab l e  i nd i cates that a l l 1 2  wel l s  dr i l l ed on the s i te were dry ho l e s , but 1 1  of 
the 1 7  wel l s  l ocated adj acent to the s i te are produc i ng or have produced o i l .  

Petrol eum i s  pumped from the wel l s  i nto ho l d i ng tanks that are l ocated n ear acces s  roads . 
Per i odi ca l l y ,  a tank  truck empt ies  these ho l d i ng tanks for transport to a d i s tr i but i on center .  
A 20-cm ( 8- i n . ) unde rg round o i l  p i pe l i ne owned by t h e  AMOCO P i pe l i ne Comp l e x  traverses t h e  s i te .  
I ts nomi na l  depth of buri a l  i s  91  cm ( 36 i n . ) .  

One we l l ,  No . 1 5 ,  F i g .  L . l l , i s  used as a water- i nj ecti on we l l for s econdary o i l  recovery by 
waterfl ood i ng .  Th i s  wel l uses water pumped from an abandoned oi l we l l  that has been converted 
to a water we l l  o n  the s i te p roperty ( No . 8 ,  F i g . L . l l ) .  

L . 2 . 4 . 2  Coa l  

I n  val ue , coal  p roducti on now exceeds petrol eum product i on i n  Davi ess  County . 1 2 The ml n l ng 
nearest  the s i te has been i n  the No . 9 coal  bed at the base of the h i l l s  8 km ( 5  m i l es )  to the 
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Table L.5. Oil and ga s  well records for a part of the Read Quadrangle, Henderson a nd  Daviess counties. Kentucky 

Mapa 

--- - --- - - --

Farm name 

------

Operator 

name 

----- ------�----�---
Kruger Ashland-Basi n-Kauttman 

J.  P. Blair Carter Drill ing Co. 

3 Lee Robinson Combs &: Jenkins 

4 Joe L. Rudy George A. Hoffman 

5 Chas. A. Drury Indiana Farm Bureau 

ft' W. J. Foster Obie Shaw 

l' W. J. Foster J.  C. Miller Ashland 

ft' W. J. Foster Barron Kidd 

9 W. J. Foster Barron Kidd 

1 0  W .  J. Foster Barron Kidd 

1 1  W. J.  Foster Barron Kidd 

1 2  Fed. Land Bank e t  al. George A. Hoffman 

1 3  Fed. Land Bank e t  al.  George A. Hoffman 

1 4  Fed. Land Bank e t  al.  George A. Hoffman 

1 5  W .  J. Foster George A. Hoffman 

1 6  W .  J .  Foster Barron Kidd 

1 7  W. J. Foster Barron Kidd 

1 ft'  W .  J .  F oster George A. Hoffman 

Hi' PrudentIal Life Ins. Major Oil Company 

2rf' W. J.  Foster Barron Kidd 

21c Prudential Life Ins. Robert Reilly 

27 Murphy K i ngswood 

2'5' R. c. & Thelma Murphy Harper, Harte &: Pearce 

24c Leo Murphy B099 Oil Company 

25c W. J .  Foster Slagter Producing Corp. 

2ft' W. J .  Foster J. D. Turner 

27 Ebelhar Brothers R. O. Wilson, I I  

28 Fed. Land Bank et al.  George A. Hoffman 

29 Fed. Land Bank et al. George A. Hoffman 

_ . _--

Well 

number 

1 
1 
6 
4 
5 
3 
2 
3 

1 
5 
4' -----------

a Locations are shown in Fig. L. l l . 
b D&A = dry and abandoned well. 

e Onsite \Nell. 
dWIW = water injection well. 

e Location only; filed 9· 77. 

. .  - -_ . . .  _- -- -
Distance from 

Completion section lines 

date (location by Carter 

coordinates) 

600' SL X 1050' W L  

(23-0-27) 

4-26-52 5SO' SL X 900' E L 

(25-0-27) 

1 2- 1 4-38 265' NL X 2SO' E L  

7-27-68 900' NL X 1 030' E L  

6- 1 1 -59 950' NL X 1 1 800' E L 

1 - 16·69 940' NL X 300' WL 

2-09·52 3380' N L X 400' WL 

8·28-68 1485' SL X 2000' W L  

6-28-68 1 780' SL X 2300' E L  

8·25-68 1400' SL X 1685' E L 

1 1 · 1 6-67 1 1 30' SL X 2200' E L  

1 1 -01 ·67 650' SL X 2 1 00' W L  

8·22-75 40' SL X 21 20' WL 

1 0-07-67 280' SL X 2200' E L 

1 1 · 1 2-68 700' SL X 2 1 90' E L  

9 - 1 0-67 7BO' SL X 1 670' E L  

1 0-08-67 1 025' SL X 6BO' E L  

(3-P-27) 

1 0-29-53 2400' N L X 950' E L 383 
1400' SL X 750' E L 

1 2· 1 9-67 1830' SL X 1820' WL 

5-26-43 1 1 80' SL X 500' W L  

8-30·50 3200' NL X 850' W L  

3-25-72 2625' NL X SO' WL 

1 2-30-76 2075' NL X 475' WL 

(4-P-27) 

1 -06-61 1 1 00' N L  X 1 00' E L  

(7-P-27) 

1 ·06-58 550' N L  X 1 520' W L  

(8-P·27) 

1 2- 1 0-63 2 1 00' NL X 1380' W L  

2 1 50' E L  X 250' N L  

1 1 ·24-68 70' NL X 1 700' E L  

Elevation 

(MSL) 

382 

383 

383 
384 
383 
385 
385 
3B2 
381 
3B2 
383 
382 
381 
382 
382 
381 
382 

383 
392 
390 
39 1  
39 1  
390 
388 

389 

388 

375 
373 
377 

Totol depth 

from surface 

m It 

6 1 1 .0 2010 

6 1 8.0 2033 

587.6 1933 
574.8 1 89 1  
60 1 .0 1 977 
588.2 1 935 
598.9 1 970 
4 7 1 . B  1 552 
474.2 1 560 
4 7 1 . 2  1 5SO 
472.4 1 554 
474. 7 1 555 
470.3 1 547 
472.7 1 555 
474.2 1 560 
475.4 1 584  
468.7 1 542 

404.9 1 332 
624. 1 2053 
608.0 2000 
6 1 3.5 2018 
625.0 2056 
4 1 7. 7  1 374 
4 13.4 1 360 

493.1 1622 

492.5 1620 

469. 1 1 543 

4 7 1 . 2  1 5SO 

Source; A. E. Smith, WeI! Index List, Reed Quadrangle, Henderson and Davies:s Counties, Kentucky, Open File Report, U.S. Geological Survey. 1 973. 

Well 

status 

D&Ab 

D&A 

D&A 

D&A 

D&A 

D&A 

D&A 

D&A 

Oil 

Oil 

Oil 

Oil 

Oil 

Oil 

W lwt 
O i l  

D&A 

D&A 

D&A 

D&A 

D&A 

D&A 

D&A 

D&A 

D&A 

D&A 

Oil 
Oi l 

Oil 

south . Th i s  coal s eam i s  found at an approximate e l evati on of 1 1 9 m ( 390 ft ) MSL .  Two addi 
ti onal  coal seams mapped i n  th i s  genera l  area , No . 1 1  and No . 1 3 ,  l i e above the No . 9 seam . 5  

The No . 1 1  seam i s  typ i ca l l y  58 . 4  to 96 . 5  cm ( 2 3  to 38 i n . ) th i ck and 1 i es approximate ly  24 . 3  to 
32 m ( 80 to 1 00 ft) a bove the No . 9 seam . The No .  1 3  seam i s  l e s s  than 30 . 5  cm ( 1 2  i n . )  th i ck 
i n  th i s  area and i s  found about 6 to 8 m ( 20 to 25 ft ) above the No . 1 1  seam . The No .  1 2  coal 
seam i s  l oca l l y  p resent but i s  very th i n ;  in some p l aces i t  is represented by on ly a b l ack  
s ha l e . Unnamed coa l  beds  l es s  than  30 . 5  cm  ( 1 2  i n . ) th i ck are  al so  found  above the  No . 9 seam . 5 

Coal  mi nes opened i n  the Green Ri ver Va l l ey and i nundated by the great f l ood of 1 937  have not 
been reopened . 5  No coa l  has been m i ned  on or  adj acent to the s i te ,  a l though deep coal beneath 
the s i te has been reported i n  dri l l ers ' l ogs . Thi s coal i s  b e l ow ri ver l eve l  and i s  not now 
economi cal l y  feas i b l e  to m i ne . 
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L . 2 . 4 . 3  Sand and grave l 

No sand or  g ravel  has been mi ned on o r  near the s i te .  Sand and gravel resources i n  p l ace above 
the water tab l e  on the 425-ha ( l 050-acre ) s i te a re est imated to be approximate ly 1 1 5  mi l l i on m 3 
( 1 50 mi l l i on yd3 ) ,  based on i nformati on on bor i ng  from ATEC Assoc i ates , I n c . 3 

Sand and grave l i n  Dav i e s s  and Henderson Count ies  a re mi ned i n  sand p i ts and by d redg i ng a l ong 
the O h i o  Ri ve r .  In  1 977 , approxi mate ly  1 ,089 , 547 t ( 1 , 20 1 ,000 s hort ton s ) were excavated i n  
Dav i e s s  county by these methods ; and approximate ly  208 , 000 t o f  sand and grave l . i n  Henders on 
County .  

L . 2 . 5  Su rfi c i a l s o i l s  

L . 2 . 5 . 1  Regi onal  condi ti o n i ng 

I n  Dav i e s s  County , s i x  maj or  soi l associ ati ons  a re present : E l k-Otwe l l -G i nat , U n i ontown- Patton
Henshaw ,  Be l knap-Ka rnak-Waberl y ,  Lori ng -Memph i s-Bel knap , Loring -Wel l ston , and We l l ston - Frondorf
Zanesv i l l e . 1 3 These s urfi c i a l  so i l s ,  whi c h  s upport vegetati on , are on ly  the topmost  few feet of 
the eng i neeri ng so i l s  ( a l l uv i um and terrace depos i ts )  descri bed in the strati g raphy secti on of 
th i s  appendi x .  

The soi l s  o f  northwestern Daviess  County , i n  the reg i on of the s i te ,  a re p redomi nantly dee p  
a l l uv i al  f l oodp l a i n  or  s tream terrace soi l s  of the El k-Otwel l -G i nat Associ ati on . Reg i ona l ly , 
t h i s  associ ation  cons i s ts of 1 7% El k so i l s ,  1 0% Otwel l s o i l s , 9 %  G inat  so i l s ,  and 64% mi nor  
so i l s .  The  general re l at i ons h i ps among the three so i l s  a re s hown i n  Fi g .  L . 1 2 .  

E S·5234 

F i g .  L . 1 2 .  Schemati c re l at i on s h i p s  of so i l s  i n  are a .  Source : ER , Appendi x ,  F i g .  B . 1 2 .  
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The surface texture of the so i l s  i s  ma i n l y  s i l t  l oam wi th a mi nor amount of s i l ty c l ay l oam.  
Subsurface textures a re s i l ty c l ay l oam , l oam , heavy s i l t  l oam ( frag i pan ) ,  s i l ty c l ay ,  and s i l t  
l oam . I n  add i t i on ,  recent depos i ts o f  a l l uv i um are p resent a l ong the Green Ri ve r .  I n  some 
areas the so i l i s  severe l y  eroded .  

Most o f  the so i l s  i n  t h i s area are s u i ted for extens i ve cUl t i vati on ; corn , s oybeans , wheat , 
tobacco , and hay are c rops common to the area . Due to aci d i c pH , some of these so i l s  requ i re 
l i m i n g  for opti mum crop p roduct i on .  S i nce these so i l s  vary from mode rate ly permeabl e and we l l 
dra i ned to nonpermeabl e and waterl ogged , s o i l wetnes s  can be a prob l em dur ing  the grow ing  
season , espec i a l ly  i n  so i l s  a l ong t he  Green and Ohi o Ri vers t hat  are s ubject to  fl oodi n g  i n  the 
wi nter or  spr i ng . I n s ta l l a t i on of s ubsurface dra i ns may be req u i red for optimum crop producti on 
where dra i nage i s  a p ro b l em .  

L . 2 . 6 S i te condi t i ons 

A s o i l map of  the p roposed s i te is  shown in F i g .  L . 1 3 .  Soi l s  of the E l k -Otwe l l -G i nat Associ a
ti on p redomi nate ons i te .  They cons i st o f  nearly l evel -to-s l op i ng , deep , wel l -to-poorly dra i ned , 
med i um-textured so i l s  on stream terraces and f l oodp l a i n s . 1 2 Representat i ve so i l profi l es of 
th i s  assoc i at i on are s hown i n  Tab l e L . 6 .  

The E l k and Otwel l s o i l s  a re common on ri dges , and the G i n at so i l s  are typ i cal  on fl at areas . 
E l k so i l s  are brown , deep , and we l l -dra i ned , have fi ne-textured  s ubsoi l s ,  and are nearly leve l  
to  s l op i n g .  Otwe l l  s o i l s  have  a deep frag i pan , are moderately  we l l -dra i ned , and are nearly 
l eve l to gently s l op i ng .  G i nat  so i l s  are gray , have a frag i pan , are poorly drai ned , have medi um 
or  moderate ly  f i ne-textured  subso i l s ,  and are near ly  l evel . 

The s o i l s  of the E l k-Otwel l -G i nat As soc i at i on on the proposed s i te con s i s t  of seven major l oams : 
E l k s i l t  l oam , G i n at s i l t  l oam , We i nbach s i l t  l oam , Otwe l l s i l t  l oam , Jacob s i l ty c l ay l oam , 
Hun t ington s i l t  l oam , and Newark s i l t  l oam.  A s ummary of se l ected characteri st i cs of these 
so i l s  at the proposed s i te i s  g i ven i n  Tabl e L . 7 ;  each so i l  series i s  br ief ly  summari zed be l ow .  

The E l k s i l t  l oam occup i e s  2 6 %  of  the s i te .  Th i s  so i l  s e r i e s  con s i sts  of brown , deep , we l l 
dra i ned , nearly l evel -to-s l o p i ng s o i l s  wi th moderate ly  f i ne-textured subso i l s .  

The G i nat s i l t  l oam , p resent on 2 3% of the s i te ,  cons i sts of grayi sh-brown , deep , poorly drai ned , 
nearly l eve l so i l s  that have a frag i pan . 

The We i nbach s i l t  l oam cons i sts of dark grayi s h -brown , deep , poorly dra i ned , nearl y l eve l  soi l s  
that have a frag i pan . Th i s  so i l  ser i es covers approxi mate ly 2 1 %  of the s i te .  

The Otwel l s i l t  l oam occup i es approxi mate ly  20% of the s i te and cons i s ts  of dark brown , deep , 
moderate ly  wel l -dra i ned , nearly l eve l and gent ly  s l op i n g  so i l s  that have a frag i pan . 

The Jacob s i l ty c l ay l oam cons i sts  of grayi sh- brown , deep , poorly dra i ned , near ly  l evel  so i l s  
that occur on f l oodp l a i n s  between the l ow ri dges that are paral l e l  to s treams . Th i s  so i l se ri e s  
cove rs 6% of t he  s i te .  

The Hunti ngton s i l t  l oam cons i s ts o f  dark brown , deep , poor ly  drai ned so i l s  that occur i n  bands 
para l l e l to the c l osest stream o r  ri ver .  Th i s  type of s i l t  l oam occup i es on l y  2% of the s i te .  

The Newark s i l t  l oam con s i sts  of brown , deep , poorly dra i ned l evel  so i l s  that occur i n  l on g  
narrow depos i ts adj acent t o  streams . Th i s so i l ser ies  occup i e s  1 %  o f  the s i te .  

L . 2 . 7  Agri c u l tura l  va l ue  

Des i gnati on of the s o i l s  as  pr ime farml and i s  ba sed on a l arge n umber of phys i ca l  and chemi cal  
propert i e s  of  the so i l s  whi ch  dete rmi ne the l evel  of management requ i red  to prov i de susta i ned 
h i gh crop y i e l d .  Soi l capabi l i ty c l as s i f i cati on i s  based , in  part , on factors whi c h  are used i n  
des i gnat i n g  pr ime l an d ;  i n  genera l , pr ime l and  i nc l udes a l l s o i l s  i n  C l ass  I ,  more than 80% 
of so i l s  i n  C l a s s  I I ,  and l e s s  than one th i rd of so i l s  i n  Cl ass  I I I . The U . S .  Soi l Conservat i o n  
Serv i ce was con s u l ted regard i n g  i denti fi cat i on of  so i l s  present on  t he  s i te wh i ch qua l i fy 
as pr ime agri c u l tural so i l s , 1 2 and i t  was determi ned that the s oi l s  on approximate ly  90% of the 
s i te qua l i fy as pr ime farml and so i l s .  A f i gu re s howi ng the d i stri but i on of pr ime l an d  i s  
i n c l uded i n  Se ct . 3 . 2 . 1 . 2 .  



AIF 
E'A 
Ek8 
Eke 
EkE 
EIC3 

ALLUVIAL LAND, STEEP 
ELK SILT LOAM, 0 TO 2 PERCENT SLOPES ELK SIL T LOAM, 2 TO 6 PERCENT SLOPES ELK SILT LOAM, 6 TO 12 PERCENT SLOPES ELK SILT LOAM, 12 TO 50 PERCENT SLOPES ELK SILTY CLAY LOAM, 6 TO 12 PERCENT SLOPES, SEVERELY ERODED 
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Go 
H, 
J. 
No 
OtA 
Ot8 
Wh 
Woe 

GINAT SI L TY LOAM 
HUNTINGTON SIL T LOAM 
JACOB SILTY CLAY LOAM 
NEWARK SILT LOAM 
OTWELL SIL T LOAM, 0 TO 2 PERCENT SLOPES OTWELL SILT LOAM, 2 TO 6 PERCENT SLOPES WEINBACH SilT LOAM 
WHEELING LOAM, 6 TO 12 PERCENT SLOPES 
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F i g .  L . 1 3 . S urfi c i a l  soi l s  map of proposed s i te .  Source : F .  R .  Cox . Soi Z S�)ey of Daviess and Hancock Counties, Kentucky, U . S . Dep t .  of Agr i cu l ture ,  Soi l Conservati on Serv i ce .  1 974.  



Table L6. Representative surficial soil profiles of the Elk·Otwell·Ginat association 

Elk Series, typical of ridges 

DepthS DepthS 
Horizon Characteristics 

em in.  em in. -- - _ . _ - -
0 Ap (silt loam) Weak, fine, granular structu re; 0 

very friable; medium acid; 
clear smooth boundary 

20.3 8 81 ( l ight si lty Weak, coarse, subangular 22.9 9 
,clay loam) blocky structu re; friable; 

very strongly acid; clear 
smooth boundary 

30.5 1 2  8 2 1 tb (l ight Moderate, medium,  sub· 50.8 20 
silty clay angular  blocky structure; 
loam) firm ; very strongly acid; 

gradual smooth boundary 

66.0 26 822t (light silty Weak, coarse, subangular 66.0 26 
clay loam) blocky structure; f i rm ;  

very strongly acid; gradual 
smooth boundary 

9 1 . 4  36 C (loam) Massive; friable; strongly 1 0 1 .6 40 
acid 

1 2 7.0 50 80ttomC 132.1 52 

'Depth from surface to top of indicated horizon. 
b t indicates alluvial clay. 

Ginat Series, typical of terraces 

Horizon 

-- � - --.--� 
Ap (silt loam) 

8 2tg (heavy 
s i lt  loam) 

8x 1 (heavy 
silt loam) 

8x2 (si lty 
clay loam) 

C (si lty clay 
loam) 

Characteristics 

Weak, fine, granular structu re; 

very friable; medium acid; 
abrupt smooth bou ndary 

Moderate, medium, subangular 
blocky structu re; very 
friable; very strongly acid; 
clear smooth boundary 

Weak, fine, subangular 
blocky structu re; firm, 
brittle, and compact; very 
strongly acid; gradual 
smooth boundary 

Weak, fine, subangular 
blocky structure; firm, 
brittle, and compact; strongly 

acid; gradual smooth 
boundary 

Massive; f irm; very strongly 
acid 

Depth' 

em in. 

0 

1 7.8 7 

25.4 1 0  

48.3 19 

66.0 26 

1 0 1 .6 40 

1 52.4 60 

C 80ttom of typical soil profile. 

Source: F. R. Cox, Soil Survey of Daviess and Hancock counries, Kentucky, U.S. Department of Agriculture, Soil Conservation Service, 1 974. 

Otwell Series, typical of ridges 

Horizon Characteristics 

Ap (silt loam) Weak, fine, granular structure; 
very friable; medium acid; 
abrupt smooth boundary 

8 1 1  (silt loam) Wea k, very fine, subangular, 
blocky structure; friable; 
very strongly acid ; clear 
smooth boundary 

8 2 1 1  (silt Moderate, fine, subangular 

loam) blocky structure; friable; 
very strongly acid ; clear 
smooth boundary 

822t (silt Moderate, fine, subangular r 
I 

loam) blocky structure ; friable; w 
-I» 

very strongly acid ; gradual 
smooth boundary 

8x (heavy Weak, course, pr ismatic 
silt loam) structure that parts to fine. 

subangular, blocky structure; 
firm, brittle, and compact; 
very strongly acid; gradual 
smooth boundary 

C (heavy Massive; firm ; strongly acid 
silt loam) 

Bottame 



L-35 

Table L.7. Selected characteristics o f  surficial soil series o n  th e  proposed sitea 

Elk G ma t  Huntington Jacob 
Newark 

Otwell Wembach 
Characteristic 

silt loam silt loam silt loam silty clay loam silt loam slit loam 

Expected C E C,b 33-37 33-37 26 50+ 5+ 33-37 33-37 

meq/ l 00  g 

Soil order Allisol Allisol Molisol Inseptiso! Entisol A llisol A I IlSol 

Depth to bed roc k, m (It) 1 5+ (50+) 1 5+ (50+) 1 5+ (50+) 1 5+ (50+) 6+ (20+) 1 5+ (50+) 1 5+ (50+) 

Seasonal high water table, 1 . 8+ (6+) 0 -0. 1 6  0.85+ (3+) 0-0. 1 6  0. 1 6-0.46 0.46-0.76 0. 1 6-0.46 

m (ft)  (0-0.5) 10-0.5) 10. 5 - 1 . 5 )  ( 1 . 5 -2.5)  10. 5- 1 . 5 )  

Depth o f  profile from 1 25 ( 50)  1 3 5  (52)  1 55 (60) 1 25 (50) 1 25 (60) 1 55 (60) 1 25 (50) 

surface, em (tn. ) 

Typical clay fraction, % <30 <30 <30 <40 <30 <30 <30 

U.S. D.A texture Silt loam Silt loam Silt  loam Silt clay loam Silt loam Silt loam Silt loam 

Unified (surface) soil M L·CLc M L  or C L· M L  M L'CL M L·C L M L·CL M L  M L 

classification 

Typical l iquids l i mit, u n its <50 <50 <50 <50 <50 <50 <50 

Permeability Moderate Slow Slow Moderately slow Moderate Slow Slow 

Natural soil drainage Well drained Poorly drained Poorly drained Poorly drained Poorly drained Poorly dramed Poorly drained 

Use l im itations Erosion Seasonal h igh SubJect to Subject to Subject to Seasonal high Seasonal high 

water table flood ing flood i ng flooding water table water table 

Shrink/swell paten tial Low Low Low Low Low Low Low 

Natural fertility Good Poor Good Poor Fair  Good Fair  

Parent material Ohio R iver Ohio River Alluvium Mixed Ohio River Ohio R iver Alluvium 

alluvium alluvium from loess alluvium alluvium alluvium 

Erosion hazard Moderate Low Low Low Low Moderate Low 

to high 

Percentage of site 26 23 2 6 20 2 1  

aAbout 40% of the soils onsite are severely eroded; 1 %  i s  recent alluvial deposits. 
b CEC = cation exchange capacity. 
eM L·CL indicates Unified Soil Classification designations. 

Source : F .  R .  Cox, Soil Survey of Daviess and Hancock counties, Kentucky, U .S. Department of Agriculture, Soil Conservation Service, 1 974. 
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GROUNDWATER HYDROLOGY 

M . l HYDROLOGY 

M . l . l  Reg i ona l  properti es of a l l uv i a l aqui fers 

Sand and g ravel aqui fers in the al l uv i a l  p l a i n  of the Oh i o  and Green r i vers are the best sou rce 
of g roundwater i n  the regi on and y i e l d  l arge quant i ti es to s ha l l ow we l l s .  Reg i ona l  groundwater 
avai l ab i l i ty i s  s hown in Fi g .  M . l .  Aqu i fer extent and th i ckness may vary in some l ocat i ons  over 
re l at i ve l y  s hort d i stances , depend i n g  partly on whether the s ands and g rave l s  were depos i ted by 
recent stream acti v i ty or as P l e i stocene g l aci al  outwas h .  S and , s i l t ,  and c l ay are typi cal l y  
more c l ose ly  i nterbedded i n  the recent depos i ts .  The rap i d  changes i n  sed iment type res u l t  i n  
t h i nner aqu i fe rs , perched water tab l es , and parti al ly  con fi ned aqu i fe rs ; neverthe l e s s , we l l s  
comp l eted i n  a l l uv i al aqui fers normal ly  yi e l d  adequate water for i ndustri a l  supp l i e s . We l l s  
compl eted be l ow 39 . 6  m ( 1 30 ft ) i n  Dav i es s  County y i e l d  l arge quanti t i e s  of water s u i tab l e  for 
pub l i c  water s upp ly  systems . Typ i ca l  rates of g roundwater fl ow i n  the Oh i o  Ri ver a l l uv i um 
atta in  a maxi mum of 1 . 2 mid ( 4  ft/day ) , depend i ng on the so i l structure ( F .  Wol f ,  U . S .  Envi ron
mental Prote ct i on Agency , personal commun i cati on , 1 979 ) . 

Rech arge to al l uv i al  aqui fers i s  deri ved from three sources : i nfi l trati on from ri vers f l owi ng 
through the a l l uv i a l  p l a i n ,  d i rect prec i pi tat i on , and underfl ow a l ong the top of bedroc k .  

The Green and Oh i o  r ivers are the greatest source o f  recharge t o  these aqu i fers s i n ce a hydrau l i c  
connecti on typ i ca l ly  ex i sts between the ri ver and the a l l uv i um .  The Owensboro Mun i c i pa l  
Ut i l i t i e s  water p l ant wi thdraws over 9 m i l l i on gpd v i a 29  act i ve we l l s , 39 to 45 m ( 1 30 to  
1 50 ft)  deep  i n  s i mi l ar a l l uv i um wi th i n  an  area of about 1 sq  m i l e  ( C .  Brown , Superi ntendent , 
Owens boro Mun i c i pa l  Waterworks , personal commun i cati on , 1 979 ) .  Thi s we l l  f i e l d  may ut i l i ze 
i n du ced i n f i l trati on from the Oh i o  Ri ver to mai ntai n the h i gh yi e l d .  

Ri ver recharge t o  the a l l uv i um varies seasona l l y .  Duri ng h i gh ri ver fl ow peri ods (wi nter and 
s pr i ng ) , water fl ows from the ri ver i nto the a l l u v i um , l  w i th the g reatest  recharge probab ly  
occurr i n g  duri ng f l ood peri ods . Dur i n g  l ow-fl ow peri ods ( u s ua l ly  s ummer and fa l l ) ,  the  a l l uv i a l  
aqu i fer  d i s charges i nto the ri ve r .  

Of the l 1 2-cm ( 44- i n . ) annual  p reci p i tati on i n  the s i te area , approx i mate ly 37% [4 1  cm ( 1 6  i n . ) ]  
i s  s urface runoff. The remai n der  i nfi l trates the so i l and i s  probab ly  l arge ly  he l d  i n  the 
s urface so i l s  where i t  evaporates or i s  trans p i red by p l ants . E st imates of the amount of 
recharge to the al l uv i a l  aqu i fer  from d i re ct i n fi l trat i on range from 2 . 9  m i l l i on to 4 . 9  m i l l i on 
l i te rs per day per sq km ( 0 . 3  to 0 . 5  m i l l i on gpd per sq m i l e ) . 2 

I n  areas adj acent to the i n c i sed va l l ey wa l l ,  s ome groundwater may f l ow from bedrock aqu i fe rs 
i nto the al l u v i a l  aqui fe r .  Recharge from bedrock i s  cal l ed underf l ow .  I n  areas upstream a l ong 
the Green Ri ver ,  recharge by underfl ow has been est i mated to be 0 . 00 5  m ( 0 . 1 6  ft ) or 3 . 3  m i l l i on 
g p d  pe r sq m i l e . 1 Th i s  type of recharge requ i res adequate head a l ong the va l l ey edge and wou l d  
requ i re artes i an cond i t i on s  near the center of the a l l u v i a l  val l ey to const i tute a substant i a l  
source of recharge to t h e  a l l uv i um .  

M . l . 2 Local propert i e s  of the a l l uv i a l  aqu i fer  

Al l uvi um beneath the s i te i s  composed of mi xed sed iment from the  Oh i o  and Green ri vers . l  
Gl ac i ofl uv i a l  depos i ts from the Oh i o  Ri ver are grave l ly  s ands , and the va l l ey f i l l  formed by the 
Green Ri ver i s  p redomi nantly s andy . S i te c l as s i fi cat i on of a l l uv i a l s amp l es by ATEC Ass oci ates 3 
s h ows that be l ow s urfi c i a l  s o i l s  and l oose s ands the al l uv i um i s  f i ne to med i um s and  wi th a 
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MOST WELLS Y I E L D  MORE THAN 50 gpm FROM 
DEPTHS O F  LESS THAN l SO  ft. ALMOST ALL 
Y I E L D  ENOUGH FOR A MODERN DOMESTIC 
SUPPLY (MORE THAN SOO gpd) 

MOST WELLS Y I ELD ENOUGH WATER FROM 
DEPTHS O F  LESS THAN 300 ft fOR A 
DOMESTIC SUPPLY TO WELLS THAT HAVE A 
BUCKET, BAI LER,  OR HAND PUMP ( 100 TO 
500 gpd) 

THE Y I ELD OF W E L LS IS UNPREDICTABLE 
BECAUSE OF FAULTING 
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_ MOST WELLS Y I E L D  ENOUGH WATE R  FROM 
DEPTHS O F  LESS THAN 300 ft FOR A MODE RN 
DOMESTIC SUPPLY 

D MOST WELLS FAI L  TO SUPPLY ENOUGH 
WAT E R  FOR DOMESTIC USE FROM DEPTHS 
OF LESS THAN 300 ft ( L ESS THAN 100 gpd) 

F i g . M . l .  Ava i l ab i l i ty of g roundwater i n  Dav i ess  County and Henderson County .  Sources : 
A .  W .  Deva u l  and B .  W .  Maxwel l ,  Avai labi lity of Groundwater in Daviess and Hancock Counties, 
Kentucky, U . S .  Geo l og i cal  Survey , Hydro l og i ca l  I nvest i gat i ons At l as HA-27 , 1 962 ; B .  W. Maxwel l 
and A .  W .  Devau l , Avai labi lity of Groundwater in Union and Henderson Counties, Kentucky, U . S .  
Geol og i cal  Survey , Hydro l og i cal  I nves t i gat i ons Atl as HA-28 ,  1 962 . 

m i nor amount of gravel . Ta bl e M . l i s  a l i s t i ng of the al l uv i a l  mater i a l s  penetrated by expl ora
tory bori ng No . 3 .  Sand and gravel l y  sand range i n  t h i c kness beneath the centra l s i te area from 
24 to 30 m (80 to 1 00 ft ) . Bor i ng No . 1 0  was l ocated on the ban k  of the Green Ri ver and 
encountered 21 m ( 69  ft ) of c l ay s i l t ,  proba b ly  representa t i ve of the recent sediment l oad 
depos i ted by the ri ver .  The presence of th i s  th i ck ,  poor ly  permea bl e depos i t  ra i ses questi ons 
rega rd i ng t he hyd rau l i c  connec t i on between the ri ver channel and the a l l uv i a l  aqu i fer i n  t h i s 
part i cu l ar s tretch of ri ver . 

E i ght  add i t i onal  p i ezometers were i ns ta l l ed i n  Apri l 1 98 0 ;  a tota l of 1 0  p i ezometers have been 
moni tored between Apr i l  1 980 and Ma rch 1 98 1 . F i gure M . 2 s hows the l ocati ons of the ex i s ti ng 
p i ezometers . Hydrographs for each p i ezometer and for the Green Ri ver are s hown i n  Fi g .  M . 3 .  The 
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Table M.l .  Sequence o f  deposits in boring No. 3 

Oescri ption of un it  

Clay. silty, l ight  brown and gray, 
slightly moist 

Silt, sandy, brown, very moist 

Sand, fine, silty, brown, moist, loose 

Sand, brown, moist to wet, loose to 
medium·dense, with some silty fine 
sand 

Sand, fine to medium, silty, brown to 
gray, with traces of coarse sand and 
fi ne gravel 

Sand, fine to medium, brown, medium·dense 
to very dense, wet, with traces of coarse 
sand, fine gravel, and some organic 
material 

Sand, fine to coarse, silty, brown, medium· 
dense to dense, wet, with traces of 
gravel and organic materia l ;  some gray, 
coarse, dense sands also noted 

Shale, l ight gray, laminated (bedrock) 

Depth to surface 
m It 

0 

2.0 6.5 

2.4 8.0 

4 .0 13 .0  

1 2.3 40,5 

20.7 68.0 

28.3 93.0 

38. 1 1 25.0 

Source : ATEC Associates, Preliminary Geotechnical Engineering 

Study, 200S TIO Project, Wheelabrator Cleanfuel Corporation, Ken. 
tucky Center for Energy Research, 1 977.  

hydrographs s how that the p i ezometers l ocated c l osest to the Green Ri ver ( p i ezometers C, 8 ,  65 , 
and 66 )  respond to e l evated r i ver stages .  Th i s  i nd i cates that some extent of hydraul i c  i nter
act ion  between the ri ver and the al l uv i a l  aqu i fer  ex i sts . Groundwater f l ow d i rect i ons  based on  
p i ezometr i c  s urface ma ps d rawn from mon i tor ing  are s hown i n  F i g .  M . 4 .  

Hydro l og i c  characteri s t i c s  o f  Oh i o  Ri ver a l l u v i a l  depos i ts ha ve been determ i ned a t  severa l 
l ocat i on s  a l ong the ri ver i n  Kentucky . 4 Med i a n  permeab i l i t i e s  and transmi s s i v i ti es determi ned 
are 1 8 . 4  mid ( 4 60 g pd/ft2 ) and 652 m2/d  ( 52 , 1 50 gpd/ft) . 4  Ryder ca l cu l ated transmi s s i v i t i e s  
of 9 0  t o  1 50 m2/ d  ( 7200 t o  1 2 , 000 g pd/ft )  for Green R i ver a l l uv i um a t  two upstream 1 0cations . 2 

Us i ng Hayden ' s  a pprox imat ion  for permea bi l i ty and parti c l e  s i ze c l a s s i fi cat ion  from ATEC ,  
permeab i l i ty of a l l uv i um beneath the s i te i s  est imated to b e  1 4 . 7  mid ( 367 gpd/ft2 ) .  
As sumi ng a satu rated th i c kness  of 3 1  m ( 1 00 ft) , transm i s s i v i ty of the a l l u v i a l  aqu i fer i s  
est imated to be approx imately 452  m2/d  ( 3 6 , 700 gpd/ft ) .  Thi s est imate i s  a n  approx imat ion  
of aqu i fer  characteri st i c s  ba sed on g roundwater model i ng .  Va r iat i ons i n  sed i ment cha racteri s
t ics  beneath the s i te may resu l t in  l oca l area s of greater or  l es ser wa ter transm i tt i n g  
c a  pabi l i ty . 

M . l . 3  Regi ona l and l oca l  properti es of bedrock aqu i fers 

Bedrock aqu i fers in the Owensboro/Henderson area have not been wi del y deve l oped s i nce  the Oh i o  
R i ver a l l uv i a l  aqui fer prov i des a n  abundant supp ly  o f  potab l e water . Expl oratory wel l s  d r i l l ed 
for petrol eum penetrate the bedroc k u n i ts wh i ch conta i n  potent i a l  aqu i fers . F i gure M . 5  sum
mar i zes the aqu i fer potent i a l  of bedroc k i n  the reg i on .  Permea b i l i t i e s  o f  most u n i ts i n  the 
upper part of the Carbonda l e  Format i on are too l ow for exten s i ve deve l opmen t .  I n  addi t i on , 
sa l i ne water occurs at a re l a t i ve l y  sha l l ow depth i n  bedrock north of the Rough Creek fau l t 
zone . 
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F i g . M . 4 .  Groundwater hyd ro l o g i c  setti n g .  
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HYDROLOGY 

, I . , � V,.lds practicaHy no water to weHs. �������\�----------------------------------------� 
Yields large Q u a n t i t i e s  of water along t h e  O h i o  RI\ler. Vertical wells produce more t h a n  1 ,000 gpm a n d  

collector-type w e l l s  producl!! a s  much a s  5,000 gpm. Y i e l d s  e n o u g h  w a t e r  for a m o d e r n  d o m estIc s u p p l y  

( m o r e  than 500 g p d )  t o  wells In larger tributary v a l l e y s .  Y i e l d s  l i t t l e  or practically no w a t e r  to w e l l s  i n  
s m a l l  valleys . W a t e r  is hard t o  very h a r d  a n d  m a y  c o n t a i n  objectio n a b l e  a m o u n t s  of I r o n ,  a l t h o ugh 

t h e  dissolved·sollds content may be low 

Yields practically no water to wells 

Y i e l d s  enough water for a modern domestic supply to wells p e n e t r a t I n g  s a n d st o n e .  Locally Yields as 
much a s  20 8pm. Water north of the Shawneetown-Rough Creek fault zone a n d  I n  t h e  deepest part  o f  

the Moorman s y n c l i n e  IS salty . 

. ' . �'-------------------------------------------------------------� 

F i g .  M . 5 .  Col umnar sect i on for Newma n s i te .  Sourc e :  B .  W .  Maxwe l l and R .  W .  Devau l , 
Avai lability of Groundwater in Union and Henderson Counties, Kentucky , U . S .  Geo l o g i ca l  Survey , 
Hydro l o g i cal  I nvesti ga tions  Atl a s  HA-28 , 1 962 . 

The potenti a l  ex i s tence of a pota b l e  bedroc k aqu i fer  beneath the s i te i s  l ow .  The top of 
bedrock i s  at an el evat i on of about 80 m ( 260 ft ) , and s ha l e  was encountered i n  the three bor i ng 
wh i ch reached bedroc k .  The sa l i ne/fresh  water i n terface ( 1 000 ppm tota l d i ssol ved sol i ds )  
occurs at  a n  e l evat i on about 6 0  m ( 200 ft ) beneath  the s i te . 5 E l ectri c l og s  from o i l we l l s  on 
the s i te i n d i cate that the sa l i n i ty of groundwater i nc reases ma rked ly  at e l evat i ons  between 
4 and 91 m ( 1 2  to 62 ft ) bel ow sea l eve l . Local we l l  dr i l l ers report f i n d i n g  from a trace to 
500 ppm of c h l or ide  i n  groundwater at e l evati ons rang i ng  from 26 to 47 m ( 88 to 1 53 ft ) i n  
western Dav i e s s  County ( W .  Johnson , Owensboro Pump and Supp l y ,  personal  commun i cat i on , 1 97 9 ) . 

M . 2  STATEMENT OF WORK FOR GROUNDWATER STUDI E S  

M . 2 . 1  I ntroduc t i on and objec ti ves 

The proposed groundwater i nvest i gat i on i s  des i gned to determi ne the s pec i f i c  hydrogeol og i c  reg i me 
of the p l ant  s i te . DOE/ I CRC has  had stud i e s  made by Dames & Moore i n  connec tion  w i th the 
deve l o pment of  the Env i ronmental Impact Sta tement ( E IS ) . 6 - 8 The groundwater i nves t i gat i on 
i nc l uded the i n sta l l a t ion  of 1 0  o bservati on wel l s  wi th constant  head i n  s i tu permeabi l i ty tests 
performed i n  two wel l s .  Th i s  i nvest i gati on has reveal ed a comp l ex fl ow pattern in the study 
area i nc l ud i ng a pos s i b l e  groundwater d i v ide  nea r the western boundary . The compl ex pattern 
may be the resu l t  of a l ow-permea bi l i ty c l ay c hannel  fi l l  pa ra l l el i ng the Green Ri ver as deter
mi ned i n  the prel i m i nary foundation  i nvest i gat i on . 9  

The ongo i ng groundwater i nves t i gati on i nc l udes month l y  mon i tor i ng s i nce  Apr i l 1 980 of 1 0  obser
vation wel l s  wi th i n  the s i te boundari es 7 and quarterly groundwater qua l i ty mea su rements fo r 
s e l ect  parameters from fi ve domesti c we l l s  on the perimeter of the s i te . 8 These stud i es have 
pro v i ded background i nformat i on on genera l fl ow patterns and sel ec ted water qua l i ty pa rameters 
fo r the s i te .  
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Ev i dence o f  a compl ex hydrogeol og i c  fl ow pattern and d i screpanc i e s  between publ i s hed and fi e l d  
determi nati ons o f  s i te aqu i fer parameters warra nts a more deta i l ed i nves t i gati on , because so i l  
depo s i t  patterns i n  a l l uv i a l  ri ver bottoms can cause unex pected groundwater beha v i o r .  

Spec i f i c  quest ions  t o  b e  addres sed are 

1 .  What are the aqu i fer c haracter i s t i c s ?  

2 .  What are the shape and boundar i e s  of the al l uv i a l  aqui fer? 

3 .  What are the temporal and s pa t i a l fl ow patterns in the aqu i fer? 

4 .  What i s  the background grou ndwater qua l i ty at  the s i te? 

5 .  Co ns i der i ng  a l l these factors , what are the env i ronmental and human hea l th i mp l i cati ons?  

Further i nves t i gati on , therefore , i s  warranted to  accurately  determ i ne aqu i fer character i s t i c s . 
Th i s  wi l l  a l l ow ( 1 ) proper desi gn of the requ i red mon i tor i ng wel l system that wi l l  rel i a b ly  
dep i ct s ubsurface cond i t i on s  and ( 2 )  determ i nat ion  of the  actua l  d i rec t ion  of groundwater fl ow .  
T h e  occurrence of any confi n i ng c l ay l ayers a n d  i ntermed i ate permeabi l i ty zones o n  t h e  s i te wi l l  
be determi ned to al l ow pred i ct ion s  of  the poss i bl e  routes of groundwater contami nati on . I f  the 
aqu i fer  i s  found to have a h i g h  degree of potent i a l  to become contami nated , m i t i gation  mea sures 
cou l d be taken dur i ng construct ion  to prevent degradat ion of the aqu i fer . 

The i nvesti ga t ion  wou l d  enta i l  an expa n s i on of the ex i st i ng p i ezometr ic  net to i nc l ude the 
rema i n i ng port i on of  the p l ant s i te .  Add i t iona l  observati on wel l s  wou l d  fac i l i tate 
characteri zat ion  of subsurface cond i t i on s  throughout the s i te and current water qual i ty .  I n  
add i t i on t o  phys i ca l  aqu i fer cond i t i ons , determ i nat ion  o f  groundwater c hemi ca l  qua l i ty c harac
teri s t i c s  wou l d  fac i l i tate desi gn of  an accurate mon i tori ng we l l  system to determ i ne any 
groundwater degradati on .  Such  mon i tor ing  capab i l i ty i s  requ i red by state and Federal reg u l a 
t i ons a n d  i s  necessary t o  accurate ly  mea sure any degree of aq u i fer contam i nat ion  a n d  the 
effecti veness of  aq u i fer decontami nat ion  measures . Add i t i onal  app l i cabl e data o bta i ned on s i te 
duri ng other stud i e s , such  a s  those to be performed on groundwater supp ly  potent i a l  or founda
t i on des i gn , wi l l  be i ntegrated in the des i g n .  

M . 2 . 2  Sc ope of work 

Hydrogeo l og i sts  wi l l  be a s s i g ned to the study to obta i n  the data to an swer the precedi ng ques
t i ons . Dur i ng the stud i e s , the fol l owi ng components wi l l  be compl eted : 

1 .  wel l -water u ser i nventory ,  

2 .  wel l i ns ta l l at i on , 

3 .  aqu i fer characteri zat i o n ,  and 

4. groundwater qual i ty samp l i ng .  

M . 2 . 3  Study descri pt ion and methodol ogy 

M . 2 . 3 . 1  We l l -water user  i nventory 

A wel l -water u s ers s urvey wi l l  be conducted wi th i n a 5-km rad i u s  of the pl ant s i te .  Th i s  survey 
wi l l  gather data concern i ng wel l depth , water l evel ( both stati c and dynam i c ,  where appl i ca b l e ) , 
type of wel l , and perti nent h i story , i nc l ud i ng amount  of pumpage , h i s tory of water l eve l  l ower
i ng bel ow the bottom of the wel l ,  and a ny f l uctuat ions  i n  wa ter l evel . Water qua l i ty data 
wi l l  a l so be co l l ected i f  avai l ab l e .  Al l wel l s ,  the i r depths , and the i r  water l evel s wi l l  be  
p l otted on a reg i onal  map . Data wi l l  be gathered wi th i n  as short a t i me as pos s i b l e to a l l ow 
corre l at i on of s tat ic  water l evel s .  
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M . 2 . 3 . 2  We l l  i nsta l l at i on 

About  1 4  observat ion wel l s  wi l l  be i nsta l l ed ;  exi st i ng and proposed observation wel l s  are 
s hown in Fi g .  M . 6 .  Each observation wel l wi l l  cons i st of po l yv i nyl  ch l or ide  ( PVC ) ca s i n g ,  
cement and benton i te seal s ,  and a protective  cap and PVC screen insta l l ed be l ow t h e  water 
tabl e .  Those wel l s  north of Bryant Di tc h  wi l l  be i nsta l l ed bel ow the conf i ni ng c l ay un i t i nto 
the a l l uv i a l  aqu i fer .  Typ i ca l  construction of the observat ion wel l s  i s  shown i n  Fi g .  M . 7 .  
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Fi g .  M . 6 .  Pro posed and exi st i ng observati on wel l  l ocati ons . 

To i dent i fy the areal extent of the impermeab l e c l ay boundary ,  a bout 1 4  s ha l l ow auger bor i ng s  
wi l l  be d ri l l ed on t h e  current fl oodp l a i n  para l l el t o  t h e  ri ver . These bori ngs , wh i c h  a r e  not 
env i s i oned to be deeper than 1 5 . 2  m ( 5 0  ft) , wi l l  be dr i l l ed in two rows at i n terval s of 
a bout  305 m ( 1 000 ft) . 

M . 2 . 3 . 3  Aqu i fer  character i zat i on 

Once the wel l s  a re i n sta l l ed and proper ly  devel oped to ensure that a l l d r i l l i ng  sed iments have 
been c l eared , a s l ug test and a fa l l i ng  h ead permea bi l i ty test wi l l  be performed to measure 
l oca l  fl ow rates . 
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Fi g .  M . 7 .  Typi ca l  observat i o n  wel l i ns ta l l at i on .  

A pump test i s  neces sary to c l ar i fy the d i s crepanc i e s  between publ i s hed va l ues for aqu i fer 
parameters and in s i tu fi e l d determ i nat ions . Va l ue s  obta i ned du ri ng a proposed Rust Eng i neer
i ng water supp ly  pump test i nves t i gat ion wi l l  be i ncorporated i nto th i s  study if the resu l ts 
become avai l a bl e wi th i n  t he t ime frame of th i s i nvest i gat ion . I f  the Rust test i s  not avai l 
abl e ,  a separate pump test wi l l  be performed because of the i mpo rta nce of the resu l ti ng 
ca l c u l at ions  on groundwa ter ra tes . Ca l cu l ati ons of permeab i l i ty ,  transmi s s i v i ty ,  storage 
coeffi c i ents , a nd poro s i ty wi l l  be performed from the resu l ts of the pump tes t .  Al l of  the 
observati on wel l s  s hown on Fi g .  M . 5 wi l l  be u sed a s  observat ion  po i nts dur i ng the tests . 
Add i ti onal  we l l s  c l ose to an i nsta l l ed pumpi ng we l l  wi l l  be needed i f  pump tes t  res u l t s  are not 
ava i l abl e from Rust E ng i neer i ng . 
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M . 2 . 3 . 4 Grou ndwater sampl i ng 

To ach i eve representati ve va l ues for groundwater qua l i ty i n  the v i C i n i ty of the s i te , ground
water wi l l  be mon i tored quarter ly  for one yea r u s i ng the i nsta l l ed and proposed observat ion 
we l l s .  Bac kground water qual i ty pa rameters for groundwater that wi l l  be mon i tored are s hown 
i n  Ta b l e  M . 2 .  Each observat i on wel l sampl ed wi l l  be pumped to fl u s h  a m i n i mum of three vol umes 
of water from the wel l cas i ng before a water samp l e  is obta i ned . Th i s  wi l l  be done to ens ure 
that any stagnant water in the we l l  cas i ng is removed . Samp l e  hand l i ng and ana lys i s  wi l l  be 
in acco rdance w i t h  EPA regu l at i ons . 1 0 

Table M.2. Recommended perometers 

for groundwater monitoring" 

Physical 
Temperature 
Density 

Odor 
Turbidity" 
Color 
Taste 

Specific conductanceS 

Inorganic 
Aluminum 

Arsenic" 

80ron 
BariumB 

Beryl l i u m  

Bismuth 

Bromine 

CadmiumB 

Cobalt 

ChromiumB 

Copper 

I ron" 

Germanium 

Mercury" 

Lanthanum 

Magnesium 
Manganese" 
Molybdenum 

Nickel 
Lead" 

Rubidium 
Antimony 

Selenium" 
Tin 

Titanium 
Vanadium 

Tungsten 

Zinc 
Zirconium 

Sil ver" 
Total nitrogen 

Inorganic (continued) 
Nitrate (as N )" 
Alkalinity 

Ammonia 
Cyanide 
Flouride" 

Phosphate 
Total dissolved solids 

Total suspended solids 
Sulfate" 

Chloride" 

Alkalinity 

pH' 

Hardness, as CaC03 
Sodium3 

Organic 

Total organic carbon or 

chemical oxygen demand" 

Phenols" 
Arylamines 

Aliphatic hydrocarbons 

Mono and polycyclic 

hydrocarbons 
Sulfur compounds 
Chloroganics and chloramines 
Endrina 

Lindane" 

Methoxychlor" 
ToxapheneB 
2, 4 - 03  
2, 4, 5 -T P  Silvex' 

Total organic halogens" 

Other 

Total coliform" 

Fecal coliform" 

Uranium 
Thorium 

Radium8 

Gross alpha' 

Gross bet" 

"'ncludes parameters necessary to meet interim RCRA require' 

ments (May 1 9, 1 980).  
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M . 2 . 3 . 5  Summary of groundwater stu d i es 

Ta b l e  M . 3  s ummari zes the groundwater stud i es that wi l l  be conducted , as d i scus sed i n  the 
preced i ng descr i pti ons . 

Table M.J. Summary of groundwater studies 

M . 2 . 4  Schedu l e 

Study 
component 

Observation well installation 

Auger boring i n vestigation 

Aquifer characterization 

Pumping test (if necessary · see text) 

Permeability tests 

G roundwater quality sampling 

G roundwater level measurement 

Frequency for 
one year 

Once 

Once 

Once 

Once 

Once 

Quarterly 

Quarterly 

Al l s tudy efforts wi l l  be i n i t i ated a s  soon as practicab l e i n  1 98 1  after the i n s ta l l at ion  of 
the  observat i on wel l s .  Water l evel mea surements and water qual i ty anal yses wi l l  be performed 
quarter ly  on  a l l observat i on wel l s .  

M . 2 . 5  De l i verab l es 

The fol l owi ng reports wi l l  be prov ided :  

1 .  A q uarterl y wri tten report wi l l  be made at the compl etion of eac h  water q ua l i ty sampl i ng 
and groundwater l evel measurement , i nc l ud i ng any neces sary dev i at ion s  from the 
i nvestigat i ons . 

2 .  A prel imi nary report on the res u l ts of the i n i t i a l  aqui fer characteri s t i c s  wi l l  be pro
v i ded u pon compl etion of the observat i on wel l i nsta l l at i o n  and permeabi l i ty tests . 

3 .  A f i na l  report w i l l be furni s hed wi th i n  30 d after the compl etion  of a l l work ( i . e . , 
after a l l i nsta l l at ions  and c haracteri zati on are compl ete and al l obs ervat i on wel l 
sampl i ng i s  compl ete ) . Th i s  report shou l d  i nc l ude :  

a .  t he study p l an , i nc l u d i ng a statement of the  study obj ec t i ve and a descri pti on of  
a l l samp l i ng and  ana lys i s  methods and  procedures , 

b .  a l l  data obta i ned , 

c .  the  concl u s i ons  drawn from the data i n  purs u i t  of the study objecti ves outl i ned i n  
quest ions  1 through  5 ,  

d .  a d i scuss i o n  o f  t he imp l i cati ons of the study , concl u s i ons concerni ng pl ant  des i gn ,  
constructi on , o perat i on , and expan s i on to commerci a l  s ca l e ,  and 

e .  recommendat i ons for s tud i es of  potent ia l  p l ant impact on the groundwater d ur i ng 
c onstruct ion  a nd operat i o n .  
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GROUN DWATER QUAL I TY 

N . l  ALLUV IAL AQU I FER  

Groundwater i n  t he  a l l u v i a l  aqu i fers of  t he  Ohi o and Green r i vers i s  var iab l e i n  compos i t i on 
but i s  genera l l y  c haracteri zed as a cal c i um b i carbonate type wi th vary i n g  amounts of sod i um 
and magne s i um .  The a l l u v i a l  wa ter i s  hard to very hard and the tota l d i s so l ved sol i d s  ( TDS ) 
content i s  h i g h .  I ron and manganese content may be obj ect i onab ly  h i g h  i n  some area s .  The pH 
i s  genera l l y  near neutra l  to s l i g ht ly  a l kal i n e .  Tabl e N . l  i n c l udes ana lyses  of  a l l u v i a l  wa ter 
from seven we l l s  l ocated between Curdsv i l l e ,  Kentucky , and Woodbury , Kentuc ky , al ong the Green 
Ri ver .  Tabl e N . 2  i nc l udes anal yses of a l l u v i a l  groundwater taken from the Oh i o  Ri ver al l u v i um 
i n  the Owen sboro area . 

We l l  wa ter samp l e s  were col l ected from we l l s  on and adj acent to the s i te d u r i ng the ba sel i ne 
env i ronmental mon i toring  program.  Wel l l ocati ons are shown on F i g .  M . 2  of the prev i ou s  append i x .  
Wel l s  No . 1 through 3 are abandoned domest i c  we l l s  wh i c h  were sampl ed u s i ng a ba i l e r .  The 
ba i l er wa s l owered to approx i mate ly  the m id-po i n t  of water depth in each wel l .  Wel l s  Nos . 4 
through  1 0  and No .  2 3  are i n  u se a s  dome st i c  suppl i ers , and samp l e s  were obta i ned from val ve s 
a t  the pump where pos s i b l e .  Dr i n k i n g  water standard s are u sed a s  a reference for i nterpreti ng 
g roundwater qua l i ty ( Ta b l e  N . 3 ) . Tab l e  N . 4  i s  a summa ry tabl e of water anal yses obta i ned from 
the s i te i nvest i ga t i on s .  Federal and State dri n k i ng water standards are i nc l uded i n  thi s tabl e .  
Tabl es N . 5 ,  N . 6  and N . ?  i nc l ude resu l ts of i n d i v i dua l  g roundwater anal yses .  

F l uor ine , mercury ,  l ead , sel en i um ,  and n i trate were present i n  excess  of standards i n  one or  
more of the anal yses but were not  cons i stent ly  h i g h .  Manganese , on the  other  hand , was present 
i n  excess of recommended quant i t i e s  in a l l  samp l es from we l l s  No . 8 and g and wa s in excess of 
recommended l evel s in one samp l e  from four  other wel l s .  No po l ynuc l ear  aromat i c s  ( PNAs ) were 
detected i n  g roundwater samp l e s .  

N . 2  B EDROCK AQU I FERS 

Bedroc k underly i ng t he s i te con s i sts  of  i nterbedded shal es , s i l t stones , sand stones , and coa l s 
of the Ca rbonda l e  format i on .  The sand stones l oca l l y  conta i n  fresh  water aqu i fers wh i c h  have 
l ower y i e l d s  than the al l uv i a l  aqu i fers . Connate waters of the Pennsyl van i an strata i n  the 
I l l i no i s  Ba s i n  are sa l i n e  and the sal i ne/fresh  water i nterface  has been mapped . l  The sa l i ne/ 
fresh  water i n terface i s  defi ned a s  the depth or e l evat i o n  at wh i c h  the TDS content of g round 
water i s  g reater than 1 000 mg/ l i te r .  Water sampl es taken above the i n terface s how a gradual  
i nc rease in d i ssol ved sol i d S  with i nc rea s i ng dept h .  The major d i s so l ved consti tuents of  ground
water in the Carbonda l e format i on are b i carbonate , ca l c i um ,  sod i um ,  and magne s i um ,  wi th varyi ng 
amounts of  c h l or ide . 2 Bri nes from Devon i an age roc ks  penetrated at a depth of  1 35 0  m ( 4384 ft ) 
i n  Henderson County contai ned over 1 00 , 000 ppm c h l ori de ,  5 0 , 000 ppm sod i um ,  wi th l es s  than 
1 0 , 000 ppm ca l c i um and magne s i um ,  and l e ss  than 800 ppm b i carbonate . 2 Ta bl e N . 8  i nc l udes 
anal yse s of  g roundwater samp l e s  obta i ned from bed roc k of the Carbondal e format ion . Mo st of the 
we l l s  are l ocated in the v i c i n i ty of Henderson ;  however ,  the l a st anal ys i s  in the tabl e i s  of a 
samp l e  obta i ned from a we l l i n  Owensboro . Data i n  Tab l e  N . 8  ref l ect the wide  range of vari a
b i l i ty of  water from aqu i fers in  the  Carbonda l e  format i o n .  The water ranges from soft t o  very 
hard ; b i carbonate i s  the dom i nant an i on ;  l oca l l y ,  c h l or i de concentrat ions  are h i g h ;  and d i s
sol ved sol i d s  content i s  vari abl e .  

N o  anal yses are ava i l abl e for water samp l e s  taken from bedroc k beneath the s i te .  Ex peri ence o f  
l ocal  d ri l l ers i nd i cates that i n  western Dav i e s s  County , water encountered be l ow 26  to 4 ?  m 
( 88 to 1 53 ft )  has  object i onabl e sal i n i ty .  E l ectri c l og s  from expl oratory oi l we l l s  on the 
s i te s how a rap i d  i nc rease i n  d i ssol ved sol i ds of  connate waters at el evat i ons  s l i g ht ly  bel ow 
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Table N . l .  Analyses of water from wells in the Green River alluvium 

Dissolved constituents and hardness in mg/liter 

Dis· Hardness 

solved as CaCO, Specific 

Date conduct· 
Well Depth 

of 
Temperature 

Si02 Fe Mn Ca Mg Na K HCO, SO. CI NO, 
solids Non· p H  Color Analyst" 

Iftl lOCI (resi-
ance 

No. collection 
Ca car- (IJmhos at 

due at Mg bon· 25°CI 
180°CI ate . .  _-_._--" 

1 32 8114 1 5  6 . 1  0.06 97 37 35 1 .5 555 23 3.5 0.2 0.3 449 394 0 819 7 .4  

1970 

2 85 10121 1 5. 5  1 8  23 .65 85 25 74 1 .6 234 1 80 54 1 .0 40 584 1 90 1 30 934 6.8 

1970 

3 1 02 811 1 1 4  5.1  .09 80 33 36 2.4 392 60 31 .4 .0 449 340 1 8  774 7.5 

1 9 7 1  :z 
4 96 1 128 21 31 .45 69 21 39 1 . 1  288 50 32 .2 10 450 236 24 647 7.3 I 

.&» 
1 9 7 1  

86 6119 6.2 .05 88 34 87b 5 . 1  629 1 0  1 6  . 4  .09 540 358 0 7.3 

1967 

6 85 1 0122 1 4. 5  1 5  24 .27 220 73 70 2.8 690 200 190 .3 .2 1 , 1 30 570 280 1 ,830 7.2 

1970 

73 1 0123 14.0 1 4  8.9 .33 22 3.5 220 7.4 230 28 220 .4 1 8  649 70 0 1 , 1 90 7.1  80 

1 970 

Maximum . 2 1  3 1  65 220 73 220 7.4 690 200 220 1 .0 40 1 , 1 30 570 280 1 ,830 7.5 80 

Minimum 1 4  5.1  .05 22 3.5 35 1 . 1  230 1 0  3 . 5  . 2  . 0  449 70 0 647 6.8 

Median . 1 5  8.9 .27 85 33 70 2.4 392 50 32 .4 .3 540 340 1 8 876 7.3 

B 1 .  U.S. Geological Survey. 2.  Kentucky State Department of Health. 
b Estimated from ionic balance and Na/K ratio considerations. 
Source: P. D. Ryder, Groundwater in the Alluvium Along the Green River Benveen Its Mouth and Woodbury, Kentucky, U.S. Geological Survey Water Resources I nvestigation 53·73, 1 974. 



Table N .2. Analyses of water from Ohio R iver alluvial aquifer 

D is· Hardness 

solved as CaC03 Specific 
Type conduc· Date of 

of Si02 Fe Mn Ca Mg Na HC03 C03 S04 F N03 
solids Non-

collection 
K CI 

(resi-
tance pH Analyst 

water Ca. car· v-<mhos at 
due at Mg bon- 25°C) z 
1 80°C) I 

ate (J1 --�---. 
Sept. 23, 1 969 R 1 1  0.86 0.60 6 1  1 3  2 1  3.3 144 0 8 1  39 0.4 1 .8 32 1 206 88 505 7.4 GS 

May 22, 1 968 R 23 0.33 0. 1 5  52 24 1 3  0.6 274 0 20 9.0 0.4 3 . 1  268 238 1 70 7.7 GS 

Source:  D.  S.  Mull,  R .  V. Cushman, and T. W. Lambert, Public and Industrial Water Supplies of Kentuck'l 1968-69, Kentucky Geological Survey Information Circular No. 20, 
1 97 1 .  
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Table N .3. U.S. EPA and Kentucky drinking water standarcn-

Parameter U .S .EPAb 

Arsenic 0.05 
Bacteria. coliform. 

No. per 1 00 m l  
Barium 1 .0 
Cadmium 0.Q1 
Chloride 2 50  
Chrom ium, V I  0.05 
Color, un its 1 5  
Copper 
Corrosivity noncorrosive 
Cyanide 
Endrin 0.002 
F luoride 1 .4-2.4 
Foaming agents 0.5 
Hydrogen su Ifide 0.05 
Iron 0.3 
Lead 0.05 
Lindane 0.004 
Manganese 0.05 
Mercury 0.002 
Methoxychlor 0.1 
Nitrate, as N 1 0  
Odor, threshold 3 

odor number 
pH range 6.5-8.5 
Rad ioactivity 

Gross alpha, pCi/l iter 1 5  
Gross beta, mi l / irem/year 4 
Radium, pCi/l iter 5 
Dissolved alpha, pCi/l iter 
Gross beta, pCi/l iter 
Dissolved Sr·90, pCi/l iter 

Selenium 0.01 
Silver 0.05 
Sulfate 250 
Total d issolved solids 500 
Toxaphene 0.005 
Turbidity (units) 1 
2,4·0 0.01 
2,4,5-TP, or si lvex 0.01 
Zinc 5 

aValues in mg/liter un less otherwise noted. 
b Primary and proposed secondary standards. 
cStandards for pu blic water supply and food processing. 

Kentucky" 

0.05 
5000 

1 .0 
0.01 

0.05 

0.025 

1 .0 

0.05 

3 

3 
1 000 
1 0  
0.01 
0.05 

500,75rJi 

d Not to exceed 500 mg/liter month ly  av or 750 rng/liter max. 

sea l evel . Water from bedrock wel l s  at the s i te i s  expected to exceed proposed secondary 
dr i n ki ng water s tandard s  for d i sso l ved so l i ds and c h l or ide  - 500 and 250 mg/ l i te r ,  res pecti vel y ,  
a t  depths rang i ng from 5 6  t o  1 35 m ( 1 88 t o  450 ft ) bel ow the surface . 

N . 3  GROUNDWATER QUAL ITY 

N . 3 . l  Backgro und 

Groundwater qua l i ty was assessed twi ce in 1 977  and twi ce in 1 979 for a tota l of four  samp l es 
d ur i ng the base l i ne mon i tori ng . Ten domest ic  we l l s  were samp l ed i n  1 977 , seven i n  September 
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Table N.4. Summary o f  significant onsite water quality analyses, 1 977 and 1 979" 

Parameter Dr inking water std Max imum 
USEPAb KentuckyC value 

Alkal i n i ty 3 2 1  
Arsenic 0. 05 0.05 0.0 1 2  
Bar ium 1 . 0  1 .0 0 .31  
Boron 1 .49 
Cad m i u m  0 . 0 1  0 .01  0.0069 
Calc ium 80 
Chloride 250 36 
Chromi u m ,  total 0.0 5  0 . 05 0.0051 
F luoride 1 .4 -2.4 1 . 0  1 . 7Ft' 
Hard ness, total 368 
I ron, sol u bl e  0 . 3  0. 233 
Lead 0.05 0.05 0.344e 
Magnesi u m  38 
Manganese 0.05 0.335" 
Mercury 0.002 0.0036" 
N i trate, as N 1 0  8.6 
p H  6 .5 -8.5 7. 7 8  
Se lenium 0.01 0.01 0. 0 1 94e 
Silver 0.05 0.05 0.0037 
Sodium 59 
Sulfate 250 60 
Total dissolved solids 500 500,750' 484 

M i n im u m  
value Mean 

"- ----- -----------
1 0 2  265 
<0.002 0 . 0057 
0.07 0. 1 7  
<0.001 0 . 54 
0.0005 0.00 1 9  
20 60 
0 8.6 
<0.00 1 0  0.00 1 6  
0.26 0.57 
1 4 2  297 
0.0 1 4  0.024 
<0.001 0.038 

7 . 5  3 2  
0.001 O .096e 
<0.000 1 0.00 1 3  
0.3 4.4 
6.89 7.4 
<0.0005 0.005 
0.0003 0 . 00 1 4  
1 6  32 
20 4 3  
1 6 2  384 

Standard 
deviation 
- - --.- � --
78 
0.0034 
0.08 
0 . 563 
0.00 1 5  
22 
14 
0.00 1 0  
0.4 5 
7 2  
0.069 
0.077 
10 
O . l 00e 
0.0027 
5.6 
0 .25 
0.005 
0.00 1 0  
1 4  
1 2  
88 

" Values i n  mg/liter u nless otherwise noted. Values from EA, Appendix F ,  Tables F .3 ,  F .4, and F . 5 .  
b primary a n d  proposed secondary standards. 
C Standards for pu bl ic water supply and food processing. 
d Samples from 1 1  wells ( N os. 1 through 10 and 23 on F ig. F .3, E A, Appendix F ) .  
e Va lue exceed i n g  standard. 
' Not to exceed 500 mg/liter month l y  av or 7 50 mg/liter maximum.  
Source : E A ,  Appendix F .  

N u m ber o f  
samplesd 

- - -- - ---- -- ---
1 0  
20 
1 0  
20 
20 
1 0  
1 0  
20 
1 0  
1 0  
20 
20 
1 0  
20 
20 
1 0  
1 0  
20 
1 0  
1 0  
1 0  
1 0  

a n d  three i n  Octobe r .  F i ve we l l s  were samp l ed twi ce ,  once  in  Apri l and once  in  Septembe r of 
1 97 9 .  

Samp l i ng of t he  fi ve we l l s  wa s conti nued  i n  1 980 for p recon struct i on mon i tori n g .  Data were 
co l l ected i n  Apri l , J u l y ,  and Novembe r ,  1 980 , fo r a l l we l l s  except one , wh i ch was abandoned . 

N . 3 . 2 Methodol ogy 

The dome s t i c  we l l s  that were sampl ed ( Fi g ,  N . l )  a re dr i ven domest i c  we l l s  wi th depths ra re ly  
exceedi ng 1 2 . 2 m ( 40 ft ) . These wel l s  are i n  t he  a l l u v i um ,  wh i c h  extends to  an average depth 
of 36 , 6  m ( 1 20 ft ) .  

Samp l e s  were taken from val ves at the pump . Appropri ate s amp l es were preserved u s i ng U , S .  
Env i ronmental  Protect i on Agency ( E PA )  procedures and sent to Howard Laboratori es , I nc . , on the 
same day they were col l ected . 

N . 3 . 3  Res u l ts and d i scu s s i on 

Groundwater sampl ed dur i ng p recons truction  mon i tori ng wa s found to have moderate to h i gh l evel s 
of d i s sol ved so l i d s ,  n i trates , and manganese (Tab l es N . 9 th rough N . 1 2 ) . E xcept for severa l  
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Table N.S. List of water wells and analyses of water samples, 197r' 
-_._---

Parameter WW l WW2 WW3 WW4 WW5 WW6 WW7 WW8 WW9 WW 1 D  ._--- � ---- _ .  --_ . 
Date of field investigations 1 0./27 1 0./27 1 0./27 9/28 9/28 9/28 9/28 9/28 9/28 9/28 
Statusb A A A D D D D D D D 

Water depth in m (ft) 6. 1 (22) 7.0. ( 22.8) 8.0. (26. 1 )  5.8 ( 1 9) 7.6 ( 25) 7.6 (25) 
below land su rface 

Total well depth in m (ft) 1 0.. 4  (34.2) 1 2. 1  ( 4 1 . 7) 1 0.. 3  (33 . 7 )  9 . 8  (32) 1 0.. 7  (35) 9. 1 - 1 0. 8  
below land surface (30.-36) 

Source of depth data D& MC D&MC D& MC Owner Owner Owner Owner 

Alka l i n ity 3 1 3. 20  329.44 1 46. 1 6  285 289 262 3 2 1  1 0.2 292 3 1 5  
Arsenic <0.0.0.8 <0..008 <0..0.0.8 <0..0.0.4 <0..0.0.4 <0..004 <0..0.0.4 <0..0.04 <0..004 <0..004 
Barium 0..280. 0.. 1 70. 0.. 1 3 7  0..0.89 0..0.93 0.. 1 84 0.. 1 70. 0.. 1 92 0..30.5 0..0.72 
Boron <0.. 1 0.  <0.. 1 0.  <0.. 1 0  < 1 . 0.0. < 1 .0.0. < 1 .00 1 . 0.8 1 . 49 1 . 22 < 1 .00 
Cad m ium 0..0.0.0.8 0..004 1 0..0.0.69 0..0.0.28 0..000.5 0..0.0.20. 0..0.0.25 0..0028 0..0028 0..0.0.25 
Calcium 34.9 43.0. 20..3 78.8 74.9 69.9 79.9 45.3 79.5 72.5 
Chloride 35. 75 1 4 . 59 3.4 1 <0..0.25 <0..0.25 <0..0.25 <0..0.25 32.49 <0..0.25 <0..0.25 
Chromium, total 0..0030. 0..0.0.51 0..0025 0..0.0. 1 4  0..0.0.14 0..00 1 2  0..0.0. 1 7  0..0.0.22 0.. 00 1 8  0..00 1 0  
Fluoride 0..63 0..35 0..30. 0..69 1 . 7ff' 0..52 0..44 0..31 0..26 0..39 :z 

I 
Hardness, total 346.0. 368.0. 1 42.0. 297.6 30. 1 .6 3 1 3. 5  347.2 1 98.4 335.3 3 1 9.5 <0 

Iron, soluble 0..0.48 0..0.74 0..0. 1 4  0.. 230. 0..050. 0..0.36 0..0.34 0..0.35 0..0.36 0..0.29 
Lead 0..048 D. l l l d D. 344d 0..0.3 1 D.D53d 0..0.37 0..0.27 0..0.40. 0..0.26 0..0.25 
Magnesium 36. 9  37. 7 7.45 30..8 36.3 39.6 37.2 22.5 32. 1 36.2 
Manganese D.D54d D.335d D. I 94d D.D91d 0..0. 1 1  0..0.38 0..048 D.3 2 1 d  D. 1 36d 0..0.24 
Mercury D.DD23d D.002 1 d  D. DD36d 0..0.0.0.2 <0..0.0.0.1 <0..0.0.0.1 0.. 0.0.0.2 0..0.00 1 <0..0.0.0.1 0..0.0.0.3 
N i trate 8.63 0..33 0..73 1 . 0.5 14.2if 1 .42 1 . 7 2  13.8ff' 1 . 50. 0..94 
pH 7.62 7 . 78 7. 1 0.  7.35 7.39 7.50. 7.25 6.89 7.30. 7.40. 
Se lenium <0..0.0.0.5 <0..0.005 <0..0.0.0.5 0..0.0.72 D.D I 94d 0..0.0.51 0..0.0.43 0..0.0.83 0..0.0.71 0..0044 
Silver 0..0.0. 1 3  0..000.4 0..0.0.37 0..0.0. 1 2  0.. 00 1 3  0..0.0. 1 1  0..0.0.1 5  0..0.008 0..00 1 9  0..0.0.0.3 
Sodium 53.4 28. 5 58.9 34.8 3 1 . 2  1 9.3 23.6 25.0. 1 6 . 2  26. 7  
Sulfate 44.3 59.6 35.8 53. 1 29.6 49.0. 37.4 55.8 43.3 19.8 
Total d i ssolved solids 484 428 1 62 4 1 8  456 366 380 366 40.8 370. 

• Values in mglliter unless otherwise noted. 
b A = abandoned; D = domestic water supp l y  sampled from faucets. 

C Depths measured by Dames & Moore personnel in the field. 
d Value exceeding standard. 

Sou rces: Dames & Moore field data, 1 977;  Howard Laboratori es, Inc. , analytical results, 1 977. 
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Table N.6. List of water wells and ..... Iyses of water samples, April 1979' 

Parameter WN5 WW7 WNB WW9 WN23 

Date of field i nvestigations 4/25 4/25 4/25 4/25 4/25 
Statusb D D D D 

Antimony <0.001 <0.001 <0.001 <0.00 1 <0.001 
Arsenic <0.010 <0. 0 1 0  <0. 0 1 0  0.0 1 2  <0. 0 1 0  
Beryl l i um <0.001 <0. 00 1  <0.001 <0.001 <0.001 
Boron <0.001 <0.00 1 <0.001 <0.00 1 <0.001 
Cadmium 0.001 <0.001 <0.001 0.00 1 <0.001 
Chromium, total <0.001 <0.001 <0.001 <0.001 <0.001 
Copper 0.002 0.002 0.001 <0.001 0.006 
Cyanide <0.002 <0.002 <0.002 <0.002 <0.002 
I ron  0.061 0.045 0.042 0. 1 35 0.200 
Lead 0.001 0.003 <0.001 <0.001 0.001 
Manganese <0.013 0.00 1  0.269" 0. 1 29" 0.007 
Mercury <0.001 0.01 l' <0.001 <0.00 1 <0.001 
Nickel 0.033 0.002 0.003 0.002 0.0 1 0  
Polycyclic aromatic hydrocarbons d d d d d 
Selenium <0.001 <0.001 <0.001 <0.001 <0.001 
Trihalomethanes <0.010 <0.01 0  <0. 0 1 0  <0.0 1 0  <0.010  
Vanadium <0.001 <0.001 <0.001 <0.001 <0.001 
Zinc 0.295 0.050 0.039 0 . 3 1 5  0.545 

' Values shown in  mg/liter unless otherwise noted. 
b A = abandoned; D = domestic water supply sampled from faucets. 
C Value exceeding standard. 
d None detected at the levels shown in E R, Appendix F, Table F.7.  
Source: E R, Appendix F. 

obse rvati ons of manganese and one each i nvol v i n g  n i trate and i ron (Tabl e  N . 1 3) ,  concentrat i ons 
were usua l l y  w i t hi n E PA i nter im  primary an d proposed secondary d rj n k i ng wate r standards . Man
ganese and i ron , wh i ch were found in h i gh l eve l s  in water and sediments , probab ly  a re deri ved 
from natural geo l og i c  format i ons of  the reg i on .  H i gh l eve l s  of n i trates were a l so found in the 
groundwate r .  Al though the i r  ori g i n  is not known , the fai rl y  h i gh l eve l s  of n i trates may res u l t 
from exten s i ve farming  i n  the s i te are a .  

Other trace e l ements were p resent i n  l ow amounts , and n o  po lynuc l ea r  a romati c hydroca rbon 
( PAH ) compounds we re detected in any of the 1 4  samp l es col l ected throughout the year .  Th i s  
consti tuted a s l i ght  i mp rovement for trace meta l s over the base l i ne program , when a t  l east one 
observat ion of me rcury and se l en i um ( i n  addi t i on to l ead  and manganese ) was i n  excess of 
recommended concentrati ons . The absence of PAHs ag rees wi th the res u l ts of the base l i ne program . 



Table N.7. Lilt of water wells and analYlls of water samples, September 1979" 

Parameter WW5 WW 7  WW8 WW9 WW23 

Date o f  field investigations 9/1 8 9/1 8 9/1 8 9/1 8 9/1 8 
Statusb D D D D D 
Antimony <0.001 <0.001 <0. 00 1  0.001 <0.001 
Arsenic <0.002 <0.002 <0.002 0.002 <0.002 
8eryl l i um <0.001 <0.001 <0.001 <0.00 1 <0.001 
Boron 0.003 0.006 0.008 0.007 0.001 
Cadmiu m <0.001 <0.001 <0. 00 1  <0.001 <0.001 
Chromium, total <0.001 <0.001 <0.001 <0.001 <0.001 
Copper <0.001 <0.00 1 0.003 0.008 0.006 
Cyanide <0.002 <0.002 <0.002 <0.002 <0.002 
I ron 0.233 0. 1 53 0. 1 0 1  0.076 0.049 
Lead <0.001 <0.001 <0.001 <0.001 <0.001 
Manganese 0.01 2 0.024 0. 1 0ge 0.1 03c 0.005 
Mercury <0.0001 <0.000 1 <0.0001 <0.0001 <0.0001 
Nickel <0.001 <0.001 <0.00 1 <0.001 <0.001 
Polycyclic aromatic hydrocarbons d d d d d 
Selen ium 0.0 1 0  0.005 <0.005 <0.005 0.005 
Trihalomethanes <0. 0 1 0  <0.010 0.0 1 0  0.0 1 0  0.0 1 0  
Vanadium 0.004 0.005 0.0 1 0  0.005 0.0 1 0  
Zinc 0.250 0.035 0.055 0. 1 95 0.370 

a Values shown in mg/liter un less otherwise noted. 
b A = abandoned; D = domestic water supply sampled from faucets. 
c Value exceeding standard. 
d None detected at the levels shown in  Table F.7 ER, Appendix F. 
Source: E R, Appendix F.  



Date of 

collection 

Jan. 2 1 ,  1953 

Mar. 30, 1 950 

Dec. 22, 1952 

Mar. 30, 1950 

Mar. 30, 1950 

Dec. 22, 1952 

Dec. 22, 1952 

Dec. 29, 1 949 

July 26, 1 952 

Mar. 30, 1950 

Dec. 29, 1 9411 

Dec. 22, 1952 
Dec. 22, 1952 

Dec. 29, 1 949 

Dec. 22, 1952 

Dec. 22, 1952 

Mar. 30, 1950 

July 1 8, 1951  

Dec. 28,  1949 

Dec. 22, 1952 

Mar. 30, 1950 

Mar. 30, 1 950 

Dec. 22, 1 952 

Dec. 22, 1 952 

Dec. 22, 1 952 

July 26, 1952 

Dec. 28, 1949 

Dec. 29, 1949 

Dec. 29, 1 949 

Mar. 29, 1950 

Dec. 29, 1949 

Jan. 1 5, 1953 

Mar. 29, 1 9 50 

July 1 8, 1951 

July 1 8, 1 951 

May 22, 1968 

Temp. 

(" F )  

55 

55 
57 

58 

57 

58 

55 

57 

57 

58 

56 

55 

58 

56 

56 

56 

57 

58 

54 

Table N.B. Analyses of groundwater from the Carbondale formation, Henderson and Oaviell counties 

Si02 Fe 

0 . 1 5  

0.16 

5.6 0.37 

0.24 

7.5 0.69 
0.33 

0.59 

0.31 

9.6 4.4 

2.7 
1 .0 

2.1  

6.5 0.32 

0.98 

0.24 

9.5 0 .20 

5 .1  

0.23 

4.0 1 . 5  

27 0.39 

8.8 2.2 

5.3 

31 2.8 

Mn Ca 

74 

30 

86 

1 3  

1 0  

Mg Na 

1 3  24 

9.2 190 

32 1 5  

3.7 301 

2.4 283 

84 27 94 

30 1 8  1 2  

a8 7� 909 

0.20 83 29 29 

K 

9.2 

HCO, co, so. CI F NO, 

Henderson County 

1 220 
1 1 1 0  1 9  

1 1 1 0 

1 320 18 

326 0 

765 1 4  

1395 74 

1 330 59 
1 420 30 

6 1 8  0 

548 
805 103 
827 19 

998 

1 1 40 
398 

421 

554 

550 
364 

780 

69 
o 

22 

69 

33 

25 

41 

1 1 8  4.2  0 . 1  

1 5  3 4  1 . 1 0.0 

34 1 . 1 3.8 

6 308 6.4 0.3 

2.6 6.8 0.3 13 
1 0  1 . 2  1 . 5  

272 5.6 1 .2 

1 3  1 8 1  2.6 

4.6 

2.3 9.8 0.5 1 .5 

1 �  � Q2 

51 3.4 1 .8 

1 4  94 7 . 2  

1 2  68 1 .4 

85 3.0 

130 4.8 

45 4.4 0.2 

40 5 0 . 1  

10 23 

26 0.6 

59 6 0.1  

2.9 1 4  1 .0 
146 4.0 

5 4 0.2 

7 1 98 

4.2 

25 41 0.6 

0.8 

2.0 

0.0 

0.2 

1 .2 

1 . 1  

0.0 

0.5 
2.0 

3.7 

8.5 

1 .2 

1 6  4 0.2 

300 86 57 

1 100 

25 

1 4 1 0  

1 305 

604 

352 

464 

599 

430 

379 

1 7 7  

o 6 . 0  1 8  0 . 9  0.4 

1 044 

629 

2 6 0.0 

1 5  0.3 2.8 

o 1 .0 2.4 0.4 29 

10 0.7 830 1 . 2 5.8 

4 0.3 0.4 

o .viess County 

0.7 444 o 4.0 10 0.2 1 .4 

Dissolved 

solids 

308 

555 

388 

742 

7 1 1  

530 

1 97 

2270 

406 

Hardness as Caco, 
Ca-Mg Noncarbonate 

6 1  

29 

238 

8 

1 1 3 

306 

1 28 
96 

346 

378 

237 

351 

48 

13 

44 

35 

280 

670 

321 

248 

149 

52 

486 

326 

o 

o 

20 

o 

o 

o 

4 

o 

o 

Specific 

conductance 

at 25° C 

2040 

1 730 

1 700 

2860 

527 

1 290 

2850 

2600 

889 

972 

1 730 

1 550 

1 550 
1 7 20  

2 1 70 

739 

751 

87 1 

923 

642 

1 200 

2210 

59 

2650 

1 1 70 

558 

1490 

897 

640 
1020 

325 

391 3  

874 

706 

pH 

7.9 

8.0 

7.6 

8.2 

8.0 

7.3 

7 .7  

8.1 

7.4 

Sources: Henderson County - E. J. Harvey, Geology and Groundwater Resources of rhe Henderson Area, Kentucky, Geological Survey Water·Supply Paper 1356, 1956; Daviess 

County _ D. S. Mull, R. V. Cushman, and T. W. Lambert, Public and Industrisl Water Supplies in Kentucky, 1968-69, Kentucky Geological Survey I nformation Circular No. 20, 197 1 .  

:z 
I 

N 
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Table N.9. Summary of groundwater samples collected from five wells 

on April 29, July 3 1 ,  and November 12, 1 9804b,c 

pH 
Conductivity ("mhos) 
Cyanide (mg!liter) 
Total dissolved solids (mg!liter) 
Phosphorus (mg!liter) 
Ammonia as N (mg!liter) 
N itrate (mg!liter) 
Phenols (mg!liter) 

Trace E lements 

Antimony 
Arsenic 
Bery l l ium 
Boron 
Cadmium 
Chromium 
Copper 
Iron 
Lead 
Manganese 
Mercury 
N ickel 
Selenium 
Vanadium 
Zinc 

Organ ics 

Trihalomethanes' 

PAH Compounds 

2·methylnapthalene 
F luoranthene 
Pyrene 
Benzo (c) phenanth rene 
Benzo(a)anth racene 
Chrysene 
5-methyl chrysene 
Benzo(b )fluoranthene 
B enzo (i) fl uoran thene 
Benzo(g)pyrene 
Orthophenylene pyrene 
D ibenzo(a,c)anthracene 
Dibenzo(a,h )anthracene 
Benzo (g.h)) perylene 
D ibenzo thiophene 

607.5 

364.3 

5.63 

29.8 

98.9 

280 . 1  

a Results expressed a s  "g!liter un less noted otherwise. 

Range 

5.93-7.1 5 
260-745 
<0.002 
1 40-472 
<0.0 1 -0 . 1 0  
0.Q4-0 . 1 5  
0.86- 1 1 .88 
<0.001 -0.006 

<1 
<2.5-6.3 
<1 
3-1 70 
<1 -2 
<1-2 
<1 -21 
<1 -500 
<1 - 1 8  
3-329 
<0. 1 -0.4 
<1 - 1 0  
<2.5 
<1 -<10 
35-800 

<1 .0-<5.0 

<0.01 

<0.01 
<0.01  
<0.02 
<0.02 
<0.06 
<0.0 1 
<0.03 
<0.02 
<0 .Q1 
<0.01 
<0.01 
<0.03 
<0.01 

b Based on 14 total observations;  each of 5 wells samples th ree times, 
except well No. 8, which was inoperable in  November. 

cSee F igure for well locations. 
d Not determ ined when one or more observations reported as a less than 

« )  value. 
'Based on 28 observations because of dupl icate samples. 
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Table N . l0 .  Summary of  groundwater samples exceeding EPA interim primary 

Parameter Location 

Manganese WWl 
WW8 
WWl 
WW8 
WWl 

N itrate WW2 

I ro n  WW3 
WW23 

"Total observations: 1 4  
b April 29. 1 980 
c July 3 1 .  1 980 
d November 1 2, 1 980 

and proposed secondary drinking water standards 

Concentration Proposed 
Percentage of total 

Date 
(mg/liter) standard 

samples exceed ing  
proposed standard" 

Springi> 0.272 0.050 
Springi> 0.306 
Summer<' 0 . 1 93 
Summer<' 0.329 
Fa l ld 0.1 77  

Fal ld 1 1 .88 1 0  7 

Fa l ld 0.5 0.3 1 4 

Springi> 0.387 



Table N.l l .  Groundwater samples collected April 29, 1 980 

WW 23 WW l WW 5 WW 7 WW 8 

pH, S .U .  6 . 1 5 6.80 6.92 6.90 6.70 
Conductivity, J1m h os 339 700 745 705 585 
Cyan ide, mg/l iter <0.002 <0.002 <0.002 <0.002 <0.002 
Total dissolved sol ids, mg/liter 1 84 408 452 392 344 
Phosphorus, mg/liter 0 . 1 0  0.06 0.07 0.05 0 . 1 0  
Ammonia  a s  N ,  mg/l iter <0 . 1 0  0 . 1 5  <0 . 1 0  <0. 1 0  <0. 1 0  
N itrate, mg/liter 3. 1 3  3.69 9.63 0.86 8.05 
Phenols ,  mg/l iter <0.00 1 0.006 0.005 0.003 <0.00 1 

Trace Metals, mg/l iter 
Arsenic <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 
Bery l l i u m  <0.001 <0.0 0 1  <0.001 <0.001  <0.001 
Boron 0.0 1 9  0.004 0.008 0.025 0.006 
Cadmium <0.001 <0.001 <0.00 1 <0.00 1 <0.00 1 
Chromium <0.00 1 <0.001 <0.00 1 <0.00 1 <0.001 
Copper 0.002 <0.001 <0.001 <0.00 1 0.004 
I ron 0.387 0.035 0.026 0 . 0 1 4  0.009 
Lead <0.00 1 0.003 <0 .00 1 <0.001 <0.001 
M anganese 0.020 0.272 0.032 0.003 0.306 
Mercury <0.0001 <0.0001 0.0004 0.0002 <0.0001 
N ickel <0.001 <0.001 <0.001 <0.001  0.001 
Selen ium <0.002 <0.002 <0.002 <0.002 <0.002 
Vanadium <0.0 1 0  <0.0 1 0  <0 . 0 1 0  <0 . 0 1 0  <0.0 1 0  
Zinc 0.200 0 . 1 90 0.330 0 . 1 00 0.050 
Antim ony <0.001 <0.001 <0.001 <0.001 <0.00 1 
Tr iha lomethanes ( R u n  1 )  <5.0 <5.0 <5.0 <5.0 <5.0 
Tr iha lomethanes ( R u n  2)  <5.0 <5.0 <5.0 <5.0 <5.0 
Trihalomethanes (B lan ks, <5.0) 
2·methylnaphthalene, mg/liter <0.0 1 <0. 0 1  <0. 0 1  <0.0 1 <0.0 1 
F l uo ranthene, mg/l iter <0 .01  <0. 0 1  <0.0 1 <0.0 1 <0.0 1 
2·methyl f luoranthene, mg/liter a a a a a 
Pyrene, mg/l iter <0 .0 1 <0. 0 1  <0.01 <0.01 <0.01 
Benzo(c ) phenanthrene, mg/l iter <0.01 <0.01 <0.01 <0. 0 1  <0.01 
Benzo(a )anth rancene, mg/l iter <0.02 <0.02 <0.02 <0.02 <0.02 
Chrysene, mg/l iter <0.02 <0.02 <0.02 <0.02 <0.02 
5·methyl chrysene, mg/liter <0.06 <0.06 <0.06 <0.06 <0.06 
Benzo (b)f luoranthene, mg/liter <0. 0 1  <0.0 1 <0.0 1 <0.01 <0.0 1 
BenzoU)fluoranthene, mg/liter <0.03 <0.03 <0.03 <0.03 <0.03 
Benzo(a)pyrene, mg/liter <0.02 <0.02 <0.02 <0.02 <0.02 
Orthophenylene pyrene, mg/liter <0 . 0 1  <0. 0 1  <0. 0 1  <0. 0 1  <0 .01  
Dibenzo(a.c )anth racene. mg/l i ter  <0.0 1 <0. 0 1  <0.0 1 <0.01 <0 0 1  
D ibenzo(a,h ) a nth racene, mg/l iter <0 .0 1 <0.0 1 <0.01 <0 . 0 1  <0.0 1 
Benzo(g,h,i)perylene, mg/liter <0.03 <0.03 <0.03 <0.03 <0.03 
Dibenzo thiophene, mg/liter <0. 0 1  <0.0 1 <0.0 1 <0. 0 1  <0 . 0 1  

a N o  standard avai lable.  



Table N . 12 .  Groundwater samples collected July 3 1 ,  1 980 
(a. J.1g/liter unles. indicated otherwise) 

WW 23 WW 1  WW 5 WW 7 WW 8 

pH,  S .U .  6.20 6.85 6.90 6.93 6.90 
Conductivity, J.1mhos 3 1 0  740 7 1 0  725 6 1 0  
Cyanide, mg/l iter <0.002 <0.002 <0.002 <0.002 <0.002 
Total d issolved solids, mg/liter 140 472 440 428 372 
Phosphorus 0.06 0.04 <0.01 0.06 0.08 
Ammonia as N, mg/liter <0.1 0 . 14  0 . 1 1 <0. 1  <0.1 
N itrate, mg/liter 8.1 0 3.55 7.30 1 .20 8.77 
Phenols, mg/liter <0.002 <0.002 <0.002 <O.OO� <0.002 

Metals, mg/I iter 
Arsenic 0.0063 <0.0025 <0.0025 0.0048 0.0048 
8ery l l ium <0.001 <0.001 <0.001 <0.001 <0.001 
Boron 0.010 0.003 0.005 0.OB3 0.004 
Cadmium 0.002 <0.001 <0.001 <0.001 <0.001 
Chromium <0.001 <0.001 <0.001 <0.001 <0.001 
Copper 0.021 <0.001 0.007 0.0 1 0  0.004 
I ron 0. 1 52 0.01 3 0.0 1 5  0 .01 1 0.003 
Lead <0.00 1 <0.001 0.0 1 8  0.004 <0.001 
Manganese 0.006 0 . 1 93 0.0 1 4  0.003 0.329 
Mercury <0.0001 <0.0001 <0.0001 0.0001 <0.0001 
N ickel <0.001 <0.001 <0.001 0.0 1 0  <0.001 
Selenium <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 
Vanadium <0.001 0.001 <0.001 <0.001 <0.00 1 
Z inc 0.800 0 . 1 26 0.2 1 6  0.067 0.067 
Antimony <0.00 1 <0.001 <0.001 <0.001 <0.001 
Trihalomethanes ( R un 1 )  <5.0 <5.0 <5.0 <5.0 <5.0 
Trihalomethanes ( R un 2) <5.0 <5.0 <5.0 <5.0 <5.0 
T rihalomethanes ( Blan ks, <5.0) 
2·methylnaphthalene <0.01 <0.01 <0.01 <0.01 <0.01 
F l uoranthene <0.01 <0.01 <0.01 <0.01 <0.01 
2·methyl fluoranthene a a a a a 
Pyrene <0.01 <0.01 <0.01 <0.01 <0.01 
Benzo(c )phenanthrene <0.01 <0.01 <0.01 <0.01 <0.01 
Ben zo(a )anth raneene <0.02 <0.02 <0.02 <0.02 <0.02 
Chrysene <0.02 <0.02 <0.02 <0.02 <0.02 
5·methyl chrysene <0.06 <0.06 <0.06 <0.06 <0.06 
Benzo(b )fluoranthene <0.01 <0.01 <0.01 <0.D1 <0.01 
Be nzo(ilfluoranthene <0.03 <0.03 <0.03 <0.03 <0.03 
Benzo(a)pyrene <0.02 <0.02 <0.02 <0.02 <0.02 
O rthophenylene pyrene <0.01 <0.01 <0.01 <0.01 <0.01 
D ibenzo(a,c )anth racene <0.01 <0.01 <0.Q1 <0.01 <0.01 
D ibenzo(a,h )anth racene <0.01 <0.01 <0.01 <0.01 <0.01 
Benzo(g,h/)perylene <0.03 <0.03 <0.03 <0.03 <0.03 
D ibenzo thiophene <0.01 <0.01 <0.01 <0.01 <0.01 

a No standard available. 



Table N. 13.  Groundwater samples collected November 1 2, 1 980 
(as IJg/liter unless otherwise indicated) 

WWl WW5 WW23 WW7 

pH ,  S .U .  6.72 7 . 1 5  5.93 7 . 1 2  
Conductivity, IJmhos 648 739 260 689 
Cyanide, mg/liter <0.002 <0.002 <0.002 <0.002 
Total d issolved sol ids, mg/liter 404.0 472.0 1 52.0 440.0 
Phosphorus, mg/liter <0.01 <0.0 1 <0.01 <0.01 
Ammonia as N, mg/liter 0.06 0.05 0.07 0.04 
N itrate, mg/liter 1 .96 1 1 .88 9.52 1 .23 
Phenols, mg/liter <0.00 1 0.021 <0.001 <0.001 

Metals, mg/liter 
Arsenic <0.0025 <0.0025 <0.0025 <0.0025 
Bery l l ium <0.00 1 <0.001 <0.00 1 <0.001 
Boron <0.005 <0.005 0.1 70 0.070 
Cadmium <0.001 <0.001 <0.001 <0.001 
Chromium 0.002 <0.00 1 <0.00 1 <0.001 
Copper <0.001 <0.001 <0.001 <0.001 
I ron <0.001 <0.001 0 .500 <0.001 
lead <0.00 1 0.002 <0.001 <0.001 
Manganese 0 . 1 7 7  <0.0 1 0  <0.0 1 0  <0.0 1 0  
Mercury 0.0001 <0.000 1 <0.0001 <0.0001 
N ickel <0.001 <0.001 <0.001 <0.001 
Selen ium <0.0025 <0.0025 <0.0025 <0.0025 
Vanadium 0.002 0.003 0.002 0.005 
Zinc 0.6 1 5  0.375 0.750 0.035 
Antimony <0.001 <0.00 1 <0.00 1 <0.001 
Trihalomethanes ( Run 1 )  < 1 .0 <1 .0 < 1 .0 < 1 .0 
Trihalomethanes (Run  2)  < 1 .0 < 1 .0 <1 .0 < 1 .0 
Trihalomethanes (Blanks, <1 .0) 
2·methylnapthalene <0.01 <0.01 <0.01 <0.01 
F luoranthene <0.01 <0.01 <0.01 <0.01 
2-methyl f luoranthene a a a a 
Pyrene <0.01 <0.01 <0.01 <0.01 
Benzo(c )phenanth rene <0.01 <0.01 <0.01 <0.01 
Benzo(a)anth rancene <0.02 <0.02 <0.02 <0.02 
Chrysene <0.02 <0.02 <0.02 <0.02 
5-methyl chrysene <0.06 <0.06 <0.06 <0.06 
Benzo(b )fluoranthene <0.01 <0.01 <0.01 <0.01 
Benzo(j)fluoranthe ne <0.03 <0.03 <0.03 <0.03 
Benzo(a)pyrene <0.02 <0.02 <0.02 <0.02 
Orthophenylene pyrene <0.01 <0.01 <0.01 <0.01 
o ibenzo(a,c )anthracene <0.01 <0.01 <0.01 <0.01 
D ibenzo(a,h )anthracene <0.01 <0.01 <0.01 <0.01 
Benzo (g,h /)perylene <0.03 <0.03 <0.03 <0.03 
D ibenzo thiophene <0.01 <0.01 <0.01 <0.01 

a No standard available. 
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GROUNDWATER AVA I LAB I L I TY 

0 . 1  GROUNDWATER SUPPLY 

No  s i g n i f i cant i mpact i s  anti c i pated as  a res u l t of water wi thdrawal from the aqu i fer dur i ng 
p l ant  operat i o n .  F o r  dr i n k i ng and san i tary purposes , the SRC - I  fac i l i ty wi l l  u s e  potab l e ground
wate r from a wel l adj acent to  the wa ter treatment p l ant and approximate ly  244  m ( BOO ft ) from 
the Green R i ver .  The wel l wi l l  be approx imate ly  30 m ( 1 00 ft ) deep and wi l l  penetrate 24 m 
( BO ft)  of saturated sand and grave l . The average expected wi thdrawa l of groundwater from the 
we l l  wi l l  be l B . l  l i ters/m i n  ( 4 . B  g pm ) ; the maximum wi thdrawa l wi l l  be 360 l i te rs /m i n  ( 1 00 gpm ) . 

0 . 2  AQU I FER RECHARGE MODEL 

Aq u i fer  recharge  beneath the proposed s i te has been s i mu l ated by means of a s i mp l e  mode l . The 
aq u i fer i s  i nte rp reted as be i ng unconfi ned , based on bori ngs  l og s  and water l evel  measurements 
at  the s i te ;  i ts th i ckness for th i s  s i mu l a t i on i s  taken to be 2 7  m ( B9 ft ) ,  us i ng the mi dpo i nts 
of the observed bedrock and wate r tab l e  e l evat i on s . The l ocat i on of the s i mu l ated we l l  was 
p l aced 9 1  m ( 300  ft ) from boreho l e B and on a l i ne w ith  boreh o l e  7 ( F i g .  0 . 1 ) ,  i n  o rde r to 
p l ace i t  in the approxi mate l ocat i on of the wate r s upp ly  we l l  proposed for the fac i l i ty .  

Borehol e 1 0  ( F i g .  0 . 1 ) s h owed a th i c k  c l ay depo s i t  next t o  the Green R i ver .  Because t he  th i c k
ness  and a real  extent  of th i s  barr ier  to g roundwater fl ow i s  un known , i t  i s  uncerta i n  what 
effect th i s  depo s i t  w i l l  have on ri ver recharge to the aqu i fer . I f  the c l ay depo s i t  is w ide  and 
cont i nuous , recharge wi l l  be i n h i b i ted to a g reater extent than if i t  were l ocal i zed or  not 
cont i nuous . Therefore , the wel l s i mu l at i on was model ed for two extreme cases - compl ete con
nect i on w i th the r i ver  and no  connect i o n  wi th the r i ver .  

A storage coeff i c ient  of 0 . 2  was  used , based on an exam i nat ion  of aqu i fer  samp l es from bori ng s 
on the s i te ( ATEC 1 97 7 )  and on the f i n d i ng s  of Wh i tes i des and Ryder ( 1 969 ) for the Oh i o  Ri ver 
a l l u v i um .  A hydrau l i c  conduct i v i ty of 1 5  m ( 49 ft) per day and an  aqu i fer th i c knes s  of 27 m 
( B9 ft )  were the other e l ements of the ca l cu l at i ons , wh i c h  we re done at p o i nts  a l ong a l i ne 
extend i ng away from the r i ver .  

0 . 3  MODEL I NG R ESULTS 

The re su l ts of the model i ng are s h own i n  F i g .  0 . 2  and Tab l e  0 . 1 . The ca l cu l at i ons i nd i cate that 
the a q u i fe r  i s  fa i rl y  i nsen s i t i ve to the nature of  the recharge from the Green R i ver and that 
l i tt l e  effect may be expected on the l ocal  g roundwater tab l e  at  wi thdrawa l rates up to 
6 3  l i ters/s  ( 1 000 g pm ) . 

I f  the maxi mum p l anned wi thdrawal of 360 l i te rs/mi n ( 1 00 gpm )  were to be cont i nuo u s ly  pumped 
from the s i te wel l ,  the d rawdown at  the nearest  domes t i c  we l l [approx imate l y  l B29 m ( 6000 ft )  
northeast of the  proposed wel l ]  wou l d be  l es s  than  0 . 3  m ( 1  ft ) after 1 0  years . 

I n  ca l cu l a t i ng th i s  drawdown i t  was conservati ve ly  ass umed that the we l l  wou l d  be pumped con
t i nuo u s ly  at  the max i mum ant i c i pated riltc a ll "  l:.lat no aqu i fe r  recharge wou l d  occu r .  These 
as sumpt i ons  represent a wors t-case est i mate of the l ocal  i mpact on grou ndwater avai l ab i l i ty ,  
because the we l l  i s  not expected t o  be pumped cont i nuous l y ,  and s ome recharge to the aqu i fer  i s  
expected . Thu s , the drawdown a t  the nearest  dome s t i c  we l l  i s  expected to be l ess  than the 
cal cu l ated amo unt .  
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Iml Iltl 
1 1 2 1 .91 400 

191.41 300 

1121.91  400 

191.4) 300 

a: w 
> 
a: 

-J -J W 
� 

0-5 

I m l  1304.81 1 1 52.41 0 1152.41 1304.81 

Iltl 1000 500 

Iftl 0 

Iml 

500 1000 

HVPOTHE TICAL WATE R TABLE 

CONTINUOUSLY PUMPING 6.3 LIS 1 1 00  GPMI FOR 10 YEARS 

HYPOTHETICAL WATER TABLE 

<.-:::::. ..... . 
CONTINUOUSLY PUMPING 63 LIS 1 1000 GPMI FOR 10 YEARS 

1000 

1304.81 

2000 

1609.61 

3000 

1914.41 

4000 

1 1 219.21 

COMPLETE RIVER RECHARGE 

• . • •  • • • • • • • . •• NO RIVER RECHARGE 

VERTICAL EXAGGERATION 100X 

5000 

1 1524.01 

6000 

1 1 828.81 

7000 

12133.61 

ES-5258 

8000 

12438.41 

F i g .  0 . 2 .  Wi thdrawa l we l l  s imu l at ion . Source : Based on cal cu l ated val ues , Tab l e  C . 3 . 1 . 



Distance from 
well 

3.0 ( 1 0) 
1 52 ( 500) 
305 ( 1 000) 

1 83 8  (SOOO) 

3.0 ( 1 0) 
1 52 ( 500) 
305 ( 1 000) 

1 838 (6000) 

3.0 ( 1 0) 
1 52 ( 500) 
305 ( 1 000) 

1 838 (6000) 

0-6 

Table 0 . 1 .  Drawdowns in m (ft) resulting from well pumping" 

No river 
recharge 

0.87 (2.9) 
0.06 (0.20) 
0.01 (0.02) 
0 (0) 

1 . 7  ( 5. 7 )  
0. 1 2  (0.40) 
0.01 (0.03) 
0 (0) 

Drawdown for 1 year 

Complete river 
recharge 

Difference 
No river 

recharge 

Drawdown for 10 years 

Complete river 
recharge 

Cue A. Continuously pumping 6.3 l iters!s ( 1 00  gpm) 

0.85 (2.8) 0.023 (0.08) 1 . 3  (4 .2)  1 .0 (3.4) 

0.06 (0.20) 0 (0) 0.36 ( 1 .2 )  0.23 (0.76) 

0.01 (0.02) 0 (0)  0. 1 8  (0.59) 0. 1 1  (0.35)  
0 (0)  0 (0)  0 (0) 0 (0) 

Case B. Continuously pumping 1 2.6 liters!s (200 gpm ) 

1 . 7  (5.6) 0.04 7 (0. 1 5) 2.6 (8.5) 2 . 1  (6.8) 

0. 1 2  (0.40) 0.003 (0.01 ) 0.72 (2 .4)  0.47 ( 1 .5 )  

0 .01  (0.03) 0 (0) 0 (0) 0.2 1 (0.70) 

0 (0) 0 (0)  0 (0) 0 (0) 

Case C. Continuously pumping 63.1 l iters!s ( 1 000 gpm) 

8.7 (29) 8.5 (28) 0.24 (0. 7 7 )  1 3  (42) 10 (34) 
0.61 (2.0) 0.60 (2.0) 0.0 1 4  (0.05) 3.6 ( 1 2) 2.3 (7.6)  
0.05 (0. 1 7) 0.05 (0. 1 7) 0 (0) 1 .8  (5.9) 1 . 1  (3 .5)  

0 (0) 0 (0) 0 (0) 0 (0) 0 (0)  

· Values less than 0.003 m (0.01 ft)  are shown as O.  
Source: E R, Appendix F ,  Table F .7 .  

D ifference 

0.24 (0.84) 
0. 1 3  (0.43) 
0.072 (0.23) 
o (0) 

0.5 1  ( 1 . 7 )  
0.26 (0.85) 
0. 1 4  (0.47) 
o (0) 

2.6 (8.4)  
1 .3 (4.3) 
0.72 (2.3) 
o (0)  
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Appen d i x  P 

COA L ,  S LAG , AND SRC SOL I D  P RODU CT LEACH I NG TESTS 

P . l COAL LEACHATE TEST I NG 

F i e l d  l each tes t i ng of f i ve proposed feedstock coa l s  has been pe rformed at Oak R i dge Nat i ona l  
Laboratory ( ORN L ) . l  Coa l samp l es we re p l aced i n  lys i mete rs and  were exposed to  natural rai nfa l l 
events d ur i n g  a th ree-month peri od . Leach ate samp l es we re co l l ected dur i ng  and afte r each 
ra i n fa l l event and we re ana lyzed for potenti al ly  hazardous meta l content .  

Res u l ts o f  f i e l d  l each i ng tests performed on the Kentucky No . 9 and I l l i n oi s No . 6 coa l s  are 
presented i n  Tab l es P . l and P . 2  respecti ve l y .  Mean concentrat i ons of each parameter were 
compared wi th Pr i mary2 and proposed Secondary3  Dri n k i n g  Wate r Standards of the U . S . Envi ronmental 
P rotecti on Agency ( E PA ) .  Leach ate from both coa l s  exceeds the P ri ma ry Dri n k i ng Water Standards 
for the e l ements As , Cd , Cr, and Se . Leachate from both coa l s  a l s o exceeds proposed Secondary 
Dri n k i ng Water Standards for pH , i ron , and s u l fate content . The amount by wh i ch measured  
pa rameters exceed the  s tandards i s  s hown i n  t he  tab l e .  I t  i s  c l ear  from these data th at s pec i a l  
h and l i ng of coa l p i l e  l eachate i s  requ i red to  avoi d contam i nat i on of s u rface wate r and 
g roundwate r .  

Table P.l .  Summary of leachate data collected from K entucky No. 9 coal 

Parameter O bservations Mean Standard Min imum Maximum 
Mean exceeds 

deviation DW std by 

Runoff. % of rainfa l l  8 7 1  29.5 65 1 00 

Percent transmission before filter 20 32.5 2 1 . 6 0.9 86.3 

Percent transmission after fi lter 1 9  48.0 2 1 .6 1 3.3 87. 1 

pH 20 2. 1 0.2 1 . 8  2.5 4.4 

Acidity. mg/liter as CaC03 1 5  33. 1 00 22,400 7.760 78.200 

Electrical conductivitY. lJmhos/cm 20 1 0.500 4.650 4,480 20.000 

Sulfate. mg/liter 20 27.300 1 8. 1 00 5.820 72.600 1 09 X  

Iron. mg/liter 20 9.850 7.250 1 , 780 26.200 32.833X 

Arsen ic. IJ g/Iiter 8 9.050 6 . 1 30 2.040 1 7.500 1 8 1 X  

Barium. mg/liter 8 <0.2 a 0 

Cadmium. lJg/l iter 8 1 6 6  1 06  4 7  386 1 6. 6 X  

Chrom ium. lJg/liter 8 724 296 330 1 . 220 1 4 . 4 X  

Lead. IJg/liter 8 1 2  1 0  7.2 35 0 

Selen ium. lJg/liter 8 829 1 . 000 56 3.000 82.9X 

Silver. IJg/liter 8 0.05 b 

Mercury. IJg/l i ter 8 0.20 0.20 0.05 0.60 0 

• Barium concentration <0.2 mg/liter for al l samples. 
bSi lver concentration <0.05 gll i ter  for a l l  samples. 
Source: E. C. Davis. A Laboratory and Field Analysis of Factors A ffecting Quality of Leachate from Coal Storage Piles. 

Ph.D .  dissertation. Dept. of Environmental and Water Resources Engineering. Vanderbilt Un iversity. Nashvil le. Tenn .• 1 980. 
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Table P.2. Summary of leachate data collected from I l linois No. 6 coa l  

Parameter O bservations Mean 
Standard 

M inimum Maximum 
Mean exceeds 

deviation OW std by 

R unoff, % of rainfall 6 73 6.7 65 83 
Percent transmission 1 1  80.1 20.8 19 . 1  94.2 

before filter 
Percent transmission 1 1  88.6 6.2 81 .9 97.9 

after filter 
pH 1 1  2.2 0. 1 2 . 1  2.4 4 .3  
Acidity, 6 2 1 ,200 7,270 6,500 25,400 

mg/liter as CaCO:! 
Electrical conductivity, 1 1  1 5,200 5,640 6,500 21 ,700 
/Jmhos/cm 

Sulfate, mg/liter 1 1  21 ,500 1 0,900 5,850 37,200 86X 
I ron, mg/liter 1 1  7 , 7 1 0  3,870 2,090 1 2,000 25,700X 
Arsenic, /Jg/liter 5 147 90.8 9.4 258 2.94X 
8ari u m, mg/liter 5 0.2 a 0 
Cadmium, /Jg/liter 5 268 165 26.8X 
Chromium, /Jg/liter 5 438 234 21 560 8.7X 
Lead, /Jg/liter 5 1 4  5.6 7.2 21 0 
Selenium, /Jg/liter 5 438 370 1 9  908 43.8X 
Si lver, /Jg/liter 5 0.35 0.31 <0.05 0.81 0 
Mercury, /Jg/l iter 5 0. 1 2  0.1 2 0.03 0.30 0 

• Barium concentration <0.2 mg/liter for a l l  samples. 

Source : E. C.  Davis, A Laboratory and Field Analysis of Factors Affecting Quality of Leachate from Coal Storage 

Piles, Ph.D .  dissertation, Dept. of Environmental and Water R esources Engineering, Vanderbilt U n iversity, Nashvil le, 

Tenn., 1 980. 

P . 2  SLAG LEACHATE TESTING 

( These are prel imi nary data on  SRC- I waste . a s  of Apri l 25 , 1 980 . )  

P . 2 . 1  S l ag/flydust waste acqu i s i t i on 

Mi neral res i dues  from the SRC- I P i l ot P l ant  at W i l sonvi l l e , Al abama , were s h i pped to Germany for 
gas i f i cat ion  i n  a Koppers-Totzek Gas i fi er .  Feed coal for the p i l ot run ( ru n  1 79 )  was Kentucky 
No . 9 coal . Mi neral ash res i due  ( MAR ) from the Kerr-McGee un i t  and Kentucky No . 9 coal were 
fed i nto the Koppers -Totzek  Gas i f i er i n  a mi xture of 90% MAR and 1 0% Kentucky No . 9 coa l . 
Approximate ly  1 . 4 kg ( 3  l b ) of gas i fi ed waste from run 1 79 were s h i pped from Germany to ORNL 
i n  p l asti c bags and were recei ved Feb . 1 5 .  1 980 . After gas i fi cati on . the waste cons i sts of 
f lydust and s l ag i n  proporti ons  of nearl y  1 : 1 .  

P . 2 . 2  Resu l ts  of batch l each i ng 

S l ag and f lydust  were subjected to the extracti on p rocedure recommended for i dent if i cat i on of 
hazardous  wastes by EPA i n  the proposed Resource Conservat i on and Recovery Act ( RCRA) . Res u l ts 
of l eachate anal ys i s  for the e i ght trace e l ements i nc l uded i n  the Pr ima ry Dri n k i ng Water 
Standards . and RCRA Standards are i nc l uded in Tab l e  P . 3 .  In addi t i on to the e i ght  pr iori ty trace 
e l ements , Cu . Ni , V ,  and Zn were anal yzed because they are of envi ronmenta l i mportance and may 
be added to the l i s t  of hazardous trace e l ements i n  future regu l ati ons . 

P . 2 . 3  Di scu s s i on of prel im i nary resu l ts 

8atch l each testi ng u s i ng the EPA extracti on procedures and proposed RCRA hazardous waste des i g 
nati ons ( May 1 9 ,  1 980 ) i nd i cates that the gas i f i ed mi neral  res i du e  wou l d  not be  c l a s s i fi ed a s  a 
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Table P.3. EPA extraction procedure results for ash and flydust produced 
by G KT gasifier on SRC·I residue 

Element 
----�- ---- - - - -- ----- � - ---- - -- _ . _ .. _ - - - - - - -----

Slag run 1 79 F lydust run 1 79 R C R A  standard" ----- --- -- - --
Arsenic, ppb 4 4 5,000 
Bar ium, ppb 3.3 73 1 00,000 
Cadmium, ppb 0.098 45 1 ,000 
C h romiu m, ppb 0.46 8.5 5,000 
Lead, ppb 1 . 1  78.5 5,000 
Mercury, ppb 0.022 0.047 200 
Se le n i u m, ppb <5 <5 1 ,000 
Si lver, ppb <0. 0 1  0.01 5,000 
Copper, ppm 0.0013 1 . 53 b 
Nickel,  ppm 0. 1 0  3.71  b 
Zinc, ppm 0.0 1 2  7 .9 b 
Vanadium, ppm 9.27 1 .6 b 

a R C R A  standard equals 1 00 t imes the EPA "Inter im Primary Drin king Water Sta ndard." 
b Elements not l i sted i n  the " In te r i m  Primary D rink ing  Water Standard." 

hazardous was te . Pr i or i ty pol l utant trace el ements a re l eachab l e  i n  quanti t i es much l ower than 
those s pec i fi ed by haza rdous  waste regu l at i ons . Fly dust , the f inest  fract ion of waste gen
e rated , rel eases more so l u b l e  trace e l ements than does coarse s l ag .  Cadm i um and l ead concentra
t i ons in  the f ly  dust  exceeded primary d ri n k i ng water  standard s ;  but , a l l other  trace e l ement 
concentrat i ons were wi th i n  d ri n k i ng water s tandards . 

P . 3  SRC SOL I D  PRODUCT L EACH I NG TESTS 

Leac h i ng tests were performed on two samp l e s  of SRC- I  product  wh i ch were c ru shed to pass  through a 3/8- i n .  s i eve . The Ame r i can Soc i ety for Tes t i ng and Ma teri a l s  ( ASTM ) l each i ng Method A,  u s i ng de ion i zed wate r ,  was u sed s i nce th i s  me thod most  nearly s imul ates exposure of s tored product to natural prec i p i ta t i on . 

The s h a k i ng procedu re c a l l s  for a l i qu i d  to sol i d  rat i o  of < ; 1 ,  and a s ha k i ng per i od of 48 h .  The l eachate i s  then f i l tered through a O . 45-� membrane fi l ter  and preserved for analYS i s .  
For our  samp l es , 200 g o f  SRC- I  product were contacted wi th 800 m l  of the extractant fl u i d  fo r 48 h .  

Pr imary and  proposed secondary d r i n k i ng water s tandards  a re i nc l uded i n  Tab l e  P .4 for compari son . Leachate concentrat ions  a re we l l  bel ow the recommended l evel s for a l l the prima ry s tandard s .  The l eachate exceeds the proposed secondary dr i n k i ng wa ter standard for manganese and i s  more ac i d  than the pH range recommended i n  the secondary s tandard . Organ i c  const i tuents of the l eachate a re under s tudy and wi l l  be reported at a l ater date . 
The SRC so l i d  product does not appear to present a haza rd to water qua l i ty ,  based on tes t i ng and ana lyses  performed to date . Upon compl et i on of the l eac h i ng tests , w h i c h  i nvol ved ag i ta t i on of the sampl e ,  the l eachate rema i ned b l a c k  and opaque . The co l orat i on was cau sed by f i ne  part i c u l ates wh i c h  remai ned i n  s u spens i on but were retai ned on 0 . 45-�  membrane fi l ters . Runoff from the SRC  s to rage a rea wi l l  be col l ected and routed t hrough the wastewater treatment  fac i l i ty .  Due t o  the br i tt l e  natu re of the produc t ,  s h i pp i ng a n d  hand l i ng acti v i t i es are expected to generate d u st  wh i ch may cause  l ocal  su rface water qual i ty i mpacts i f  the product  i s  s tored w i thout d u st  suppres s i on .  The proposed deS i gn i nc l udes d u st  suppress i on and l eac hate co l l ect i on and treatment . 
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Table P.4. Chemical analysi. of leachates produced from SAC·I product 

using the ASTM Type "  A" leaching procedure 

Constituent 

Arsenic, ppb 
Barium, ppm 
Cadmium, ppb 
Chromium, ppb 
Lead, ppb 
Mercury, ppb 
Selenium, ppb 
Si lver, ppb 

Copper, ppb 
Nickel , ppb 
Zinc, ppb 
Calcium, ppm 
Chloride, ppm 
I ron,  ppm 
Magnesium ,  ppm 
Manganese, ppm 
Potassium, ppm 
Sodium, ppm 

Su lfate, ppm 
pH (final)  
Electrical Conductivity (I'mhos/cm) 
Alkalinity, ppm 
Total dissolved solids, ppm 
Total filterable residue, ppm 
Total organic carbon, ppm 
Chemical oxygen demand, ppm 

Sample No.  

0.5 
0. 1 0  
0.07 
0.22 

1 7  
0.024 
3 
0.02 

4.0 
3.4 
5.0 
0.54 
1 . 1  
0.0 1 2  
0 . 12  
0. 1 
0.5 
2.05 

1 .5 
5.5 
1 .6 
4 

64 
2440 

7 .5  
23  

2 

0. 1 
0.03 
0.33 
0.1 8 
0.7 
0.001 
3 
0.02 

1 .8 
1 .2 
0.44 
0.44 
6.6 
0.00 1 2  
0.06 
0.1  
0.5 
1 .62 

1 .0 
5.6 
2.0 
3.75 

68 
2520 

6.3 
2 1  

Drinking 
water 

standards' 

50 
1 

1 0  
50 
50 

2 
1 0  
50 

1 000 
Nsb 

5000 
NS 

250 
0.3 

NS 
0.05 

NS 
NS 

250 
6.5-8.5 

N S  

500 
N S  

NS 
N S  
N S  

' Environmental Protection Agency primary and secondary drinking water standards. 
b NS-no standard promulgated or proposed. 
Source: Written communication from W. J. Boegly, Environmental Sciences D ivis ion, O R  N L, 

June 2, 1 980. 
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PROJECT E \·V I RO\�'E�TA.L PLAK ( PEP) - S RC I 

I .  I NTRODUCTI O�� 

Th i s  p l an out l i nes the env i ronme n t a l  ( i nc l ud i n g  he� l th and s a fety) 
re search a nd dev e l op�ent a c t i v i t i e s  to be per formed i n  support o f  envi ron
ment a l  comp l i an c e  a c t l v i t y  for the SRC - I  demon s t rat i on p l ant and in support 
of fu ture SRC I comr.,er c i a l i zat ion dec i s i ons . Th i s  p l an i d en t i f i e s  env i ron
men t a l  pro j ec t  a c t iv i t i e s  to b e  condu c t ed cooperat i v e l y  by ET and EV . En
vi ronmenta l r e s earch and devel op:nent act i v i t i e s of other goverru::ent a g enc i e s  
wh i c h  a r e  app l i c ab l e  t o  the SRC I pro c e s s  !lave been con s i d ered i n  i t s  d e v e l o p -
ment . 

The de�onstrat ion p l ant d e s i gn inc l udes prov l S lons to meet l eg i � 
l at i v e  and r e g u l a tory env i ron;71ent a l  r equ i rement s pronul g a t e d  b y  tho s e  agenc 
i e s  � i t h  that re spon s i b i l i t y .  In add i t ion , th e demon s t ra t i o n  pro j e c t s  wi l l  
incorpo r a t e  d e s i gn c r i t e r i a  spec i f i ed by DOE and the indus t r i a l  partner 
wh i c h  in the abs enc e of un for e s e en even t s  are l i k e l y  to perm i t  construc t i on 
o f  co�er c i a l i z a t i on p l a n t s  us i n g  th e same d e s i gn .  

I n  add i t i on , DOE/EY wi l l  under take s tud i e s  and eva l u a t i ons to obtain 
d a t a  r e qu i red to r e c om�e nd d e s i gn i �provement5 for the cor.,e rc i a l  p l ant and 
to a s s e s s  the env i ronmenta l r i s k s  and b ene f i t s  of commerc i a l i zat i on of t h e  
proc e s s . 

I I .  OBJECTI VES 

The pr inary envi ronmen t a l  pro gram obj ec t ive i s  to have the referen c e  
proc e s s  meet , at c o r.J!lerc i a l  s ca l e ,  the mandator)' requirement s o f  t h e  appl i c 
ab l e  Feder a l , s t a t e ,  and l o c a l  enviroru::enta l re gu l a t i o n s . Th e  ob j ec t i v e s  o f  
t h i s  p l anning ac t i vi ty are t o  formu l a t e  a RD& D  progr�� whi c h  a ddr e s s e s  t h e  
princ i p a l  envi ror�en t a l  conc erns a s  r e c ent l y  h i gh l i g hted i n  t h e  C o a l  Li que 
fac t i on Env i ronmental Readiness Document (ERD) , Septemb er 1 9 7 8  and the Coa l  
Liquefa c t i on Env i ronme n t a l  Devel opment P l a n  (ED P )  , i n  Sept ember 1 9i 7 .  

I n  p r e l u d e  t o  ma j or programma t i c  and s i t ing a c t i v i t i e s ,  Environment a l  
Impa c t  S t a t ement s ( E I S )  as spe c i fi ed b y  t h e  Nat i ona l Envi ronmen t a l  Po l i c y  
A c t  (\EPA) , and water resource ana l y s e s  have to b e  prepared and rev i ewed . Th e  
k e y  con c er n s  t o  b e  addr e s sed in t h e  env i ronmen t a l  pro gram arc : worker pro
t e c t io n ;  s i t i ng ; potent i a l  pub l i c  h e a l th r i s k s  from pro c e s s  produ c t s ,  by pro 
duc t s , and emi s s i ons ; and management of so l id wa s t e s . Other uncer t a i n t i e s  that 
need to b e  r e so l v ed are the potent i a l  i �p a c t s  of p ro j e c t ed and lor propo sed 
regu l a t ions on t h e  envi ronment a l  control t echno l o g y . t h e  u l t imate envircnmenta l 
a c c eptab i l i t y ,  and imp l i c at i on s  for commerc i a l i z a t ion . Because of the pot ent i a l  
ha zard s a s so c i a t ed w i t h  t h e  materi a l s  invo lved , a spe c i fi c  conc ern t h a t  h a s  t o  
b e  add r e s s ed wh e r e  SRC I i s  produced and used i s  t h e  devel opment and imp l ementa
tion o f  an i ndu s t r i a l  hyg i ene and epidem i o l ogy pro g r am ear l y  enough to pro t e c t  
work ers a n d  t h e  pub l i c  from harmful e xpo sure s to t h e  produc t .  



Q- 5  

111e spec i fi c  obj e c t i v e s  o f  t h e  env i rc nmen t a l  p:'ogram are : 

1 .  Comp l i an c e -

Deve l op p l an s  and c on d u c t  opera t i on s  t h a t  comp l y  w i t h  
appl i c ab l e  em'i ronrnen t a l  r e g'J l a t i o n s  and requi red permi t s  
pro v i d i � g  n e c e s sary � E PA doc umen t a t ion f o r  t h e  con s t ru c t i on ,  
opera t ion , and u l t i m a t e  fa t e  of t h e  SRC I d e mon s t ra t i o n  
fac i l i t y ,  a n d  wa t er r e s o u r c e  d a t a .  Prepare a n d  i mp l ement 
a j o i n t  EV-ET envi r onmen t a l  chara c t eri z a t i on p l an to a s sure 
envi ronmen t a l  a c cept a b i l i t y  o f  the SRC I proc e s s  when even t 
u a l l y  c ommerc i a l i z ed under pro j ec t ed EPA and OSHA coa l l i qu e 
f a c t i o n  g u i d e l i n e s . 

2 .  Con t ro l s -

E va l ua t e  current and a p p l y  a s  n e c e s sary s t a t e - o f - t h e - a r t  
p o l l u t i on c o n t ro l s  a n d  mi t i ga t i on proc ed u r e s  fo r c o mp l i a n c e  
wi t h  e x i s t i n g  regu l a t i on s  for t h e  d e mon s t rat i on p l an t . A s s e s s  
t h e  e ffi c a c y  o f  t h e s e  c o n t ro l s  fo r c o mp l i an c e  w i t h propo s e d  
and pro j e c t ed emI s s i o n ,  e ff l u e�t , s o l i d  was t e  and hea l t h 
e ffec t regu l a t i o n s  a t  c orr:nerc i a l  s c a l e .  I d en t i fy t h e  r e s u l t a n t  
add i t i ona l env i ronmen t a l  con tro l t echnol ogy d ev e l opment pro 
grams i f  a n y , needed to ensure t h a t  t h e  t e chnol ogy , when 
cO"JTlerc i a l i z ed , \oo' i l l  b e  env i ronment a l l y  a c cept ab l e  and c o s t 
effec t i ve . 

3 .  Charac t er i z a t i on and Mon i t o r i ng _ 

Determ i n e  t h e  c h em i c a l  and phy s i c a l  c h a r a c t eri s t i c s  o f  t h e  
demons tra t i on p l a n t  pro c e s s  ma t e ri a l s ,  emi s s ions , a n d  so l i d 
wa s t e s . E s t ab l i sh c ompo s i t i o n  and fa t e  of l ea c h a t e s  from 
t h e  pro c e s s  wa s t e s  and re s id ue s . Kork d one here wi l l  be 
c on t i nu a t i o n  of the c urrent and p l anned work wi t h  t h e  p i l o t 
p l a n t  samp l es .  

4 .  Safety -

Deve l o p ,  a s se s s , and i mp l ement an i ndus t ri a l  hyg i en e  and 
s a fe t y  program for the oper a t i on phase o f  t h e  d e mon s t ra t i o n  
fac i l i t y .  A s s e s s  t h e  a pp l i c a b i l i t y  o f  t h i s  program t o  t h e  
potent i a l  c ommerc i a l i z a t i o n  fa ci l i t i e s .  

S .  Hea l th and E c o l og i c a l  E ffec t s  _ 

I d e n t i fy t h e  oc cupa t i on a l  and pub l i c  he a l th e ffec t s  a�d pro 
babi l i t y o f  exposure to t h e  prOduc t s ,  e ff l u ent s ,  and t h e  s o l i d  
was t e s  a n d  t h e i r  l ea c ha t es . i d en t i fy e c o l o g i c a l  effe c t s  o f  t h e  
same expos ure s .  Th i s  work done a t  the d emon s t r a t ion fa c i l i t y  
wi l l  form t h e  ba s i s  for a h e a l t h  and eco l o g i c a l  a s s e ssmen t for 
a ma ture SRC I industry . 



6 .  A s s e s sment s -

Q-6 

Perform an a s s e s sment to d e t ermine the overa l l envi ronmen t a l  

impact of the SRC - I  c o a l  l i qu e f a c t i on d emon stration p l ant . 

The r e su l t s from th i s  a s s e s sment wi l l  be used f o r  an integral 

a s s e s s ment o f  a pro j e c t ed , mature SRC I industry to deter

mine the over a l l env ironme n t a l  bene f i t s  and r i s k s  o f  the SRC 

I c o a l  l i que f ac t i on proc e s s  and/or techno l o g y .  

I I I .  TASKS ��D SCHEDULES 

ET i n i t i ated environmental  work at the SRC P i l o t  P l ant s i t e  i n  1 97 3  

and E V  i n i t i a t ed work i n  1 9 76 . A coordi nat ( j ET-EV SRC I envi ron�e n t a l  

imp l ement a t i on p l an to a s s e s s  the env ironmenta l acceptabi l i ty o f  the pro 

c e s s  when co��e r c i a l i :ed i s  i n  prepara tion . Pha se I o f  the p l an for work a t  

Pi l ot P l ant s i t e  i s  to be i mpl emen ted i n  1 9 7 9  a n d  Pha s e  I I  of the p l an for 

work at the d emons t r a t i o n  s i t e  is to b e  prepared and imp l emented i n  CY 1 9 80 . 

Tab l e  1 shows the current ET-EV coordinated environme n t a l  work i n i t i 

a t e d  and p l anned for t h e  SRC I pro c e s s  i n c l uding work a t  t h e  p i l ot and d emon 

� t r a t i on p l an t  s i t e s . Th i s  e ffort inc l u d e s  the c o l l ect ion o f  t h e  envi ronmen t a l  

ba s e l ine and operating d a t a  and synthe s i s  o f  t h i s  i n format i on t o  as sure env i ron

menta l  acceptabi l i t y  o f  the SRC I p ro c e s s  for future commerc i a l i :a t i on . The 

EV fund ing sho�n re f l e c t s  the p l anned fund ing fer th i s  wor k and is sub j e c t  t o  

chan g e s  in bud get and priori t i e s .  Th e  E V  sponsored work wi l l  generate i n fo r 

mat i on wh ich wi l l  ena� l e  a n  opti m�� envi ronmen t a l  d e s i gn . F Y  i 9  a n d  FY 8 0  E V  

fund i n g  i s  f o r  work done a t  the Takoma S R C  P i l o t  P l a nt and i nc l ud e s  SRC I and 

SRC I I  mod e s  of oper a t i on . The TEC data sho�n inc l u d e s  c o s t  on the b a s i s  o f  

con s t ruction and opera t ion a t  one d emonstrat ion p l an t  u s i n g  e i ther SRC I o r  

SRC I I  proc e s s . I f  two d emonstra t i on p l an t s  are bu i l t  to eval uate SRC I and 

SRC I I  proce s s  r e spect i ve l y  then the EV co st wi l l  be l e s s  than doub l e  the co s t  

shown which app l y  t o  a s in g l e d emonstrat i on p l ant . Better co s t  e s t imat e s  for 

both s i tuations wi l l  be devel oped a ft e r  the env i ronmental work at the p i l o t  

p l ant h a s  b e en comp l et e d . The ET bud get wi l l  fund t h e  pro j e c t  work in t h e  

ta s k s  gi ven in Tab l e  1 ;  however , t hey are d i ffic� l t  t o  s e p a r a t e  f r o m  the over

a l l  t e chno l ogy budget and ther e fore e s t imated c o s t  fi gures are given i n  t h e  

Tab l e .  R e s p e c t i v e  bud g e t  commi tments o f  E T  a n d  E V  f o r  F Y  7 9  are refl e c t ed in 

Tab l e  1 .  Other figures shown in Tab l e  1 wi l l  be more accura t e l y  e s t imated as 

informa t i on i s  generated . 

Tab l e  2 shows the schedu l e s  for the e nv ironmen t a l  activi t i e s  and 
high l i ghts the re l a t i onship wi th the pro j e c t  phase s . 
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1 . 1  Prepare required docu� n t s  (II[PA . wa ter resources £T e tc . )  for cons t ruc t i on .nd op�r. t i on of the SHe I 
foc I I  I ty .  

I . l  Determine requ i rements o f  a pp l i c a b l e  cnvl ronmenta l .  
hea l th ,  s a f � ty l a n d  . n d  wa ter u , e  re9u l a t l ons , 
a s s i gn npc e s s . ry c o n t ro l  equ i pme n t  .nd o b ta i n  
nec e s s a ry permi t s  for the SRe I fac i l i ty .  

1 . 3  Ka i n ta l n  compl i ance wi th app l i c a b l e  regu l a t i on �  
( permi t requ i remen t � )  dur i n g  opera t i on of th e 
SRC I derro p h n t .  

1 . 4  Prepare a deta i l ed J o i n t  e nv i ronmen t a l  i orp l l'menta U o n  � I ,'., fo r the SRC I 'ac i l i ty .  

[ T  

£ T  

£T 

[ V  

[ T  

[ V  

Cos ts �I (S t�ou� a nd� )  

FY 7'i�1 I m(}-J/ I T E C�I 

" :�0_J[�� 1 !  i l F:.: :'b: 

COr:-.�.cnts 

FY 79 e ffort focused On Fort l�i s .  Wash • •  
p i l o t  fa c i l i ty .  N�eds for de<l'O p l . n t  to be 
determi  ned . 

l . l  A s s l' $ s  thc a tmospher i c cmi � � i on a n d  �a rti c u l a te 
c o n t ro l  need:; . E T  

rv 

[ V  wi l l  focus On a n t i C i p a t ing compl i a nce nce1s d nd i mr l l c . t i ons On ma ture (0rrr.1erc i a l  I ndus ! .'.' , �V C J S � �: .{..\"I� i s.  ... rt..(�!.s.  s. p�.: i f i c  i t !  .;�_ O'IV 70;; of th� fund i n� is for the � t JGy of un i t  O " C r i' t ; o n s  i n t f'''
j
r -l 1  to a l l  l i n. lp(.' c t i ':>Jl s )' !. t c  .. rs .  r l  7 9 - 80 qrncr • •  ' ��ssme.t . : t , v l ly ( SRC  - 1 •• aco Ga S l f e r )  
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Nun�er re l a t�s to �pec l f l c  e n v i ronme n t a l  objrc t l ves l i s ted i n  Sec t i On t .  FY 79 Ac tu. l  for OngO i ng R�O.  FY 79 ( V  fund i nq Is  for work do�e at  thr Tako� SRe p i l o t  p l . n t  and i nc l udes S R C  I . n d  S H C  I I  mod�s o f  oper. t i on .  FY 8 0  E s t i ma ted �ud1et A l l oc a t i on .  V V  0 0  [ V  fund i ng I s  for work done a t  the Ta�oma SHC p i l o t  p l . n t a nd I nc l "�.s SHe I .nd SHe I I  modps of oppr,l t i o n .  To t.1 1 [ s t l ma ted C o s t  f o r  T d S k  £ l c"'C n t ;  a l l  ye" rs t h rough d�mons t rJ t l 0n nroj ec t compl e t i o n  ' o r  o n e  snc  p b n t .  Ava i l a b i l i ty o f  fund, c o n t i nq" n t  u po n  C ompr t i nq r m j r r t l t c c h no l cqy p r i o r i t i � � . A l l  c o � t s  a r e  pre l i m i na ry p � t i "" tes . [ T  fun�� f o r  cll v i " o""c n t o l  r e l ., t ,'d J r t i v i t i e �  a r c  r a e t  of t he dr"<JnS ( ra U 0n p rOjec t tud�r t ;  r v  fu"d l n g " to be rOQu e , t e d  ,l d J u ', t i f i cd \ cp,l r J l r l y  f rom [1 fund i n 9 .  
[ n v i ron'",:, n t a l c o n t ro l  d c v r l o p !Tlc n t  a n d  dl'II'Cl n , t rH i o n  no t bud'J r t t'd b y  I V .  

.0 
, ....... 
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Contro l s  Y 
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R�'1ul red Task 

Z.2 [va l ua te the e f fecti veness o f  contaminated water 
c l ean-up, mana 9�ner.t , and d i sposal procedures 
for the SRC I process . 

2 . 3  Iden t i fy control n�eds necessary to ml t l 9a te 
trace ma t e r l . l  l eJ c h i ng from proc ess sol i d  
was tes from the SRC I f a c  i i i  ty'. 

2 . 4  Detl'mlne and·use env l ronn�n t a l  control technol 09Y 
and s a r e ty req u i rements for the SRC I demo 
fac l l l tv .  

2 . 5  Deve l op I f  necessary env i ronmental control s  to 
mi t i ga te envl ronment� I ,  hea l th ,  and sa fety 
I�ac ts of commerc i a l  opera t i ons for the SRC I 
demo f ac 1 1  i ty .  

Fundl n9 
O f f ; cO 

[ T  

[ V  

[T 

[V 

[ T  

£ V  

[ T  

2 . 6  Develop SRC I was te �naQement procedures and [T 
conduc t MO n i tori ng of ba s�l i n� ,  opera t iona l , and 
po s t -ope r a t ional so i l  and wa ter sys t�ms . 

2 . 7  E s t i ma te by e.perlmental  me t hods the hydro l o g i c  [T 

cyc l e  re l a t i v� to SRC I f u e l  was t e  s i tes . 

2.8  Define s ta te-of- the-art proc�dures for management 
of SRC I fuel wastes wh i c h  m i n i m i ze adverse 
envi ronmental  I mpac ts to ecosys t�s . 

ET 

Cos ts �/ 
($ thou. ands) 

m9�/ I mol/ l mY 

I 
II "umber rel a t�s to spec i f i c  envi ronmental obj�c t i ves l i s ted I n  Sec t ion 2 .  11 FY 7 9  Ac tua l for Ongo i ng R&D.  FY 79 tv fund i ng i s  for work done a t  the Tako� SRC p i l o t  p l a n t  

a n i  i nc l udes SRC I a nd SRC I I  modes o f  ope r a t i on .  'Y FY 8 0  £S t l l!l.l ted 8udget Al loca t l (l n .  FY  80 lV fundi ng I s  ror work done a t  the T.l korna SRC p i l o t  p l a n t  
a n d  I nc l udes ,RC I and SRC I I  modeS � f  op�ra t ; o n .  

���.JLC' T I T L[ : ,RC 

Co�nts 

FY 79 e f fort d i rec ted a t  PtlA control 
opti ons & concentra t i on of was te"a t�r. 

FY 7g ·60 e f fort focused on de tel'lr.i n l n9 
RCRA i mp l i c a t i ons ( sol i ds and s l udge s ) .  

E va l ua t i ng Hi tchel v i l l e  and subsequent burn 
t�s t resu I t  5 0  

!I To t a l  E s t i ma ted C o s t  for T a s k  t l �� n t ;  a l l  yea rs throuqh demonstra t i on proj�c t romr l � t l on for one 
SKC p l a n t .  Ava i l abi l i ty of fu�ds con t i ng e n t  upon c o�p� t i ng pro j ec t/ techno l ogy p r i o r i t i � s .  � Al l cos t s  a r e  pre l l ",I na ry e s t i lM tes . [T funds for envi ron",,'nld l r e l a ted J c t l v i t i es a re part of th� 
de...:lnstra t ion projec t budge t ;  tv fund i ng is to be req',es t�d " nd Jus t i f i ed sepJ ra t e l y  from [T  rund l ng .  Y [nvi ronMent � 1  contro l devr l upmcnt ac.d d�l"()n5 tra t l o n  not bud'wt�d b y  [ V .  
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3 . 1  Assess current In�orma t l on on a i r  qual i ty Surface E T  to substrate water supp l i e s  I n  th� regi ons where SRC I development Is anbklpa ted. 

3 . Z  Devel op I f  necessary .  me thodolog i es for measur i n9 [V a nd rronl tor i ng of a i r  and wa ter po l l utants  from the SRC I fac i l i ty wh ich ""'y adverse ly e ffec t ""' n  a nd the env i ronment .  

3 . 3  Accumul a te ba sel i ne opera t i onal and post opera- (T t i ona l a i r  and wa ter  qua l i ty da ta at the prOPosed SRC I s i te .  
[ V  

3 . 4  Charac ter i z e  a nd quant i fy the ma teri a l s  I n  SRC I £T process samples of p lanned and fuq l t l ve rel ea ses . produ c t s .  byproduc t s , e f f l uents . i eacha tes a nd [V  emi s s i ons from the  end use.  

3 . 5  Characterize chem i c a l  trans forma t i on of  a tmos- [V pher i c  re l ea se ; supp ly s a mp l es of reac t ion pro-duc t s  for sc reen i ng s t ud i e s  from SRC I process.  

3 . 6 Qua nt i fy consun,pt lon .. a ter  use dnd detpm l ne the £T I eHee ts on sur face and gro und.,a trr suppl i e s  a v a i l a b i l i ty ,  a nd qua l i ty a t t h e  "roposed S R C  I s i te .  

lJ '''mt>er re l � tes to spec i f i c  envi ronmental  objec t i ves l i s ted I n  Sec t i on l .  !I FY 79 Ac tua l for OngO ing  R&D. FY 79 [V fund i ng is for �rk done at the Tako"� SR( p i l o t  p l �nt a nd I n c l udes SRC I a nd SRC I I  modes of  oppr� t l o n .  11 f Y  80 [ s t l ma ted Budge t A l l oca t i o n .  r Y  R O  [ V  f und i ng I s  for wo r k  done a t  t�e T�koma SRC p i l o t  p l a n t  a n d  I nc l udes SRC I a n d  SRC I I  modes of opera t i o n .  Y T o t a l  ( s t i N ted C O H  f o r  Task  [ l e� n t ;  a l l yrui through drll>JnHra t i on project  to'"Pl e t lon f o r  one SRC p l a n t .  Ava i l a b i l i ty of funds con t i nqent upvn cOII,pe t i n9 projec t/ trchno l 09Y pr ior i t i e s .  11 A l l cos ts  a re prel i minary e s t ima te s .  £ T  funds for env l ron�entd l r e l � ted �c t i v i t i e s  a re p a r t  of the demons t ra t ion  prOject budqe t ; r v  fund i n g  is to be requrs trd � nd Jus t i f i ed ;ep� r� te ly  from [T  fundi ng • . 61 ( n v i rO " ,"'(' n t a l  con trol dove l opr-c n t  a n d ,'c1'(,ns t rJ t lon  not bU"'J C � l'd by [ V .  

PR�J[ CT Y i 1 t E : SkC I 

COIT.cnts 

Spec i fic needs to be defined . Generic  measurement s c i ence currently be i ng funded . 

Three years at demo l evel . 

�ork planned thru FY 1 986. 

Ne�ded s tudies to be defined. 
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TI\CL[ 1 
EtlVI �O"I'CNTI\L TI\Sr.S/I U�Dl !:r. OFF I CU�OSTS 

Co� ts '!.I 
( �  thousands ) 

Fund i ng fY 79ZJ FY()�I T ECY O f f i ce 

;'?QJ�O 7 I T �;;': SR( I 

Co::r..cnts 

ET wi l l  condut the ET-EV s tudies req u i red 1 .  Charac terlza- 3 . 7  Determine the e x tent of geol 09 i c a l  d i s turbances ET 
to be expected a t  SRC I fuel wa s te s i tes and the for the demons tra t i o n  s i t e .  E V  s tudies 

wi l l  be co�erc i a l  appl i c a t i ons o f  the 

I \ 
! 

I I 

t l o n  and 
Ilonl tor i ng effe< t on groundwa ter moveme n t ;  ana lyse control tV 
( co n t ' d )  ll'ethod s .  

3 .8  Character i ze and determine t h e  e x te n t  o f  l a nd [ T  
I II'.pacted by ash , res i due , and other wa s tes 
fo l l ow i ng convers i o n ,  and a s sess the need for [V 
con tro l s  and recl ama t i on e f forts a t  the SRC I s i t  • .  

3.9  Def i ne the de9rees of mobi l i za t ion a n d  fa t e  of [T 
trace me ta l s  and orga n i c  res i d ua l s  persent I n  
syn the t i c  fuel waste d i spo�a l s i tes for the SRC [V 
I proces s .  

3 . 1 0  Eya luate the tendency for tra c e  contaminants EV 
In wa s t e  s i tes t o  become b i o l og i ca l l y  a v a i l a b l e ,  

a n d  c h a rac ter i ze s i gni f i c a n t  food cha i r  trans-
fers for SRC I proce s s .  

3. 1 1  Characte r i z e  chemical  and mlcrob l ol oqlcal trans- [V 
forll'A t lons of r e s i d ua l s  wh i c h  proceed w i t h i n  
SRC d�mons t ra t l o n  p l a n t  wa s t e  s i tes or I n  fre�h 
water and so i l  systems to w h i c h  they are trans-
ferred , proy l de envi ron�nta l rea c t i o n  produc t s  
for screening s tud i e s . 

'I Number rel a tes to spec i f i c envi ronmental objec t i ves l i s ted i n Sec tion 2 .  

21 FT 79  Actua l  for Ong o i n g  R�D. FY 79 [ V  fund i ng I s  for .-ar k  done a t  the Tako� SRC pi l ot p l a n t  - and i nc l ud�s SRC I and SRC I I  modes of oper a t i o n .  
31  FT 80  E s t i � ted eu�get Al l oc a t ion.  FY 80  [V fur.di ng I s  for wo r k  done a t  the Tako� SRC pi l ot p l a n t  - �nd i n c l udes SRC I and SRC I I  modes of oper a t i o n .  

process . 

ET respons i b l e  for impa c t s  a t  demons tra t i or. 
s i t e .  [ V  respons i b l e  for exami n i ng i�pl l c a -
t i ons f o r  commerc i a l i za t i o n .  

Stud i e s p r i ma r i l y  p i l ot p l a n t  e f for t .  
M i n i ma l  s tud i e s  p l a nned a t  dem3ns t r a t l o r.  
pl ant . 

Needed s tud i es to be def i ned . 

Gene r i c  program on chemical and micro�iol O9-
i c a l  a spec ts o f  l i q u i d  and sol i d  wastes I s  
underwa y .  Spec i f i c  nee�s f o r  SRC I to be 
def i ne d .  

!I T o t a l  ( s t l n� ted C o s t  for T a s k  E l e� n t ;  a l l  ycars throug� demons tra t i on projec t con.pl e t lon f o r  one 
SRC p l a n t .  Ava i l a bi l i ty o f  fund� con t i n9�n t upon cOlI'pe t i nq proj('c t/ t �chnol oqy p r i or i t i e s . 

'!.I A l l c o � t s  are p r e l imi na ry es t i ll'� te s .  E T  f unds for env i ron",e n t a l  r e l a ted ac t i v ; t i � s  a r c  pa r t  of the 
demons tra t i o n  project budge t ;  EV fund i nq i� to be reGues t e d  �nd jus t i f i ed separa t e l y  from [T fund i n g .  � E n v i ronmenta l con trol deve l opment and demonstra t i o n  n o t  uuu�eted by lV . 
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Cc.� t� �I 
($ thous ands ) 

�pl'd fie 1/ Fun d i M  
FY79�1 i moll T(CY 

O�j�ct ivt' - Re�ul red Task O f r i c� 
COI!T,�" ts 

(. ,  ('Iccl.I�a t l onll 

I I 

! 
i 

J 

' -

S a f e ty and [T 
Hea l tll 

EV 

I 4 . 1  Oeye l op I '  neCeSSdry. �asurl ng and monf tor in� [V systems for SRC I 'work area s .  

4 . 2  Oeyelop I f  n�cessary, I ndi v i dua l dose mon i tori ng [Y sys tems for eY� l ua t i nq exposure to ha za rdous J sys tems a t  the SRC 1 s i te .  

I 4 . 3  Deyelop and I " p l e" lI' n t  program for oncdlcal  sur- n ye i l l ance of workers I n  the SRC I demons tra t ion 
I p i a 'l l .  
I 
I 

4 . 4  Oeyelop and I mp l ement SRC I fndus t r l � l  hygiene £T I and sa fety progr�� . 

4 . 5  Assess d�ta 'rom b i o l ogi c a l  s c ree n i n g  and [T to x f c l ty s tu d i e s  for pos s ibl e app l i c a t i on to SRC I demons t ra t i on p l a n t  I ndus t r i a l  hygi ene EY procedures . 

1/ "��er relates to spec i fi c  enV i ronmental obj e c t l ve� l i s ted In Sec t ion Z .  � F T  79 Ac tual for Ong o i ng R&D. FY 79 E Y  fund i ng I s  for work done a t  t h e  Takoma SRC p i l ot plant and I .. c l udes SRC I and SP.C II  modes "f opera t i on .  11 F Y  80 [ s t l � ted Budge t A l l oc a t i on .  FY 8 0  E V  fund i ng I s  for � r k  done at the Takoma SRC p i l o t  p l ant and I nc l udes SRC 1 and SRC I I  modes o f  oper a t i on . � Te ta l E s t I ma ted Cost for Task E l emen t ;  a l l  r e d rs through demo ns tra t i on proj�c t  comple t Ion for one 

Spec i f i c  needs to be de f i ned , 9�r.cric fhP.J S lJ r("mC ri t  S c ; cnce p"'ogrll"l cu rren t l y  
be i n9 funded . 

Spec i f i c  needs to be de f i ned , generic 
mr a s ureme n t  �cience pr09rJm curren t l y 
be i r.9 funded. 

[T r�spons l ble for demonstr� t l on oper� t lens. [V re� po ns l b l e for i mp l i c . t i ons for 
commerc i a l i za t i on .  fund i n g  i n c l uded 
under 6 . 1 .  

SRC pl J n t . Aya i l e � I l I ty o f  funds con t i nGent upon compt' t i n'l projec t l t echn�1 09Y priori t i e s .  51 A l l  c o s t s  are pre l i mi nary es t l � tes . E T  funds for enY i ronn�n ta l r e l a ted d c t i y i t i e s  a re n J r t  o f  the 

-
demu"s tra t t on projec t budge t ;  EV fund i ng i s to be requested �nd jus t i f l cd sepJrd t e l y  f rom [T fund i ng . §! E ny i ronme n ta l control deve l opm('nt a n d  demonHrH I o n  no t bud'Jc ted by EY . 
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Re'1ul red Task 

4 .6  Conduct ep l deml ol oqy s tudi es o f  workers and 
env i ronmen ta l l y  exposed popul ace in the SRC I coal 
l i qu i d s  I ndus try . 

4 . 7  Develop capab i l i ty for responses to major 
acc i denta l re l eases for the SRC I process .  

5 . 1  Charac terize b y  short. term �tllods. the b1010glcal 
act i v i ty 1 n  SRC I samples of pl anned and fugi t i ve 
process rel eases. produc ts .  byproduc tS .  effluen t s .  
sol i d  l eachates and emi ss ions from the end u s e  o f  
the produc ts a n d  the byproduc ts . 

. 5 . 2  E s tabl i sh dose-response re l a ti on sh i ps for c.rc l no-

chronic l ow l evel exposures to ��C I process 
e f f l uents defi ned by tox i c i ty s tud l � s .  

Fund i n n  
O f f i ci' 

[l 

[V 

[ T  

[V 

[T 
EY 

[Y 

[Y 

Costs '2/ 
(S t�ous ands ) 

m,l' I FY80)l l rEC�' 

T"o years . 

[T respons i b i l i ty . 

r�J'�.!hE_: S�C 

Co�nts 

\ genic poten t i a l and other de l ayed ef frcts for 

5 . 3  U s l nq ecol o g i c a l  sys tems capab l e  of quan t i ta t i ve 
response In s hor t  t i me  per i od s . determi ne po ten t i a l  

EY Nceded s tud i es to be defln('d. 

I 
."" , 1 " ,  ''''« ,f tho SOC , " � '" �''' ' ' ' ' .  

tI Number rela tes to spec i f i c  envi ronmental objec t i ves l i s ted i n  Sec t i on l .  £I FV 79 Actu.l for Ongo i n g  r&D. rv 79 [V fund i ng Is for work done at the Takoma SRC p i l ot pl a nt 
and i nc l udes SRC I a nd SRC 1 1  modeS of cpera t i on .  11 F V  60 Es t i ma ted Budget Al l oc a t i on .  rv 8 0  l V  fund i n? I s for work done a t  the Tako"� SRC p i l ot pl ant 
and I nc l 'Jdes SRC I and SRC I I  modes of opera t i o n .  

Y To ta l [ s t i md ted Cos t for 1 3 � k  [ l e� n t ;  a l l  ) ea r s  through de"",n-, t ra t i on pro j e c t  comp l e t i on for onc 
SRC p l a n t .  A.a i l ab i l i ty of funds con t l n<;rnt upon con;pe t l n� proJ e c t ' tech�0 1 0gy pri or i t i e s . 

<" Al l ( o s t s  are pre l i m i na ry es t i m.l tes . [l funds for envi ronn'c n t d l  re l � ted 3 c t i v i t i e s  a re pa r t  of the _ 
de"",ns tra t i on project budge t ;  (V fund i n q  i s  �o be requ r s t ed dnd j u' t i f i cd sep3 r a t e l y  f rom [1 fund i ng . 

ry E nv i ronme nta l con tro l d e v e l oPm('nt and demQns t rJ t i o n  root b'H'�r ! e d  by ( 1 .  
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5 .  Hea l th .nd 
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E f fec ts 
( c o n t ' d ) 

6. Asse�saents 

5 . 4  

5 . 5  

5 . 6  

6 . 1  

TflGl( 1 
[NVI RO��:(flTfll TflSKS/FI'r:DI :�G OFrl C[/CGSTS ?'.;,x:. 7 I h [ :  ��C I 

Co� t� �I 
( S  t�ou�dnds ) 

Fen d i nn 
rorll 

Fyeoll 
TEC�/ Req u i red Task 

O f f i  C "  
CC"';�:�nts Wi t h  appropr i a te eco l ory i ea l  sy� tc� . de termi ne [V l onv- term c h ro n i c  and � ub l e tha l e f fec t� o f  SRC I eoa l i quefac t i on e f f l ue n t s .  Ana lyze synerg i �M o f  these �ub s ta nc es wi th s e l ec ted chemi ca l .  b i o l o o i c a l  

I 
and phys i c a l s t res se s . 

Deve lop I f  neces�ary. approp r i a te n�a� uremen t .  [V Gene r i c  program on mea�urement and me thods 
mo n i tor i ng .  and sa ,"" l i n g  me thods for SRC I 

deve l o pmen t  i s  under'>,ay . SpeC i f i c needs 
proc es s . 

for SRC I I  to be d e f i ned . 
Qu� n t f l t f yel, eva l ua te in e.perfn>e n t a l  an ima l s [V I acute and de l ayed to. l c l ty .  ca rc i nogen i c i ty. .... tagen l c l t, .  and Sys t ems damage o f  che.d c a l  a 1 c n t �  and m l . tures i den t i f i ed I n  proces< wa < te s t reams for SRC I proc ess for wh i c h  requ i red I dose-e ffec ts da ta a rc I nadequa te or none. i s ten t . 

I 
I 

ET 

[V I 
Prepa re oyera l l  e n v i ronme n t a l  a s s e s sment of n 

£T wi l l  empha � l le the a s ses�ments of the t produc t i o n .  transport and usc of SRC I fuel 
de�n s tra t i o n  p l a n t  and [Y w i l l  concentra te 

I nc l ud 1 ng SOC i oeconomi c . hea l th .  a n d  eco l og i ca l [Y 
on the COfmlerc i a l i za t i on a s se s sr.l(' n t s . 

I"Ne t s .  

I 
1/ �umbtr rela tes to spec i f i c  env i ronmental object i ves l i s ted I n  Sect i on 2 .  II fy 79 Ac tua l for Ongo i ng R&D. FY 79 [V fund i ng Is for �rk done at the Takoma SRC p i lot pl.nt a nd I nc l vde� SRC I and SRC II  mode� o f  opera t i on .  11 F Y  8 0  [� t i mJ ted Budget A I I Q c a t l o n .  F Y  8 0  [V fu nd ! ng I s  for wo r k  done . t  t�p Takoma SRC p i l o t  p l a n t  a nd I nc l udes S R C  I and S R C  I I  mo d e s  o f  opera t i o n .  Y Te U I  [ s t l  ...... ted Cos t for T a s k  [ 1 ("7'(' n t ;  a 1 )  years through d�monHratfon proJect  comple t i on for one SRC p l � n t .  Ava i l ab i l i ty o f  funds co n t i n1 r n t  upen comp� t l ng prOjrc t / techoo l o qy p r i or i t i e s .  5/ A l l c o s ts a r e  pr� l t m l nHy e s l ff!\l t e< . E T  funds fur env i ronrrrnt� l re l a led .1 l t l v i t i e s  a r� part o f  the 

-
demo n s t ra t ion projec t budg� t ;  [V fund i n g  I s  to be reques t rd d nd j u s t i f i ed s e p d rd t e l y  from [T fund i ng . fd £nv l ron'N' n t a l  con t rol  deve l op "., n t  . n d  de"() n s t r.l t i on n o t  l>'Jd�r t r d  �y r v .  
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P 1 1 0 t  P l a n t  O�r.tlO" 

Plant Des 19n 
PRH ��" O( l A l tr O  l::r-

G( NO GO (I!C S I O H  S I  
Contrlc t l ng .nd Procur�nt t::r I--f::r'\.l-
Cons truction .nd Opera tion 

(o�rc l . 1 Deoe lopment 

[no l ro�r.t., R&D .nd Assessments 

[n'l ro�ntal Control Assessments 

Charlcter l zatlon .  "elsur_nt. Moni toring 

Occupltlo".' Sifety 

Hell th Studies 

[co I 0 9 1 C.' StudieS 

(ONT�AC 
AWARD 

14 
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�KT AttIlf:. 

,, 1  
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,, 9  

Integrated Assess�nts I nc l ud i ng  sOC l o�ono",lc 
0

1 7  
studies 

6 f11 1 1estone • I n l t l . t lon 
'il Mi l es tone · (OfIl) l e t l on 
o Dec is Ion Poi n t  

Ac t h l ty Bar _ • • •  , Cont i nu i ng 

- - - Of:::,. 
-NO GO 0( ( 

" 10 

l �  

1 / AsseSSMent of Ad�qUlcy of [no Ironment. I (ontrol Technol ogy 
2/ [ oa l ua t e  Adequacy of P l ant Control TrchnoloGY Ind Future Need� as ��u l red 
11 I n l t.i l te Process ChemI c a l  and Re � I du� l s  Charac ter i za t ion ( I' l l o t  P l a n t )  
4/ C�l ete Process C�ml c a l s  and Res i dua l s  Charac ter I za t ion ( P i l o t  P l a n t )  
SI I n l t l l te Proces s  Chem I c a l ' ReS i dual  Charac ter i z" t t on (Demo P l a n t )  
61 I n l t l l te Safety Procedures AHe�srnent 
7/ Dec I s Ion on Adequacy of Occupa t l on � l  Hea l th a nd  Safrty Medlc.1 Survei l l dnce 

P h n  
81 Conp l e te Assessment of Opera t ional Safe ty Proc�dures and Surve I l l ance 
91 I n i t i a te Hea l th Screen l nq ( P i lo t Pl an t ) 
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I I I  Comp l e t e  Hea l th Scree n i ng ( P i l o t  P l a nt ) 
I U  I n l t i . te Conf i rma tory Hea l th ( va l ua ti ons (Demo P l a n t )  
1 31 Con� l ete Chron i c  To. I c l ty ( P i l o t  P l a n t )  
1 41 I n i t i a t e  [ c a l o� l c a l  Screen i ng ( P i l o t  P l ant)  
I �I I n i t i a te [cal o� i c a l  E f fec t R e l a ted S�ud i es ( D eftIO  Pi ant)  
161 Co"v l ete ( c c laqi c a l  Scree n i nq ( P i l o t  P l a n t )  
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Append i x  R 

MOB I L I TY OF  POTENT IAL CONTAMI NANTS I N  S ITE SO I LS 

R . l  I NTRODUCT ION 

S i te a reas that cou l d  be s ubj ected to i nf i l trat ion of d i sso l ved contami nants i nc l ude the ash  
pond s ,  the coal  storage a rea s ,  the  metal s l udge l andfi l l , the wastewater treatment a rea , and  
so l vent storage a reas . These contami nant sou rce a reas a re l ocated on both  l ower and u ppe r 
terrace porti ons of the s i te .  Predomi nant so i l s  on both terraces i n  the area to be devel oped 
duri ng the demonstrat i on phase a re E l k ,  G i na t ,  Otwel l ,  We i nbach , and Jaco b .  These so i l s  a re 
s i l t  l oams and c l ay l oams w ith  variab l e permeabi l i ti e s  and l ocal frag i pans . Th i c knesses of 
s i l ty and c l ayey so i l s  on the upper terrace a re about 2 . 5  m ( 8  ft ) and on the l ower terrace 
about 4 . 6  m ( 1 5  ft ) .  S u rfi c i a l  so i l s  of the u pper terrace overl i e  a l ens  of l oose sand 
( Append i x  L ) ,  and on the l ower terrace , s u rfi c i a l  so i l s  overl i e  fa i r ly  dense sand . 

So i l  permeabi l i ty data from the so i l s u rvey for Dav i es s  and Hancock count i e s l  were used to 
e st imate the per i od of  res i dency of l eachates i n  s u rfi c i a l  s o i l s .  Permea b i l i ty beneath mea sured 
profi l es ,  to the top of the underly i n g  sand , wa s assumed to be the same as  that at the base of 
the mea s u red zone . Tabl e R . l  g i ves the ranges of  t ime ( i n hours ) requ i red for water to pas s 
t hrough  so i l types ,  a s sum i n g  perco l a t i on at the publ i s hed ra te . The E l k so i l  i s  most  permeabl e ,  
and the G i nat and Ja cob s o i l s  a re l east  permeab l e .  

The i n f i l trat ion e st imates were prepa red u s i ng the des i gn parameters o f  the a s h  d i s posa l  ponds : 
a 1 5-cm ( 6 - i n . ) compacted c l ay l i ner ha v i n g  hydrau l i c  conduc t i v i ty of  1 0- 7 cm/ s and a 6 . 2-m 
( 2 0-ft ) hyd rau l i c  head on the l i ner .  Darcy ' �  l aw was u sed to  est imate t he  vol ume of seepage 
through  the l i ner  w h i c h  i s  approximate ly  4 . 1  x 1 0- 2 cm3/s/m2 . Hydrau l i c  conduct i v i t i es of 
ex i s t i ng s o i l  hori zons range from 4 x 1 0- 3 cm/ s to 4 x 1 0- 5 cm/ s ,  wh i c h  i s  equ i va l ent to i n f i l 
trat ion of 0 . 4  cm3/s/m2 to 4 cm3/ s/m2 under zero head cond i t i on s .  Compari sons of the seepage 
vol ume through  the l i ner  wi th the i n f i l trat ion capac i t i es of  underly i ng so i l hori zons i n d i cate 
that as  l eachate soaks t hrough  the c l ay l i ner  i ts vel oc i ty wi l l  i ncrease in under ly i ng so i l s .  
The ranges o f  t ime requ i red for l eachate to penetrate the s o i l  profi l e  a ssume verti cal  m i gra
t i o n ,  and  Darcy ' s  l aw was used to compute the travel t i me .  Travel t i mes  t hrough s u rf i c i a l  
s o i l s  o n l y  a re i n c l uded because l eachate m i g rat ion i n  the underly i ng  sands i s  expected t o  be 
more ra p i d  than i n  s i l ty c l ays and w i l l  be strong ly  i nfl uenced by water tab l e fl uctuati ons 
and fl ow patterns i n  the a l l uv i a l  aqu i fer .  Upon reac h i n g  the water tabl e ,  l eachate is expected 
to m i g rate wi th the predomi nant groundwa ter movements . 

The i nf i l trat i on cond i t i ons ass umed i n  the prepa rat i on of Tab l e  R . l  a re an overs i mp l i f i cat ion of 
the known cond i t ions . The Otwe l l  and We inbach so i l s  typ i ca l l y  have a fra g i pan in the s u bso i l ,  
and the G i nat s o i l  has a poorly devel oped frag i pan i n  some a reas . Permeab i l i t i es of the frag i pan 
zones a re a bout one order of magn i tude l ower than for overl y i n g  and underly i n g  zone s .  In the 
event of  l i ner  fa i l u re ,  w h i c h  res u l ts in i nf i l trat i on of a l a rge vol ume of l i q u i d  above a 
frag i pan , l ateral m i gration at the top of the l ow permeab i l i ty zone wou l d  resu l t ,  and a l esser  
amount of the l i qu i d  wou l d  i nf i l trate the frag i pan . F l u i ds m i g rat i ng l ateral ly  cou l d  travel to 
a reas where downward m i g ration  i s  l ess  i nh i b i ted o r ,  i f  suffi c i ent hydrau l i c  head ex i sts , cou l d  
saturate s u rface s o i l s  outs ide  o f  d i ked a reas and brea k out a t  the s urface . The probab i l i ty 
of  e i ther of these cond i t i on s  occurri ng  depends on l ocal cond i t ions , the l ocati on of a l ea k ,  and 
the amount of  fl u i d  i nvol ved in a l ea k .  Res i dence t imes g i ven in Tab l e  R . l  represent a case of 
vert i ca l  i n f i l trat i on and l ateral m i g rat i on in greater res i dence t imes fo r l i q u i d s  i n  the 
s urface so i l s .  

The s i gn i fi cance of the res i dence peri od of potent i a l  contami nants i n  surfi c i a l  so i l s  i s  that 
tox i c  trace meta l s may be prevented from reach i ng the grou ndwa ter sys tem by ion exchange near 
the s u rface . Samp l e s  of  E l k and G i nat B-ho ri zon so i l s  co l l ected on the s i te had cati on exchange 
capac i t i e s  of  1 8  to 20  mi l l i equ i va l ents per 1 00 g rams of  so i l .  T h i s  exchange capac i ty ,  though 
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Table R . 1 .  Leachate residence timeS i n  surficial soils 

Soil horizon thickness Range of hydrau l ic  Time requi red to  penetrate so i l  col u m n  

Soil  
Series 

E l k  

Total 

Otwell 

Total 

Melvin 

Weinbach 

Total 

Jacob 

------�- - -
Upper Lower 

terraceb terracec 
(cm) (cm) .. - _ . - - - -- ---- -- ---
76d 7sd 

1 52 366 

5 1d NP" 
36' 

143 

22gd 44� 

46d 4sd 
4 1 ' 4 1  

N P  44� 

conductivity 

M in  Max 
(cm!s) (cm!s) - -- - - - - - -

4.4E-4 1 .4 E -3 
1 .4 E -3 4.4E-3 

4.4E-4 1 .4E-3 
4 .2E-5 l .4E-4 
4.4E-4 1 .4E-3 

4.4E-4 1 .4 E -3 

4.4 E -4 1 .4 E -3 
4.2E-5 1 .4 E -4 

1 .4E-4 4.4E-4 

Upper terrace Lower terrace 

M in  Max M in  Max 
(hours) (hours) (hours) (hours )  

1 5  48 1 5  48 
1 0  30 23 73 -
25 78 38 1 2 1  

1 0  32 N P  N P  
7 1  238 
28 90 

1 36 643 1 79 1067 

45 1 4 5  279 877 

9 29 9 29 
81  271 81  27 1 

1 28 390 1 6 1  525 

NP NP 279 877 

a Residence time is the number of hours requi red for leachate to penetrate the total thickness of fine 
grained surficial so i ls ,  assuming vertical movement through the entire profile. 

b Surficial silts and clays on the upper terrace are approximately 2.5 m (8ft) thick. 
cSurficial s i l ts and clays on the lower terrace are approximately 4.6 m ( 1 5  ft) thick. 
dThickness of su rface soi l  horizon is  assumed to be 1 5  cm (6 in.) less than publ ished value since site 

preparation includes removal of this so i l .  
eN ot present. 
'Data for fragipan layer. 
Source: Soi l  horizon thicknesses and permeabilities were obtained from Soil Survey of D8viess and 

Hancock counties, Kentucky, U.S.  Dept. of Agriculture, So i l  Conservation Service, Washington, D .C.,  1 974. 

not espec i a l l y  h i gh ,  refl ects the good ab i l i ty of these soi l s  to attenuate trace meta l s under 

favo rabl e  cond i t ions . Under strong ly  ac i d i c  and/or reduc i ng cond i t i ons , the attenuati ng  

capaci ty of the  so i l s  i s  expected to  d i mi n i s h .  Even under favorab l e cond i t i ons , oversaturation  

o f  the so i l  wi th contami nants wou l d  resu l t in  mi grati on of l eachates i nto the u nderl y ing  sands 

wh i c h  conta i n  the a l l uv i a l aqu i fer . 

R . 2  D I SCUSS ION OF ASSUMPT IONS USED I N  SRC- I GROUNDWATER TRANSPORT MODELL I NG :  METAL SLUDGE 
LANDF I LL* 

Several a ssumpt ions  have , of necess i ty ,  been made concern i ng the propert i e s  of the so i l s  at 
the Newman s i te and the behav ior  of the chemi cal spec i e s  be i ng transported . These may be 
summari zed as fol l ows : 

1 .  The permea bi l i ty of the  s i l ty c l ay and  s i l t  l ayer immedi ate ly  bel ow the l andfi l l  had to 
be est imated because no permea b i l i ty data were avai l ab l e for th i s  so i l type at the s i te .  
The s i l ty c l ay was est imated to be three orders of magn i tude l ess  permeabl e than the dense 
sand . Because t h i s  s i l ty c l ay l ayer dete rmi nes the rate of verti cal fl ow through the 
unsaturated zone beneath the l andfi l l  ( at l east , in the worst case , i n  wh i ch the synthet i c  
a n d  cl ay l i ners are assumed t o  have ruptured ) ,  the val ue  se l ected for permeab i l i ty i s  
cr i ti cal . R u n s  were performed us i ng  val ues o f  1 x 1 0-6 cm/ s ( typi cal val ue for cl ays ) 
and 1 x 1 0- 5 cm/s  as o btai ned from l aboratory res ul ts of recompacted s i te materi a l . 

2 .  A mi n i mum re l at i ve permeabi l i ty was imposed o n  the unsaturated so i l s  because  the re l at i on
s h i ps s upp l i ed for the vari at ion of permeabi l i ty wi th s uct ion pressure ( refer to a s s ump
t i on 3) are u nreal i s ti c for h i gh suction  pressures . Thi s m i n i mum val ue sel ected , wh ich  i s  
from ref.  2 ,  i s  0 . 005 . 

* Th i s  sect i on was supp l i ed by I CRC and Dames & Moore . 
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3. Because cha racter i s t i cs of permeabi l i ty vs suction  p res s ure and deg ree of  saturation  vs 
s uct ion  p ress u re have not been determi ned for the s i te ,  the re l at ions h i ps devel oped by 
Van Genuchten , 3 for two genera l so i l types were used . 

4 .  D i s tr i bution coeff i c i ents for adsorption  of the various chemi ca l spec i es onto the so i l 
part i c l es have been extracted from vari ous fi e l d  programs conducted by Dames & Moore . 
S pec i fi ca l l y ,  the F reund l i c h  adsorpti on express i on was used : 

where 

Cs i s  the concentration  on the soi l ( mg/g ) , 
Kd i s  the adsorption  d i str ibut ion coeffi c i ent [mg ( l -m ) l m/gJ , 
C i s  the concentration  i n  the g roundwater (mg/l ) ,  

m i s  the exponent  of C .  

The val ues o f  Kct and m used i n  the study are l i sted i n  Tab l e  1 .  They a re based on adsorpti on cha racter i st i c s  of a rseni c ,  cadmi um,  and sel en i um as observed in a ca l careous so i  1 .  

Sod Untt 

Sludge and leachate 
Clay l iner 
Silty clay 
Loose sand 
Dense sand 

Sludge and leachate 
Clay Imer 
Sdty clay 
Loose sand 
Dense sand 

Sludge 
Clay l iner 
Silty clay 
Loose sand 
Dense sand 

Sludge 

Clay [mer 
Silty clay 

Loose sand 
Dense sand 

Table 1. Summary of data used in SRC-J groundwater and leaching chemical 
species transpon modelling - hydrodynamic parameters 

Parameter 

Moisture content 

Dry density 

Porosity and unconfined 
storage coefficient 

Saturated permeabil ity 

Value 

40% 
20% 
20% 
25% 
25% 

1 1 0  pcfa 
1 20 pcfa 
100 pet 
1 0 2  pet 
1 1 0  pcf 

0.40" 
0.30" 
0.38 
0.44 
0.41 

2.835 X 10·· ft/day' 

2 835 X 10-· ft/day 
11 2.835 X 10-3 ft/day 

21 2.835 X 10·' It/day 
2.835 ft/day 

2.835 X 10-' ft/day 

Source 

Data on moisture content of 
the various soils and the 
dry density were obtained 
various bore holes, but 
particularly hole No . 5, 
which was nearest to the 
landfill site {Atec Assoc., 
Geotechnical Engineering 
Study. October 19791 

Data on sludge and clay 
liner i s  partially based 
field data obtained by 
Dames & Moore at a 
uranium sludge pond site 
(Gas Hills, WYO.)8 

EnvIronmental Report, 
p. F -33 

Estimate, Atec Assoc., 
Geotechnical Engmeering 
Study, October 1 9 79, 

p. 1 6  
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Adsorpti on d i stri buti on coeffi ci ents are a funct i on of the l oca l pH of the groundwater .  
Because  the pH i n  the  l andfi l l  i s  expected to be  very h igh  because of the  trea tment 
that the s l udge wi l l  have undergone , pH wi l l  decrease in p roport i on to d i stance from the 
l andfi l l .  I n  genera l , Kct has been exper imenta l ly  observed to i ncrease wi th p H ;  thu s ,  
the meta l s wou l d be l e s s  mob i l e  i n  the ne i ghbo rhood o f  the l andfi l l  than a t  average pH 
l evel s .  S i m i l arl y ,  the sol ub i l i ty of the metal s wi l l  decrease in proporti on to d i stance 
from the l andfi l l  because  of the va ri at ion  in pH . Both of these factors ma ke probabl e 
an overest imat ion of transport i n  the reg i on adj acent to the pond , i n  wh i ch pH l evel s 
a re affected by pond seepage and before the so i l  has compl ete l y  buffered the pH . That 
i s ,  the p redi cted res u l ts wi l l  be conservati ve . 

5 .  Based o n  n umerous  l aboratory and fi e l d measu rements o f  the rmal p l umes i n  surface waters , 
Sh i raz i  and Dav i s4 have deve l oped a seri es  of g raphs of p l ume traj ector ies  tha: depend 
on jet vs amb i ent c urrent vel oc i t i e s .  Because  the unsaturated one-d imens i onal  analys i s  
resul ted i n  a pred i ct i on o f  verti cal fl u i d ve l oc i ti es a t  the water tab l e  and because the 
amb i ent groundwater vel oci ti es may be est imated from observati on wel l data , the depth 
to wh i ch the concentrati on p l ume wi l l  penetrate may be anal ogous ly  determi ned . I n  th i s  
way , i t  was estab l i shed that the maxi mum depth o f  p l ume penetrati on woul d be 9 . 8  m ( 32 ft ) ; 
4 . 9  m ( 1 6  ft) was taken a s  an average val ue . 

The s l udge l andfi l l  was mode l l ed numeri ca l l y by means of two Dames  & Moore compu ter 
p rograms . One  prog ram mode l l ed the  l andfi l l  and under ly i ng  so i l s  duri ng  the  t i me requ i red 
for the meta l s of concern to reach the water tab l e  ( i . e . , an unsaturated fl ow model i n  one , 
verti cal s pace doma i n  was used ) . The second program was used to model the transport of 
the chemi ca l  s pec ies  after they have reached the water tabl e .  Th i s  model i s  app l i cabl e to 
saturated fl ow cond i t i ons and was appl i ed i n  the two-d imens i onal  hori zontal p l ane . 

a .  The unsaturated model p redi cted the fol l owi ng resu l ts : 

A one-di mens i ona l  vert i ca l  mode l of the l andfi l l  and underl yi ng  soi l s  was u sed  to 
p redi ct ( 1 ) the fl ow vel oc i ti e s  and ( 2 )  the t ime neces sary for the cadmi um and arsen i c  
fronts to reach  the current water tab l e .  Duri ng  the i n i t i a l model i ng ,  se l en i um ,  wh i c h  
i s  very i mmob i l e  i n  a cal careous soi l ,  was found  t o  take more than 5 0  years t o  reach 
the water tab l e ;  hence , sel en i um was not model l ed in any deta i l .  

A col umn of  40 f i n i te-di fference ce l l s  was used to represent the 1 3 . 9-m (45 . 5-ft)  
col umn s i ze between the top of the l andfi l l  and the water tabl e .  The pressure heads 
wi th i n  the l andfi l l  were mode l l ed at hydrostat i c  pressures ( i . e . , the pressure on 
the l i ner was 2 . 4  m ( 8  ft) of  water ( a ssumi ng  that the l an dfi l l  is  conti nuous l y  
f i l l ed t o  i ts maxi mum permi ss i bl e  depth ) .  The pressure head at the water tab l e  was 
set to zero ( re l at i ve to atmos pheri c pressure ) .  

The resu l ts of the one-d i mens i onal predi cti ons s howed that after two years the pore 
p ressures  reached steady state and d i d not change thereafter .  The soi l col umn under 
the l andfi l l  never becomes compl etely saturated beneath the s i l ty c l ay l ayer because 
the s i l ty c l ay un i t  cannot transmi t mo i s ture rap i dl y  enough to saturate the sands 
beneath . 

The chemi cal s peci es front travel s s l owl y down to the water tabl e ;  the i r  rate of 
travel depends on the l oca l concentrat ion  g rad i en t ,  g roundwater fl ow vel oci ty ,  and 
rate of adsorpti on i nto the so i l . For a case i n  wh i ch the l andfi l l  l i ner  i s  assumed 
to rupture compl ete l y ,  i t  was found that i t  took 1 0  years for cadmi um concentrati ons 
of ha l f  that found i n  the l andfi l l  i tse l f  to reach the water tab l e .  The correspondi ng  
t i me for  arsen i c  i s  1 1  years . A second run ,  i n  wh i ch the  permeabi l i ty of the  s i l ty 
c l ay was reduced by an order of magn i tude , reduced the t ime of passage to the water 
tab l e by ha l f  for each of the sel ected meta l s (5 and 6 years , respecti ve l y ) . 

b .  The saturated model p redi cted the fol l ow i n g  res u l ts : 

A two-d i men s i onal  hori zontal model of the saturated sand u n i t  bel ow the l andfi l l  was 
u sed  to p redi c t  the transport of chemi ca l spec i e s  of concern a fter they had reached 
the water tabl e .  
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A fi n i te-d i fference g ri d of 29 by 33 cel l s  of vari a b l e  s i ze ,  coveri ng  305 m2 ( 1 00 ft2 ) 
was used i n  th i s  ana lys i s .  A groundwater g radi ent of 0 . 00085 m/m ( 0 . 0028 ft/ft ) i n  a 
d i rect ion N to S ,  deduced from the observat ion we l l  data at the s i te ,  was i nput to 
the mode l . The head i n  the Green R i ve r  was fi xed at a summer l ow-fl ow l evel of 1 06 m 
( 349 ft ) .  Th i s  gradi ent was used because  of l im i ted data on fl ow characteri st i c s  
to  t he  west  of t he  s i te .  Prel im i nary data i nd i cates fl ow i s  not  to  t he  south  but to 
the SW and S E ;  s o ,  a wo rs t-case as s umption of fl ow d i rectly to the ri ver was use d .  

T h e  fl ow i s  averaged wi th depths i n  t h e  verti ca l  d i recti o n .  Because t h e  bedrock i s  
a l most  30. 5 m ( 1 00 ft)  beneath the water tabl e ,  i t  i s  ve ry un l i ke ly  that the concen
t ration  p l ume wi l l  m i x  through that enti re depth . Thus , some assumpt i ons , based on 
the fl ow of j ets i nto amb i ent cu rrents and documented e l sewhere , have been used to 
a rr i ve at max imum and mi n i mum probab l e p l ume depth s .  

Pred i ct ions  o f  the concentrat ion  d i str i but i ons o f  cadmi um and a rsen i c ,  wh i ch a re 
based on a s s umptions that the l andfi l l  i s  a cont i nuous source fo r 1 00 years and that 
the p l ume depth i s  the m i n i mum l i ke ly  to occ u r ,  s how that even afte r 1 00 years the 
p l umes do not reach the Green Ri ver .  The s i l ty c l ay un i t  that bo rders the ri ver 
tends to defl ect the p l ume para l l e l to the ri ve r ,  as  may be observed in the a rseni c 
p l ume at a t i me of 1 00 yea rs after the sta rt of d i s posal  operat i ons . 

The second run res u l ted i n  a more rap i d  transport of metal s to the water tab l e  b ut 
reduced each two-d imen s i onal  fl ow concen trat i on  by on ly  the respect i ve 5 years . Th i s  
res u l ts i n  the 50-year concentrat ions  on the graph to be those after 4 5  years for 
the second run . 

Tab l e  2 i s  a s ummary of the chemica l  s pec i es data and react ion  parameters used i n  the 
tran sport model l i n g .  

Chemica! 
speCIes 

Arsenic 
Cadmium 
Selenium 

Arsenic 
Cadmium 
Selenium 

Arsemc 
Cadmium 
Selenium 

ArsenIc 
Cadmium 
SelenIum 

Table 2. Summary of data used in SAC-I groundwater and leaching chemical 

species transport modelling - chemical species and reaction parameters 

Parameter Value Source 

Adsorption coefficient 

0.0 1 5  Kd and m data have been extracted 
0.002 from tests conducted by Dames 
3457 Moore on a calcareous type sod 

Exxon-Crandon, E IS, Dames & M 
1 980 

m (exponent In 
Freundlich adsorption 
expression)  

0.877 
0.31 
3.01 

Background concen-
trations 

0.0057 mg/iiter Background concentrations are 
0.0019 mg/liter taken from p. N -7 of the Draft 
0.005 mg/liter E IS for SRC·I,  January 1 9 8 1  

landfIll concentratIons 

9.05 mg/llter Landfill concentratIons are taken 
0.166 mg/(Iter from p. P-3 of the Draft E I S  
0.829/1tter SAC·I ,  January 1981 

Concentrat i ons of a rsen i c  and cadmi um i n  an unl i ned l andfi l l  a re shown i n  F i gs .  R . l  and R . 2  
respecti ve l y .  

The cases i l l u strated i n  Fi g s .  R . 3  through R . 6  represent a worst-case s i tuat i on : 

1 .  The permeab i l i ty of the dense sand ( be l ow the water tabl e )  was taken to be 1 0- 3 cm/s 
(The range quoted i n  ref .  5 is 1 0- 3 to 1 0- 4 cm/s ) .  
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E S - 5752  

a 500 I t  
I I 

a 1 52 m 

CADMIUM :  50 years 

F i g .  R . 3 . Concentrat ions of cadmi um i n  an unl i ned l andfi l l  ( 50 years ) . 

ES- 5758 

a 500 It 
I I 

a 1 52 m  

ARSEN I C :  50 years 

F i g .  R . 4 .  Concentrat ion s  of a rsen i c  i n  an u n l i ned  l andfi l l  ( 50 years ) .  
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ES - 5753 

a 500 I t  
I I 

a 1 52 m  

CADM I U M :  100 years 

F i g .  R . 5 .  Concentrations  of  cadmi um i n  an unl i ned l andfi l l  ( 1 00 yea rs ) .  

a 500 I t  
I I 

a 1 52 m  

A RSEN I C :  1 00 years  

E S - 5 7 5 4  

F i g .  R . 6 .  Concentrations  of  arsen i c  i n  an unl i ned l andfi l l  ( 1 00 years ) .  
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2 .  The l andfi l l  i s  assumed to have no l i n i ng sys tem and to be i n  cont i n uous  acti ve servi ce 
thro ughout the peri od  of predi ction . (Act i ve l i fe of the l andfi l l  wi l l  be cons i derab ly  
l es s  than  50 to  1 00 years . ) 

3 .  The depth o f  p l ume penetration  i s  assumed to be a mi n i mum val ue [ 4 . 9  m ( 1 6  ft) bel ow the 
water tabl e ] . The mi n imum i s  4 . 9 m ( 1 6  ft ) ,  and the maximum i s  9 . 8  m (32 ft ) .  
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A I R  QUAL ITY 

The resu l ts g i ven i n  Tab l e  4 . 1 6  were de r i ved from a i r  qua l i ty mode l i ng of the SRC - I  demon stra
t i on p l ant  u s i ng the I n dustri a l  Source Compl ex ( I SC )  mode l . The I SC model  i s  the U . S . E nv i ron 
mental Protect i on Agency ' s  ( EPA ) updat i ng  of the i r  CRSTER ( s i n g l e  source ) mode l . The I SC  model  
has  the capab i l i ty of ca l cu l at i ng pol l utant concentrat i ons  on  a gr id  from many d i fferen t 
sources at d i fferent l ocat i ons . I t  a l so hand l es both area sou rces and p o i n t  sources and l ends  
i tse l f  we l l  to a p roject s uch as SRC - I  w i th ( 1 )  l a rge area sources in  i ts coal p i l e s  and 
( 2 )  many po i nt  Sources . 

The I SC model actua l l y  con s i sts  of  two computer prog rams : the I SCST ( ST  = short term) and 
I SCLT (LT = l ong term ) . The I SCST uses  sequen t i a l hourly meteo ro l og i ca l  da ta of the format 
used by i ts E PA p redecessor  program C RSTE R , and the I SCLT uses a STAR meteorol og i cal  data 
i n put - a w i nd  frequency d i str i but ion  program c l ass i fi e d  accordi ng to s i x  a i r  s tab i l i ty 
categor i es . 

Th i s  I SC model i s  expected to be p l aced on E PA ' s  "Gu i de l i ne on A i r Qua l i ty "  l i s t of recommended 
mode l s  when the Gu i de l i ne is updated in early 1 981 . 

S . l S E L ECTION  OF BASEL I N E  MON I TORING  S ITE  BY  MODE L I NG 

Ai r qual i ty and meteorol ogi ca l  mon i tori ng has  been conducted on a s i te se l ected for the 
con structi on of a proposed sol vent refi ned coa l ( SRC- I )  proce s s i n g  fac i l i ty .  The objecti ve of 
th i s  mon i tori ng ha s  been to document  the base l i ne cond i t i on s  pr ior to con s truct i on of the 
fac i l i ty to be abl e to assess  the a i r  qual i ty impact of i ts con s tructi on and operat i on .  

Mon i to r i n g  was i n i t i a l l y  conducted on s i te fo r one yea r from October 1 2 ,  1 9 7 7 ,  to October 20 , 
1 978 . r\ repo rt of  the f i n d i ngs  of  that i n i t i a l yea r  of mon i tor i ng i s  i n  Ref. 1 .  Fol l owi ng a 
redef i n i t i o n  o f  the S RC- I  p roj ec t ,  an expanded mon i tor i ng  program was begun on the same s i te on 
Apri l 30, 1 979 ,  and conti nued to Apri l 30 , 1 980 . 

The proposed SRC- I fac i l i ty s i te i s  l ocated on the Green R i ver i n  Dav i es s  County near Newman , 
Kentucky ,  1 9  km ( 1 2  m i l e s )  wes t  of Owensboro , Kentu cky . Th i s  i s  a rura l , agr i c u l tural area . 
The nearest  major  po i n t  sources are power generat i n g  fac i l i t i es on the Oh i o  R i ver , 1 1  km 
( 7  m i l e s ) north-northwest  of the s i te .  

Ai r qual i ty d i spers i on mode l i n g wa s used to se l ect  the l ocat i on of the mon i tori ng  s i te .  The 
pa ramete rs to be mon i tored were sel ected in consu l tati on w i th the U . S .  Depa rtment of Energy 
( DOE ) and the Kentucky D i v i s i on of Ai r Po l l ut i on Contro l . 

The ba s i c  numeri cal  mode l used to s i mu l ate the a i r  qual i ty i n  the area near the proposed s i te 
and the impact of the proposed fac i l i ty was E PA ' s  CRSTER . The formu l at i on and assumpt i on s  of 
th i s  model  are descr i bed in the User ' s  Man ua l  ( E PA 1 977 ) . A mod i fi ca t i on was made to the 
or i g i na l  model  to a l l ow mu l t i p l e  sources to be l ocated at d i fferent  p o i n ts w i th i n  the pol ar  
gr id  ( MLTCRS ) .  Th i s  change  a l l ows each  fac i l i ty to  be  trea ted i ndependent ly  wh i l e  the  pred i cted 
pol l utant concentrati on s  at  each receptor reflect  the i n fl uence of a l l  sources . The terra i n  i n  
the s tudy a rea was assumed to be un i form . 

The pol ar  g r i d  used i n  the model  ( MLTCRS ) wa s centered on the proposed S RC p l ant  s i te .  The 
receptors were l ocated every 1 0  deg rees radi a l l y  around the s i te at  1 ,  3 ,  6 ,  1 0 ,  and 1 5  km from 
the s i te .  Th i s  con fi gurati on produces a denser network of receptors ( c l ose to the s i te ) , wh i c h  
i s  of pr ime i n te rest  i n  th i s  proj ect .  I t  a l so i nc l udes the probabl e i mpact a rea of the proposed 
si te o 
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The  MLTCRS o utput is  i dentical  to the  C RSTER output  format . The  annual  average , as we l l  a s  
the  h i ghest and  second h i ghest 24- and 3-h  concentrati ons a re g i ven at  each of  the  1 80 
receptors . The 24- and 3-h concentrations  a re not concurrent but a re the h i ghest ( o r  second 
h i ghest)  to occur at  each of the receptors dur i ng the meteorol og i ca l  year mode l ed .  Meteoro
l og i cal  data from the Rockport generat i ng stati on , under construct i on , were ut i l i zed as 
i nput to MLTCRS . 

S . 2 RESULTS 

S . 2 . 1  Su l fur d i ox i de model i ng before moni tor i ng 

The model ed concentrations  of  S02 showed a un i form di str i bution  i n  the a rea of  the proposed SRC 
p l ant s i te wi th max imums nearer the exi st ing  maj or  sources near Newburg h ,  I nd i ana , and in Owens
boro , Kentucky . 

The resu l ts of  the model i n g  ana l ys i s  are summari zed  i n  Tabl e S . l  for compari son  wi th the resu l ts  
o f  the  ons i te mon i tor ing  conducted from October 1 977 to  October 1 978 and the  Kentucky Ambi ent 
Qua l i ty Standards . 

Table S . 1 .  Summary of modeled and measured maximum S02 concentrations 

Concentrations given in Ilg/m3 

Location : 2300 5 km 
Location :  500 10 km Location : 3400 10 km 

Annual 
H ighest 

24·h 
Second·highest 

24·h 
H ighest 3·h Second·h ighest 3·h 

Modeled for 1975 25 243 1 57 760 
using M L TCRS" 

Measured on site 19 1 73 138 586 
1 97 7 - 1 978 

Kentucky primary SO 365b 

S02 standard 

Kentucky secondary 60 
S02 standard 

a M L  TCRS - a version developed by Dames and Moore of the EPA·approved CRSTER d ispersion model. 
b Not to be exceeded more than once per year. 
Source: E R, Appendix I .  

591 

568 

1 3od' 

Tabl e S . l  i nd i cates that the annual  h i ghest 24-h and second h i ghest 24-h concentrations  occur at 
230 degrees and 1 5  km from the proposed p l ant s i te .  The meteoro l o g i cal  cond i t i on s  contr i but ing  
to  the  24-h  max imums i nc l ude wi nds from the  south and south-southwest , s uggesti ng  the  sources of  
these maxi mums a re the  manufacturi ng and power generati on p l ants l ocated 25 to  26 km southwest of  
the  p roposed p l ant . 

S . 2 . 2  Particu l ate matter mode l i ng before moni tor i ng 

As with  S02 ' the model ed total suspended particul ates ( TSP ) concentrati on s  around the proposed 
p l ant s i te s howed a rel ati ve l y un i form di stri buti on . The concentrati ons  predi cted from the model 
a re not very h i gh because i t  i nc l uded on ly  the contri buti ons of  the po i nt  sources l i sted i n  
Sect . 4 . 2 . 3 .  Most  o f  the TSP mea sured i n  the atmo sphere comes from fug i ti ve source s .  

The resu l ts of  the T SP mode l i ng ana lys i s  a n d  ons i te measurements a re s ummari zed i n  Tab l e  S . 2 ,  
wh i l e  Fi gs . 4 . 4  and 4 . 5  depi ct the d i stri bution  o f  annual average and second h i ghest TSP con-
centrations  a s  ca l cu l ated by MLTCRS . 
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Table S.2. Summary o f  modeled and measured maximum total suspended 
particulate (TSP ) concentrations 

Concentrations given in Ilg/m3 ; measu red at  location of 3300 1 5  km 
- ------- .. --�--------- ---------�- -------------

Annual  H ighest 24-h Second h i ghest 24 -h ----
Modeled for 1975 2.2 23 20 

by M LTCRS" 

Measu red on si te 48 189 1 4 6  
1 9 7 7 - 1 978 

Kentucky primary 75 2 6ct 
TSP standard 

Ken tucky secondary 60 1 50 
TSP standard 

a M LTCRS - a version developed by Dames and Moore of the EPA-approved 
C RSTE R dispersion model. 

b Not to be exceeded more th an  once per year. 
Sou rce : ER, Appe ndix I .  

Concentrat i ons of n i t rogen d i ox i de we re pred i cted i n  a s i m i l a r  fas h i on , ut i l i z i ng t he  MLTCRS 
mode l . No  atmospheri c reacti ons were ass umed , so the res u l ts l i sted in Ta b l e  4 . 1 3  rep res ent 
conservat i ve est imates of po l l utant concentrat ions . 

5 . 3  ATMOSPHERI C  E FFECTS O F  COOL I NG TOWER OPERAT ION  

The pri mary h eat rejecti on sys tem for the  proposed SRC- I  proces s i ng fac i l i ty at the  Newman , 
Ke ntu cky,  s i te w i l l  be a wet-type mechan i ca l - draft cool i ng towe r .  I n  the coo l i ng tower ,  most  o f  
t h e  heat i s  trans ferred t o  the atmosphere by evaporat i on ,  wi th the rema i n i ng cool i n g  accomp l i s hed 
by sens i b l e  heat transfer .  Poten t i a l  atmospheri c effects of cool i ng tower generat i on i nc l ude 
v i s i b l e  p l ume , g round fogg i ng and i C i ng ,  and dri ft depos i t i on ( dri ft depo s i t i on i s  d i scussed i n  
Sect . 5 . 4 ) .  These effects and the i r re l at i ve severi ty on the l oca l  env i ronment depend on the 
type and s i ze of the coo l i ng tower and the preva i l i ng meteoro l o g i ca l  cond i t i ons . 

The p urpose of  the fo l l owi ng study i s  to assess  the range and mag n i tude of thes e poten t i a l  atmo 
s pheri c effects assoc i a ted wi th the opera t i on of a mechan i ca l - draft cool i n g  tower at the pro
posed Newman s i te .  Ap propri ate mathemat i c a l  model s were ut i l i zed to est imate the freq uency of 
occurrence of v i s i b l e  p l ume l ength , g round- l evel  fogg i n g  and i c i n g ,  and i nc reases in groun d
l evel  re l a t i ve h um i d i ty and tempe rature ,  as we l l  as rates of dr i ft depos i t i on . 

5 . 3 . 1  De scr ipt i o n  of coo l i ng tower 

The coo l i ng tower for the Newman s i te i s  a s s umed to be a rectangul a r ,  wet-type mechan i ca l 
d raft tower .  I t  wi l l  be 5 5  m ( 1 80 ft) l ong , 2 1 . 6  m ( 7 1 ft) wi de , and 1 6 . 5  m ( 54 ft )  tal l ,  and 
wi l l  cons i s t of f i ve cel l s ,  each with a d i ameter of 7 . 46 m ( 2 4 . 5  ft) . Add i t i onal data and 
coo l i ng tower operat i ng pa rameters a re presented in  Tab l e 5 . 3 .  

5 . 3 . 2  Meteoro l og i ca l  data 

Speci fi c meteoro l og i ca l  data fo r the coo l i ng tower anal ys i s  were obta i ned from hour ly  su rface 
weather observa t i ons at t he Nat iona l  Weather Serv i ce ( NWS ) ,  E vans v i l l e ,  I n d i ana , stati on . The 
hourl y w i nd s peed , w i n d  d i rect i o n ,  atmosphe r i c  stab i l i ty ,  dry-bu l b  and dew-poi nt  temperatures , 
and other s u rface data fo r the enti re one-yea r per i od of 1 9 75 were used to assess cool i ng tower 
pl ume cha racteri s t i c s .  The annual  meteo ro l og i ca l  j o i nt freq uency d i str i b ut i on of wi nd speed , 
w i n d  d i rect i o n ,  atmospher i c  stab i l i ty ,  and re l at i ve hum i d i ty was used to est imate dri ft depos i 
t i on rates . 



5-6 

Table S.3. Cooling tower characteristics used for 

dispersion modeling 

Characteristics 

Tower height, m (ft) 
Tower dimensions, m (ft ) 
Tower base elevation, m (ft) 
Number of cel ls 
Cell  diameter, m (ft) 
Exit velocity, m/s (ft/s) 
Total heat dissipation rate, J ,  MMBtulh 
Total water circulation rate, m3 /s, gal/m in  
Blowdown rate, m3 /s, gal/min 
Total water drift rate, percentage 

Measurement 

16.5 (54)  
55 X 22 ( 1 80 X 7 1 )  
1 1 8  (390) 

5 
7.5 (24.5) 
1 0  (32 .7 )  
7.20E l 1  (682.3) 
4.3 (68,233) 
.022 (350) 

0.05 

5 . 3 . 3  Model  descripti on 

A cool i ng tower p l ume mode l deve l o ped by Dames & Moore was used to e st imate the frequency of 
occurrence of  the fol l ow i ng phenomena as  a functi on of  d i recti on and d i s tance from the tower : 
( 1 ) v i s i b l e  p l ume l ength , ( 2 )  g round- l evel  fogg i ng , ( 3 )  ground- l evel i c i ng , ( 4 )  i ncrease i n  
ground- l evel  re l ati ve humi d i ty ,  and ( 5 )  i n crease i n  ground- l evel ambi ent temperature . The model  
i s  based  on the steady- s tate Gauss i an p l ume di s pers i on equat i on .  A bri ef  descri pti on of the 
model i s  presented be l ow .  

A power l aw i s  used t o  adj ust  wi nd  s peed t o  tower hei ght : 

where 

Uh = wi nd s peed ( m/ s )  at  he i g ht  h of  coo l i ng tower exi t 

Uo wi nd s peed (m/ s )  at he i ght  ho of wi nd  sensor 

h he i ght of coo l i ng tower ex i t  ( m )  

ho he i ght  of w i nd sensor ( m )  

s 0 . 25 for unstab l e and neutral cond i t i ons , or  0 . 50 for stab l e  cond i ti ons  
( s tab i l i ty c l asses E & F ) . 

The buoyant ri se of the p l ume above tower he i ght i s  computed by Bri ggs l as : 

where 

h p l ume r i s e  (m ) 

F buoyancy f l ux parameter (m4/ s 3 )  

U wi nd  s peed at tower hei ght  (m/s ) 

X downw i nd  d i s tance (m )  
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T h e  buoyancy fl ux parameter F i s  g i ven by Br i ggs l a s :  

F 

where 

QH = heat emi s s i on rate ( ca l /s )  a nd 3 . 7 x 1 0- 5 i s  an a pp rox i ma t i on to g/ncpp y )  for a i r .  

To ca l cu l a te adj ustments  t o  hori zonta l and vert i ca l  d i s pers i on coeffi c i ents , a n  effect i ve 
i n i t i a l  p l ume s i ze ( m2 ) i s  f i rst computed : 

where 

de 2/( nd2/4 )  ( n/ n )  

d lrl 

de e ffec t i ve di ameter 

d ce l l  d i ameter 

n = number of ce l l s  per bank 

The i n i t i a l  d i s pers i on coeff i c i ents  a and  a a re then ca l c u l ated : 
Y o  Z o  

a d ( n  - 2 ) + 2d/4 . 3  
Y o  

These  i n i t i a l  val ues o f  the  d i s pers i on coeffi c i ents  a re added to  those  corre s pon d i n g  to  va l ues 
p rev i ou s l y  deri ved . 2 

The Ga us s i an d i s pers i on equati on i s  used to compute the water vapor concentrati on a t  the p l ume 
centerl i ne :  

where 

x water va por concentrati on ( spec i f i c  h umi d i ty )  ( g/m 3 )  

Q water vapor emi s s i on rate ( g / s )  

u = mean w i n d  s peed through vert i ca l  extent of  p l ume (m/ s ) ( approx imated by w i n d  
s peed at tower he i gh t )  

H 

hori z onta l  and vert i ca l  d i spers i on coeffi c i ents at d i stance x ( adj u s ted to 
account for the effec t i ve i n i t i a l p l ume s i ze )  

effecti ve source hei ght  ( m )  ( s um o f  tower he i ght  and p l ume r i s e )  
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It i s  a s s umed that the ex i t  temperature and re l at i ve humi d i ty of the p l ume l i nearl y a pproach 
ambi ent temperature and moi s tu re dens i ty ;  the v i s i b l e  p l ume i s  therefore p red i cted to termi nate 
a t  the d i s tance at wh i ch the p l ume ( centerl i ne )  and amb i en t  mo i stu re den s i t i e s  agree w i th i n  
0 . 001 g/m3 . Ground- l evel mo i sture den s i t i es a re used  to pred i c t  ground-l evel fogg i ng , i c i n g , 
and  re l ati ve h umi d i ty i ncreas e s .  

After water vapor concentra ti ons downw i nd o f  t h e  tower have been computed , they a r e  u sed t o  cal 
c u l ate downwi nd temperatures . A l i near re l at i on s h i p between the two parameters i s  a s s umed : 

where 

A ( XE - XA ) / ( TE - TA ) 

B XA - ATA 

and  the vari abl e s  are defi ned a s  fo l l ows : 

T temperature ( O C )  

X water vapor concentrati on ( s pec i f i c  h umi d i ty )  ( g /m 3 ) ,  

w i th s ubscri pts defi ned a s  fol l ows : 

A amb i ent  

G ground l eve l  

E p l ume ex i t 

Ground- l evel temperatures are u sed to pred i ct ground- l eve l  temperature i ncrease s . 

S . 3 . 4  Res u l ts of mode l i ng analys i s  

The n umber and  re l at i ve freq uency o f  occurrence of v i s i b l e  p l ume l ength , g round- l e�el fogg i ng , 
i c i ng ,  1 %  rel at i ve h umi d i ty i ncrea ses , and ha l f-degree (Ce l s i us )  temperatu re i ncreases were 
e s t i ma ted for 1 6  wi nd-di recti on sectors for 20 downwi nd di s tances from the proposed cool i ng 
tower a t  500-ft i nterva l s .  The res u l ts  of the mode l i ng ana lys i s  u s i ng th i s  mode l i nd i cate that :  

1 .  The v i s i b l e  p l ume wi l l  extend farther than 1 000 m ( 3500 ft ) from the tower l es s  than 50% 
of  the t i me and  farther than 3000 m ( 1 0 , 000 ft ) 22% of  the t i me .  The p l ume wi l l  be v i s i b l e  
a t  greater di s tances from October through March and a t  shorter di s tances from Apr i l through 
September , to the wes t  duri ng the f i rst h a l f of the year and to the north and northeast  
duri ng  the second h a l f .  

2 .  Gro und- l evel fogg i ng wi l l  occur 1 3% of the t i me , rare l y  ( 1 1  t i mes duri ng t h e  yea r )  farther 
than  3000 m ( 1 0 , 000 ft ) from the tower and u s ua l l y  to the east through south and to the 
west of the towe r .  T h e  h i ghest  frequenc i es of occurrence are predi cted for January 
through March ( 30% )  and for October through December ( 2 1 % ) . 

3 .  Ground- l evel i c i ng wi l l  occur 6% of the t i me rare ly  ( on ce duri ng  the year ) farther than 
3000 m ( 1 0 , 000 ft ) from the tower and  u s ua l l y  to the east and south of the towe r .  Of 
the 466 hourly i nc i dences of  i c i ng ,  292 are predi cted to occur from J a n uary through March ; 
one i s  pred i cted to occur from Ap ri l through  J une ; 208 a re predi cted to occur from 
October through Decembe r .  

4 .  Rel a t i ve humi di ty i ncreases  o f  1 %  w i l l  occur beyond 500 m ( 1 500 ft ) l es s  than 50% of 
the t i me .  These i ncreases wi l l  be primari l y  to the north of  the towe r .  



S-9 

5 .  Temperature i ncrea ses of 0 . 5°C  w i l l  Occur l es s  than 50% of the t ime ,  be wi th i n  500 m 
( 1 500 ft) , and occur most frequent ly  to the north and west of  the tower .  

S . 4  COOL I NG TOWER DR IFT DEPOS ITION 

In add i t i on to the v i s i b l e  p l ume emi tted from the coo l i ng tower ,  a sma l l fraction of  mechan i ca l l y  
entra i ned water d rop l ets from w i th i n  the tower wi l l  b e  d i scha rged d i rec t ly  i nto the a i r .  These 
dr i ft d rop l ets conta i n  essent i a l l y  the same chemi cal s ,  d i sso l ved sa l ts ,  or  mi nera l s a s  the wate r 
c i rcu l a t i ng i n  the tower .  

S . 4 . 1  Model descript i on 

A cool i n g  tower d r i ft depos i ti on model adapted by Dames & Moo re from the Pennsyl van i a  State 
Report on Sa l t Depos i t i on ( 1 972) was used to est imate dr i ft depo s i t i on rates as a functi on of 
d i rect i on and d i s tance f rom the tower .  Th i s  model i s  based upon the a s sumpti on that a cool i ng 
tower p l ume has a Gaus s i an d i str i bu t i on and tha t ,  a fter the p l ume i s  exhausted from the cool i ng 
tower and e l evated through therma l buoyancy , dr i ft depos i t i on causes i t  to ti l t  back toward 
the g round .  In the model , the dry p l ume r i se formul a  by Br i ggs i s  used to cal cu l ate the buoyant 
p l ume r i se .  

As dr i ft d rop l ets , w h i c h  cons i st o f  d i sso l ved parti c l e s , a re transpo rted by the w i nd ,  the l i qu i d  
evaporates and the parti c l e s  fal l to the g round .  Thus , a trajectory- type model i s  used to pre
d i c t  dr i ft depos i t i o n .  The l en gth of t ime dropl ets spend in the a i r ,  trave l i ng wi th the wi n d ,  
depends upon the i r  fa l l  vel oc i t i es ,  wh ich  decrease as the drops evaporate . 

In order to determ i ne the l ength of t ime a drop i s  a i rbo rne ,  a nd ,  therefore , the d i stance i t  
trave l s ,  the model ta kes i nto consi derat i on the i n i t i a l  concentrati on and s i ze o f  the drop l et ,  
how q u i c k l y  i t  reaches equ i l i br i um s i ze ,  and the extent o f  evaporati on . The i n i t i a l  concentra
t i on i s  a s sumed to be i dent ica l  to the concentrati on wi th i n  the cool i ng towe r ,  and an  i n i t i a l  
s i ze d i str i but ion  typ i ca l  o f  the mechan i ca l -draft cool i ng tower i s  a s s umed . The t ime req u i red 
for a d rop l et to reach equ i l i br i um s i ze i s  computed as a functi on of the d i stance the drop l et 
must fal l i n  order to reach equ i l i b r i um s i ze .  

T h e  extent of  evaporation  depends upon rel at ive h um i d i ty .  When the amb i ent  re l at i ve h umi d i ty i s  
50% or  l ess , i t  i s  assumed that a l l water i s  evaporated from the d rop l et ,  l eavi ng  on l y  the 
previ ou s l y  d i sso l ved part i c l e a s  dry depos i t i on .  For amb i ent re l ati ve h um i d i ti es exceedi ng 50% , 
wet depos i t i on i s  ass umed .  

S . 4 . 2  Resu l ts of mode l i ng analys i s  

S . 4 . 2 . 1  D i ssol ved part i c l es 

Dr i ft depos i t i on rates fo r d i ssol ved parti c l es from the cool i n g  tower were est imated for 1 6  
wi nd-di rect ion sectors at 1 6  downward d i s tances [0 . 5  to 30 . 0  km ( 0 . 3  to 1 8 . 6  mi l es ) ]  from the 
proposed cool i ng tower .  Tab l e  S . 4  g i ves the s i ze d i stri but i on of  d rop l ets used i n  the mode l i ng 
ana l ys i s .  An i n i ti a l  concentrat i on of 1 200 pa rts of  d i s so l ved part ic l es per mi l l i on parts of 
wate r was assumed . The predi cted depo s i ti on rates for d i sso l ved parti cl es  a re prese nted i n  
Tab l e  S . 5 .  Approx i mate l y  640 , 000 gal o f  l i q u i d  d rop l ets per month can be expected to dr i ft to 
the ground w i t h i n  a 30-km ( 1 8 . 6-mi l e )  rad i us of the proposed tower .  These d rop l ets con s i st  of 
water and very d i l ute sol ut i ons  of d i sso l ved part i c l es . S i xty-two percent of the l i q u i d  i s  
expected to reach the ground wi th i n 0 . 5  km ( 0 . 3  m i l es )  o f  the towe r ,  whe re the ave rage rate of 
depo s i t i on i s  p redi cted to be 1 0 , 650  ga l / km2 pe r month , or  0 . 024 i n .  of  l i q u i d  per year .  Rates 
of  depos i t i on wou l d  be h i ghest to the north-northwest and l owest  to the west-northwest  of  the 
cool i n g  towe r .  

The dr i ft depo s i t i on o f  di s so l ved part i c l e s  pr ima ri l y  i ncreases the amount o f  mo i sture a t  the 
su rface , and , in co l d  weathe r ,  con tri butes to i c i n g  near the cool i ng tower .  The cool i ng tower 
may be expected to s l i ght ly  i ncrease occu rrences of i C i ng in the i mmed i ate v i c i n i ty .  
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Table S .4. Size distribution o f  droplets from 
cooling tower. as used in drift deposition 

modeling analysis 

Representative Mass fu nction 

particle size (lIm)  (% by weight) 

25 0 .426 

50 0 .254 

75 0 . 1 07 

1 00 0.058 

125  0.039 

1 50 0.024 

1 75 0.0 1 4  

200 0.0095 

225 0.0071 

250 0.006 

275 0.004 

300 0.004 

325 0.004 

350 0.004 

375 0.0040000 

400 0.0046000 

S . 4 . 2 . 2  Dry parti cl es 

The predi cted depos i t i on rates for dry part i c l es a re presented i n  Tab l e S . 6 .  Approximate ly  

3 1  t of  dr¥ part i cl es per yea r can be expected to dri ft to the g round wi thi n a 30-km 

( 1 8 . 6-mi l e ) rad i us of  the proposed tower .  Approximate ly  72 . 6% of  thi s dri ft depos i ti o n  i s  

expected to occur wi thi n 0 . 5  km ( 0 . 3 mi l es )  of the towe r .  where the ave rage monthly rate of  

depos i ti o n  i s  pred i cted to  be 0 . 1 5  g / sq  mi l e .  Rates wou l d  be h i ghest to  the  north-northwes t  

o f  the tower a n d  l owest t o  the west-northwest .  

T he  maj or  i mpact of  t he  dri ft depos i ti o n  of  dry part i c l e s  i s  t o  i ncrease t he  corros i o n  rate of  

nearby s tructure s .  Depos i ti o n  of  so l i d  parti cl es wou l d have a s l i ght  i mpact i n  the  immedi ate 

v i c i n i ty of  the coo l i ng tower .  

S . 5  PART ICULATE MODEL I NG 

S . 5 . 1  Consumption  of  PSD  i ncrements 

The DEIS  s tates that an est imated 73% of the PSD 24-h i ncrement for parti cul ates wi l l  be con 

s umed by  t h e  demonstrati on  p l ant . However . u pdated Industr i a l  Source Compl ex ( ISC )  di s pers i o n  

mode l i ng ana l yses have reduced that fi gure t o  2 1 . 8% .  Earl i er ca l cu l ations  predi cted a maximum 

24-h g round- l evel  concentrat i on of 26 . 9  �g/m3 ; the new esti mate i s  6 . 74 �g/m 3 for the demon

stration  p l ant al one and 8 . 1  �m/ g 3  for al l PSD sources in  the a rea . The  new esti mated average 

annual  concentration  for a l l  PSD sources in the area i s  1 . 26 �g/m3 . 

Based on o ver ly  conservat i ve emi s s i ons and model i ng assumptions i t  was cal c u l ated that 20 of  

the  26 . 9  �g/m3 maximum 24-h  concentration  was  d ue  to  fu� i ti ve emi s s i ons  a l one . The  new res u l ts 

have reduced th i s  contri b ut ion to 2 . 41 of the 6 . 74 �g/m total concentration . 

The reduct i on  i n  fug i t i ve part i c u l ate a i r  qua l i ty i mpact was achi eved by con s i deri ng  three key 

factors _ the effect of w i n d  speed on  S RC- and coa l - p i l e  wi nd  ero s i o n  l osses . the i mpact of  

schedu l i ng S RC- and coa l - l oad i n g  and  un l oadi ng operations for on ly  8 out  of 24 h .  a nd  the 

effects of  u s i n g  p rewashed coal . Each factor i s  di scussed i n  more deta i l be l ow .  
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SSW 
SW 

WSW 
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WNW 

NW 

NNW 

N 

N N E  

N E  

E N E  

ESE 

SE 

SSE 

Affected 

sector 

SSW 

SW 

WSW 

W 

WNW 

NW 

NNW 

N 

NNE 

NE 

E N E  

ESE 

SE 

SSE 

0.50 

0.63E+04 

0.77E+04 

0. 1 1  E+1l5 

0 . 1 5E+1l5 

O.72E+1l4 

0.44E+1l4 

0.70E+1l4 

0.17E+1l5 

0.12E+1l5 

0.14E+1l5 

0.99E+1l4 

O.89E+1l4 

0. 1 1 E+1l5 

0.l 1 E+1l5 

0. l 1 E+1l5 

0. 1 7E+1l5 

0.50 

0.73E+1l2 

0 . 1 1E+1l3 

0 . 1 6E+1l3 

0.20E+1l3 

0.97E+1l2 

0.65E+1l2 

0.94E+1l2 

0.25E+1l3 

0 . 1 8E+1l3 

0.20E+1l3 

0. 1 4 E +1l3 

0.15E+1l3 

0 . 1 5E+1l3 

0.16E+1l3 

0.13E+1l3 

0 . 1 9E+1l3 

1 .00 

0.30E+03 

0.39E+03 

0.43E+03 

0.64E +03 

0.39E+1l3 

0.29E +03 

0.39E+03 

0.13E+1l4 

0.1 1 E+04 

0 . 1 2E+04 

0.96E+1l3 

0.61E+03 

0.65E+03 

0.68E+03 

0.S9E+03 

0.10E+04 

1 .00 

0.67E+1l1 

0.95E+Ol 

0.13 E+02 

0 . 1 8E+02 

0.lOE+02 

0.67E+Ol 

0.83E+Ol 

0.24E+02 

0.19E+02 

0.20E+1l2 

0.16E+02 

0 . 1 6E+02 

0.l SE+02 

0 . 1 9E+02 

0.1 2E+02 

0 . 1 9E+02 

1 .50 

0.29E+1l3 

0.39E +1l3 

0.43E+1l3 

0.65E+1l3 

0.39E+1l3 

0.29E+1l3 

0.34E+03 

O. l l E+1l4 

0.90E+03 

0.97E+1l3 

0.74E+03 

0.57E+03 

0.62E+03 

0.65E+1l3 

0.56E+03 

0.87E+1l3 

1 .50 

0.33E+1l1 

0.53E+1l1 

0.83E +1l 1  

0.1 1 E +1l2 

0.67E-+Ol 

0.42E+1l1 

0.46E+Ol 

0 . 1 3E+1l2 

0.94E+1l1 

0. l 1 E+1l2 

0.87E+1l1 

0.96E+Ol 

0.88E+1l1 

0 . 1 2E+1l2 

O.63E+01 

0.94E+Ol 

2.00 

0.29E+03 

0.40E+03 

0.46E+1l3 

0.68E+03 

0.39E+1l3 

0.29E+1l3 

0.34E+03 

O. l l E +1l4  

0.84E+1l3 

0.86E+1l3 

0.65E +03 

0.55E+03 

0.62E+1l3 

0.63E+1l3 

0.56E +1l3 

0.83E+1l3 

2.00 

0.23E+Ol 

0.38E+Ol 

0.61E+Ol 

0.83E+Ol 

0.4SE -+ O l  

0.28E+01 

0.32E+1l1 

0.96E +1l 1  

0.72E+1l1 

0.79E+Ol 

0.6 1 E +1l 1  

O.72E+Ol 

0.70E +1l 1  

0.98E+1l1 

0.49E+Ol 

0.66E+1l1 

3.00 

0.25E +03 

0.37E+03 

0.47E+03 

0.68E+1l3 

0.36E+03 

0.26E+1l3 

0.31 E+1l3 

0.87E+1l3 

0.66E+03 

0.69E+1l3 

0.51 E+03 

0.49E+03 

0.54E +03 

0.54E+03 

0.48E+03 

0.68E+03 

3.00 

O.17E+Ol 

0.30E+Ol 

O.54E+Ol 

O.72E+Ol 

0.36E+Ol 

O.22E+Ol 

0.25E+Ol 

0.7SE+Ol 

O.SlE+Ol 

0.58E+Ol 

0.45E+Ol 

0.53E+Ol 

O.58E+Ol 

0.85E+Ol 

0.41 E+01 

O.SlE+Ol 

Table S.5. Dispo.ition rates 10r dissDlnd particles. gal/km2 /month 

4.00 

0 . 2 1 E +1l3 

0.33E+1l3 

0.45E +1l3 

0.63E+1l3 

0.32E+1l3 

0.22E+03 

0.28E+03 

0.73E+03 

0.53E +1l3 

0.57E+1l3 

0.42E +1l3 

0.42E +03 

0.4SE+03 

0.43E+1l3 

0.39E+1l3 

0.54E+1l3 

5.00 

0 . 1 7E+03 

0.29E+1l3 

0.43E+1l3 

0.58E+1l3 

0.29E+1l3 

0. 1 9E+1l3 

0.24E+1l3 

0.63E+1l3 

0.43E+03 

0.48E+1l3 

0.3SE-+03 

0.37E+1l3 

0.40E +03 

0.43E+1l3 

0.34E+1l3 

0.46E +1l3 

Distances (km) 

6.00 

0 . 1 6E +03 

0.27E +03 

0.50E-+03 

0.62E +03 

0.30E+1l3 

0 . 1 8E+03 

O.23E-+03 

0.62E+1l3 

0.39E-+03 

o 44E+1l3 

0.34E -+03 

O.39E+03 

0.45E+1l3 

O.63E+03 

0.36E+1l3 

0.44E+1l3 

8.00 

0 . 1 5E+1l3 

0.28E+03 

0.83E +03 

0.9SE+03 

0.42E+1l3 

0 . 1 8E+03 

0.24E+03 

0.83E+03 

0.38E +03 

o 49E-+03 

0.46Ff<)3 

0.56E+03 

0.79E+1l3 

0.16E+1l4 

0.60E+1l3 

0.56E+1l3 

1 0 .00 

0 . 1 5E+03 

0.30E+03 

0. 1 1 E+04 

0.12E+04 

0.53E+03 

0 20E+03 

0.26E+03 

O . 1 0E+04 

0.39E+1l3 

0.55E +03 

0.58E+03 

O . 7 1 E+03 

o l 1 E +04 

0.24E+04 

0.80E+03 

0.69E+03 

Table 5.6. Disposition rates for dry particles. kg/km2 month 

4 .00 

0 . 1 3E+1l1 

0.24E+Ol 

0.37E+Ol 

0.49E+Ol 

0.27E+Ol 

0 . 1 7 E +1l 1  

0.20E+1l1 

0.53E+1l1 

0.39E+1l1 

0.44 E +1l 1  

0.31 E + O l  

0.37E+1l1 

0.35E+1l1 

0.42E+1l1 

0.26E+1l1 

0.35E+1l1 

5.00 

0.92E+00 

0.15E+1l1 

0.28E+01 

0.36E+Ol 

0.20E+1l1 

0.12E+1l1 

0.13E+1l1 

0.38E+1l1 

0.27E+Ol 

0.30E+1l1 

0.22E+1l1 

0.28E+1l1 

0.28E+1l1 

0.38E+Ol 

0.20E+1l1 

0.26E+1l1 

Distances (km) 

6.00 

O.80E+OO 

0.13E-+Ol 

0.27E+Ol 

O.34E+Ol 

0.19E+Ol 

0 . 1 0E+Ol 

0. 1 1 E+Ol 

O.34E+Ol 

0.22E+Ol 

0.26E+Ol 

0.20E-+Ol 

0.2SE+Ol 

0.27E+Ol 

0.42E"Ol 

0.20E+01 

0.23E+Ol 

8.00 

0.69E+1l0 

O . 1 2E + O l  

O.32E+Ol 

0.38E+1l1 

o 19E+Ol 

0.88E+1l0 

0 . 1 0E +1l 1  

0.36E -+ O l  

0 . 1 9E+1l1 

0.23E+1l1 

0.20E+Ol 

0.26E+Ol 

0.32E+Ol 

0.63E+1l1 

0.24E+Ol 

0.23E +1l 1  

10.00 

0.65E+00 

0 . 1 2E+Ol 

0.3SE+Ol 

0 4 1 E +O l  

0.19E+Ol 

O.84E+oo 

0 . 1 0E+Ol 

0.37E+01 

0.18E+Ol 

0.22E-+Ol 

0.20E+Ol 

0.27E+Ol 

0.3SE + O l  

0.74E+Ol 

O.26E+Ol 

0.24E+1l1 

12.50 

0 . 1 3E+03 

0.26E +03 

0.10E+04 

O. l l E+04 

0.47E+03 

0 . 1 7E+1l3 

0.23E+03 

0.92E+03 

0.33E+1l3 

0.48E+1l3 

0.52E+03 

0.63E +03 

0.99E+03 

O.23E+04 

0.73E+03 

0.6 1 E +03 

1 2.50 

O.54E+OO 

O.99E+00 

0.29E +1l 1  

O.34E+Ol 

0.16E+Ol 

0.73E +00 

0.87E+00 

0.29E+Ol 

O . 1 4 E+01 

0.1 8E+Ol 

0.16E+1l1 

0.2 1 E +1l 1  

0.28E+1l1 

0.59E+1l1 

0.20E +1l 1  

0.20E+1l1 

1 5.00 

0.94E+1l2 

0 . 1 9E+03 

0.67E+03 

0.74E+03 

0.31E+1l3 

0 . 1 3 E +03 

O.1 8E+03 

0.61E+1l3 

O.24E+03 

0.34E+1l3 

0.34E+03 

O.42E+03 

0.63E+03 

0.14E+04 

0.47E+03 

0.40E+03 

1 5.00 

0.32E -+00 

0.S9E+00 

0 . 1 8E+1l1 

0.20E +01 

0.9 1 E +OO 

0.44E+1l0 

0.57E+00 

0.18E+01 

0.84E+1l0 

0. 1 1 E +1l 1  

0.97E+1l0 

0.12E+1l1 

0.16E+Ol 

0.34E+1l1 

0.12E+1l1 

0.12E+1l1 

1 7.50 

0.66E+02 

0.13E+1l3 

0.40E+1l3 

0.44E +03 

0.18E+03 

0.92E+02 

0 . 1 3E+1l3 

0.37E +1l3 

0.1 7E+03 

0.22E +1l3 

0.20E +03 

0.25E+1l3 

0.34 E +1l3 

0.70E+03 

0.27E +1l3 

0.24E-+03 

1 7.50 

0.23E+1lO 

0.42E+00 

0 . 1 1 E +1l1 

0 . 1 2 E +1l 1  

0.57E+1l0 

0.32E+00 

0.43E+1lO 

0.1 1 E +1l 1  

0.57E+1lO 

O.72E+1lO 

O.59E+1lO 

0.77E+1l0 

0.93E+1lO 

0 . 1 7E+1l1 

O.72E+1lO 

0.70E+1l0 

20.00 

0.48E+1l2 

0.91E+1l2 

0.25E +1l3 

0.27E +1l3 

0.12E+1l3 

0.69E+1l2 

0 . 1 0E+1l3 

0.24E+1l3 

0 . 1 2E+1l3 

0 . 1 5E+1l3 

0 . 1 2 E +03 

0.15E+1l3 

0. 1 9E+1l3 

0.34E+03 

0.16E+1l3 

0 . 1 5E+1l3 

20.00 

0 . 1 7E+1l0 

0.30E+00 

O.7 1 E +OO 

0.81E+1l0 

0.38E+00 

0.24E +00 

0.33E+1l0 

0.75E+1l0 

0.43E+1l0 

0.52E+1l0 

0.39E +1l0 

0.5 1 E +1l0 

0.55E+1lO 

0.90E+1l0 

0.45E+1l0 

0.47E+1l0 

25.00 

0.3 1 E +02 

0.57E+1l2 

0 . 1 4 E+03 

0.lSE+03 

0.64E+1l2 

0.46E+02 

0.71E+1l2 

0 . 1 4 E+1l3 

0.79E+1l2 

0.97E+1l2 

O.69E+02 

O.84E+02 

0.94E+1l2 

0.14E+1l3 

0.82E+1l2 

0.83E+1l2 

25.00 

0 . 1 1 E +1l0 

0 . 1 8E+00 

0.39E+OO 

0.45E+1l0 

O . 2 1 E +00 

O . l SE +OO 

0.21 E+OO 

0.43E+00 

0.26E +00 

0.31E+1l0 

0.21 E+OO 

0.28E+00 

0.28E +00 

0.39E+00 

0.24E+1l0 

0.26E+1l0 

30.00 

0.23E+02 

0.4 1 E +02 

0.96E+02 

0. 1 1 E+1l3 

0.4SE+02 

0 . .l4E+02 

0.52E+1l2 

0 . l OE+03 

0.S8E+03 

O.70E+02 

0.50E+02 

0.58E+1l2 

0.64E+1l2 

O.87E+02 

0.S6E+02 

0.59E+02 

30.00 

0.74E+Ol 

O.13E+OO 

0.26E+1l0 

0.31 E+OO 

0.14E+1l0 

O. l l E+OO 

0 . 1 5E+1lO 

0.3 1 E +OO 

O . 1 9E+OO 

0.22E+OO 

O . l SE+OO 

0 . 1 9E+OO 

0.19E+OO 

0.25E+00 

O . l SE+OO 

0.18E+1l0 

Vl 
I 
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The  model i ng  resu l ts i nd i cate that the commerc i al p l ant can be constructed w ith i n the 24-h 
and the annual  i ncrement restri cti ons based on a fo urfo l d  i ncrease in poi nt-so urce contri bu
tions and a conservati ve l y  est imated  fi vefol d i nc rease in fug i t i ve emi s s i ons . Extens i ve ambi ent 
a i r q ua l i ty model i ng wi l l  be conducted during the demonstration  phase to assess these I SC 
mode l i ng p redi cti ons . 

S . 5 . 2  Bas i s  for rev i sed cal c u l ati ons 

Un l i ke po int-source emi ss ions  that a re d i scharged from vents and stacks , fug i t i ve part icu l ates  
evol ve from a w i de variety of  sources and  are typ i ca l l y  caused by wi nd  e ros i o n . Fug i t i ve 
emi ss i ons  i n  the demonstrat ion  p l ant i nc l ude dusti ng from coal and so l i d  S RC storage p i l es and  
part i cu l ates generated when  coa l  i s  dumped from trucks o r  rai l car  hoppers . Esti mation  and 
impact anal yses of  t he se sources are requ i red for the PSD permi t ,  but to date EPA has provi ded 
no defi n i ti ve g u i del i ne s  for e i ther the i r  est imation  or contro l . Most  emi s s i on i nformati o n  
that does exi st i s  e i t her  based on  smal l - scal e testi ng of  coal -dust sources under  a di st i nct 
set of  cond i t i o ns or  i s  o btai ned wi thout any testi ng . Cri t i cal vari abl es  s uch as wi nd  s pee d ,  
s i l t  content , a n d  p i l e  o r i entat ion  wi th respect to wi nd di recti o n  a re not cons i dered i n  exi s t-
i n g  emi ss i o n  factors . 

The new val ues deri ved a re based on the same sources s i mu l ated with  the EPA I SC model i n  the 
D E I S ,  but three add i t iona l  effects we re al so cons i dered .  

• Pi l e  w i n d  l osses , wh i ch were o ri g i na l l y  s i mu l ated fo r any p reva i l i ng wi nd-speed con 
d i t i on s , were n o t  rea l i sti c because wi nd l o sses a re not expected at w i n d  ve l oci t i e s  under 
6 mi l es/ h .  The  new model i ng e sti mates assumed no p i l e  l osses at the l owest of  s i x  
wi nd-s peed c l a sses ( 0 . 75 and 2 . 5  m/s ) . 3 

• The  emi s s i ons expected from truck and rai l car  un l oad ing  have been reca l cu l ated by com
puti ng  the amo unt  fo r an 8-h i ntermi ttent un l oading peri od  rather  than by averag i n g  the 
emi s s i ons over 24 h .  

• Fi nal l y ,  a 97% contro l  effi c i ency was assumed due to the use of washed rather than run-of
mi ne coal i n  the new cal cu l ati ons . P i l e  wi nd-eros i o n  emi s s i on factors a re based on coal 
conta i n i ng 6% s i l t ,  s i l t  be i ng the port i on of  coal part i c u l ates that may become a i rbo rne 
« 75  �m) . Wash i ng coal has been p redi cted to reduce the s i l t  concentration  from 6 to 
0 . 1 8% .  

Washed coal i s  e ssent ia l l y  s tri pped o f  coal fi nes , wh i ch create parti cul ate emi s s i on s . Based on  
l i mi ted l aboratory tests  performed on  was hed coa l  s amp l e s  of the eastern type , the fol l ow i n g  
characteri sti cs  have been estab l i shed : 

Washed coal 

Dry-s i eve ana l ys i s  

Wet- s i eve ana lys i s 

2 50- 1 50 � 
2 . 95% 

0 . 058% 

Parti c l e  s i ze 

1 50-45 � 

2 . 25% 

0 . 008% 

<45 � 
0 . 75% 

Not meas u rab l e 

S i l t  content « 74 � )  has  been g raphi cal l y  determi ned to be 0 . 1 8% u s i ng the a bove data . The 
mo i sture content of  the samp l es  was 3 . 7% .  Parameters used by one reference ( ref .  4 )  to ca l 
cul ate emi s s i o n  facto rs from ROM coal operati ons  a re a 6% s i l t  content and a 7% mo i sture 
content . 

The reca l cul ati ons  reduced i nc rement consumpti on to 2 1 . 8% ,  whi ch i s  a mo re rea l i st i c  est i mate 
for a p l ant p rocess i ng o n ly  6000 tons  of  coa l  per day . 

S . 6  H YDROCARBON MODEL ING  

S . 6 . 1  Mo del se l ecti on  

The s hort-term vers i on ( ISCST ) of  the U . S .  EPA ' s  Industr i a l  Sou rce Comp l ex  Model ( I SC ) 5  was 
se l ected a s  the p ri nc i pa l  analytical  too l  for the assessment of the a i r qual i ty i mpact of  the  
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SRC - I  pl ant ' s  vo l a ti l e  orga n i c  compound ( VOC ) emi s s i on s . The use  of I SC i s  appro ved i n  the 
l a�est  rev i s i ons  of  the U . S .  E PA ' s Guide line on Air Qua lity Mode ls. 6 The ISC model i s  appro
prl ate fo r these ana l yses due to i ts a bi l i ty to s i mul ate vol ume sources of  fug i t i ve VOC 
emi s s i ons  i n  addi t i on to the nume rou s  po i nt sources of VOC i n  the p roposed SRC- I  p l ant des i gn .  

S . 6 . 2  Model i ng methodo l ogy 

A ful l -year  I SCST model s i mu l at i o n  was conducted to assess  the i mpact of heavy d i s t i l l ate VOC 
and  tota l VOC emi ss i on s  from the p ro posed pl ant  u s i ng the meteoro l og i c a l  data and  VOC emi s s i ons 
d�ta . desc ri bed in  Se c t .  S . 6 . 3 . Fo r p u rposes of  model i n g ,  a l l of the emi s s i ons  o f  both heavy 
d l s t l l l ate VOC and  tota l VOC were a s sumed to be gaseous a n d ,  thus , trans ported i n  the atmo 
s phere . Fug i t i ve emi s s i o n s  of both heavy d i s t i l l ate and tota l VOC o ri g i nate from four  p l ant  
p rocess  a rea s . Fu g i t i ve VOC sources a re primari l y  l ea ks i n  val ves and connecti ons i n  the 
systems of  p i pes found i n  these fou r  p rocess a reas . Because of  the va ri ab i l i ty in the re l ease  
h e i g h t  of  the fug i t i ve VOC emi ss i ons , i t  i s  appropriate to  model fug i t i ve VOC as emanati ng from 
vol ume sources rather than from a rea sources . Because of the h i gh  s u rface roughness created 
by SRC- I  p l ant  s tructure s  and the e l evated emi s s i o n  temperatures and  heat fl ux  created by nea rby 
p i p i ng systems convey i ng hot materi a l s  and/or other heat sources , the fug i t i ve heavy d i s t i l l ate 
VOC and  tota l VOC s o u rces were mode l ed us i ng the I SC Urban Mode 1 d i s pers i on opti on rather than 
the R u ra l  Mode . The 29  po i n t  sources of total  VOC were a l so mode l ed ,  u s i ng ISC Urban Mode 1 .  
The e ffect o f  Urban Mo de 1 i s  that a l l occu rrences of  stab l e  atmospher ic  d i spers i on cond i t i ons 
computed by the RAMMET p ro g ram ( s ee Sect . S . 6 . 3 ) a re s h i fted to neutra l  atmos pheri c d i s pers i on 
cond i t i ons . 5  

Th ree c l asses  o f  receptor  l oca t ions  were used i n  the heavy d i s t i l l ate VOC a i r qua l i ty i mpact 
ana lys i s :  

1 .  Receptors wi th i n  the p l ant  p roperty ;  

2 .  Receptors a l ong the p l ant fence l i ne ; and  

3 .  Receptors beyond the fence l i ne . 

The Un i vers a l  Tran sve rse Me rcator ( UTM)  coord i nates o f  receptors used i n  the heavy d i s t i l l a te 
VOC model i ng ana lyses a re l i sted i n  Tab l e  S . 7 .  Twenty-th ree receptors , l abe l ed P LANTOl th rough  
PLANT23 , a re l ocated a t  i nterva l s  of  approx imate l y  0 . 5  km thro u ghout the p l ant  p rope rty . 
Another recepto r ,  l a be l ed A I RSEP , i s  l ocated a t  the UTM coo rd i nates of the p roposed p l a nt ' s  
a i r  separato r .  Recepto rs FENCE0 2 through  FENCE36 a re l ocated at 20°  i nterva l s a l ong  the p l ant 
fence l i n e .  Beyond the p roperty l i ne , heavy d i st i l l ate VOC a i r  qua l i ty i mpact was pred i cted 
at fi ve "s ens i t i ve receptor" l ocati ons , wh i ch a re e i ther  commu n i t i es or w i l d l i fe a reas in the 
reg ion  a round  the p l an t .  I n  add i t i o n ,  recepto rs outs i de the p l ant p rope rty are l ocated a t  
s ta ggered 2 0 °  i nterva l s i n  concentric  c i rcu l a r  r i n g s  2 . 5  and  5 . 0  km from col l ocated SRC - I  
p l ant  sources l l -VA-08 through  l l -VA- 1 8 .  The 1 8  fence- l i ne receptors a n d  the a i r  separator 
recepto r ,  l i s ted i n  Ta b l e  S . 7 ,  were a l so used in the a i r  qua l i ty i mpact ana l ys i s  for the pro
posed p l ant ' s  tota l VOC emi s s i ons from both po i n t  and vol ume sources . 

S . 6 . 3  Meteoro l og ica l  data 

The meteo ro l og i ca l  data base used i n  the model i ng ana l ys i s  con s i sts of a ful l yea r of  hour ly  
s u rface wea ther o bserva t i ons and  concu rrent twi ce-da i l y  upper a i r observa t i ons . The  peri o d  of 
record is October 1 9 , 1 977  to Octobe r 1 8 ,  1 978 . Hourl y wi nd d i rect i on , w i nd s peed , and 
temperature a t  the 1 0-m l evel were p rov i ded by ons i te mon i tori ng data . Ten -meter w i n d  data 
from a meteo ro l o g i ca l  mon i to ri ng sys tem opera ted by the Al umi n um Company of  Ameri ca (A l coa ) 
a t  Newb u rg h ,  I n di ana , a pproximately  1 6  km no rthwest  of the S RC - I  p l ant s i te ,  were used to fi l l  
i n  mi s s i ng o r  i nval i d  ons i te data . Hour ly  cei l i ng  h e i g h t  and opaque c l o ud-cover data were 
obtai ned from the Evansv i l l e ,  I n d i ana , Nat i onal  Weathe r Serv i ce ( NWS ) stat i o n , l ocated about 
30 km northwest  of the p l ant  s i te .  Evansv i l l e NWS 1 0-m w i n d  and tempe ra ture data were used 
to fi l l  i n  the few hours fo r wh i ch val i d  data were unava i l a b l e  from e i ther  the on s i te or  Al oca 
mon i to rs . Mo rn i ng and a fte rnoon m i x i ng he i g hts were p ro v i ded by the Nashv i l l e ,  Tennes see , 
NWS s ta t i o n ,  s i tuated some 200 km southeast of the p l a n t  s i te .  The EPA ' s  RAMMET meteoro l og i ca l  
p rocessor p rogram7 wa s used to comb i ne the su rface and upper a i r  data , compute hourly atmos
p heri c stab i l i ty i nd i ces , and i nterpo l ate hourl y mi x i ng hei ghts from twi ce-da i l y  val ues . 
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Table S.7 .  Receptor locations for vae modeling 

UTM Coordinates UTM Coord inates 

Receptor (m)  Receptor (m)  

East North East North 

Plant 0 1  472000 4 1 85000 Fence 26 47 1 8 1 0  4 1 86020 
Plant 02 472000 4 1 86200 Fence 28 471 790 4 1 86300 
Plant 03 472300 4 1 85900 Fence 30 471 970 4 1 86520 
Plant 04 472350 4 1 86400 Fence 32 472 1 30 4 1 86720 
Plant 05 472400 4 1 85600 Fence 34 4723 1 0  4 1 86930 
Plant 06 472500 4 1 86600 Fence 36 472590 4 1 87380 
Plant 07 472700 4 1 85600 Hebbards 467000 4 1 88000 
Plant 08 472700 4 1 86900 Blufcity 466500 4 1 83500 
Plant 09 472800 4 1 86300 Stanley 478500 4 1 86000 
Plant 1 0  472800 4 1 87300 Spotsvi l  463500 4 1 90000 
P lan t  1 1  473000 4 1 86800 Sloughs 4 7 1 000 4 1 82500 
Plant 1 2  473040 4 1 85683 R 1 / 1 5  473233.0 4188574.3 
Plant 1 3  473 1 1 1  4 1 8561 1 R 1 /45 474353.8 4 1 87927.8 
Plant 1 4  4732 1 5  4 1 85505 R 1 /75 475000.8 4 1 86807.0 
Plant 1 5  473200 4 1 85600 R 1 / 1 05 475000.8 4 1 855 1 3 .0 
Plant 1 6  473200 4 1 86000 R 1 /1 35 474353.8 4 1 84392.2 
Plant 1 7  473200 4 1 86500 R 1 / 165 473233.0 4 1 83745.2 
Plant 1 8  473200 4 1 87 1 00 R 1 /1 95 471 939.0 4 1 63745.2 
Plant 1 9  473700 4 1 85200 R 1 /225 47081 8.2 4 1 84392.2 
Plant 20 473700 4 1 85700 R 1 /255 470 1 7 1 .2 4 1 8551 3.0 
Plant 21 473700 4 1 86800 R 1 /285 470 1 7 1 .2 4 1 86807.0 
Plant 22 473900 4 1 86200 R 1 /3 1 5  4703 1 8.2 4 1 87927.3 
Plant 23 472970 4 1 85755 R 1 /345 47 1 939.0 4 1 88574.8 
Aireep 472 1 76 4 1 85855 R 2/30 475086.0 4 1 90490.1  
Fence 02 4731 50 4 1 87660 R 2/60 4769 1 6 . 1  41 88660.0 
Fence 04 473730 4 1 87490 R 2/90 477586.0 4 1 86 1 60.0 
Fence 06 474070 4 1 87010  R 2/120 4769 1 6. 1  4 1 83660.0 
Fence 08 474340 4 1 86460 R 2/1 50 475086.0 4 1 81 829.9 
Fence 1 0  474280 4 1 85350 R 2/1 SO 472586.0 4 1 81 1 60.0 
Fence 1 2  474050 4 1 85300 R 2/2 1 0  470086.0 4 1 8 1 829.9 
Fence 1 4  473620 4 1 84900 R 2/240 468255.9 4 1 83660.0 
Fence 1 6  472960 4 1 85 1 00 R 2/270 467586.0 4 1 86 1 60.0 
Fence 1 8  472590 4 1 85260 R 2/300 468255.9 4 1 83660.0 
Fence 20 472270 4 1 853 1 0  R 2/330 470086.0 4 1 90490.1 
Fence 22 472020 4 1 85500 R 2/360 472586.0 4 1 9 1 1 60.0 
Fence 24 4 7 1 720 4 1 85660 

S . 6 . 4  Resu l ts 

The hi ghest and second h i g hest  p redi cted heavy di st i l l ate VOC and total  VOC concentrations  for 
1 - ,  3- , and 8-h averag i ng peri ods a re p resented i n  Tabl e S . 8 .  Heavy di sti l l ate VOC concentra
ti ons reported in th i s  ta bl e a re sepa rated i nto val ues predi cted i ns i de the p l ant property and 
val ues outs i de the p l ant  prope rty . Concentrati ons pred icted at receptors on the fence l i ne 
a re assumed to bel ong to both of these categori es .  

The predi cted l -h concentrati ons  of heavy di sti l l ate VOC were anal yzed to determi ne the i r  range 
of concentrations  off p l ant . Tabl e S . 9  summar i zes these resu l ts at the fence l i ne and 2 . 5  and 
5 . 0  km from the center of the p l ant . Both the maximum and m i n i mum concentrations  predi cted 
at 5 . 0  km a re approxi matel y  27% of the concentrati ons p redi cted at the fence l i ne .  At 5 km , 
the concentrations  ranged from 3 to 1 3  �g/m 3 , w ith  the h i ghest concentrati ons i n  the east and 
the southwest  d i recti ons . 
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Table S.S. Predicted heavy distillate VOC and total VOC concentrations 
due to the proposed SAC·I plant 

Heavy disti l late 
Averaging concentration Total VOC 

time Inside plant Outside plant 
concentration 

(h ) Aank {J.lg/m3 ) 
boundaries boundaries 

(l1g/m3 ) (l1g/m3 ) 

h ighest 58 50 236 
2nd h ighest 58 47 227 

3 highest 57  46 2 1 8  
3 2nd h ighest 52 44 2 1 0  

8 highest 46 35 1 38 
8 2nd highest 39 30 1 29 

Table 5.9. Highest ' -hour heavy distillate VOC predicted concentrations 

at and beyond the plant fence line" 

Maximum Min imum 
Distance Concentration Di rection Concentration Di rection 

{J.lg/m3 ) (0 ) (l1g/m3 ) t) 
Fence l ine  50 300 1 1  40 

2.5 km 26 225 8 45 

5.0 km 1 3  90 3 30 

a Distance and direction data are with respect to collocated sou rces 1 1 -VA-08 through 
1 1 -VA-1 8. 
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T . l SUPPL EMENTAL SOCIOECONOM I C  TABLES 

Craft 
categories 

Boilermakers 

Brickmasons 

Carpenters 

Cement finishers 

Electricians 

Insulators 

Ironworkers 

Laborers 

M i l lwrights 

Operating 
engineers 

Painters 

Pipefitters 

Teamsters 

Sheet metal 
workers 

Piledrivers 

Others 

Location 

of local 
union 

Louisville. Ky. 

Owensboro, Ky. 

Owensboro, Ky. 

Owensboro, Ky. 

Owensboro, Ky. 

Evansville, Ind.  

Evansville, Ind.  

Owensboro, Ky. 

Owensboro, Ky. 

Henderso n ,  Ky. 

Evansville, Ind. 

Owensboro, Ky. 

Evansville, Ind. 

EvanSVille, Ind. 

Evansville, Ind. 

Owensboro, Ky.  

Not Applicable 

Table T. 1 .  Craft availability through local labor unions 

Requirement 

294 

27 

3 1 9  

81  

458 

4 1 6  

484 

427 

276 

256 

183 

2262 

6 1  

4 3  

9 

306 

Peak 
man-month 

April 1983 

December 1 982 

September 1 982 

July 1982 

April 1 983 

October 1983 

December 1982 

September 1982 

April 1983 

October 1982 

June 1983 

April 1983 

December 1 982 

February 1 983 

July-September 1 982 

January 1 983 

Enrollment 
in local 

union" 

BOO 

265 

700 

72 

400-450 

350 

800 

1 00  

250 

2500-3000 

300 

350 

400 

350 

Comments 

All locals in the surrounding area are mterchangeable. 

Loca! has the ability to draw workers from Nashville, 

Tenn., no problems foreseen in meeting anticipated 
manpower requirements 

Sister locals are available; no problems foreseen in meeting 
anticipated manpOwer requirements 

Adjoining locals in Paducah, Ky .• Evansville, Ind., and 

Louisville, Ky., have workers available 

Workers are available from locals in Paducah, Ky., and 
Nashville, Tenn.; current shortage of locally available 
workers 

Local membership is  not large enough to meet peak needs 

Sister locals are available 

Sister locals are available 

Access exists to additional workers through surrounding 
locals 

Local can draw workers from all counties in Kentucky 

except two, and can draw workers from several counties 

in Indiana; no problems foreseen in meeting anticipated 
manpower requirements 

Local can draw workers from seven counties in Kentucky 
and six counties in Indiana; no problems foreseen in 
meeting antiCipated manpower requirements 

Owensboro local has approximately 300 members and is 

able to draw from two large sister locals: Evansville, Ind., 
which has 600 members, and Paducah, Ky., which also 
has 600 members ; probable shortages during peak 

construction period 

Local membership is  large enough to handle the peak needs; 
no problems foreseen in meeting anticipated manpower 
requirements 

Access to additional workers, through surrounding nearby 
locals; no problems foreseen in meeting anticipated man. 
power requirements 

Crews for piled riving operations normally are obtained 
from metal workers and carpenters unions (Paraday, 
1 9 79) ;  no problems foreseen in obtaining required 
workers 

Primarily nonunion personnel such as field technicians and 
engineers, clerks, maintenance crews, etc. 

'Current enrollment is  the estimated labor force currently working out of the local union. This number not only includes the membership of the local but any other 
workers currently registered with adjoining unions. 

500 rce of data: Boilermakers local in Louisville ( 1 979);  brickmasons local in  Owensboro (Owens, 1979); carpenters local in  Owensboro ( 1 9 79 ) ;  cement finishers 
local in Owensboro (Feldman, 1 9 79 ) ;  electricians local in Owensboro (Baggett. 1 979);  insulators local in Evansville, (Underhill, 1 9 79 ) ;  ironworkers local in  Evansville 
( 1 979) ;  laborers local in Owensboro ( 1 979) ;  millwrights local in Owensboro ( 1 979) ;  operating engineers local in Henderson (Stetel. 1 9 79) ;  painters local in Evansville 
( 1 979); pipefitter. local in  Owensboro (Cook, 1 979) ;  teamsters local in  Evansville (Smith, 1979);  sheet metal workers local in Evansville (Paraday, 1979).  

Sou rce : E R. Table 4.8. 
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Craft 
categories 

Piledrivers 

Others 

Location 
of local 

union 

Evans"l!t!e, Ind. 
Owensboro, Ky. 

Not Applicable 

Requirement 

306 

T-4 

Table T.1.  (continuod) 

Peak 
man-month 

July-September 1982 

January 1983 

Enrollment 
in tocal 
uniona 

Comments 

Crews for pilednving operations normally are obtained 

from metal workers and carpenters unions (Paraday, 
1979) ;  no problems foreseen in obtaining required 
workers 

Primarily nonun ion personnel such as field techniCians and 
engineers, clerks, maintenance crews, etc. 

8Current enrollment is the estimated labor force currently working out of the local union. This number not only includes the membership of the tocal but any other 
workers currently registered with adjoining unions. 

Source of data: Boilermakers local in Louisville ( 1 979) ; brickmasons \ocal i n  Owensboro (Owens, 1979);  carpenters tocal in Owensboro ( 1 979 ) ;  cement finishers 

local in Owensboro (Feldman, 1 9791;  electricians local in Owensboro ( B aggett, 1979) ;  insulators local in Evansville, (Underhil l,  1 979) ;  ironworkers tocal in EvanslJ il !e 

( 1 979 ) ;  laborers local in Owensboro ( 1 979) ;  millwrights local in Owensboro ( 1 979);  operating engineers iocal in Henderson (Stetel ,  1 979) ;  painters local in EvanslJdte 
( 1 979);  pipefitters ioca! in Owensboro (Cook, 1 979);  teamsters loca! in ElJansvil le(Smith, 1 979): sheet metal workers local in Evansville (Paraday, 1 9791 . 

Source: E R ,  Table 4.8. 

Table T.2. Representative major construction projecU in the SRC-I region 

Construction schedule 
Plant Owner Location 

Begin 

Synthetic fuels plants 

S RC·la 
D emonstration D O E  Newman , Ky. 1 981 
Commercial D O E  Newman , K y .  1 987 

W. R .  G race D O E  Baskett, K y .  1 983 
Synfuelsb 

Tri ·State D O E  Geneva, K y .  1 983 
Synfuelsc Texas Eastern 

H ·Coald Ashland Oi l  Cloverport, Ky.  1 984 

Electric generating plants 

D .  B. Wilson" 
No. 1 Big Rivers 1 981 
No. 2 Electric Co. Matanzas, Ky.  

A. B .  Brown' 

No. 2 Southern West F rankl in ,  Ind .  1 980 
No. 3 I ndiana Gas 

and E lectric 

G ibson P lant9 Publ ic Service Pri nceton, I nd .  1 978 
of I ndiana 

Hancock Planth 

No. 1 Kentucky Cannelton Dam, Ky. 1 984 
No. 2 Uti l ities 

R ockporti 

No. 1 I ndiana·Michigan Rockport, I nd .  1 977 
No. 2 Power Co. 

(American Electric 
Power) 

'Source : C .  Boston, Oak R idge National Laboratory, February 1 981 . 
b Source : K. Stephal i ,  W. R .  Grace Project Management, March 1 98 1 .  
cSou rce : J .  Christopher, Texas Eastern, March 1 98 1 . 
dSou rce : J. Grant, Ashland Oi l ,  March 1 981 . 
"Source : H .  Timmons, Big Rivers Electric Co., March 1 981 . 
'Source: J. Vanmeter, Southern I ndiana Gas and Electric, March 1 981 . 
gSou rce : T. Webb, Public Service of I ndiana, March 1 981 . 
hSource: R .  Whitmer, Kentucky Utilities, March 1 981 . 
iSou rce : J. Jones, American Electric Power, March 1 981 . 

Peak End 

1 983 1 984 
1 989 

1 986 1 988 

1 986 1 988 

1 986 1 988 

1 984 1 985 
1 985 1 986 

1 984 1 985 
1 988 

1 981  1 982 

1 987 1 989 
1 994 

1 982 1 985 
1 986 

Estimated 
peak 

work force 

3,500-5,000 
5,000-1 0,000 

6,500 

1 5,000 

5,000 

1 ,200 

6 1 0  
6 1 0  

1 ,6 1 0  

1 ,000 

3 , 100 

Current 
work force 

( 1 981 ) 

0 
0 

0 

0 

0 

0 

80 
80 

1 ,200 

0 

1 ,240 
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T . 2  REG I ONAL I NDUSTRIAL MULT I PL I ER SYST EM 

T . 2 . 1  I nt roducti on 

The total economi c e ffect of a p roj ect i s  s ubstant i a l l y  g reater than the d i rect cost of b u i l d i ng 
and opera t i n g  the fac i l i ty because  the tota l i nc l udes secondary econom i c  effects a s  we l l  as the 
i n i t i a l  i nvestment .  The add i t i onal , or  seconda ry ,  e ffect i s  est i mated th rough  a mul t i pl i e r  
re l a t i onsh i p :  t h e  rat i o  between the tota l i ncrease i n  econom i c  acti v i ty a s  a res u l t of  a proj ect 
and the i n i t i a l  p roj ect i n ve s tment .  The i n i t i a l  effect , known as the f i n a l -demand  change , repre
sents the change i ntroduced i n to the economy by the project i tsel f .  The secondary effect i s  
the s um o f  the add i t i on a l  econom i c  acti v i ty generated i n  the reg i on by the i n i t i a l  effect . Th e 
ana l yses  a re part i cu l a rl y  i mportant because  econom i c  s t i mu l at i on and new j obs created are often 
the key benef i t s  of  the construc t i on or  opera t i on s  phases of  a proj ect , and l ost  j ob s  a re a 
majo r  source o f  contro versy when an ongo i n g  p roject must be termi nate d .  

Dur i ng con struct i on o f  a new power-genera t i n g  fac i l i ty ,  fo r examp l e ,  t h e  i n i t i a l  econom i c  
e ffect i s  represented b y  expendi ture s  for ( 1 )  eq u i pment a n d  mate ri a l s purchased from l ocal  
man u facturers and  di s tri buto rs and ( 2 )  l abor .  The l oca l di rect s upp l i ers in  turn  purchase 
goods and  servi ces from s econda ry s u pp l i ers ( e . g . , who l es a l ers ) .  The  seconda ry s u pp l i ers in  
turn re l y  on other s u pp l i ers fa rther removed from the p roject .  These s ucces s i ve rounds of  
i n teri ndustry purch a ses and sa l es a re the  s econda ry econom i c  effects o f  the project .  

The s i ze o f  the regi ona l  mu l t i p l i e r  depends on the p roport i on o f  d i rect and i nd i rect i nput  
requ i rements  that can be  s upp l i ed by  the  reg i on ' s  economy , wh i ch in  turn depends on the  
s pec i fi c  needs of  the  p roj ect and the abi l i ty of the reg i ona l  economy to s u p p l y  the i nputs . 
Conceptua l l y ,  therefore , the mul t i p l i e r  i s  di fferent for every s pec i fi c  combi na t i on of i ndustry 
and  s i te i n  the n a t i on . 

T . 2 . 2  Al ternati ve methodo l ogi es 

Econom i sts  have deve l oped several  a l ternati ve means fo r est ima t ing  the total  econom i c  effect , 
g i ven the i n i t i a l  effect . The th ree  ma i n  approaches a re the econom i c  base mode l , the econo
metr ic  model , and the i np u t/output ( I /O ) mode l . 

The econom i c  base  model  p rov i des the s i mp l est  approach to e s t i ma t i n g  tota l econom i c  e ffect .  
Th i s  model d i v i de s  the reg i ona l  e conomy i nto two s ectors , the export , or  bas i c ,  secto r ,  wh i c h  
p roduces goods a n d  serv i ce s  fo r export t o  other reg i on s , and the res i den t i a ry ,  o r  nonba s i c ,  
s ecto r ,  wh i c h  p roduces goods and serv i ces for l ocal  consumpti o n .  The i ncome earned ( o r  empl oy
ment )  i n  the i mpact a n a l ys i s  requ i res i dent i fyi ng the i n i ti a l change i n  the export sector.  The 
p roduct of th i s  i n i t i a l  change and the  mul t i p l i er i s  the tota l change i n  i ncome ( empl oymen t ) . 

I n  the econometri c  mode l , the economy i s  represented by a set o f  i nterre l a ted equa t i ons 
descri b i ng the i nteracti ons among  economi c components . T i me - seri e s  data a re a ssemb l ed for the 
va ri a b l es of the mode l , and regres s i on ana l ys i s  i s  used to e s t i mate coeff i c i ents of  the 
equat ion s . The economic  i mpact ana l ys i s  u s ua l l y  i nvo l ves i ntroduc i ng the i n i t i a l  change in the 
appropri a te equa t i on of  the model and reca l cu l at i ng the other equat i on s  to obta i n  the tota l 
i mpact .  

The I / O  model  descri bes the fl ows o f  goods and servi ces t o  markets a n d  between i ndustri e s  i n  a 
reg i o n .  E a c h  i n du stry i n  the economy has  a parti cu l a r  s e t  of  i nputs requ i red t o  p roduce i ts 
o utput ; these requ i rements genera l ly d i ffer from those of othe� i ndustri e s .  The I /O model 
descri bes the  s t ructure of  the economy and may be u sed to anal yze the imp l i cat i ons of  the 
changes in one port i on of  the econom i c  effects that a re set  o ff by the f i n a l -demand change . 
Impl i c i t  i n  th i s  proce s s  i s  a mul t i p l i e r  that re l ates total change to a s peci fi c i n i t i a l  
change . 

Eac h  approach has  adva n tages and d i sadvantages . The economi c base model i s  s i mpl e to a pp l y ,  
b u t  i t  fa i l s  t o  provi de res u l ts ta i l ored to the s pec i fi c  pro j ect bei ng ana l yzed . Equa l i n i t i a l  
change s , whether i n  a g ri cu l ture o r  energy s u p p l y , w i l l  p roduce equal  total  change s .  The econo
metr i c  mode l o ffers resu l ts that are moderate l y  s en s i t i ve to d i fferences i n  the nature of  the 
p roj ec t ,  but  the data requ i rements for a l ong  t i me seri e s  for a l l vari a b l e s  and the t i me 
requ i red to a ssemb l e  and e s timate the model genera l ly ru l e  out  i ts u se , parti cu l a rl y  for a reas  
sma l l er than  a s tate . The  I /O  model  genera l ly p rov i de s  more usefu l  i ndustri a l  deta i l than the 
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other two . B ut , even though i t  does not req u i re t i me-ser i e s  data , an I/O mode l i s  u s ual l y  
c o s t l y  to construct , and  app l i ca t ions  i nvo l v i n g  reg i on s  smal l er than a s tate are d i ff i c u l t ,  
aga i n  because  of data l i mi tat i ons . 

T . 2 . 3  R I MS mu l t i pl i er 

HDR-Sci ences uses  a vari a t i on of the I / O  approach known a s  the Reg i ona l  I n dustri a l  Mu l t i p l i er 
Sys tem ( R I MS ) . * Th i s  system was devel oped to overcome the cost and/or sma l l -area data l i mi ta 
t i o n s  a s soci ated w i th trad i t i onal  approaches and  t o  provi de both geograph i c  and  i ndustri a l  
fl exi bi l i ty .  I t  i s  a system o f  i nterrel a ted data fi l es a n d  computer p rograms des i gned to 
e s t i mate I /O-type reg i ona l  mul t i p l i ers for any of the i ndustr ies  s pec i fi 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 count i es in the Un i ted States . 

The system combi nes several advantages of the econom i c  base and  I /O approaches to reg i onal  
i mpact ana l ys i s  to p roduce reg i ona l  mul t i p l i ers tha t  are conceptua l ly s i mi l a r  to I/O mu l t i 
p l i ers . R IMS  rel i es on secondary data sources ; i t  i s  sen s i t i ve to d i fferences between 
i ndustr i e s ; i t  operates at a deta i l ed i ndustri a l  l evel ; and i t  i s  re l at i ve ly  i nexpen s i ve to 
app ly .  

T he  reg i ona l  mul ti p l i er e s t i mates the  porti on of s ucceedi ng  waves of expen d i t u res that  occur 
wi th i n  a defi ned reg i on ,  thus p rov i d i ng a mea s u re of the i ncreased econom i c  acti v i ty wi th i n  the 
reg i on .  R IMS  e s t i mates p roject- spec i f i c  mul t i p l i ers needed to est imate changes in reg i onal  
gross  o utp u t ,  reg i ona l  emp l oyment , and  reg i ona l  earn i ng s  by fi rst comput i ng the study i n du s try ' s  
dependence on other reg i onal  i ndustr i e s . 

The re l at i onsh i p  i s  used  to est i mate the mul t i p l i e r  effect of an i nc rease i n  fi na l  demand i n  a 
g i ven i n dustry on the reg i ona l  g ro s s  output . Earn i ngs-to-gros s-output rat i o s  are then used to 
tran s l ate the output i ncreas e  i n to i ncreases  i n  earn i ngs . For any g i ven reg i on ,  the rat i o  of  
empl oymen t to earn i ngs  i s  u sed to obta i n  an esti mate of the total  i ncreased emp l oymen t  wi th i n  
the reg i on .  

Each i ndustry req u i res i nputs  tha t  are converted to an outpu t ,  wh i ch serves a s  i nput  to other 
i nd ustri es . For e xamp l e ,  the man ufacture of el ectri c motors req u i re s , as some of  i ts i n puts , 
copper , el ectri c i ty ,  l abor , and transportati on . When the e l ectri c motors are comp l eted ( an d  
become an outpu t )  they a re purchased by ( a n d  become i np uts to ) t h e  copper i ndustry ,  the 
e l ectr i c  a pp l i ance i n dustry , and  others . Some of these s upp l i ers and  s ome cons umers a re 
l ocated i n  the reg i on of i n terest ;  others are not .  An I /O mode l ord i nari l y  req u i re s  the 
devel opment of  an  enti re I/O matri x to account fo r th i s  i n terdependence . Wh i l e  retai n i ng many 
of the ana lyt i ca l  o pportun i t i e s  of the I /O  framework , R I MS avo i ds the need fo r th i s  cost l y  
p roces s  by v i ewi n g  t h e  gro s s  o utput  mu l t i p l i er a s  conta i n i ng four e l ements : i n i t i a l  change , 
d i rect effect , i nd i rect effect , and  i n duced effect . 

The i n i t i a l -change component i n  the mul t i p l i er represents project expend i tu res that wi l l  occur 
i n  the s tu dy reg i on .  Because th i s  i n i t i a l change i s  exactly equal  to p roj ect expen d i tures , i t  
i s  a l ways represented i n  the mul t i p l i er by un i ty ( 1 . 000 ) .  The rema i n i ng components , the 
secondary economi c e ffects , are a dded to the i n i t i a l  economi c effect to provi de tota l economi c 
effect . 

The d i rect-effect component accounts for ( 1 ) i n dustry i nput  req u i remen ts and  ( 2 )  the ab i l i ty of 
the area to meet them . The forme r i s  obta i ned from the nati ona l  I/O model ; the l atter i s  
deri ved from data re l at i ng to the study reg i on ( e . g . , U . S .  Bureau of the Cen s u s , County 
B u s i ness  Pattern s Program ) . I n p uts req u i red by the study i ndustry but  not p ro duced i n  the 
reg i on (or produced in i ns uffi c i ent quan ti ty )  must be i mported by the reg i on ,  thu s  redu c i n g  the 
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  a re i denti f i e d  i n  the B EA nati onal  I / O  model . The fi rst step i n  
reg i ona l i zat ion  i s  the eval uati on of  th i s  set of  req u i rements i n  l i ght o f  what i s  known about 
the p roj ect or s peci fi c i n dustry .  The s u i tabi l i ty of  the nati ona l  model i ndust ry for the 

* 
The R I MS system was deve l oped i n  the Reg i ona l  Economi c Analys i s  D i v i s i on of the Bureau of 

Economi c Ana l ys i s ,  U . S .  Departmen t  of Commerce .  The HDR vers i on of R I MS has  been refi ned and 
updated by s taff to meet c l i en t  and governmen t  req u i rements . 
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proj ect ana l ys i s  i s  a s sessed , and project-speci fi c  adj ustmen ts are made in the nat i on a l  model 
i n put requ i rements on the bas i s  of  a v a i l ab l e project descri pti ons or  eng i neeri ng i n formati on .  

I n pu t  req u i rements that resu l t from th i s  fi rst step represent the tech n i ca l  requ i rements of the 
i ndustry .  The second step in reg i ona l i zat i on reconci l es the techn i ca l  requi rements  of  the 
i n dust ry wi t h  the ca pa c i ty of the reg i on to s uppl y the req u i red i n puts . The techn i ca l  req u i re
ments a re repl aced by reg i on a l  d i rect coeffi c i ents ref l ecti ng the actual  purchases o f  i n puts 
from s uppl i ers wi t h i n  the study reg i on .  Th i s  step is accompl i shed w i th the use  of  the l ocat i on 
quot i ent , w h i c h  i s  a doub l e  rat i o  of the form : 

• i ndustry empl oyment i n  the study reg i on/total  empl oymen t  i n  the study reg i on ,  and 

• i ndustry empl oyment i n  the nati on/total emp l oyment i n  the nati on . 

County B u s i ness  Patterns data are used to esti ma te these l ocati on q uoti ents . I f  the l ocat i on 
q u ot i en t  for a g i ven i nput i s  zero , no product i on i s  carri ed  on i n  the reg i on .  Thus , a l l the 
requ i red  i nput must be i mported , and the reg iona l  di rect effect i s  zero . I f  the l ocat ion 
q uot i ent  i s  equa l to or g reater than one , product i on i n  the reg i on i s  a ssumed to be s uffi c i ent 
to supply the study i n du stry ,  and  the reg i ona l  di rect e ffect  i s  equal  to the n a t i ona l  d i rect  
req u i rement .  I n  cases where the l ocat ion quot ient  i s  greater than zero but l ess  than one , the 
reg i on i s  a s sumed to supp ly  some of  the i nput req u i remen t ,  the proport i on be i ng equal to the 
va l ue of  the l ocat ion  quot ient .  

T he  l ocati on quot i en t  test i s  appl i ed to  each  reg i onal  i ndustry that  poten t i a l l y  supp l i es 
i n puts to the study i ndustry .  The s um of a l l resu l ti ng reg i ona l i zed coeffi c i en ts i s  the di rect 
component of  the reg i ona l  mul t i pl i e r .  

The i ndi rect componen t a n d  the i nduced component are computed as  a s i ng l e comb i ned va l ue i n  
R I M S .  The i nd i rect- i n duced effects a re those res u l t i ng from expan s i on o f  s u pp l i e r  a n d  serv i ce 
i ndustri es to mee t  the needs of the d i rectly a ffected i ndustry ,  a s  wel l a s  changes i n  l ocal  
con sumpti on expen d i ture s .  The  i ndi rect i nteract i ons mea s ure addi t i on a l  rounds of  expendi t ures 
and producti on that res u l t from the i n i t i a l  s t i mu l us .  Local con s umer ' s  i ncomes are i ncreased 
by d i rect and i n d i rect e ffects , and some part of the i ncome i ncreases wi l l  be spent in the 
regi on , s t i m u l a t i n g  a dd i t i on a l  economi c acti v i ty .  Th i s  effect of i ncreased i ncomes to l ocal  
consumers is  the i nduced effect and is  an  exten s i on of  the i nd i rect componen t .  E st ima t i on of  
the  i n d i rect- i nduced componen t i s  poss i b l e  through  the  f ind i ng tha t ,  i n  an I/O  model under 
empi ri cal l y  common con d i ti ons , the i n d i rect- i nduced component can be est ima ted a s  a l i near 
h omogeneous functi on of the  di rect-componen t .  A samp l e  of 1 7  I /O mode l s  conta i n i ng 500 
observati ons was used to deve l op the re l at i on s h i p .  

T . 2 . 4  Updated R I MS program 

Impl emen tati on of the R I MS methodol ogy req u i res  the a rt i c u l a t i on of severa l data bases . 
Na t i ona l  i n put-output data pro v i ded by the Bureau of Economi c Ana l ys i s  must be coord i nated w i t h  
county bus i ness  pattern empl oymen t  f i g ures furn i s hed by t h e  Cen s u s  Burea u .  

I n  contrast t o  the 1 96 7  tabl es , the l ates t  ( 1 972 ) nati onal  i n put-output tab l es di d not produce 
i n teri ndustry di rect req u i remen t  coeffi c i ents . Such coeffi c i ents  must n ow be generated through 
appropri ate comb i n a t i on of pub l i shed " use " and  "make "  tab l es .  

Each row o f  a use tab l e shows sa l es to ( 1 ) each i ndustry and ( 2 )  f i n a l  u sers o f  the output of 
the commodi ty named a t  the beg i nn i ng of  the row . Each col umn shows the va l ue of the i nput of  
commodi t i e s  and  the val ue added that i s  generated in  product i on of the i ndustry named a t  the 
head of  the col umn . Each  row of a ma ke tab l e revea l s  the va l ue of each of the commod i t ies  
p roduced by the i ndust ry named a t  the  beg i nn i ng of  the  row . The  col umns o f  a make tab l e  s how 
the tota l output of each commodi ty produced i n  each i ndus try . 

Each i ndustry i s  a s s umed to have i ts own technol ogy , wh i ch i s  determi ned by i ts pri n c i pa l  
product ;  i n  other words , a l l commodi t i es , whether pri nc i pal  or subs i d i a ry ,  produced i n  one 
i ndustry a re made by the same process  and therefore req ui re the same i n put structure . Th i s  i s  
referred to a s  the as sumption  o f  an i ndustry technol ogy . ( The  assumpt i on o f  a commodi ty tech
no l ogy , though  perha ps preferab l e from a theore t i cal  v i ewpo i n t ,  can  y i e l d negati ve coeffi c i ents  
a n d  is  not con s i de red s u i tab l e for i mpact ana l y s i s . ) Unde r th i s  a ssumpti on , an i nput-output 
coeffi c i en t  matri x  ( A )  can be obtai ned as  a mat r i x  product of  a ppropri a te l y  sca l ed vers i ons  of 
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the u s e  ( U )  and make ( V )  ta b l es .  A = BO , where U = Bg and V = Oq . The vector 9 i s  a d i a gona l  
ma tri x w i t h  i ndustry o utputs i n  the  d i agonal , and q i s  a d i agonal  ma tri x wi th commod i ty outputs  
in  the  d i agona l . The  i n dustry tec hnol ogy wa s emp l oyed to  compute an i ndustry coeffi c i ents 
ta b l e ;  the most  d i saggregated use  and make tab l es ( 5 1 1 i ndustri e s )  a va i l ab l e  from the Bureau of  
Economi c Ana l ys i s were used .  Househo l d  coeffi c i ents  were cal c u l ated a s  va l ue added  d i v i ded  by 
tota l i nputs . To extract empl oyee compensat i on from va l ue added - wh i c h  con s i sts  o f  emp l oyee 
compensat i on , i ndi rect bus i ness  taxe s , and property-type i ncome - va l ue added wa s mu l t i p l i ed by 
the p roport i on of empl oyee compensat i on i n  va l ue added at the broad i ndustr i a l  d i v i s i on l evel . 

To generate reg i onal  l ocat i on q uoti ents , the re l a t i ve proport i on s  of emp l oyment i n  s pec i f i c  
i ndustri es  i n  the reg i on t o  b e  i nvest i gated t o  those i n  the nat i on must b e  known because  the 
i nput-output data are nat iona l  in nature . Emp l oymen t e s t i mates for four-d i g i t  Standard 
I nd ustri a l  Code ( S I C )  i ndustr ies  were obta i ned from county bus i ne s s  pattern pub l i cat i ons  for 
the  l atest  ava i l a bl e yea r ,  1 976 .  Because  many f i g u re s  are not  revea l e d ,  due to  di sc l o s ure 
ru l e s ,  a reconc i l i at i on p rocedure was imp l emented to est imate empl oyment for nonre ported 
i ndustri es . Thi s procedure req u i red empl oyment e s t i mates at one l evel of  i ndustri a l  c l as s i 
f i ca t i on that conformed h i erarch i c a l l y  to emp l oyment e st imates at the next broader l eve l . 
Beca use  fi ve l eve l s  of i ndustri a l  cl a s s i fi cat i on ex i s t ,  a computer subro ut i ne was wri tten to 
ma tch a ny of four  g i ven l eve l s  w i th the l evel i mmedi ate ly  above i t .  

Because  the i ndustri a l  c l a s s i f i cat i ons emp l oyed by the Bureau  o f  Econom i c  Ana lys i s and the 
Census  B urea u  are d i s parate , a bri dge program was wri tten so that l ocat i on q uoti ents cou l d  be 
computed for each of the I/O i ndustr i es . Th i s  was accompl i shed by t a k i n g  the pub l i shed bri dge 
and  rearrang i ng ( sort i ng )  it so that S I C  i ndustri es  - a s  opposed to I/O  i ndustr ies  - were i n  
a scend i n g  order .  Th i s  fa c i l i tated the a s s i g nment of county b u s i ness  pattern empl oyment 
e s t i mates to the appropri ate I/O  i n dustr ies  as data were read i n  from magnet i c  tape , i n  order 
of a scendi ng S I C  code s .  

Once I / O  i ndustry reg i ona l  empl oymen t e st imates are obta i ned i n  th i s  fas h i on , reg i ona l  l ocat ion  
q uot i ents ( LQs ) - the  rat i o s  of  reg i on a l  to nati ona l  i ndustr i a l  concentra t i on s  - are computed .  
These  LQs  a re then app l i ed to  the  nati onal  i n put-output coeff i c i ents , generated under  the 
i ndustry technol ogy a s s umpt i on , to ca l cu l ate reg i ona l  di rect mul t i p l i ers . 

Th i s  procedure can be s ummari zed i n  the fol l ow i ng four  equa t i on s . [The dot ( . )  refers to 
s ummi n g  acro s s  that s u bscr i pt . ]  

A� . l J  

E Cr 

C � 
. J 

M � . J 
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F ( A  � ,  ECr ) . J 

A � + . J C � + . J 

e st i mated reg i ona l  d i rect coeffi c i ent , 

reg i ona l i z i ng factor fo r i ndustry i ,  

nat i on a l  di rect I/O  coeffi c i ent , 

factor descri b i n g  the econom i c  characteri s t i c s  of the reg i on ,  

a g r i c u l ture proport i o n  of total nongovernment earn i ng s , 

man ufacturi ng  proportion  of tota l nongovernment earn i n g s , 

reg i onal  nongovernment earn i ngs  d i v i ded by nati onal  nongovernment  earn i ng s  - a 
mea s u re of the econom i c  s i ze of the reg i on , 

( T . l  ) 

( T . 2 )  

( T .  3 )  

( T . 4  ) 
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c � = est imated i nd i rect- i n duced componen t of the mu l ti p l i e r  for i ndustry j ,  . J 
A � = estimated d i rect component of the mul t i p l i er for i ndustry j ,  . J 
M � = est i mated total mu l ti p l i e r  for i ndustry j . . J 

Equa t i on ( T . 1 )  s hows empl oyment edi t i ng of the nati ona l tab l e  and further reg i onal i zat i on by 
l ocat i on quoti ents . Equat i on ( T . 3 )  i nd i cates that the i n d 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 i onal  econom i c  char
acteri st i c s ,  wh i ch are s pec i fi ed in Eq . ( T . 2 ) .  Equati on ( T . 4 )  i s  the mul t i pl i e r  i dent i ty .  One 
overa l l mul t i p l i e r ,  (M i ) , i s  est imated for each col umn i ndustry. The mu l t i p l i e r  represents 
the effect of a change · , n  f ina l  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  wel l as a change in  the associ ated effects on regi onal  
earn i ngs . 
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Department of Energy 
Oak R idge Operations 
P. O. Box E 
Oak R idge . Ten nessee 37830 

Kentucky Heri tage Comm i s s i on 
ATTN : Ms . Ma rsha R i chmond 
State H i s tor ica l  P res erva t i on O ff i c e  
1 04 Bri d ge Street 
F rankfort , Kent ucky 40601 

Gentl eme n :  

J une 1 6 ,  1 980 

COMP L IANCE W I T H  THE NAT I ONAL H I STOR I C  PRESERVAT ION  ACT ; DOE ' S  P ROPOS E D  SRC- I PROJE CT I N  DAV I ESS  COUNTY , KENTUC KY 

Attached you w i l l  f i nd two reference documents that h a ve been p repa red in s upport of  the E n v i ronmental  Impact Statement for the proposed  SRC- I P roject near  Newma n ,  Ken tucky . The Dra ft E I S  i s  sched u l ed fo r re l ease  fo r pub l i c  rev i ew and comment by the end of June . 
The f i rs t  repo rt , Append i x  M ,  H i s tor ica l /Arch i tectural  Survey ,  wa s p repared i n  l a te 1 9 77  and g i ves a br ief  h i s tori ca l perspecti ve of the p l a n t  s i te a rea and i denti f i e s  f i ve spec i f i c  structures a s  pos s i b l y  h a v i ng some arch i tectura l  s i g n i f i cance . A recent ly  rev i sed ma p on page s i x  of  the report shows the l ocation  of  these f i ve st ructures rel a t i ve to the SRC- I s i te p roperty . As the map i nd i cates , o n l y  two of the structure s  are actua l l y  l oca ted on the proposed p l ant  s i te ,  and impacts to a l l th e bu i l d i ng s  by the p roj ect wi l l  be  l i m i ted to v i s u a l  o r  aesthet i c  fa ctors . .  Based on o u r  understandi ng o f  t h e  regu l atory c r i teri a p u rs uant to the Nat i ona l H i stor i c  P reserva t ion  Act , i t  wou l d  not a ppea r that any of these  b u i l d i ngs  a re o f  such  s i gn i f i cance a s  to be con s i dered el i g i b l e fo r the Nat i ona l Reg i s ter of H i stor ic  Propert i e s . We reg ret that the Xerox co p i es o f  the  photographs  o f  th e b u i l d i ngs a re of such  poor qua l i ty .  I f  you be l i eve i t  nece s s a ry for you t o  have  better p i ctures , we can  p robab l y  have Goetzman and  Fo l l mer  send you repri nts of the o r i g i na l  photogra ph s . 

The second report , Append i x  N ,  Archueo l �c_��orts , 1 9 79 �� 1 980 , i s  i n  two parts . Part I wa s prepa red i n  1 9 79 and i denti f i e d  two archaeo l o g i ca l  s i tes , 1 5DA73 and l 5DA74 , that needed f i e l d s u rveys to determi ne the pos s i b l e  p l'esence of dee p l y  b u r i ed cu l tura l  ma ter i a l s .  Part I I  i s  a report o f  the s ub sequent s urveys conducted on the two s i tes i n  December ,  1 9 79 . As the report i nd i ca tes , no deep l y  b u r i ed cu l tural  depos i ts were found , and  no further a rchaeo l o g i ca l  wo rk was deemed to be necessary .  
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Kentucky Heri tage Commi s s i on 2 

On the bas i s  of these two reports and  our  revi ew of the a p pl i ca b l e 
reg u l a t i ons  cr i teri a ,  DOE has  concl uded that the S RC - I proj ect  a s  
now concei ved s ho u l d have no quant i f i ab l e i mpacts or  effects o n  a ny 
ex i s ti n g  resources that wou l d  be a fforded p rotec t i on under the 
Nat i ona l  H i s tori c Preservati on  Act .  We req ues t you r  rev i ew of  thi s 
determi nat i on and ,  i f  you agree , forma l doc umenta t i on o f  your concurrence 
for i nc l u s i on i n  the SRC- I E nv i ronmental  Impact Statement . I f  you 
bel i eve we may be in error o r  m i g h t  have overl oo ked a ny poten t i a l l y  
e l i g i b l e  pro perti es , p l ease  contact u s  a s  s o o n  a s  pos s i b l e  so t h a t  w e  
may i mp l emen t  the requ i red e l i g i b i l i ty determi n a t i o n  and  mi t i g a t i on 
procedure i n  a manner t i me ly  wi th preparat i o n  of the fi n a l  E I S .  

I f  you have any ques t i o n s  o r  need addi t i on a l  i n forma t i on , p l ease  contact 
me at 6 1 5- 576- 0849 . 

MS- 33l  : J KA  

S i ncere l y ,  (I' , r:  ' .  . \ ", �\,�YJ,L '  II. Ii ,1 ,ll"" i l  ', : 
' J . K .  Al exander 
Env i ronmental  Eng i neer 
Envi ronmenta 1 P y'otec t i o n  Branch  
Safety and E n v i ronmental  Control 

D i v i s i on 

Encl o s ures : As s tated 
cc : J .  F. Pearson , AMSRC P , ORO , wlo encl 

J .  L. Morr i s ,  DOE-HQ- F E , wlo encl  



July 7 ,  1 9 80 
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Mr . Jame s K .  Alexan de r ,  Environmental Engineer 
Depar tment of Energy 
Oak Ridge Operations 
P . O .  Box E 
Oak Ridge , Tenne ssee 3 7 830 

Dear Mr . Alexande r :  

Thank yo u for your corre spondence o f  June 1 6  con cerning the proposed 
SRC- I proj e c t  near Newman , Ken tucky . My s t a f f  and I reviewed the 
historical /archite c tural survey re port prepared in 1 9 7 7 . Our review 
of the report ind icates no s t ructures included in or eligible for 
inclusion in the National Re g i & ter of Historic Places will be 
e f fe c t e d  by the proposed SRC-I proj e c t . 

Our review of the archaeological re ports indicates that 15 Da 7 3  
and 15 D a  7 4  d o  n o t  mee t the criteria for inclus ion in the 
National Re gister of Historic Place s .  There fore , no further 
archaeo logical work i s  warranted . 

We concur with t he Department o f  Energy ' s  asses sment that no s it e s  
o r  s t ructures included i n  o r  eligible for inclusion i n  the National 
Re gis ter o f  Historic Places will be effe cted by the proposed SRC-I 
pro j e c t . Therefore , our o f f i ce has no obj e c t ions to the proposed 
unde rtakin g .  

E�£4�� 
Acting Execu t ive Director and Act ing 
State Historic Preservat ion O f f i cer 

DCH : klw 
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Append i x  V 

THE CARBON D IOX I DE ISSUE  

V . l CARBON D I O X I DE RELEAS E  TO  THE ATMOSPHERE 

Al l methods of l a rge-scal e energy produc t i on have envi ronmental  consequences . Rel ease of carbon 
d i ox i de ( C02 ) to the atmosphere i s  a maj or concern assoc i ated w i th the use ( bu rn i n g )  of fos s i l  
fuel a s  a n  energy source . I - 3  O f  a l l  l i qu i d  and gaseous emi s s i ons  f rom fo ss i l  fuel  energy pro
duction , coa l , eetro l eum , and natural gas , o n l y  CO2 i s  retai ned in s i gn i f i cant q uant i t i es i n  
the  atmosphere .  Atmos pheric CO2 permi ts i ncomi ng s hort-wave rad i ation  to reach the ea rt h ,  but  
a bsorbs l ong-wave , i n fra red rad i a t i o n . s  I n frared rad i a t i on i s  the pri nc i pal  outgo i ng rad i a 
t i on from the earth ' s  s u rface . As atmospheri c CO2 l evel s i nc rease , the amount  of  terrestri a l  
rad i at i on wh i c h  i s  absorbed i nc reases accord i ng l y . 6 

Part of the terrestri al  rad i a ti on a bsorbed by the atmo sp heri c CO2 i s  rera d i a ted back to the 
earth , resu l ti ng i n  e l evated g l oba l  temperatures , known a s  the g reenhouse effec t . 7 Theoret i 
ca l l y ,  the trapp i ng and reradi a ti on o f  energy back to earth , wi th the ens u i ng i ncrease i n  
g l obal  temperatures , w i l l  a l ter  c l i mat i c  patterns . 8- 1 0  Al though  the rel at ionsh i p  between 
a tmos phe r i c  CO2 l evel s and g l oba l temperature changes has never been emp i r i ca l l y  proven , many 
researc hers bel i eve that CO2- i nduced c l i ma t i c  change wi l l  resu l t  i n  e l e vated sea l eve l s  as po l a r  
i ce caps mel t ,  and i n  the no rthwa rd and sou thwa rd l a t i tud i nal  s h i fti ng o f  agri cu l tu ra l 
zones . I I - 1 2 Whether or not these c hanges actua l ly occ u r ,  when they may occ u r ,  and  to what 
degree they wi l l  occur i s  a matte r of open debate . 

Atmospheri c CO2 l evel s a re i ncreas i ng and have been for a con s i derab l e l ength of t i me .  S i nce 
1 958 , severa l  mon i to r i n g  prog rams , mos t  notabl y  the Mauna Loa , Hawa i i  mon i to r i n g  program , have 
documented the atmosphe ri c CO2 i nc rease . 1 3 I t  i s  es t imated that atmospheri c CO2 l evel s a re 
i nc rea s i ng at an annual  rate of a bo u t  1 . 5  ppm wi th a bac kground of about 333 ppm at the present 
t i me . 1 4  The est imated i nc rease in atmospheri c CO2 s i nce 1 860 i s  a range o f  40 to 70 ppm. I S  

I f  the cu rrent i nc rease i n  fos s i l  fuel  use  cont i nues a t  4 . 3% per yea r ,  w i th the present d i s
tri b u t i on of CO2 between the a tmosphere ,  b i osphere ,  and ocean s ,  the a tmospheri c concentra tion  
o f  CO2 can  be expected to  doub l e by  the  year 203 5 .  Annual  g rowth rates o f  1 . 0 to  3 . 0% of  
fos s i l  fue l  u sage del ay the projected doub l i ng t ime of atmos pheri c CO2 l evel s by  5 to  2 5  years . 1 6  

The s i gn i fi cance o f  the synfuel contri b u t i on to the a l ready i nc reas i ng l evel s o f  atmo s p heri c 
CO2 i s  an i mpo rtant i s sue i n  the ongo i ng deba te concern i ng future foss i l  fuel  u sage . The 
centra l  i s sue of the argument revo l ves a round the h i g her  CO2 emi s s i ons from synfue l s  than f rom 
the d i rect ly  burn i ng foss i l  fue l s ( Tabl e V . l ) . 1 7 When the Btu ' s  of a l l  p roducts and by-pro ducts 
a re compared to the B tu ' s  of the feed coa l , the eff i c i ency of coal l i quefac t i on g eneral l y  range s  
from 60 t o  70% .  Many of  the Btu ' s  absent i n  t h e  f i n al  p roducts a re d i sca rded from the pl an t  
as carbon bound w i th oxygen , fo rmi ng CO2 gas . Al though t h e  CO2 emi s s i o ns f rom synfue l s  pro
duc t i on and use exceed those from o ther fos s i l  fuel s ,  dur i ng the demonstrati on phase of the 
p roject these emi s s i ons  w i l l  represent a very sma l l fraction  of  the U . S .  and worl d CO2 emi s s i o n s .  

A s  i l l ustrated b y  Tabl e V . l ,  CO2 emi s s i ons  from t h e  producti on a n d  u s e  of synfue l s a re s i gn i fi 
cantl y h i gher than emi s s ions  from any other foss i l  energy source . Synfuel production  emi ts h i g h  
l evel s o f  CO2 because  energy from fos s i l fuel i s  req u i red to convert coal  to syne thet i c  fuel . 
E s t i mates of the excess amount  o f  CO2 synfuel producti on w i l l  emi t varies  s l i gh t l y  from one 
source to the nex t ,  but  the range i s  genera l l y  between two to th ree t imes g reater than natura l  
gas , s l i qh t l y  l ess  than two t i mes t h e  amount f o r  petrol eum ,  a n d  l ess  than 5 0 %  more than 
coa l . 1 8 , I 9 
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Tab l e V . 1 .  Re l at i ve amounts of carbon re l eased i n  carbon 
di oxi de for vari ous fos s i l fue l s  

F ue l  

Oi l 
Gas 
Coa l  
Coa l : converted to g as o r  o i l 

( syntheti c fue l s )  

Carbon i n  carbon d i ox i de 
( i n  1 0 1 5 g )a 

2 . 0  
1 .  45 
2 . 5  

3 . 4  

aCarbon re l eased i n  CO2 per  1 00 quads of energy re l eased as heat . 
( One  quad = 1 0 1 5 Btu . )  

Source : Woodwe l l ,  et a 1 . ,  "The Carbon Di oxi de P rob l em :  Imp l i 
cati ons for Po l i cy i n  the Management of Energy and Other Resources , "  
Counci l on Environmental Quality , J u l y  1 979 , p .  6 .  

Si gn i fi cance of the C02 i ssue  

Regard l ess  of whether synfue l s  become a maj or  contributor to our  energy needs , worl dwi de COo 
l eve l s  are predi cted to doub l e  dur i n g  the next century .  The doub l i ng of CO2 l eve l s  by 2035

� 

assumes a conti n ued  h i g h  g rowth rate of energy demand and foss i l fue l u s e .  I f  synthet i c  fue l s  
are substi tuted for petrol eum and natural gas , the doub l i ng t ime for atmospheri c CO2 concentra
ti ons i s  s hortened , but not s i g n i f i cant ly .  It i s  i mportant to rea l i ze that a s  synfue l s beg i n  
contri buti ng t o  the nati on ' s  energy ends , the use of other fos s i l fue l s  wi l l  decl i ne ,  reduci ng 
C02 emi s s i on s  from conventi onal  sources . 

The actua l  s hare the Uni ted States wi l l  contr i bute to wor l dw i de C02 emi s s i ons i s  dependent on 
the fos s i l fuel  mi xture use d ,  deve l opment of n onfoss i l  energy s ources , and the g rowth of fos s i l 
fue l use by other countri es . Based on the scenar i o p roposed by Pres i dent Carter ,  base l i ne 
ca l cu l ati ons from synfue l  CO2 rel eases h ave been ca l cu l ated assumi ng  a p roducti on rate of 
1 mi l l i on barre l s  a day by 1 985 , 2 mi l l i on bb l /d by 1 990 , and 5 mi l l i on bb l /d  in the year 2000 . 
Th i s  rate of p roducti on was then p rojected to the year 2050 w i th an anti ci pated rate of 
60 mi l l i on barre l s  of synfuel  per day . 2 o By 1 990 , synfue l s  wi l l  be contr i but ing  a sma l l 
percentage to man-made C02 emi s s i on s .  Prel i mi nary studies  i n d i cate a two mi l l i on bb l /d synfue l s  
program wi l l  represent a 3% i n crease i n  C02 emi s s i ons  f rom U . S .  fos s i l -fuel  combusti on and 
producti on .  These emi s s i ons wi l l  represent l es s  than 1%  of g l oba l  man-made emi s s i ons  in  1 990 . 
U s i ng the current proj ecti ons for synthet i c  fue l  deve l opment , the U . S . emi s s i on s  of C02 from 
synfue l s  wi l l  represent 1 . 9% of the wor l d  tota l i n  2025 and 3% i n  2050 . 2 1 These base l i ne 
ca l cu l ati ons are be l i eved ,  by the I n st i tute of Energy Ana lys i s , to be based on an unrea l i sti ca l ly 
h i gh ene rgy use scenari o .  Th i s  rate of energy product i on i s  equa l  to 1 25 q uads , whi ch i s  
approx i mate ly  twi ce the amount of p resent product i on .  I n  addi t i on ,  a l l energy proj ecti ons of a 
few years ago were much h i gher and ,  every yea r ,  the proj ecti ons for the future are gett i ng 
l ower .  The fracti on of the U . S .  total energy that wi l l  come f rom t h i s  scenar i o  i n  the year 2050 
i s  37 . 5% . 2 2 

The Uni ted States current ly  contributes approxi mate ly  28% of the worl d ' s  man-made CO2 emi s s i ons . 2 3 
I f  current projecti ons regardi ng a s h i ft i n  the re l i ance on petro l e um to coal prove true at the 
n ati ona l  and worl d sca l es , tota l U . S .  and worl d emi s s i on s  of C02 wi l l  dramatica l l y i ncrease .  
An i nteresti ng s i de l i ght  of thi s p roj ecti on i s  that  the  U . S .  s hare of worl d C02 emi s s i on s  wi l l  
decrease i n  re l at i ve terms whi l e  i ncrea s i ng i n  abso l ute terms . Th i s  argument has been se i zed 
upon by p roponents of the syntheti c fue l s  and coal devel opment advocates in the n ati on as a 
rati ona l e  for adopti ng  coal an d coal convers i on techno l og i es as a maj or part of our energy 
program . As the wor l d  moves away from petrol eum re l i ance to coal  re l i ance ,  total CO2 emi s s i on s  
wi l l  i ncrease . I t  i s  proj ected that the U . S . contri but i on to total C02 emi ss i on s  wi l l  decrease 
to 8% i n  2025 as deve l op i n g  countri es i ncrease the i r  use of fos s i l  fue l s . 2 4 

Justi fy i ng syntheti c fue l s  and coal us age based on total p rojected worl d emi s s i ons  of C02 tends 
to obfuscate the s i gn i fi cance of the amount the U . S . contri butes to the atmosphere . I n  a recent 
p resentati on to the U . S . Senate Commi ttee on Energy and Nati onal  Resources , Profe ssor Dav i d  
Rose ( M I T )  attempted t o  p u t  a l l o f  the i ss ue s  regardi ng  foss i l  fue l use , techn o l og i e s , and 
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CO2  emi s s i on s  i n to perspecti ve . 2 5 The  thrust  of Rose ' s  argument was that more thought  shou l d  
b e  g i ven to the l og i c of deve l op i n g  a l a rge-s c a l e  synthet i c  fue l s  p rogram g i ven the uncerta i n ty 
of the c l i mato l og i cal  con sequences that may en s ue from i n c reas i ng atmospheri c CO2 concentra
t i on s .  The s h i ft to a nat i on a l  and worl dwi de re l i ance on coa l as  a pr imary ene rgy source , as  
a res u l t of  th i s  p rob l em ,  needs to be reassessed .  The i nert i a  wh i ch such  a techn o l og i ca l  s h i ft 
may bu i l d  u p  ove r several decades w i l l  be d i ff i cu l t  to reverse shou l d  g l oba l  warmi ng , res u l t
i n g  from i n creased CO2 concentrati on s , p rove to be a maj or  worl d p rob l em . 2 6 

Be cause of the sma l l  s c a l e  of the syn thet i c  fuel  demon s trati on p roj ects , the g l ob a l  i mpact of 
the i r  CO2 emi s s i on s  w i l l  be m i n i ma l . The above d i scus s i ons a s s umed h i gh d a i ly  outputs of  
syntheti c fue l s  in  comme rci a l -sca l e  p l ants i n  p red i ct i n g  the  i mpact of CO2 emi s s i on s .  The 
demons trat i on p l ants w i l l  p roduce sma l l quant i t i es of syntheti c fue l s  and thereby sma l l quant i 
t i es of CO2 . The u l t i mate purpose of the demon s trat i on p rojects , however ,  i s  to demons t rate 
the feas i b i l i ty of a l arge-sca l e  comme rc i a l  syntheti c fue l s  i ndustry .  Th i s  s hou l d  be kept i n  
m i n d  when compari ng  the i mpacts o f  syn fue l s  t o  the poten t i a l  envi ronmental  i mpacts of  other 
energy a l ternati ves .  
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ton , D . C . ,  Aug .  8 ,  1 979 . 

1 8 .  Ref .  1 7 ,  p .  2 ,  footnote 1 7 .  

1 9 .  Commi ttee on Governmental Affa i r s ,  U . S . Senate , Carbon Dioxide Accumulation in the 
Atmosphere, Synthetic Fuels and Energy Po licy, Comment by Roger Resel le (July 30, 1 979 ) , 
U . S .  Government Pr i n t i ng Off i ce , Wa s h i ngton , D . C . , 1 979 . 

2 0 .  Ref .  1 9 ,  p .  9 ,  footnote 1 7 .  

2 l . Ref .  1 9 ,  p .  1 6 ,  footnote 1 9 .  

22 . Ref . 1 9 ,  p .  1 6 ,  footnote 1 9  ( comments by Dr. Ral p h  Rotty) . 

23 . Ref .  1 9 ,  p .  2 1 , footnote 1 9 .  
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2 5 .  Professor D .  J .  Rose , On the Global C02 Prob lem, a presentati on p repared for the U . S . 
Commi ttee on Energy and Natural Resources , Apr .  3 ,  1 980 . 

26 . Re f .  2 5 ,  p .  1 4 ,  footnote 2 5 .  
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Append i x  \oJ 

PERMITS 

The permi t schedu l e  out l i ned i n  th i s  Appendi x i s  based on the cons tructi on sched u l e  u sed 
th roughout th i s  FE I S .  In  the e vent that the construction  schedu l e  changes , the dates for 
s u bmi tti n g  perm i t  app l i cat ions  wi l l  be adj usted accord i n g l y .  

Agency/permit 

Environmental Protection Agency 

PSD 

NPDES 

Construction ru nott 

Sewage treatment plant 

Other plant discharges 

RCRA (sludges and slag� 

SPcc plan for operation 

PSCC plan for construction 

Dredge spoils 

U.S. Army Corps of Engineers 

Section 1 0 1  and 104 permits 

Barge dock 

Water intake 

Water outfall 

Martins Creek and Bryants Ditch 

Federal Aviation Administration 

Construction hazards to air 

traffic 

Department of Natural Resou rces 

and Environmental Protection 

Construct air pollution sou rce 

Construct water pollution source 

Construct landfill 

Construct i n  a tloodway 

Water withdrawal permit 

Construct public water supply 

Construction runoff 

Air pollution operating permit 

Water pollution operating permit 

Landfill operating permit 

Oate permit 

required 

3/82 

3/82 

7/84 

7/84 

7/83 

7/82 

7/82 

7/82 

7/82 

Not applicable 

3/82 

4/83 

7/83 

7/82 

7/83 

7/83 

3/82 

2/86 

7/84 

8/82 

Tobl. W.l.  Pormit requiremenll' 

Date application 

required 

Federal 

1 /8 1  ( 1 2/80� 

10/81 

1 /84 

1 /84 

1/83 

3/82 

1 /B2 

3/82 

3/82 

3/82 

Not applicable 

Common_alth of Kentucky 

1/81 

3/83 

1 /83 

3/82 

5/83 

5/83 

1 0/81 

1/86 

6/84 

7/84 

Date application 

scheduled 

( 1 2/80� 

10/81 

1 0/83 

1 0/83 

1 0/82 

3/82 

1 2/81 

3/82 

3/82 

3/82 

Not applicable 

( 1 2/80� 

1 /83 

1 0/82 

3/82 

4/83 

4/82 

1 0/81 

1 1 /85 

5/84 

6/84 

a Based on April 1 ,  1982, as the date for start of construction. 

Remarks 

Not required per EPA Region I V  

To be part o f  NPDES BMP. Plan 

approval not required 

Permit not required per COE letter 

dated December 23. 1 980 

Not required for structures under 

200 It 

File same time as COE permit 

Required afte� wells have been drilled, 

at the time the water is to be used 



Department of Energy 
Oak Ridge Operations 
P.O. Box E 
Oak Ridge , Tennessee 37830 

I nte rnational Coal Refining 
ATT N : Dr.  John Tao 
P . O .  Box 2752 
A lle n town . P A 18001 

Gentlemen : 

\tI-4 

Novemb e r  7.  1980 

Corporation 

RECE I P T  OF NEW SOURCE D E TE R M I NA T I O N  R E G I O N  I V  

E nclosed is  a letter from R ebecca W .  Hanme r .  of t h e  U . S .  E P A .  
Region IV . ruling t h a t  t h e  SRC-I Demon stration Plant i s  e ffectively 
a n ew sou rce , and in accordance wit h Section 5ll ( c ) ( l )  of the 
Federal Water Poll ution Con trol Act , i s s u ance of an N P D E S  permit 
will be s u b j ect to the provision s of the N ational Environme�tal 
Policy Act of 1969 . 

A s  d i scus sed w i t h  2 C' g i o n  I V  at the m e e t i n g  on October 1 4 ,  it is  
hoped that EP A ' s  co-a u t ho r s h ip of the DOE E I S will  satisfy the 
requi rements  of the E I S  for the NPDES p e rmit , i n  the intere st  of 
saving time . Bob Howard , section chief in Reg ion l V ' s  E I S  Branch , 
h a s  indicated t h a t  thro u g h  the mecha n i s m  of E P A  as coope rating 
agency for the D O E  E I S  and t hrou g h  execution of  t he work plan 
b eing gene rated between the t wo ag encie s ,  EPA w ill in fact  con
s ider it self co-author to the DOE E I S .  This is  a welcome v iewpoi n t , 
and Mr . Howard indicated t hat no formal further request to e stab
lish co-a utho r ship would be nece ssary . 

I f  you have any questions on this matte r ,  p lease con tact me or 
Gab riel Marciante at 615-576-1051 , or 576-0850 , respecti vely , or 
F T S  626-2429/-0850 . 

MS-331 : GJ M  

E nclosure 

CC : 
R .  H a nmer , E P A- I V  Admin . 
� l{Qward E P A  

S incerely , 

aalUcJ {l 

J ames A .  Reafs yd 
Technical D iv i s ion 
Solvent Refined Coal Proj ects 

Chuck t\oston . 4500N , MS D-3 3 ,  O R N L  
M .  L .  Rogow s k y , MS 5A-1l4 ,  FORST LiHQ 
J .  F .  P e a rson 
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OCT 2 2 1980 
REF: 4E-WE 

CERTIFIED MAlL 
RETURN RECEIPT REQUESTED 

' '''5 COURTLAND S T R E E T  
ATLANTA. G E O R G 'A 3 0 3 e 5  

Mr .  Joh n F .  Pearson, Jr . 
Assis tant Manager for Solvent 

Ref ined Coal Proj ec ts 
Depar tment of Energy 
Oak Rid ge Opera t ions 
P . O .  Box E 
Oak Rid g e ,  Tennessee 3 7830 

Re : SRC-I Demonstration P l an t ,  NelJlllan, Ken tucky , NS;,/0 1 7 1  
Dear Mr . Pearson : 

As a result of various mee tings and d iscus s io ns w i t h  my s taff and t he addi tional informa tion you s u b � i t t ed on O c to b e r  1 ,  1 980 , I have made the following d e termina tions rela t ive to the d ischarge to the nav i g a b l e  wa t e r s  of the Uni ted S ta tes from yo u r  p roposed Ne*'l!lan , !-:e:l tucky demons t ra tio :l p l a n t : 
COAL PREPARATIO� P L\:,T COMPONC1T 

1 .  Cons truc tion of this facility wa s not in p rogress as of January 1 2 ,  1 9 7 9 .  

2 .  This component o f  you r facility falls within the Coal Preparation Plants and Associa ted Areas Subcategory of the Coal �lining Point Source Ca t egory . 

3 .  New Source Performance S tandard s  for this indus trial ca tegory were promulga ted in the Federal Regis t er on January 1 2 ,  1 9 7 9 . 
4 .  There is a t�ew Source Performance S tandard within this ca tegory which can reasonably be cons idered applicable to this componen t  o f  your facil i ty .  

ALL OTHER COMPONEN'I'S 

1 .  Construc tion of this facility was not in � r06r e s 6  �s o f  October 1 ,  1 980.  

2.  Your facility generally falls within the Syn thetic Fu e l  from Coal Ca tegory . 

3 .  New Source P erformance S t andards for t h i s  indus tr ial ca t egory have no t b een propose� in the Federal Reciis ter as o f O c t o b e r  1 ,  1 980 . 

� 0 1 5 1 9  
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4 .  There is a reasonable presumption tha t a New Source Performance 
S tandard within this category (which can reasonably be cons idered 
applicable to your facility) will be proposed in the Federal 
Register prior to start of cons truction o f  these o ther componen ts . 

Based on the above de terminations I have fur ther de termined that cons truction 
of your facility d id not begin prior to publication of any proposed N�J 
Source S tandards in the Federal Register which could reasonably be cons idered 
to apply to your d ischarge. As a result of this detel�nation I �ve there fore 
concluded tha t you are a new source and in accordance with Section 5ll (c ) ( 1 )  
o f  the Federal Wa ter Pollution Control Act ,  a s  amended , (33 USC 1311 ) , issuance 
of an NPDES p ermit to your facility is subj ect to all provisions of the Nat io na l  
Environmental Policy Ac t of 1 9 6 9  ( 8 3  S t a t .  8 5 2 ) < 

If you should disagree with this ruling , you may submit a request for an 
adjudicatory hearing and / or legal decision within thirty (30) days o f  
the receiyt o f  this le t ter . T h e  r equest and two cop ies thereof must be 
_�bmitted to the Regional Hearing Clerk, Env ironmental Pro te ction Agency , 
345 Courtland Stree t ,  Northeas t ,  Atlanta, Georgia 30365 . The submission 
of the request will be within the time period if mailed by Cer t i!ied 
Mail befor e the 30th day . The request mus t :  

1 .  S tate the name and address o f  the person making such reques t ;  

2 .  Include an agreement b y  the reques tor to be subj ect to 
examination and cross-examination and to make any employee 
or consultant - o f  such reque s tor or other person represented 
by the r equestor available for examina tion a l  the expetls·! 
of such reques tor or such other person upon the request o f  
the Presiding Off icer , o n  h i s  own mo tio n ,  o r  o n  the IIIO tio l". 
of any party; 

3 .  S tate with particularity the reasons f o r  the reques t ;  

4 .  Sta t e  with par ticularity the issues proposed to be considered 
at the hearing . 

Additional information on adjudica to ry hearings and legal decis ions is 
found at Title 4 0 ,  Code of Federal Regulations , Section 125 . 36 , 39 , 
Federal Regis ter 2708 1 .  

I f  you have further questions concerning this matter , p l ease contact 
Hr .  William H. Cloward of our Water Enforcement Branch a t  (404) 881-2017 .  
Sincerely yours ,  

£:��. � , O/pJ, 
legional Admini strator 

ce: Mr .  D. Elmo Lunn 
Division of Water Qual i ty Cuntrol 
TN Dep t .  of Public Health 
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U N ITED STATES DEPARTM ENT O F  AGRICULTURE 
SOIL CONSERVATION SERVICE 
333 Waller Avenue , Lexington, KY 40504 

Mr. Roger L. Kro odsma 
Re search Staff Member 

April 23 ,  1 980 

Oak Ri dge National Laboratory 
Environmental Scienc e s  Divi sion 
P . O .  Box X 
Oak Ri dge , TN 37830 
De ar Mr .  Kroodsma: 

The foll owing information is furni shed as reque s ted in your l e t te r  dated 
March 28 , 1 980. 
A soil map of the propo sed construction site i s  attached .  Prime farmland 
soil s are colored green, additional farmlands of statewide importance are 
colored ye l low, and o ther soils are colored re d .  There are no uni que 
farmlands on the propo sed site . 

ApprOXimately 9 1  percent of the so i l s  on the s i te are prime farmland soi l s .  
They are li sted below. 

Map Symbol 

EkA 
EkB 
Gn 
Hu 
Ja 
Mh 
Ne 
OtA 

OtB 
Wh 

So i l  Name 

Elk s i l t  l o am , 0 to 2 percent slop e s  
Elk s i l t  l o am ,  2 t o  6 percent slopes 
Ginat silt l oam 
Huntington s i l t  l o am  
Jacob silty clay loam 
Me lvin s i l t  loam 
Newark sil t l o am  
Otwe l l  s i l t  loam, 0 t o  2 percent slope s 
Otwe l l  s i l t  l o am ,  2 to 6 percent s l ope s 
Weinbach silt l o am  

Approximately 2 percent of the soils on the si te are addi tional farml ands 
of statewide importance .  They are l i s ted below. 

Map Symbol 

EkC 
WnC 

Soil Name 

Elk s i l t  l o am ,  6 to 1 2  percent slop e s  
Wheeling loam, 6 to 12 percent slope s 
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Approximately 7 percent of the s o i l s  on the s i te are o ther s o il s .  They 
are l i sted below. 

Map Symbol 

AlF 
EkE 

ElC 3  

Soil Name 

Alluvial land , steep 
Elk silt loam, 1 2  to 50 percent slope s ,  

severely eroded 
Elk silty clay loam, 6 to 1 2  percent slope s ,  

severely eroded 

If we c � provide additional information, please contact u s .  

Sincerely·, 

/� iL/ ! �fray � State Conservationi s t  

Attachment 
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BARGE DOCK I NG FAC I L ITY 

( Adapted from Dame s & Moore study ,  No . 1 0259-01 9-2 1 , May 7 ,  1 980 . ) 





Appen d i x  Y 

BARGE DOCK I NG FAC I L I TY 

Y . l  COMP L IANCE W I TH LAWS , EXECUT IVE  ORDERS , AND E X I ST I N G  REGULATI ONS 
The proposed project i nc l udes cons i derati on of the construct i on of a barge s l i p  and dock at the proposed s i te i n  Dav i ess  County ,  Kentucky . The barge s l i p  wou l d  be cons tru cted w i th access to the Green R i ver near R i ver M i l e  ( RM )  1 9 .  The dock wou l d  be l ocated w i t h i n  the barge s l i p .  The purpose of t h i s appendi x  i s  to assess  the i mpact of  th i s  fac i l i ty as requ i red by vari ous  env i ronmental  l aws and reg u l a t i ons . 

The proposed construct i on of a barg e  s l i p  and dock and assoc i ated l and d i sposa l  o f  dredged materi a l  must comp ly  wi th various  l aws , executi ve orders , and the i r  a s soc i a ted regu l a t i ons . These reg u l a t i ons , descri bed be low ,  are des i gned to protect n a v i g a t i on , s u rface and g roundwa ter qua l i ty ,  wetl ands , fl oodp l a i n s , f i s h  and w i l d l i fe ,  and h i stor ica l  and a rchaeo l og i ca l  resources . 
Sect i o n  1 0  of the R i ver and Harbor Act of 1 899 ( 30 States 1 1 5 1 ;  33 USC 403 ) gave the U . S .  Army Corps of Eng i neers a mandate to proh i b i t  the obstructi on or a l tera t i on and constructi on o f  any structure i n  or over any nav i gabl e water of the Un i ted States wi thout a permi t .  The reg u l a t i ons  wh i c h  imp l ement th i s  Act  are conta i ned in  the  Army Corps of  Eng i neers Permi t Program Reg u l a t i ons  ( 33 CFR  Part 320 and  Pa rts 322  through  329 ) . 

The barge s l i p ,  un l oa d i n g  fac i l i ty ,  and dredge d i sposal  area and i ts assoc i ated effl uent wi l l  requ i re Corps of  Eng i neers perm i tt i ng under 33 CFR Parts 322 and 323 . The dred g i ng act i v i ty and construct i on of the dock must comp ly  w i th the Army Corps o f  Eng i neers Reg u l at ions  33 CFR Part 322 - Perm i t s  for Structure s  or Works i n  or Affec t i ng Nav i ga b l e Waters of the U n i ted States . I f  the d i ked dredge d i sposa l  area i s  w i t h i n  the 1 00-year fl oodp l a i n ,  i t  wi l l  a l so b e  revi ewed a s  a structure or work i n  or a ffec t i ng n a v i g ab l e  waters of the U n i ted States . 
Effl uent from the dredge d i s pos a l  area consti tutes a d i s charge of dredged materi a l  to the water of the Un i ted States . Therefore , i t  w i l l  be regu l a ted under Corps of Eng i neers reg u l a t i ons 33  CFR  Part 323 - Permi ts for  D i scharge of Dredge or F i l l  Mater i a l  I nto Waters of the Uni ted Sta tes pursuant to Sect i on 404 of  the C l ean Water Ac t .  Materi a l  d i scharged for bank stab i l i zat i on may a l so be regu l ated u nder t h i s  sect i on . 

Corps of E n g i neers reg u l a t i ons 33 CFR Part 320 outl i nes the general cri teri a used to eval uate a l l  Corps perm i t  app l i ca t i ons ; of part i cu l ar i n terest i s  Sec t .  320 . 4  - Genera l Pol i c i es for Eva l uati ng Perm i t  App l i ca t i ons . The fol l ow i ng general cr i te r i a  are app l i ca b l e  to perm i tt i n g  of the proposed barge s l i p  u n l oad i ng fac i l i ty and d i scharge of  d redged materi a l : 1 .  p ub l i c  i n terest  rev i ew ,  

2 .  effect on wetl ands , 

3 .  f i s h  and  wi l d l i fe ,  

4 .  water qua l i ty ,  

5 .  h i stori c ,  scen i c ,  and  recrea ti onal va l ues , 

6 .  i n terference w i th adjacent p ropert i e s  o r  water resou rces proj ects , 
7 .  fl oodp l a i n s , and 

8 .  se l ected other Federa l , State , or  l ocal requ i rements . 

Y-3 
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The pub l i c  i ntere s t  rev i ew i s  a con s i derat i on of economi c benefi ts verses general envi ronmental  
concerns . Thi s rev i ew s hou l d  con s i der  the fol l ow i ng general  cri teri a :  

1 .  the re l at i ve extent of the pub l i c  and pri vate need for the proposed s tructure or work ; 

2 .  the des i rabi l i ty of u s i ng appropri ate a l tern at i ve l ocati ons and methods to accompl i sh 
the obj ecti ve of the proposed s tru ctu re ; 

3 .  the exten t and permanen ce of the benefi ci a l  and/or detri mental  effects that the 
proposed s tructure or work may have on the pub l i c  and pri vate u ses to whi ch the area 
i s  s u i ted ; and 

4. the p robab l e  i mpact of each proposa l  in re l at i on to the cumu l at i ve effect created by 
other exi st i ng and anti ci pated s t ru ctures or work i n  the genera l are a .  

The Corps o f  Eng i neers , pursuant t o  Execut i ve Order 1 1 990 enti t l ed " Protect i on o f  Wet l ands and 
the Ri ver and Harbor Act , "  a l s o  regu l ates acti v i t i es in  wet l ands to avo i d adverse i mpacts , 
where poss i b l e ,  to m i n i mi ze des truct i on , and to pre serve the va l ues of wet l ands . The Corps 
wi l l  con s i der  whethe r the proposed acti v i ty i s  pri mari ly  dependent on be i n g  l ocated i n ,  or 
i n  c l ose p roximi ty to , the aquat i c envi ronment and whether feas i b l e  a l ternati ve s i te s  are 
avai l ab l e .  The Corps wi l l  a l s o  con s u l t  w i th v ari ous  Federal  agenc i e s  to assess  the cumu l at i ve 
effects of acti v i t i es i n  the reg i on .  I n  addi t i on t o  the Corps o f  Engi neers ' pol i ci es , State 
regu l atory l aws or programs for cl a s s i f i cat i on and protecti on of wet l ands must be con s i dere d .  

Con s i derat i on o f  the i mpact of the barge faci l i ty a n d  re l ated acti v i t i e s  o n  fi sh a n d  w i l d l i fe 
i s  a maj or con cern . I n  accordance w i th F i sh and Wi l d l i fe Coordi nati on Act , Corps of Eng i neers 
offi ci a l s  wi l l  con s u l t  with the Reg i on a l  Di rector , U . S .  F i s h  and W i l d l i fe Serv i ce ,  and the head 
of the agency respon s i b l e  for fi s h  and w i l dl i fe for the State i n  whi ch the work i s  to be per
formed , w i th a v i ew to the conservati on of w i l d l i fe resources by preven t i on of the i r di rect and 
i ndi rect l os s  and damage due to the acti v i ty proposed i n  a perm i t  appl i cat i on .  They wi l l  g i ve 
great we i ght to these v i ews on fi s h  and wi l d l i fe cons i de rat i on s  i n  eva l u at i n g  the app l i cat i on .  
The app l i cant wi l l  b e  urged t o  modi fy the propos al  to e l i mi n ate o r  m i t i gate any damage t o  s u ch 
resource s .  Where appropri ate , the permi t may be con d i t i oned to accomp l i sh th i s  purpose.  

App l i cati ons for perm i ts for act i v i t i e s  whi ch may affect water qua l i ty or d i s ch arge of dredge 
or fi l l  materi a l  wi l l  be eva l u ated for compl i ance w i th appl i cab l e  effl uent l i mi tati on s , water 
q u a l i ty standards , and management practi ce s  dur i ng the constructi on , operat i on , and ma i n tenan ce 
of the proposed acti v i ty .  State certi fi cati on of comp l i ance w i th app l i cab l e  effl uent l i mi ta
t i on s  and water qua l i ty standards req u i red under prov i s i on s  of Secti on 401 of the Cl ean Water 
Act wi l l  be cons i dered concl us i ve w i th res pect to water qual i ty con s i derati ons u n l ess  the 
Reg i ona l  Admi n i strator , Env i ronmental  Protecti on Agency ( EPA) , adv i ses  of other water q ua l i ty 
aspects to be taken i nto cons i derati on .  Any permi t i ss ued  may be condi t i oned to i mp l ement 
water qua l i ty protect i on mea s u res . 

Several Federal acts requi re the Corps of Engi neers and other Federal agen ci es to cons i der the 
effe ct of permi tted  acti v i t i es on h i s tori c ,  s cen i c ,  an d recreati on a l  va l ues . H i stori cal  s i tes , 
whi ch i nc l u de cu l tural  and arch aeol og i cal  s i tes , are protected unde r  two Federal acts . The 
Nat i onal Hi s tori c Preservati on Act estab l i shed an Adv i s ory Coun ci l to rev i ew and comment upon 
a ct i v i ti es l i censed by the Federal Government that w i l l  have an effect upon propert i e s  l i sted 
in the Nati onal  Reg i ster of H i stori c P l aces , or e l i g i b l e  for l i st i ng . The Preservati on of 
H i s tori cal and Archaeol og i cal  Data Act empowers the Secretary of the I n teri or to take acti on 
necess ary to recover and preserve the data pri or to commencement of the project when a 
Federa l ly  l i censed project a l ters any terrai n s u ch that s i gn i f i cant h i stori cal or archaeol og i ca l  
data i s  threatened.  

Scen i c  and recreat i on a l  areas shou l d a l s o  be protecte d .  These are as i n cl ude ri vers des i gnated 
a s  wi l d  or s cen i c  and nati onal parks , w i l dernes s areas , n at i onal  l akeshores , n at i onal monuments , 
and other Federal or State des i gnated areas . 

The Corps of Engi neers w i l l  not i ss ue a permi t for structures or work wh i ch wou l d  i nterfere wi th 
adj acent prope rt i e s  or water resource proj ects . I nterferences s uch a s  i ncreased s i l tat i on or 
eros i on and general pub l i c  acce s s  or ri ght of nav i gat i on must be avo i de d .  

T h e  Corps of  Engi neers have establ i shed reg u l at i ons  ( 33 C�R Part 239 ) for acti v i t i es i � the 
f l oodpl a i n ,  pursuant to Execu ti ve Order 1 1 988 on F l oodpl a l n  Management . These reg u l atl ons 
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req u i re eval uat ion  of whether acti v i t i es l ocated in  a fl oodpl a i n  ( l OO-year )  that req u i re 
Department of the Army perm i ts are i n  the publ i c  i nterest ; and  whether a l ternat i ves a re ava i l 
a b l e  to avo i d  adverse effects from and  i ncompa t i b l e  devel o pment i n  fl oodpl a i n s . The act i v i ty 
shou l d  not resu l t  i n  an i ncrease i n  f l ood impacts on human safety , hea l th ,  and  we l fare .  

Other Federa l , State , or  l ocal  requ i rements must b e  con s i dered pr ior  t o  i s s uance o f  a permi t .  
F o r  examp l e ,  the Endangered S pec i es Act i s  o n e  a c t  of concern p r i or t o  i s s uance of  a perm i t .  
Th i s  act req u i res that the agency s h a l l not j eopard i ze the conti nued exi stence of  such  endan
gered or  threatened s pec i es or  res u l t  i n  the destruc t i on of  such spec i es '  hab i tat ,  wh i c h  i s  
determi ned by the Sec reta ry o f  I n ter ior  o r  Commerce to be cr i t i ca l  ( 50 CFR Part 1 7 ) . 

The  Re source Conservat i on and Recovery Act ( RCRA )  can a l so a ffect act i v i t i es of l and d i sposal  
and treatment of  dredged materi al ( so l i d  waste ) . The purpose of  the  act i s  to  p romote envi ron
menta l ly  safe d i s posa l  of  sol i d  waste . Contami nated dredged materi a l  has the potenti a l  for 
i mpact on g round and surface waters and , therefore , i ts d i s posa l  can be regu l ated under th i s  
a c t .  The Corps of  E n g i neers wi l l  rev i ew d i sposal  act i v i t i e s  t o  ensure t h a t  unregul ated d i s posa l  
of  hazardous dredged materi a l  does  not  occ u r .  

T h e  Nat i onal  E n v i ronmental Pol i cy Act ( NE PA )  req u i res Federal agen c i es t o  rev i ew en v i ronmental 
i mpacts of  these act i ons . Co rps o f  E n g i neers ' perm i t t i ng of  acti v i t i es that have the poten t i a l  
for s i gn i f i cant i mpact on t h e  env i ronment m u s t  conform t o  the  a c t .  

Ac ti v i t i es on navi g i b l e  water m u s t  a l so adhere t o  t h e  U . S .  Coast  Guard regu l at i ons i n  nav i gat ion  
l i gh ts ,  a i ds to  navi gat ion , nav i gat ion  charts  and rel ated data , pol i cy ,  pract i ces , and  
p rocedures . 

Proces s i ng of an app l i ca t i on for a Depa rtment o f  the Army perm i t  norma l l y  wi l l  proceed con
cu rrent l y  w i th the p roces s i ng of  other req u i red Federa l , State , and/or l oca l  authori zat ions  or 
certi fi cat i on . Where the req u i red Federa l , State , and/or l ocal  cert i f i ca t i on and/or au thor i 
zat i on has  been den i ed ,  the a pp l i cation  for a Departmen t of  t h e  Army perm i t  wi l l  be den i ed 
wi thout prej u d i ce to the  ri ght  of the app l i cant to rei ns tate proces s i ng o f  the app l i ca t i on i f  
s u bsequent approval  i s  rece i ved from the a ppropri ate Federa l , State , and/or l oca l  agency . Even 
i f  offi c i a l  cert i f icat ion  and/or authori zat i on i s  not req u i red by S tate or  Federa l l aw ,  but a 
State , reg i onal , or l ocal  agency hav i ng j u r i s d i ct ion  or i nterest over the part i cu l a r  acti v i ty 
comments on the app l i ca t i on , due con s i derat i on sha l l  be g i ven to those offi c i a l  v i ews a s  a 
refl ect i on of l ocal  factors of the pub l i c  i nteres t .  

Y . 2  BARGE DOCKING  FAC I L ITY 

The  purpose of  th i s  a ppend i x  i s  to eval uate the envi ronmental  effects of  barge tran s porta t i on a s  
a trans portat i on method f o r  construction  eq u i pmen t ,  feed coa l , a n d  SRC l i q u i d  a n d  sol i d  produ cts . 
Th i s  transportat i on method wou l d  req u i re construc t i on of a barge dock fac i l i ty at the s i te . 
F i g .  Y . l  s hows the l ocation  and s i ze of the proposed barge s l i p  and the prel im i nary des i gn for 
the dock is presented i n  F i g .  Y . 2 . 

Du ri ng the i n i t i a l  des i g n  s tages , two major barge doc k l ocat i on a l ternati ves were revi ewed . 
These i ncl uded a dock l ocated on the shorel i ne of the Green R i ver and one on a barge s l i p  con 
nected to the r i ver . A l though a dock l ocated on the s hore l i ne wou l d  be out  of the major  navi ga
tion channel , some potent i a l  for obstructi on to navi gat ion  d i d  ex i s t .  Therefore , the barge s l i p  
was sel ected a s  the preferred a l ternat i v e .  

Severa l a l ternat i ve l ocations  for d i s posal  of  dredged materi a l  were a l so rev i ewed . T h e  a l ter
nat i ve sel ected i s  the one wh i c h  wi l l  be l ocated out of the 1 00-year fl oodp l a i n  and cause the 
l ea s t  d i srupt ion  of  nat i v e  vegetati o n .  

T h e  preferred barge doc k proposal has  three scena r i os : ( 1 )  barges used on ly  for unl oad i n g con
struct i on equ i pment for the demon strat i on p l an t ;  ( 2 )  s upp l ementary to s cenar i o 1 to handl e some 
feed coal i f  the m i ne i s  not adjacent to a rai l road for the 6000 tpsd SRC - I  fac i l i ty ;  and 
( 3 )  expanded further to accommodate mater i a l  hand l i n g  fo r the 30 , 000 tpsd commerc i a l  fac i l i ty .  
T h e  impacts of  three barge dock scena r i os at the proposed s i te are presented i n  t h i s  append i x .  
Sec t i on Y . 4  d i scusses  pol l u t i on control for coal del i very by barge . The i mpacts are based on 
p re l im i nary des i gn i nformat ion  prov i ded by the I n ternat i onal  Coal  Ref i n i ng Company and the s i te
s pec i fi c  envi ronmental  data conta i ned in the Envi ronmental Report ent i t l ed "SRC - I  Sol vent 
Refi ned Coal  Demon strat i on Faci l i ty Dav i ess County ,  Ken tucky . " 
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V . 2 . 1  Act ions  under consi deration  

Scenari o 1 :  Base case (demonstration  pl ant) 

V-8 

Barge transportati on wou l d  be used only for transportation of construction  equ i pment ;  ra i l roads 
wou l d be u sed for transport i n g  a l l coal and products . T h i s  scenar io  wou l d con s i s t  of con struct
i ng a barge s l i p  and an un l oad i ng dock .  The fac i l i ty wou l d  be u sed duri ng construction  to 
u n l oad equi pment wh i c h  i s  too l arge to be transported by road or  ra i l . The s l i p  wi l l  be l ocated 
at approximatel y RM 1 8 . 8  and cou l d have an est imated l ength of 2 1 3 m ( 700 ft ) . F i gure V . l  
deta i l s  the s i ze of the proposed barge s l i p  for th i s scenari o .  

Scenar i o  2 :  Suppl ement to  base  case (demonstration  pl ant) ( not an a l ternative)  

Some of the coal wou l d  be del i vered by barge if  the m i ne is  not adjacent to  a ra i l road . Thi s 
scenar i o  i s  a suppl ement ( not  an  a l ternat ive )  to Scenar io  1 wh i c h  wou l d  ensure a fea s i bl e mode 
of coal del i very to the proposed SRC- I faci l i ty .  

Scenar i o  3 :  Commerc i a l pl ant 

The barge dock faci l i ty wi l l  be expanded to accommodate feed coal for a 30 , 000 tons per stream 
day ( tpsd )  faci l i ty .  P roduct transportation  i s  uncerta i n .  

V . 2 . 2  Constructi on methods 

The constructi on of the barge faci l i ty for un l oad i ng process equ i pment wi l l  beg i n  a s  soon as 
poss i b l e after start of  p l ant  construct i on . The duration of the constructi on work  i s  estimated 
to be approximate ly  s i x  months . 

Earth removal for construction  of the barge s l i p  wi l l  use several methods . Scrapers wi l l  be 
ut i l i zed for a l l dry l and excavati o n .  Drag l i nes wi l l  b e  used for excavation  bel ow the water 
tabl e ,  and scrapers or dump trucks wi l l  be used to haul the materi a l  to a storage s i te .  A 
hydrau l i c dredge wi l l  be used to cut the fi nal  connect i on to the r i ver channel . Removal of 
dredged materi a l  wi l l  be e i ther by truck or pump i n g .  

T h e  c l ay overburden and a l l s u i tabl e materi al , i f  any , wi l l  b e  dr ied ,  stockpi l ed ,  and used to 
construct embankments dur i ng p l ant construct i on . Uns u i tabl e materi a l  wi l l  be stored i n  the 
d i s posal  pond . F i gure 2 . 3  i n  Sec t .  2 s hows the l ocati on of the s torage and d i sposal ponds 
for excavated and unsu i tabl e mater i a l s ( see boxes 36 and 37 ) .  

A d i ked area suff i c i ent to conta i n  the excavated mater i a l  wi l l  be l ocated on  the h i gh , terraced 
a rea on  the southeast porti on of the s i te .  If poss i b l e ,  the bottom of the d i ke wi l l  be l ocated 
above the l Oa-year fl ood e l evation . T he expected l Oa-year fl ood el evation  at the Newman s i te 
i s  c urrentl y be i ng rev i ewed . T he ori g i na l  est imate of 385 ft mean sea l evel ( MSL ) was based on 
the U . S .  Army Corps of Eng i neers ' pred i ction  for the Oh i o  R i ver . The proposed d i s posal  area 
wi l l  be l ocated based on these new est imates of the l Oa-year fl ood e l evation . As a worst case , 
the d i ked area wou l d  have to accommodate about 41 1 , 000 m 3 ( 450 , 000 yd 3 ) wi th  Scenar io  3 .  

D i scharge from the d i sposal pond wi l l  be routed to the treatment bas i ns whi c h  are des i gned 
to hand l e s i te constructi on dra i nage . Other a l ternati ves  such as d i scharg i n g  to Ma rt i n  Creek 
or  d i rect l y  to the Green R i ver may be i nvesti gated l ater . 

Du r i ng construction , ri prap wi l l  be used to stabi l i ze the banks of the barge s l i p .  Because of 
the pre l imi nary des i g n  of the fac i l i ty ,  the type of  the ri prap to be used i s  un known . 

V . 2 . 3  Operat i on methods 

The coal un l oad i n g  fac i l i ty requ i red in Scenari os 2 and 3 wi l l  probab ly  use a cl am-she l l to 
un l oad coal from the barges . T he coal wi l l  be tran sported to the p l ant by an overhead , enc l osed 
bel t conveyor . A fog or  atomi zed m i s t  system wi l l  be prov i ded at the coal d i scharge po i nts for 
t he un l oad ing  and transfer operat i on . T he dust control and appl i cat ion met hod wi l l  be s i mi l ar 
to the rai l car un l oad i n g  system . Secti on V . 4  d i scusses po l l ut ion  control for coal del i very by 
barge . 

Any wastewater generated from t he mater ia l  handl i ng faci l i ty on the doc k  wi l l  be col l ected and 
routed to the p l ant wastewater treatment fac i l i t i es .  
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Y . 3 ENVI RONMENTAL EFFECTS 

Y . 3 . 1  Scenari o 1 

Y . 3 .  1 .  1 Con struct i on 

Groundwater 

The cl ay un i t  encountered in bori n g  No . 1 0 ,  as des cri bed in the so i l s  and groundwater sect i on , 
may act as an i mperme a b l e  boun dary to groundwater exchange w i th the Green Ri ve r i f  i t  has  a 
w i de and conti nuous  area l  di stri bu t i on .  I f  th i s  i mpermeab l e  boundary i s  breached duri ng con
structi on of the barge s l i p ,  the groundwater fl ow reg i me from the s i te may be changed s o  that 
the groundwater i s  d i scharged throug h th i s  open i ng .  Th i s  wou l d  res u l t  in an i n crease in the 
hydrau l i c  grad i en t  and a corre s pon d i n g  i ncrease in groundwater ve l oc i ty i n  the s i te are a .  Th i s  
effect w i l l  be confi ned to the s i te ,  and  there wi l l  be n o  reg i on a l  i mpact .  

An other i mp l i cati on of the  poten t i a l  change  in  s i te groundwater ve l oc i ty is  the  reducti on in  
contai nment t i me for  any p l ant-re l ated con tami nant such  a s  l e achate from materi a l  or s o l i d  
waste di sposa l  area s . To m i t i gate th i s  potenti a l  prob l em and comp l y  w i t h  RCRA regu l a t i on s , a 
g roundwater mon i tori n g  system wi l l  be des i gned to prov i de early dete cti on of any p l ant-rel ated 
l eachate s o  that conta i nment mea s ures cou l d  be taken before the contami nati on moved offs i te .  

Surface water 

Hydrol ogy. Mos t  of the excavati on w i l l  be associ ated w i t h  deve l opment of the barge s l i p .  The 
p roposed s l i p  for Scenari o 1 wi l l  l i e out  of the ri ver channe l , and the open end of the s l i p  
wi l l  face wes t- northwest  wh i l e the ri ver f l ows i n  a wes t-northwes t  d i recti on a t  th i s  l ocat i on 
( F i g .  Y . l ) .  For these reason s ,  the barge s l i p  wi l l  have l i tt l e  effect on e i ther the di rect i on 
or s peed of the ri ver f l ow .  

Water qua l i ty .  Con s tructi on w i l l  cause  temporary l ocal  i ncreases in  s u s pended so l i ds , nutri ent 
l e ve l s ,  and chem i ca l  and b i o l og i ca l  oxygen deman d .  Howeve r ,  as  a hydrau l i c  dredge wi l l  be 
used to remove bottom mate ri a l s ,  the re l ease of contam i n ants  from the bottom sediments to the 
Green Ri ver wi l l  be l ow .  Sed i ment data i n di cate that the trace e l ements  boron , i ron , 
manganese , and cadmi um are present i n  h i gh concentrati ons . However ,  when oxygenated surface 
waters are m i xed w i t h  reduced sediments and i n tersti t i a l  reduced forms of i ron and manganese , 
ox i dat i on occurs and  oxyhydrox i de part i cu l ates are formed ( Dames & Moore , 1 980 ) .  These fresh ly  
p rec i p i tated co l l o i da l  hydrous o x i des act a s  scavengers ; adsorb i n g  trace meta l s .  Several 
stud ies  have even shown sma l l decreases  in the so l u b l e  amounts of trace meta l s  duri ng dredgi n g  
a ct i v i t i e s  ( Dames & Moore , 1 980 ) .  

The i n s o l u b l e  and adsorbed PNA compounds that are p hys i ca l ly res u s pended and not trans ported by 
the dredge w i l l  most l i ke l y  resett l e  to the bottom a t  vary i n g  d i stances down stream dependi ng 
upon the i r  mass and the water ve l oc i ty .  

As reduced bottom sedi ments are d i s p l aced , di s so l ved  oxygen i n  the i mmedi ate area wi l l  act as 
an oxi d i z i ng agen t .  Depen d i n g  on the cond i t i on s  a t  the t i me of dredg i n g ,  th i s  wi l l  reduce 
l e ve l s  of d i s s o l ved oxygen in the i mmedi ate are a .  S i nce fl ow i ng ri vers often con ta i n  moderate 
amounts of d i s so l ved oxygen even near the bottom , th i s  u s ua l l y wou l d  present a mi nor prob l em .  
Du r i ng l ow f l ow and l ate s ummer temperatures , howeve r ,  l ow d i s s ol ved oxygen l e ve l s  near the 
bottom cou l d  be aggravated by dredg i ng operati ons . However , because of the type of dredg i ng 
p roposed , these temporary effects shou l d  not be not i ceab l e  be l ow the wes tern boundary of the 
s i te .  

I n creases i n  s u s pended sediments wi l l  most l i ke l y  cause the greates t change to amb i ent  water 
q u a l i ty duri ng dredg i ng operat i on s .  The res u s pen s i on o f  bottom sed i ments wi l l  res u l t pr imari l y  
from movement o f  t h e  dredge barge a n d  n o t  from hydrau l i c  dredg i ng di rect l y .  Sus pen ded 
parti c l es wi l l  trave l down stream to a di stance depen den t on cu rren t ve l oc i t i es and part i c l e  
s i ze .  

Dredged materi a l  s tored i n  a h o l d i n g  pond wi l l  con ta i n  chem i ca l  s pe c i es found  i n  the bottom 
sediments and  i n ters t i t i a l  wate r .  As they are ra i sed from the bottom and pumped ashore , they 
w i l l  be exposed to a more oxygen - ri ch envi ronment than i s  found on and i n  the ri ver bottom . 
One chem i c a l  change that can occur i s  the ox i dat i on of s u l fi de s  to s u l fate , wh ich  l owers the 
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pH and di sso l ves heavy meta l s of prev i ou s ly  i nso l ub l e  heavy metal s u l f i de prec i p i tates . Th i s  
i s  espec i a l l y  important where reduced dredged s po i l s  a re kept i n  aerobi c condi t ions  for 
extended peri ods ( Dames & Moore , 1 980 ) . Polynucl ear aromat ic  hydrocarbon s  wi l l  settl e and 
s hou l d not const i tute a prob l em .  

Aquati c ecol ogy 

Bentho s .  Maj or  i mpact of dredg i ng on the benthos wou l d  be l imi ted to those organi sms i n  the 
area removed from the r i ver c hannel to the shore l i ne when the barge s l i p  i s  open to the Green 
Ri ver . Based on a vel oc i ty p rofi l e  performed by Dames & Moore i n  J u l y ,  1 979 , about 300 m ( 984 ft ) 
downstream of the p roposed barge s l i p ,  the bottom wou l d  have to be dredged 1 3  m ( 43 ft)  from the 
s hore when the r i ver i s  at  normal pool . The area dredged woul d  be i n  the s hape of a para l l e l o
g ram and wou l d  equal approximate l y  3300 m2 ( 360 x 99 ft or  35 , 640 ft2 ) .  Based on dens i t i es 
of benthos rang i ng from 266-1 006 organi sms/m2 , thi s wou l d  res u l t i n  the d i rect removal of 
877 , 800 to 3 , 3 1 9 ,800 organ i sms , mostly o l i gochaetes , mi dge l arvae , and As i ati c c l am s .  The 
g reatest  removal wou l d  occur duri ng l ate summer/fa l l and the l east  duri ng wi nter . These 
i mpacts wi l l  not be s i gn i f i cant due to rap i d  recru i tment i nto the a rea fol l ow i ng  dredg i ng and 
the re l ati ve ly  sma l l area affected . 

Other effects wou l d  resu l t  from the re l ease of s u spended sol i ds wh i c h  wou l d  then sett l e  on  areas 
that were not d i rect ly  di sp l aced . The effect of th i s  wi l l  be sma l l a s  the Green R iver  a l ready 
carri es a heavy sediment l oad , and the benthos are l arge l y  s i l t-to l erant s pec i es . 

F i s h .  Mature fi s h  wi l l  avo i d  the a rea of cons tructi on and the resu l ti ng s u spended sediment 
p l ume . Impacts to i ch thyop l ankton wi l l  depend l arge l y  on the t ime of year constructi on occurs . 
P r imary i mpacts wou l d  be caused by entrai nment i nto the hydrau l i c dredge . I f  cons tructi on 
beg i ns i n  June , fres hwater drum and catfi s hes wi l l  be affected .  After mi d-Ju l y ,  i c h thyopl ankton 
den s i ti e s  dec l i ne ,  but spec i e s  of catfi s h  wou l d  s ti l l  be affected . Construction occurri ng from 
September through  February woul d have l i ttl e effect on i c hthyopl ankton . 

Si nce the dredg i ng wi l l  entra i n  on ly  a very sma l l p roport ion  of the total number of organi sms 
pas s i ng the dredged a rea and because of the h i g h  fecundi ty and i nherent h i g h  morta l i ty rate of 
fi shes , th i s  impact of  s hort durati on wou l d  be negl i g i b l e  i n  terms of total impac t .  

Terrestr i a l  b i o l ogy 

Vegetati on . Construct i on of the barge s l i p  wi l l  res u l t  i n  the d i s tu rbance of approximate ly  
2 1 3 m (700 ft) of shore l i ne hab i ta t .  S i nce the woodl ands extend approximately 40 m ( 1 3 1  ft ) 
i n l and , about 0 . 8  ha  ( 2  acres ) of r i parian  vegetat i on wi l l  be removed . Th i s  represents 3 . 2% of 
the total s i te woodl and habi tat and about 0 . 2% of the total s i te area . Al so , a 1 83- x 46-m 
( 600- x 1 50-ft) extens i o n  of ri pari an woods farther off the ri ver wou l d  be l ost . Th i s represents 
the l os s  of another 0 . 8  ha  ( 2  acres ) .  Together the tota l woodl ands l os t  to constru ct i on repre
sent 6 . 4% of the woodl and area and 0 . 4% of the total s i te .  The d i s posa l  pond wi l l  be l ocated 
i n  a f i e l d that s hou l d represent a mi nor l os s  of nati ve vegetation . 

The habi tat that woul d be l os t  by constructi on  of the barge s l i p  i s  not u n i que to the s i te 
reg i on but  does represent a l os s  to a dec l i n i ng natural h ab i ta t .  

W i l d l i fe .  Pr i mary impacts dur i ng construct i on wi l l  be di rect d i srupt ion  of habi tat and l es s  
d i rect effects s uch  as  noi se , odor , and dust  accompany i ng constructi on acti v i t i e s . Dur ing  con
s tructi on , mos t  b i rds and mamma l s wi l l  avo i d  the immedi ate and adjacent area s .  

The l os s  o f  hab i tat  s houl d not have a n  i mpact o f  s i gn i fi cance to the area . Thi s habi tat i s  not 
conti guous w i th s i mi l ar habi tats and , t herefore , has l i mi ted usefu l ness , part i c u l ar ly  for 
l arge mammal s .  

No i se 

Dur ing  construction  of the  barge s l i p  and dock , noi se l evel s s houl d be s i mi l ar to est imates 
presented i n  the Envi ronmental Report , enti tl ed " SRC-I So l vent Refi ned Coa l Demonstrati on 
Faci l i ty ,  Dav i es s  County , Kentucky" for d i fferent phases of constructi on .  No i se generated 
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d u r i n g  exca v a t i on o f  the  p rocess  p l ant and sett l i ng ponds i s  e s t ima ted a t  94 . 1  d B  a t  l S  m 
( S O ft) . Th i s  no i s e  l e v e l  shou l d  be s i m i l a r to that  expected for barge s l i p  c o n s t ru c t i on . The 
no i s e  l ev e l  p roj ected d u r i ng constru c t i o n  of the founda t i o n , w h i c h  i n c l udes  p i l e  dr i v i n g ,  s h ou l d 
be s i m i l a r to c o n s t ru c t i o n  of the barge doc k .  The  no i s e  l ev e l  for the barge dock  c o n s t ru c t i o n  
shou l d  be  a p p rox i ma t e l y  92 . 1  d B  a t  l S  m ( SO f t ) . 

C o n s t ru c t i o n  no i s e fo r the proposed p l ant  i s  expected to p roduce no i s e  of 6 3 . S  dB at the  neare s t  
re s i dence , w h i c h  i s  990 m ( 3260 ft)  from the  s i te .  The barge s l i p  and  doc k fac i l i ty i s  i n  excess  
o f  l S OO m ( S OOO f t )  from the  neare s t  res i dence . Therefo re ,  n o i se  l ev e l s from the barge s l i p  
and  dock  shou l d  not  c a u s e  a s i g n i fi ca n t  i n crea s e  i n  c o n s t ru c t i o n  no i s e  impacts . 

B a rge traffi c 

N a v i ga t i o n  on the Green R i ver  i s  from mi l e  0 at the mo u t h  to mi l e  1 03 ,  w i th a p roject depth o f  
2 . 7  m ( 9  ft ) and  a ma i n ta i ned w i d th o f  61  m ( 200 ft ) by the  Corps o f  Eng i neers . From mi l e  1 03 
to m i l e  1 08 ,  the 2 . 7  m depth i s  ma i n t a i ned pri vate l y ,  as there i s  a coa l  l oa d i n g  dock  a t  the 
u p s tream l oc a t i on . 

T h e  effect  the  project  wou l d  have on transporta t i o n  on the  Green R i ver  i s  s t ron g l y  i n fl uenced 
by the capa c i ty o f  Locks 1 and 2 .  Both l oc k s  have about  the  s ame capac i ty ( S l . 3  mi l l i o n  to n s  
per  year) . The  l oc k s  a re des i g ned t o  hand l e 4 barges that  c o n s t i tute a tow . A coal  barge 
conta i n s  approxima te l y  l S OO tons . T h erefore , one  tow wou l d  tra n s port 6000 tons of coal  through 
a l oc k  per cyc l e .  

Tonnage moved o n  the Green R i ver  h a s  varied  from approx imate l y  1 7  m i l l i o n  tons per  year i n  1 970 
to 1 3 . S  mi l l i on tons  per  year in 1 977 ( l a s t  a va i l ab l e  s ta t i s t i c s ) .  The  reason  for a dec l i n e  
i n  tonnage i s  d u e  t o  recent regu l a t i o n s  that have l i m i ted wes tern Ken tucky coal  a s  a fu e l  fo r 
the e l ectri c power i n d u s t ry . Wes tern Ken tucky coa l i s  h i g h i n  s u l fur and  req u i res  i n creased 
s crubb i n g for s u l fu r  d i ox i de remo va l . Therefore , th i s  port i on o f  the  m i n i n g i n dust ry i s  
s l i g h t l y  d e p res s ed .  

Excava t i o n  w i l l  be req u i red fo r the barge dock  for u n l oad i ng constru c t i o n  equ i pme n t .  D u r i n g  
t h i s  c o n s t ru c t i o n  there wi l l  be equ i pmen t  ( barges , p i l e  d r i vers , dump s cow ) at t h e  r i v e r  shore . 
Th i s  e q u i pment and  p a rt i c u l a r l y  the  d redge w i l l  tend to occupy part of the n a v i gabl e channe l , 
a n d  s u i ta b l e ma r k i n g s  w i l l  be provi ded to warn pa s s i n g ri ver traffi c .  D i s turbance to barge 
tra ffi c shou l d  be  m i n i mal  beca u s e  o f  the short t i me req u i red to d redge the connec t i o n  to the 
Green Ri v e r .  

Y . 3 . 1 . 2  Ope ra t i on 

B a rge traffi c 

T h e  u s e  o f  the  dock  fa c i l i t i e s  fo r u n l oa d i n g  con s tructi on  eq u i pment wh i c h i s  too l a rge for 
truck o r  ra i l  tran s porta t i o n  wi l l  not a ffect tra n s po rta t i o n  o n  the Green R i ver  or through the 
l oc k s . T r a n s porta t i o n  a t tri b u ted to co n s tru c t i o n  w i l l  have a n  i n s i g n i fi cant  effect on  the O h i o  
R i ver a s  we l l .  

Wa ter qua l i ty 

Opera t i on of the doc k w i l l  not  re s u l t i n  any di rect p l a n t  d i s c h a rges to the  G reen R i ver . The 
majo ri ty of the tonnage recei ved a t  the dock w i l l  be eq u i pme n t  o r  equ i pmen t - re l ated s o  that 
poten t i a l  s p i l l s  o r  a c c i dents wou l d  not affect the aqua t i c  b i o ta .  

B i o l ogy 

Opera t i o n a l  i mpacts to the aqua t i c and  terrestri a l  b i ota s h o u l d  be m i n i ma l . P ri mary impacts 
to aq uat i c  l i fe w i l l  be rel ated to barge traffi c wh i c h  c a u s e s  d i s tu rbances of the bottom se d i 
ments  i n  s ha l l ow waters . 

No i s e wou l d  be the ma i n  i mpact to w i l d l i fe .  Howeve r ,  many s p e c i es w i l l  become cond i t i o ned to 
the no i s e ,  and  the operat i o n a l  impact w i l l  be very m i n o r .  
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No i s e 

Dur i ng cons truct ion  of the SRC-I p l ant the dock faci l i ty wi l l  commence operati on to unl oad 
equi pmen t .  The maj or nonmobi l e  noi se source wi l l  be the di esel  motor on the cran e .  Th i s  equi p 
ment wi l l  operate i ntermi ttentl y duri ng dayl i gh t  hours only . T he  noi se i mpact of thi s type 
of operation  s hou l d be mi n i ma l  ( note rati ona l e  i n  cons tructi on section ) .  

Y . 3 . 2  Scenari o 2 

Y . 3 . 2 . l  Constructi on 

Groundwater 

Same as  Scenar io  1 .  

Surface water 

Same as  Scenario  l .  

Aguati c ecol ogoi 

Same as  Scenari o l .  

Terrestri a l ecol 09oi 

Same as  Scenario  l .  

No i se 

Same as Scenar io  1 .  

Y . 3 . 2 . 2 DEe ra ti  on 

Ba rge traffi c 

Because each barge carri e s  about 1 500 tons of coal and there are fou r barges per tow ( U . S .  Army 
Corps of Engi neers 1 980) , 1 . 2  tows per day wou l d be requi red fo r the demonstrat ion  p l a nt .  
Load i n g  of SRC so l i d  product wou l d  probab ly  requ i re a maxi mum of  one addi ti onal tow per  day . 
Th i s  cou l d  add 4 . 4  movements per day to th i s  area of the ri ver .  I n  addi t i on , estab l i shment of  a 
30-d s tockpi l e  wou l d  requ i re an i n i t i a l  36 movements to and from the s i te .  Ki effer ( 1 980 ) has 
i ndi cated that th ree commerci a l s ca l e  synthet i c  fue l s  p l ants on the Green R i ver wi l l  present no 
probl ems to the l ock  and dam system . Ri ver traffi c has rema i ned wel l  be l ow the des i gn capaci ty 
( a n  approxi mate capaci ty of 5 1 . 3  mi l l i on tons per year ) .  Tonnage on the Green R i ver has  varied 
l i ttl e in  recent yea rs ; the l argest amount , 1 7  mi l l i on ton s , was moved i n  1 970 , whi l e  the 
sma l l es t  amo unt , 1 3 . 5  mi l l i o n  tons , occu rred in  1 977 ( N i ck K i effer 1 980 ) .  

Water gual i toi 

Di esel  exhaust on the tugs i s  vented to the ai r and , therefore , water pol l ut ion  emanati ng from 
barge traffi c wou l d  consi s t  pr imari l y  of o i l and grease . Other operati ona l water qua l i ty 
i mpacts wou l d  i nc l ude settl i ng of fug i t i ve dust and coal sp i l l age duri ng transport and un l oadi n g .  
Rai l car u n l oadi ng h a s  been found to rel ease 0 . 4  l b  o f  fug i ti ve dust for each ton o f  coal 
( EPA 1 9 74) . Based on l eachate tests of Kentucky No . 9 coal ( Boston & Boeg ly  1 979 )  l each i ng of 
the sett l ed dust wou l d produce a l eachate s i mi l a r  to that s hown i n  Tab l e  P . l . 

Sma l l i ncreases i n  a rseni c ,  i ro n ,  and s u l fates wou l d  res u l t from l eachate . The sma l l quanti ti es 
of these materi a l s s hou l d resu l t  i n  mi nor i mpacts . 
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B i o l ogy 

Adu l t  f i s h  wi l l  avo i d  the a rea a round the en trance to the ba rge s l i p  dur i ng  barge movements but wi l l  be l i ttl e a ffected when no ba rges a re in mot i on .  Some l os s  o f  i chthyopl ankton nea r shore dur i ng  spr i ng  and summer wi l l  occu r  as a resu l t  of eng i ne backwash . Th i s  wi l l  be i ns i gn i f i cant due to the sma l l a rea add i t i onal l y  d i sturbed and the l ow n umber o f  ba rge movements per day ( a pprox imately 5 ) .  

Operat iona l  i mpacts to r i pa r i an vegetation  wi l l  cons i s t a l most  enti re l y  o f  a i r  po l l uti on i n  the fo rm o f  fug i t i ve dust and d i ese l  emi s s i ons . These e ffects wou l d  be l i m i ted to very near the proposed fac i l i ty and , therefore , impact sho u l d be m inor .  
Genera l  acti v i ty a round the doc k i ng fac i l i ty ,  i nc l u d i n g  road traffi c ,  barge tra ffi c ,  mac h i nery no i se ,  and the conveyor system wi l l  cause l a rger mamma l s  and many b i rds to avo i d  the a rea .  Sma l l rodents and  most repti l es and  amp h i b i ans wi l l  probab ly  be  l i tt l e affected .  

Ai r gual i ty 

The pr ima ry a i r  qua l i ty i mpact of the operati on i s  the dock mater i a l  hand l i ng fac i l i ty .  I t  i s  p rojected that app rox imate l y  1 0 , 000 to 1 2 , 000 tpsd o f  coal and product wi l l  be hand l ed by the fac i l i ty .  

Leve l s o f  fug i t i ve dust emi s s i ons for ra i l  un l oad i ng o f  coa l  has been projected a t  0 . 4  l b/ton of  coal ( EPA 1 974 ) . However ,  ra i l  un l oadi ng i s  an i nherent l y  dusty operat i o n .  The l eve l o f  emi s s i ons fo r the barge un l oa d i n g  shou l d  not approach tha t l eve l for several reasons . Barge u n l oad i ng  does not generate as much a i r c urrent to move dust  as does ra i l  un l oadi n g .  A l s o ,  most f i nes a s soci ated w i t h  the coa l  se i ve to the bottom of  the ba rge where mo i sture tends to wet the f i ne s .  These facto rs comb i n e  to make barge un l oad i ng a more dust- free operat ion  than ra i l  un l oad i n g .  However ,  State reg u l ations  do not d i ffe renti ate between these types of  opera ti ons i n  terms of fug i t i ve dust .  

L i tt l e is  known about the s i ze Or  dust potent i a l  of  the SRC- I product . However ,  the i mpact shou l d  not exceed that for ra i l  un l oad i ng  of coa l . 
Severa l factors shou l d  l i m i t  i mpact o f  fug i t i ve emi s s i ons . The wett i ng agents used a s  m i t i gat i n g  mea sures shou l d l i m i t  the amount of  emi s s i o n .  A l s o ,  the conveyor wi l l  be covered . Therefore , the major  i mpact shou l d be w i th i n  the p l ant and poss i b l y  wi th i n  the barge s l i p .  

No i se 

The major  nonmob i l e  noi se source duri ng operat i on wi l l  be the coal un l oad i ng fac i l i ty .  The type o f  equi pment has not been sel ected . P re l i m i nary eq u i pment cons i de rat i ons i nc l ude a c l amshe l l u n l oader wh i Ch cou l d hand l e  1 500 or more tons/h  or a bucket type un l oader rated at 3000 to 5000 tons/h .  The c l am-she l l u n l oader cou l d  un l oad the da i l y coal req u i rement in 4-5 h for the 6000 tpsd p l ant and wou l d  be adequate for the 30 , 000 tpsd p l ant i f  un l oadi ng a round the c l ock .  

The  c l am-she l l un l oader no i se i s  generated by  the d i ese l  motor .  The  c l am-she l l  i tse l f w i l l  not produce a s i g n i fi cant no i se .  Based o n  the proj ected un l oad i ng rate , coal un l oadi ng cou l d  be l i m i ted to 4 or  5 h of  the 8-h-d s h i ft for 6000 tpsd and 20 to 21  h for 30 , 000 tps d .  No i se l eve l s  o f  82 dB are expected for th i s  eq u i pmen t .  
The bucket  type un l oader wi l l  p roduce noi se from an e l ectri c motor and a l so from the  movement o f  t h e  mechan i ca l  bucket.  Th i s  un l oade r wou l d  need to operate o n l y  2-3  h a day duri ng the 8-h day sh i ft .  No i se l eve l s  o f  90 dB are expected from th i s  equi pment .  
The no i se i mpact shou l d  be m i n i ma l  from the i ntermi tten t day t ime operat ion  o f  e i ther type of eq u i pment because of  the d i s tance to the nearest noi se sens i t i ve a rea ( Sect . X . 3 .  1 .  1 ) .  
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Y . 3 . 3  Scenari o  3 

Y . 3 . 3 . 1  Cons tructi on 

Groundwater 

An i mpact s i mi l ar to that descri bed i n  Scenari o 1 is expected . The effect wi l l  be mi nor and 

q u i te l oca l i zed i f  the c l ay l ayer is breached at a l l .  

Su rface water 

Hydrol ogy. Some of  the Green Ri ver fl ow wi l l  be d i verted through the barge s l i p .  T h i s  wi l l  

cause a path of " l east res i stance" and  cou l d  res u l t i n  bank ero s i on near the upstream end of  

the  s l i p .  

Water qual i ty .  As  i n  Scenari os 1 a nd  2 .  constructi on i mpacts on  water qual i ty wi l l  res u l t 

pr imari l y  from the s uspen s i o n  of sedi ments dur i n g  dredg i n g . I t  i s  be l i eved that heavy meta l s 

and organi c compounds rel eased from the sedi ments wi l l  not be d i sso l ved i n  the water co l umn . 

The s hort duration of the actual bottom and s hore l i ne dredgi ng wi l l  a l so reduce potent i a l  for 

i mpacts . 

Aquati c ecol ogy 

Impacts to the aquati c b i ota wi l l  be s i mi l ar to those descri bed fo r Scenari o 1 .  These wi l l  

i nc l ude : ( 1 ) addi ti onal l oss  of  benth i c  organ i sms . ( 2 )  i ncreased l os s  of  i ch thyopl ankton due 

to g i l l  smothe ri ng and entrai nment .  and ( 3 )  fi s h  avoi dance of  the upstream porti on of  the s l i p  

duri ng dredg i n g .  

Aga i n .  the i mpacts s hou l d b e  i ns i gn i fi cant due t o  the s i l t-tol erant organi sms present .  rap i d  

recrui tment fo l l ow i n g  dredg i ng .  and the s hort durati on o f  waterfront constructi on .  The  greatest 

i mpact wou l d  occur i n  l ate spri ng-early summer when i chthyopl ankton den s i t i e s  are h i gh . 

Terrestr i a l  eco l ogy 

Vegetati on . Southeasterly extens i on  of the barge s l i p  to jo i n the Green R i ver  wi l l  res u l t  i n  

addi t i onal  l os s  to the wood l and .  Th i s wi l l  remove approx imate ly 1 . 7 h a  ( 4 . 1  acres ) .  o r  another 

6 . 4% of  the wood l and area ons i te .  Combi ned wi th the woodl and l os s  i ncu rred by Scenar ios  1 and 

2 .  the total  l oss  wou l d  be a l most 1 2 . 8% of the tota l wooded area ons i te .  

Th i s constructi on wi l l  not a ffect un i que vegetat ion  o r  s i gn i fi cantly reduce the ri pari an wood

l and i n  the area but does represent a l oss to a decl i n i n g  natural habi tat.  

Wi l dl i fe .  The mai n i mpact o f  constructi on  wi l l  be habi tat l oss  as descri bed  under " Vegetati on . "  

Thi s i nc l udes the separati on of  about 1 . 7 ha ( 4 . 1 acres ) o f  ri pari an wood l ands . wh i ch wi l l  

p revent overl and m i grati on . Al so . th i s area wi l l  be under water duri ng  fl oods wh i c h  approach 

the 1 00-year magni tude . Some mamma l s  wi l l  be e l im i nated . The tota l i mpact of  the thi rd 

scenari o wi l l  be to e l i mi nate over 3 . 4  ha ( 8 . 2  acres ) of  ri par ian  woodl and habi tat avai l ab l e  to 

wi l d l i fe .  Th i s l evel of i mpact shou l d  not be s i gn i fi cant due to the a l ready reduced qual i ty of 

the hab i tat .  

No i se 

S i mi l ar to Scenari os 1 and 2 .  

Y . 3 . 3 . 2  Operati on 

Ba rge traffi c 

Based on a rece i v i ng rate of 36 . 500  tons/d  of coal . 6 . 1 coal  ba rges per day wou l d  be requ i re d .  

I f  these barges then return empty . about 1 2  movements p e r  day wou l d  res u l t  from coa l - rel ated 
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barge traffi c a l one .  Th i s  amount of  coal moved on the Green Ri ve r ,  1 3 . 3  m i l l i on tons per yea r ,  
wo u l d  ve ry near ly  equa l the tota l tonnage present l y  mov i n g  on the r i ver.  However ,  i f  th i s  coa l 
comes down the Green R i ve r ,  i t  wi l l  not have to l ock through Lock and Dam No . 1 ,  thus e l im i nat i ng  
addi ti ona l congest i on i n  th i s  poo l . T he  des i gn capaci ty of  Lock  No . 2 cou l d  be  approached i f  
addi ti ona l coa l - requ i r i n g  p l ants ( s uch as Baskett ) are bui l t  on the r i ver .  

T he  movement o f  product wi l l  a dd  more barges to  t he  r i ver .  Th i s  movement wou l d  p robab ly  be  i n  a 
downstream d i rect ion through Lock No . 1 .  I f  the product from the Bas kett s i te ( be l ow Lock No . 1 )  
a l so moves downstream, th i s  wi l l  re l i eve congest ion  i n  Lock No . 1 .  

Water qua l  i ty 

Wa ter qua l i ty i n  and downstream of the ba rge s l i p  wou l d  be l owered by tug emi s s i ons , coal s p i l l age ,  and sett l i ng of  fug i t i ve dust .  Pr ima ry po l l utants wou l d  cons i st of  the  l eachate i n  western Kentucky coal  a s  descri bed earl i e r  and presented i n  Tab l e  P . l .  S i nce the s l i p  i s  open to the r i ver  at i ts upstream end , the downstream end wi l l  act much l i ke a po i nt d i scha rge i n  carry i ng these pol l utants i nto the r i ver .  A l so ,  th i s  p l ume wi l l  i mmedi ate ly  pass  by the water i ntake dev i ce .  Re l ocat i on of  the i n take i s  be i ng cons i dered . 
Because o f  the quanti ty of po l l utants and d i l u t i on ava i l ab l e  i n  the Green R i ver , v i o l a t i on of  water qua l i ty standards i s  not  expected .  

B i o l ogy 

Aquat i c  b i o l ogy .  Increased barge traffi c near shore a t  both ends of  the barge s l i p  wi l l  res u l t i n  greater avo i dance by fi shes . As i chthyop l ankton are more concen trated near shore , these i ncreased l eve l s o f  s u spended so l i d s ,  coup l ed wi th ba rge traff i c ,  wi l l  res u l t i n  i chthyop l an kton morta l i ty .  However , natura l  morta l i ty i s  so h i gh that th i s  i mpact wi l l  be undetectab l e .  
Benthos wi l l  be affected by coa l s p i l l age from barges and settl i n g  o f  fugi t i ve dust from u n l oad i ng  operati ons . Sed iment qua l i ty at the mouth and down stream of the barge s l i p  wi l l  deter iorate , and benthos l i vi n g  i n  these areas wi l l  conta i n  i ncreased amounts o f  heavy meta l s  and organ i c  compounds .  Due to the l i mi ted a rea that wi l l  be a ffected , the i mpact wi l l  be m i nor.  
Vegetat i on .  Impacts wi l l  resu l t  from fug i t i ve dust and d i ese l  emi s s i ons a s  i n  Scenar i o  2 .  These i mpacts wi l l  be very l oca l i zed .  

Wi l d l i fe .  Loss  of  hab i tat was d i scussed under cons truct i on i mpacts . T he  pr ima ry effect of  operat i on wou l d be avo i dance of  the  immedi ate and  adjacent area s .  Th i s  wi l l  i ncrease competi t i on i n  s urround i ng hab i tat by more i nd i v i d ua l s try i n g  to occupy a sma l l er a rea . Th i s  wi l l  be especi a l l y  true of s pec i es that ut i l i ze r i pa r ian  habi tat such  a s  gray fox , fox squ i rrel , woodchucks , opossum ,  and severa l bat spec i e s .  

The l o ss o f  1 . 7  h a  ( 4 . 1 acre s )  s hou l d not resu l t i n  a s i g n i fi cant i mpact . 

A i r qua l i ty 

A i r  qua l i ty i mpacts wi l l  be S i m i l a r  to Scenari o 2 .  Howeve r ,  duration  o f  un l oad i n g  acti v i t i es wi l l  i nc rease emi s s i ons by approxi mate l y  twi ce over Scenar i o  2 .  The major  i mpact shou l d  be l i mi ted to the p l ant p roperty and poss i b l y  to the ba rge s l i p .  

The majo r  nonmob i l e  no i se source duri ng  operat i on wi l l  be the coa l u n l oad i ng fac i l i ty .  A 
b ucket type u n l oader rated at 3000 to 4000 tons/h  may be used . The bucket u n l oader cou l d  un l oad 
the da i l y  coal req u i rement in 9- 1 2  h for the 30 , 000 tpsd p l a nt .  

T he  bucket type u n l oader wi l l  produce no i se from an  e l ectr i c motor a nd  a l so from t he  movement o f  
t h e  mechan i ca l  bucket.  Dur i ng the demonstrat i on phase , th i s  un l oader wou l d  on ly need to operate 
2-3 h a day duri n g  the 8-h  day sh i ft .  No i se l eve l s  o f  90 dB a re expected from th i s  equi pment . 
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Equ i pment operation  s hou l d have a minor  i mpact as the d i stance to the nearest res i dence i s  over 
1 500 m ( 5000 ft) . 

Y . 4  CONTROL OF  DUST PART ICULATE MATTER EMISS I ONS  FROM COAL DEL I VERY BY BARGE 

Y . 4 . 1  I ntroduction 

Transportat i on of coal by barge i s  bei n g  i nvesti gated as an a l ternati ve to the transportat ion 

of coal by rai l car . The barge s l i p  wi l l  be l ocated on the Green R i ver , wh i ch i s  the southern 

boundary of the p l ant s i te .  

Y . 4 . 2  Ven t i ng operat i on 

The ma i n  sources of emi s s i ons  i nc l ude parti cu l ate emi ss i ons  from unl oad i n g  operati ons and 

conveyor and conveyor transfer poi nts . 

Y . 4 . 2 . 1  Particul ate emi s s i ons from unl oadi ng operations  

Coal  barges wi l l  del i ver  7000 tons/d  ( wet bas i s )  of c l eaned and washed coa l  to  the  s i te .  Each  

barge w i l l be un l oaded by the c l amshe l l bucket of a trave l i ng gantry c rane that  traverses a l ong 

the doc k .  The c l amshe l l bucket l i fts the coal from the barge and del i vers it to a hopper w h i ch 

i n  turn feeds the coal to a conveyo r .  Both the hopper and conveyor are connected to the 

gantry cran e .  

Y . 4 . 2 . 2  Conveyor and conveyor transfer poi nts 

A ful l y  encl osed bel t feeder wi l l  del i ver the coal to the conveyo r ,  wh i ch is connected to the 

gantry crane . The coal w i l l be fed to the conveyor at several poi nts , thereby requ i r i n g  the 

conveyor to be ful l y  open . The coal i s  conveyed a maximum d i s tance of 590 ft ful l y  open and then 

sprayed w i t h  chemi cal  wet s uppressants before trans port to the Coal P reparati on Area . 

The coal  preparat ion  a rea emi s s i ons are d i scus sed i n  Appendi x C ,  Sect .  C . 2 . 2 . 3 . 

Tab l e  Y . l  l i sts uncontro l l ed parti cul ate emi s s i on est imates . A rel i abl e emi s s i on  factor for 

cal cul at ing  fug i ti ve emi ss i on s  from a coal barge i s  not avai l abl e ;  therefore , a factor for 

rotary dump from a ra i l car i s  use d . 2 2  

Table Y . 1 . Uncontrolled emissions 

Coal handl ing Emission Em issions 

Operation schedule factor (Ib/year) 

F ugitive sources 

Coal u n loading 7000 TPD 0.007 I bs/tona 1 6 , 1 7 0  

Convey ing a n d  transfer 7000 TPD 0.2 I bs/ton 462,000 

Point sources 

Dust collector exhaust fan 8 hr/day 2.0 grains/scfm 8,000,000 

330 day /week 

" Data from U .S .  Env i ronmental Protection Agency, EPA Region VIII Interim PolicV Paper, Air 

Oualitv Review of Surface Mining Operation, Table 1 ,  item 9 .  
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Y . 4 . 3  Proposed control system 

Current methods ava i l a bl e to control coal handl i ng part i cu l ates i nc l ude the use  of three 
commonly  used control techn i q ues : dust suppres sant c hemi ca l s ,  dust contai nment prov i s i ons  at 
tran s fer  po ints , and fa bric  f i l ter  dust col l ectors . Al l of these methods wi l l  be i ncorporated 
i nto the coal un l oad i ng fac i l i ty .  

The dust su ppressant chem i ca l  p l anned for u se a t  the fac i l i ty wi l l  be Johnson Ma rch ' s  "Compound 
M-R , "  Dust Suppress ion System Inc . ' s  "Compound J B , "  o r  an equ i va l ent .  These compounds are 
d i l u ted w i t h  water and fogged t hrough nozze l s  onto the coal . The appl i cat i on of the dust 
s uppress i ng compounds reduces s urface ten s i on , wh i c h  resu l ts in i ncreased wett i n g , penetration , 
and spread i ng capabi l i t i es  of the l i q u i d  mixture . Th i s  i nc reases the capac i ty to wet the coal 
and consequent ly  to control  dust formation . I t  a l so enab l e s  the coal to fl ow more free ly .  

T h e  control methods descri bed i n  Sects . Y . 4 . 3 . 1  a n d  Y . 4 . 3 . 2  wi l l  b e  used fo r the barge un load ing  
and  tran s fer  of  coa l  to  Area 1 1 .  

Y . 4 . 3 . 1  Ba rge un l oad ing operations  

The c l amshe l l bucket wi l l  l i ft coa l  from the barge and  d i scharge it  i nto a hopper l ocated on 
the doc k .  Dust-l aden a i r  from the hopper wi l l  exhaust  through  a fabr ic  f i l ter  to the 
atmosphere , and the re l c a imed dust  wi l l  be retu rned to the hopper .  T he  d u s t  col l ect i on sys tem 
w i l l be a rran ged so t hat the dust-l aden a i r wi l l  be drawn down i nto the hopper fo r col l ecti on . 

A fu l l y enc l osed bel t feeder wi l l  d i sc harge the coal from the hopper to a conveyo r .  

Y . 4 . 3 . 2  Con veyor and conveyo r transfer po i nts 

As prev i o u s ly  ment i oned , the i n i ti a l  coal conveyor connected to the gantry crane wi l l  be open 
to the atmosp here . 

The open conveyor  w i l l  d i scharge the coa l to a part i a l l y  encl osed ( top  and s i des ) con veyor .  
The tran s fer  wi l l  occ ur  i n  a transfer  house where the coal wi l l  a l so b e  sprayed w i th dust 
suppress ion  l i q u i d .  

The subsequent tran sfer po i nt w i l l a l so b e  encl osed i n  a tran s fer house . A t  th i s  p o i n t  t h e  coal 
wi l l  be s uffi c i ent ly  wetted with dust-suppre s s i on l i q u i d  to prec l ude add i t i onal  wett i n g . 

Y . 4 . 4  Contro l effi c i ency 

Y . 4 . 4 . 1  Ba rge un l oad i ng operat i ons  

The quan t i ty of dust emi tted dur i ng  barge un l oad i n g  i s  re l at i ve ly  sma l l  i n  compari son wi th 
ra i l road car un l oad i ng . 2 3 Barge un l oad i ng does not generate as much a i r  current to move dust 
a s  ra i l  un l oad i ng .  Al so , most f ines  associ ated w i th coal wi l l  s i eve to the bottom of the barge 
where mo i sture tend s to wet the f ines . 

Because the fug i t i ve pa rt i c u l ate emi s s i ons  fo r barge u n l oad i n g  were cal cu l a ted u s i ng an emi s
s i on factor  for ra i l ca r  un l oad ing , it i s  bel i eved that the reduction in a i r currents wi l l  a l l ow 
the use  of an 85% con trol effi c i ency for ca l c u l a t i ng contro l l ed fug i t i ve part icu l ate from 
ba rge un l oad i n g .  

The hoppe r wi l l  exhaust  i nto a dust col l ector wh i c h  wi l l  ven t a t  a concentration of 
0 . 0 1 gra i n s/SCF .  

Y . 4 . 4 . 2  Conveyor and conveyor transfer po i nts 

For the most  part , coal wi l l  be heav i l y  wetted , conveyors wi l l  be parti a l l y  c l osed , and transfer 
po i nts wi l l  be comp l ete l y  enc l o sed . An effi c iency of 90 to 99% has been assumed fo r convey i n g  
of  coal . 
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Tabl e Y . 2  l i sts uncontro l l ed and contro l l ed emi ss i on rates . 

Table Y.2. Uncontrolled and controlled emissions 

Uncontrolled Efficiency Operation 
emissions ( lb/year) (%) 

Fugitive sources 

Coal u nloading 1 6, 1 70 85 
Convey ing and transfer 462,000 99 

Point sou rces 

DU5t collector exhaust fan 8,000,000 99.5 

Controlled 
emissions ( l b/year) 

2,425 
4,620 

40,700 

Y . 4 . 5  Best ava i l ab l e  control technol ogy rat i ona l e ( from PSD perm i t  appl i cation)  

Y . 4 . 5 . 1  Barge un l oadi ng operat i ons  

An  a l ternati ve consi dered was  the  i nstal l at i on  of a transparent cover over  the c l amshel l bucket 
as s uggested i n  ref . 2 3 .  Because the cl amshe l l bucket wi l l  b e  o perat i n g  near the ri ver ,  
moi sture wi l l  cause coa l  fi nes to adhere to the cover ,  thereby caus i ng a prob l em wi th o perator 
v i s i b i l i ty .  

Y . 4 . 5 . 2  Conveyor and conveyor transfer po i nts 

The i n i t i a l  conveyor l ocated on the gan try c rane cannot be covered because of the nature of 
the o perat ion . T h i s represents a bout 1 0% of  the d i stance the coal wi l l  be conveyed . The 
rema i n i ng conveyors wi l l  be parti a l l y  enc l osed ( tops  and s i des ) . The conveyor transfer po i nts  
wi l l  be total l y  encl o sed by transfer houses and the coal wi l l  be wetted wi th dust-suppres s i on 
1 i qu id .  



Y - 1 9  

REFERENCES FOR APPEND I X  Y 

1 .  Academy of Natural Sc i ences of P h i l adel ph i a ,  Green River Survey - 1 9 6 1 ,  Ri ver Survey Report 
for the Tennessee Va l l ey Author i ty ,  P h i l ade l ph i a ,  Pa . , 1 96 1 . 

2 .  Academy of Natural Sc i ences o f  P h i l ade l ph i a ,  Green River Survey - 1 9 65, unpubl i s hed ri ver 
s urvey report fo r the Tennessee Val l ey Author i ty ,  P h i l adel p h i a , Pa . , 1 966 . 

3 .  ATEC , Pre liminary Geotechnica l Engineering Study, 2000 TPD Solvent Refined Coal Faci Zity, 
prepared for Wheel abrator C l eanfuel Corporat ion and Kentucky Center for Energy Researc h ,  
1 977 . 

4 .  R .  W .  Barbou r ,  Amphibians and Repti les of Kentucky, U n i vers i ty Press of Kentucky ,  
Lex i ngto n ,  1 971 . 

5 .  R .  W .  Barbour  and W .  H .  Davi s ,  Mamma ls of Kentucky, Un i vers i ty P ress of Kentucky ,  
Lex ington , 1 974 . 

6 .  R .  W .  Beck and Assoc i a tes , Environmental Analysis, Steam Turbine Generation for Big Pivers 
Electric Corporation, 1 974 .  

7 .  C .  R .  Boston and J .  R .  Boeg l y ,  " Leac h i ng Stud i es on Coal  Convers i on Wastes , "  presented at 
S i xth Na t iona l  Conference on Energy and the Envi ronment , 1 979 . 

8 .  B .  Cambron , personal commu n i cat i on , November 1 977 . 

9 .  J .  R .  Char l es , " Effects of O i l f i e l d  Bri nes , "  pp . 37 1 -429 i n  Proceedings of the 1 8 th Annua l 
Conference, Southeastern Association of Game and Fish Commissioners, 1 964 . 

1 0 .  Dames & r'loore , Environmental Assessment Prepared for Southern Services, Inc . and Air 
Products/Whee labrator-Frye Joint Venture, 1 980 . 

1 1 .  Dames & Moore , Draft Env i ronmental  Assessment  of a Barge Doc k Faci l i ty for I nternationa l  
Coal  Refi n i ng Company , May 7 ,  1 980 . 

1 2 .  Geo-Mar i ne , I nc . , Se lected Physical and Biological Properties in the Vicinity of Kentucky 
Uti lities Green River Electric Generating Station, First Quarterly Report, prepa red for 
Kentucky U ti l i t i es Company , 1 974 . 

1 3 .  Geo-Mar i ne , I n c . , Se lected Physica l and Biological Properties in the Vicinity of Kentucky 
Uti lities Green River Electric Generating Station, Second Quarterly Report, prepared for 
Kentucky U t i l i t i es Company , 1 975a . 

1 4 . Geo-Mari ne , I nc . , Se lected Physical and Biologica l Properties in the Vicinity of Kentucky 
Uti lities Green River Electric Generating Station, Third Quarterly Report, prepared for 
Kentucky Ut i l i t i es Company , 1 975b . 

1 5 .  Geo-Mari ne , I nc . , Se lected Physical and Biological Properties in the Vicinity of Kentucky 
utilities Green River Electric Generating Station, Fourth Quarterly Report, prepared for 
Kentucky Ut i l i ti es Company , 1 975c . 

1 6 .  N i c k  Ki effer ,  1 980 . A rev i ew of the bu l k trans portat i on sys tems i n  We stern Kentucky .  A 
memo randum to Tom F i e l ds of the Kentucky Department of Commerce , J anuary 1 6 ,  1 980 . 

1 7 .  U . S .  Army Corps of E ng i neers ( Lou i sv i l l e  D i str ict ) . Personal commu n i cat ion  w ith  John 
Ma rti n ,  Ma rc h 2 1 , 1 980 . 

1 8 . U . S .  Army Corps of Eng i neers , Continued Operation and Maintenance of the Navigation System, 
Green and Barren Rivers, Kentucky, Final Environmental Impact Statement, Lou i s v i l l e ,  Ky . ,  
1 975 . 

1 9 .  U . S .  Envi ronmental  Protect i on Agency , Deve lopment of Emission Factors for Fugitive Dust 
Sources .  U . S . EPA Researc h Triang l e  Pa r k ,  N . C . , 1 9 74 . EPA 450/3-74-03 7 .  



Y-20 

2 0 .  U . S .  Geo l o g i cal  Survey , 1 978 . Open fi l e  data . Dames & Moore , 1 977-1 979 . F i el d data . 

2 1 . J .  C .  W i l l i ams , Musse l Fishery Investigations, Tennessee, Ohio, and Green Rivers, U . S .  
Department  of the I nter i or  and Kentucky Department of F i sh and W i l dl i fe Resources , 1 969 . 

2 2 .  U . S .  Envi ronmental Protect ion  Agency , EPA Region VIII Interim Policy Paper, Air Quality 
Review of Surface Mining Operation, Tabl e 1 ,  I tem 9 .  

2 3 .  U . S .  Envi ronmenta l  Protection  Agency , Technical Guidance for Contro l of Industrial  Process 
Fugitive Particulate Emission, EPA-450/3-77-01 0 ,  pp . 2 - 1 5 .  



Append i x  Z 

HEALTH EFFECTS 





Append i x  Z 

HEALTH E FFECTS 

A summary of the potent i a l  occupa t i onal  and publ i c  hea l th  effects assoc i ated wi th coa l convers i on i s  g i ven i n  Sec t .  4 . 1 . 1 of  th i s  F E I S .  Sect i on Z . l  presents a summary of  the hea l th and safety programs at the SRC p i l ot p l ants and proposed for the demonstration  p l a n t .  Section  Z . 2  presents a summary of the hea l th and env i ronmental researc h  program proposed for the SRC - I  demonstrat i on p l an t .  A summary of resu l ts to  date for  the S RC- I  and  SRC- I I  p i l ot pl ants i s  g i ven i n  Sect .  Z . 3 .  The deta i l ed DOE env i ronmental p l an for SRC techno l og i es i s  g i ven i n  Append i x  Y of the S RC- I I  F E I S  ( DOE/ E I S-0069 ) . 

Z . l  S UMMARY O F  HEALTH AND SAFETY P ROGRAMS AT THE FORT LEWIS AND WILSONVILLE  P ILOT PLANTS AND 
PROPOSED FOR THE DEMONSTRATI ON PLANT 

The demonstrat i on pl ant hea l th program wi l l  be patterned after and based on i n format i on obta i ned 
and devel oped s i nce 1 974 from the heal th program for the SRC p i l ot p l ants at Fort Lewi s ,  
Was h i ngton , and Wi l sonv i l l e ,  A1 abama . 1 

The hea l th and safety p ro gram proposed for the S RC- I  demonstrat i on p l ant wi l l  cons i s t  of ( 1 ) a 
Hea l th Protect ion Program a i med at protecting  personnel from potent i a l  tox i co l o g i ca l  effects of 
some coal -deri ved materi a l s  and ( 2 )  a General  I ndustr i a l  Hea l th and Safety Prog ram a i med at 
protect ing  personnel from cond i ti on s  and materi a l s common throughout much of the chem i ca 1 - and 
petro l eum-process i n g  i ndustr i es . Both programs a re d i scussed in the fo l l ow i ng sect i ons . 

Z . l . l Heal th protecti on program 

A comprehen s i ve heal th  protecti on program p l anned for the S RC- I  demon stration  p l ant  wi l l  i nc l ude the fol l owing  subprograms : 

1 .  educat ion , 
2 .  hyg i ene , 
3 .  med i ca l , 
4 .  mon i tor i ng , and 
5 .  tox i co l ogy . 

Z . l . l . l  Educat i on 

Objecti ves of  the demonstrat i on p l ant educati ona l program wi l l  be to ( 1 )  i n form the worker of the known and potent ia l  hazards i n  the wo rk env i ronment ,  part i cu l ar ly  those a ssoc i ated wi th exposure to coa l -deri ved materi a l s and ( 2 )  mot i vate the wo rker to use appropriate protect i ve measure s .  

A t  the Fort Lew i s  S RC p i l ot p l a n t ,  a l l new empl oyees rece i ve a hea l th protect ion i ndoctr i nat i on that beg i n s  wi th an aud i o v i sual s l ide  presentat ion . Th i s  s l i de presentat i on s hows the empl oyee the potent i a l  heal th hazards  present i n  the p l ant , the measures  taken by the company to protect the emp l oyees , and what the emp l oyees must do to protect themse l ve s .  The presentati on beg i n s  w i th a br i ef expl anat ion  of t h e  p l ant process , then progresses to cover a vari ety of top i c s  rang i n g  from hazardous compound s ,  a i r  mon i tori ng , a nd  an i ma l  tox i c i ty stud i e s  to  c l othes changi ng during s h i ft (when c l othes get exce s s i ve l y  contam i nated ) ,  ear protection , footwear ,  g l oves , s k i n  barri ers and emo l l i ents , s k i n  cance r ,  s k i n-wi pe samp l e s , report i ng of s k i n  abnorma l i t i es and i nj u ri e s , resp i rators , and fi rst-a i d  equ i pment .  The s l i de presentation  concl udes by encourag i ng the emp l oyee to a s k  quest ions  concern i ng the hea l th protecti on program . Al l new empl oyees a re i s sued a hea l th protect ion manual . Empl oyees a re then ta ken through the l ocker/ chan �ehouse a rea and shown the l ocat i on of  ( 1 ) entrances and ex i ts ( for  both before and a fter work ) ; ( 2 )  thei r l ockers and sta l l s ;  ( 3 )  the s howe r ,  soa p ,  and towe l s ;  and ( 4 )  c l ean and d i rty 
Z-3 
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c l ot h i ng storage areas . Du r i ng the tour of the l oc ker/changehouse , the empl oyee i s  encouraged 
to a s k  questi ons . Fo l l ow i ng the tour ,  the new empl oyee i s  ta ken to the nurse ' s  offi ce for 
compl etion of the h ea l th protecti on i nducti on . 

Hea l th protecti on c l a s ses  on various  subjects have been he l d  for SRC empl oyees s i nce the spr ing  
of 1 974 .  Genera l l y ,  t he  c l a s se s  are  presented by the Superv i sor of Hea l th Protecti o n ,  who  i s  
a s s i s ted by the SRC i ndustri a l  hyg i ene tec hn i c i a n .  Occas i ona l l y ,  various  members o f  the 
Corporate Med i ca l  Department ,  such a s  the Reg i ona l Medi ca l  D i rector or the Reg i ona l Sen i or 
I ndu s tri al  Hyg i en i s t ,  have g i ven hea l th  protect ion  presentati ons . I n  add i ti o n  to the SRC 
hea l t h  protecti on s l i de presentation , c l asses in the SRC Hea l th Protect ion P rogram cover t he 
fol l owi ng top i c s :  heal th and hyg i ene ,  tox ic  hazards to the human body , and toxi c  gases ( S02 ' 
H 2S ,  and CO ) .  

Z . 1 . 1 . 2 Hygi ene 

Workers in the demonstrati on p l ant wi l l  be p rovi ded wi th protecti ve equ i pment , c l oth i ng ,  
fac i l i t i es ,  and techn i ques  to m i n im i ze  expo sure to coa l -deri ved mater i a l s .  

At the Fort Lewi s p i l ot p l ant ,  each process a rea emp l oyee i s  i ssued rubber boots , l eather h i g h 
t o p  safety shoes , a hard hat , work  coats , s k i n  emol l i en t ,  ba rri er  creams , a n d  two weeks ' supply 
of work un i forms , undercl oth i ng ,  and socks . Each empl oyee is  a s s i g ned a l oc ker in  the l oc ker 
room ( c l ean area ) and a sta l l  in the changehouse ( d i rty area ) . 

To protect the worker and to prevent carryi ng coal -der i ved contami nants off the p l ant s i te ,  
s pec i a l  procedures have been devel oped for process a rea wor kers .  

Upon comi ng to  work ,  the  empl oyees go d i rect ly  to  the l oc ker  room and  c hange i nto a c l ean 
u n i form ,  wh i c h  i nc l udes underwear ,  s h i rt ,  pants , and socks . Then , proceed i ng to the change
house in s hower s hoes , the empl oyees don work footgear , headgear ,  and ra i n  su i t ,  if needed . 
They then proceed to the work  a rea , and the procedure i s  reversed at the end of the i r  s h i ft .  
O n  the way to the s hower , d i r ty underc l oth i ng i s  l eft i n  a mesh bag i n  t h e  c hangehouse ( 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 empl oyees 
are encouraged to thorough l y  was h  any coal p roduct from the i r  body . S k i n  exami nati ons w i th an 
u l trav i o l et l i ght  are per i od i ca l l y  g i ven by the p l ant nurse to determi ne the effecti veness of 
the empl oyees ' showers .  Because of the concern over the ro l e  of UV l i ght i n  carci nogenesi s ,  
such  exami nati ons wi l l  be conducted i n  the demonstrati on  p l ant on l y  i n  the cases of s i g n i f i cant 
s k i n  contami nation w i t h  coal  tar product. The exam i nati on  wi l l  be l im i ted to the s i te of s k i n  
contact and wi l l  use a l ow-i nten s i ty ( 4  to 6 watt) U V  l i g ht source .  Any empl oyee experi enc i ng 
a s p i l l  of coal -sol ut i on so l vents or  c hemi ca l s duri ng work i s  requ i red to shower and c hange 
c l othes a s  soon a s  poss i bl e .  

Empl oyees enteri ng vessel s o r  underta k i ng exceptiona l l y  d i rty jobs are requ i red to wear ra i n  
s u i ts o r  covera l l s  over the i r  un i forms and appropri ate g l oves . Imperv ious  g l oves prov i d i ng 
good gri p  and wri st protecti on are favored by the emp l oyees . Neoprene appears to be more 
res i s tant to the so l vent than other mater i a l s .  

Z .  1 . 1 . 3  Med i ca 1 

The demonstrat i on p l ant med i ca l  program wi l l  seek to ( 1 ) detect any occupati ona l l y rel ated 
c hanges i n  worker med i ca l  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 prevent ive  strateg i es if any 
occupati ona l l y  rel ated hea l 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 p l ant program and wi l l  use  preempl oyment and per i od i c  med i cal  
exami nations together with i ntens i ve  analys i s  of such exam i nati ons and the occupati onal and 
personal h i stori es  of the workers . 

The med i cal program for a l l exposed empl oyees at the SRC p i l ot p l ant was s tarted i n  1 974 ,  
before the p l ant  was put i nto operati on .  Before an appl i cant i s  h i red and annua l ly  thereafter ,  
a medi ca l  exami nat i on  i s  performed that cons i sts o f  a med ica l  h i story and a compl ete p hys i ca l  
exam i nation . 



Z-5  

A compl ete bl ood count  i s  performed cons i st i ng of  a wh i te bl ood cel l count , hemog l obi n ,  hema to
c r i t ,  mean corpuscu l a r hemog l ob i n  concentra t i on , and a d i fferent i a l  count of wh ite cel l s .  
B l ood c hemi stries  a re performed that i nc l ude tota l protei n ,  a l bumen , ca l c i um ,  i norgan i c  
phosphorus , cho l esterol , ur ic  ac id , c rea t i n i n e ,  tota l b i l i rubi n ,  a l kal i ne phosphatase , 
c rea t i n i ne phosphok i nase , l act i c  dehydrogenase ,  serum g l utam ic  oxa l acet i c  transami nase , po
tas s i um ,  sod i um ,  b l ood u rea n i trogen , and g l ucose . A u ri na l ys i s ,  i nc l ud i ng  mi croscop ic  exam i 
nat i on ,  i s  a l so done . 

The s k i n  i s  exami ned carefu l l y for e v i dence of l es i ons , and the empl oyees a re a s ked to report 
any unusua l  s k i n  cond i t i ons or l es i ons . Th e annua l  s k i n  exam i nation  i s  s uppl emented by a 
quarterl y s k i n  exam i nat i on by the p l ant nurs e .  Empl oyees wi th dermato l og i c  probl ems requ i r i ng 
a phys i c i an ' s  care are referred by the pl ant nurse to a board-cert i f i ed dermato l o g i s t .  

Poster ior-anter ior  and l atera l c hest  x -rays a re ta ken and i nterpreted by a board-certi f ied 
rad i o l o g i s t .  Pu l monary funct i on tests are performed by the pl ant nurse .  

Eva l uation  of  t he  f i nd i ng s  of t he  s urve i l l ance med i ca l  prog ram h a s  i nd i cated no  d i scern i bl e  
c hanges i n  the med i ca l  profi l es o f  the exposed empl oyees . The on ly  known occu pat i onal  hea l th 
probl em encountered at the SRC p i l ot p l ant i s  m i l d  trans i ent dermati ti s from s k i n  contact wi th 
coal -deri ved materi a l s .  

The most  common med i ca l  probl em has been eye i rr i tat i o n ;  5 0  to 6 0  cases , a pprox imate l y  1 0  of  
wh i c h  i nvol ved su bstant i a l  quant i t i es of coal -deri ved so l vents contacting  the empl oyees ' eyes , 
have been t reated . I n  a l l cases , these eye i rr i tat i ons res ponded sat i sfactori l y  to fi rs t-a id  
treatment con s i s t i ng of eye i rr igat ion  w ith  sa l i ne sol u t i on . Fo l l ow-up  med i ca l  examinations  by 
an optha l mo l og i s t confi rmed the absence of any prol onged or  permanent eye damage . The strong l y  
i rr i ta t i ng character i s t i c  of t h e  l ower bo i l i n g  fractions  o f  S R C  l i q u i d s  i s  probab ly  d u e  to 
thei r pheno l i c  content .  

Comprehens i ve per i od i c  assessment o f  the hea l th o f  the p l ant popu l at i on a t  the W i l sonv i l l e  
fac i l i ty revea l s the type of  hea l th experience that may be found i n  any m i xed age ma l e  wor k i ng 
popul a t i on . Pr i nc i pa l probl ems a re hypertens i o n ,  obes i ty ,  b l ood l i p id  abnorma l i t i es , and chest 
symptoms amo ng smokers . 

Speci a l  s k i n  exami nati ons and d i agnost ic  fol l ow-ups by a u n i vers i ty- ba sed dermatol og i ca l  group 
has not ident i f i ed work-re l a ted s k i n  d i sea se .  

About 2 5  cases o f  tran s i ent erythema and mu l t i p l e  cases of m i l d  fo l i c u l i t i s  ( mecha n i c s  acne ) 
have been observed . These cases have res ponded wel l to temporary su spens i on of exposure .  

Two empl oyees deve l oped squamous cel l cancers . One  emp l oyee had  prev i o u s ly  worked n i ne yea rs 
in a petro l eum refi nery and was a c i ga rette smo ker . The Wa s h i ngton State Board of I ndustr i a l  
I n surance Appea l s  determ i ned that the l i p cancer wa s unre l ated to h i s  empl oyment i n  the SRC 
p i l ot p l ant .  The other empl oyee had on ly  worked at  the p i l ot p l ant for one yea r in a su per
v i sory capa c i ty ,  and the cancer wa s d i agnosed as  the res u l t of expos ure to sun l i ght from h i s  
pa s t  wo rk h i s tory i n  s u c h  a reas a s  Kuwa i t .  

Current exper i ence w i t h  the S R C  p i l ot p l ant empl oyee popu l at ion  has not revea l ed any of  the 
probl ems experi enced in the I n st i tute p l ant popu l a t ion  where 60 s k i n  l es i ons were exci sed from 
a group of 359  coal hyd rogenation  workers dur ing a f i ve-year per i od . 2 The i nten s i ve emp l oyee 
hea l th programs , i n  p l ace at the SRC p i l ot p l ant essent i a l ly  s i nce sta rt- u p ,  are fe l t  to be the 
major  d i fferences between the p l ants . 

Z . 1 . 1 . 4 Mo n i tor i ng 

The demonstration  p l ant  mon i tor i ng prog ram wi l l  mon i tor the wo rkp l ace for conventi ona l tox i c  
mater i a l s  and phys ica l  agents common t o  refi nery and chem ica l  operat i ons a s  wel l as  t o  those 
exposu res u n i que  to coal  l i quefact i o n .  Devel opment work is current ly  under way on tec hn i ques 
fo r mon i tor i n g  derma l contam i nat i on by potent i a l l y  tox ic  ma ter i a l s ;  if successfu l , these tec h
n i ques wi l l  be imp l emented in the demonstrat i on fac i l i ty .  Sec t .  4 . 5  deta i l s  the proposed 
envi ronmental and hea l th mon i tor ing  prog rams . 
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In l ate 1 97 2 ,  before constructi on of  the S RC p i l o t  p l ant at Fort Lewi s ,  Washi ngton , an ambi ent 
a i r  and water q ua l i ty s tudy was i n i ti ated around the p l ant s i te .  Des i gned a s  a ba sel i ne 
a s sessment of the a i r  and water q ua l i ty i n  the v i c i n i ty of the p l ant , the study wou l d  then be 
u sed for compari son w i t h  a s i mi l ar study to be accompl i shed d ur i ng ful l pl ant operation  to 
assess  the i mpact of the p l ant on the s urround i ng commu n i ty .  Th i s study subsequentl y was 
expanded to i nc l ude determi nati on  of the fate of trace e l ements i n  the SRC proces s .  

The basel i ne study was conducted dur ing  the peri od of December 1 972  to December 1 973 . 1 An a i r  
qua l i ty network composed of  1 5  sampl i ng l ocati ons was establ i s hed around the new fac i l i ty i n  
a reas where a receptor wou l d  b e  exposed t o  a c hange i n  a i r  qual i ty .  Measurements were made for 
s u spended part i c u l ates , carbon monox i de ;  carbon d i ox ide ,  oxi des of n i trogen , hydrocarbons , 
su l fur d i ox i de ,  and hydrogen su l f i de .  Water qua l i ty was measured through a seri es  of samp l i ng 
stati ons at l ocati ons on the  adj acent l ake , streams , swamps , and dra i nage d i tches that m i ght be 
i nf l uenced by the p l ant o perati on . Sampl es were col l ected and ana lyzed duri ng  the per i od 
December 1 972 to Au gust 1 97 3 .  A b i o l og i cal  exami nati on  of the l a ke ,  s pr i n g s , creeks , and 
marshes adj acent to the fac i l i ty was conducted in  June 1 97 3 .  

Start-up o f  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
pl i s hed i n  February 1 97 5 .  Env i ronmenta l sampl i ng and anal yses wi l l  conti nue  for the durat i on 
of the p i l ot p l ant o perati ons . Hundreds of sampl es have been obta i ned and ana lyzed wi th these 
typ i ca l  resu l ts for various materi a l s .  

Ai rborne organ i c  vapors , ppm 
Benzene vapor , p pm 
Tota l suspended part i cu l ates , mg/m3 
As bestos f i bers , f i bers/ml 
Hydrogen su l fi de ,  ppm 
Su l fur  d i oxi de ,  ppm 
Phenol i c  vapors , ppm 

SRC- I 

<0 . 1  
« 1  
'V0 . 7  
<0 . 1 
Trace 
';;0 . 04 
< 0 . 008 

aNo asbestos u sed i n  p l ant duri ng SRC- I I  operat i on . 

SRC-I l  

<0 . 1  
« 1  
'V0 . 6  

a 
Trace 
..;() . 04 
< 0 . 008 

Resu l ts of  the water samp l i ng program for stati ons surroundi ng the p i l ot p l ant a re s hown i n  
Tabl e Z . l . 

Tobie Z.1. S .. .t • .,. .... , Q ..... " .1 1M FL L_III SAC plll"1 
Average values ( seven sampling stations) 

1973" 1976 1977 1978 1979 1980 

Dissolved oxygen. mgtliter 8.8 7 6  7.2 6.8 7 0  7.2 
Specific conductance. ""ohm/em 103 1 39 181 1 38  135 1 10 
pH 6.8 7 . 1  6 6  6.4 6.8 7 7  
Sulfate, mgthter 10.8 9.9 26 1 6 1 7  2 1  
Phenol, " gtliter <SOb <SOb <5 <5 < 5  < 5  
Chemical oxygen demand, 2.7 7 . 1  1 1 .2 9.1 4.6 1 1 .2 

mgt liter 
Phosphate, mglliter 0.05 om 0.08 0.08 0 06  0.16 
Nitr.te. mgtliter 0 26  0.19 0.26 0 1 9 0. 1 1  Not available 

a Baseline . 
• Detectable hmit 01 analytical method then in use 

As a resu l t  of  th i s  program , the fol l owi ng can be conc l uded : 

1 .  Ai r qua l i ty around the S RC p i l ot p l ant i s  essenti a l l y  unchanged from those cond i t i ons  that 
exi sted duri ng  the basel i ne study . 

2 .  Overal l ,  l i ttl e c hange occurred i n  t he patterns of water qua l i ty observed around the SRC 
p i l ot p l ant between the basel i ne per i od and the p l ant operati ng per i o d .  
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3 .  Fo l i age  stud i es i n  areas adjacent to the SRC p i l ot p l ant that wou l d  be proba b l e rec eptors 
of a i rborne pol l utants i nd i cate no d i s cern i b l e  effect u pon the domi nant vegeta t i ve spec i es . 

The more perti nent i ndustri a l  hyg i ene sampl i n g  res u l ts i n  Wi l sonvi l l e  are presented i n  Tabl es 
Z . 2  and Z . 3 .  In Ta b l e Z . 2  coal -tar- p i tc h  vol at i l e  concentrati ons are l i sted by job ca tgegory 
of the  emp l oyee . The sampl es were obta i ned u s i ng personnel  mon i tors . The Occupat iona l  Sa fety 
and Hea l th Adm i n i stra t i on ( OSHA) t ime-we i g hted average ( TL V )  for benzene-so l u b l e coa l -ta r- p i tc h  
vol at i l es i s  0 . 2  mg/m 3 •  Mo st  of t he  samp l es are down nea r t he  l ower detect ion  l i m i t  ( a pprox i 
mate ly  0 . 03 mg/m3 ) .  Th e one samp l e  that i s  over the OSHA s tandard was ta ken dur i ng  upset 
cond i t i ons . 

Ta b l e  Z . 3  rep resents an a na l ys i s  of i nd i v idua l  po lycyc l i c  aroma t i c  hydrocarbons ( PAHs ) and 
azaa renes from comb i ned aerosol and vapor sampl es . The samp l e  ta k i ng and ana lys i s  wa s con
ducted by Env i ro Co ntro l , a s ubcontractor to the Na t i ona l I n s t i tute of Occupat iona l  Sa fety and 
Hea l th ( N I OSH ) .  Th e resu l ts i nd i cate that i nd i v idua l  d i fferences in the s ummed PAHs ana l yzed 
seem to be greater than t he d i fferences between j ob categor i es .  Al though most  of  the va l ues i n  
Tab l e Z . 3  are l ow ,  there a re no TLVs for i nd i v i du a l  P NAs . 

The i nd i v i dua l  compou nds are l i sted approx imate ly  i n  order of i ncrea s i ng mo l ecu l a r we i gh t .  The 
l argest compound detected wa s pyrene,  wh i c h wa s a l so the o n l y  compou nd detec ted that had four 
or mo re r i ngs . Th i s  may we l l  be due to the l ow vo l at i l i ty of the h i gher mol ecu l a r we i ght PAHs 
and  a zaarenes . It shou l d  be noted that near ly  90% of the to ta l samp l e  wa s compr i sed of 
nonmutagen i c/carc i nogen i c  ( for  these c l asses  of compo unds ) ,  more vo l at i l e ,  two-ri nged compound s .  
Mos t  o f  t he rema i nder was found i n  the wea k l y  mutagen i c/carc i nogen i c ,  three-ri ng compounds that 
are i ntermedi a te in vo l at i l i ty .  Ex treme l y  sma l l  amounts of ma teri a l  were detec ted in the 
mutagen i ca l l y/carc i nogen i ca l l y act i v e ,  l ess vo l at i l e  four-or-more-ri nged compounds . Pyrene , 
the o n l y  compound detected i n  t h i s  grou p ,  i s  nonmutagen i c/carc i nogen i c .  

I t  thus  a ppears that the s u bstance a n a l yzed a s  coa l -tar- p i tch vo l at i l es o n  personne l sampl es 
conta i ns very l i t t l e  muta gen i ca l l y/carc i nogen i ca l l y  acti ve materi a l . Th i s  seems to be due i n  
part to the l ow vol a t i l i ty of the mutagen i c/carc i nogen i c  component s .  

Ta b l e  Z . 4  presents comp i l ed data for even more vo l at i l e  spec i es that may have potent i a l ly  tox i c  
effects .  The compounds l i sted i nc l ude benzene , an i l i ne ,  pheno l , paracreso l , and q u i no l i ne .  
Al l concentra t i ons  l i sted are wel l bel ow any OSHA s ta ndard . Sampl es were not ana lyzed for the 
huma n carci nogen naphthyl ami ne (a two- ri ng ami ne ) ; however , concentra t i ons are expected to be 
l ess  than a n i l i ne (a one- ri ng ami ne)  due to i ts l ower vol at i l i ty .  

Z . 2  DETAI LED ENV I RONMENTAL P LAN : HEALTH AND ECOLOG ICAL E F FECTS 

DOE ' s  deta i l ed envi ronmental  p l an  for SRC tec hnol ogy i s  g i ven i n  Append i x  Y of t he SRC- I I  
F E I S  ( DOE/E I S-0069 ) .  G i ven adequate fund i ng ,  the program wi l l  be imp l emented by DOE . Th i s  
sec t i o n  s ummari zes the Jo i nt Env i ronmental P l a n for Hea l th and Eco l o g i c a l  E ffec ts proposed for 
the SRC- I demonstra t i o n  p l a n t .  Shou l d  DOE d i scon t i nue i ts i n vo l vement i n  th i s  project , the 
new proj ect sponsor ( s )  wou l d  not be obl i ged to ca rry out the fu l l  program ;  but the s ponsor ( s )  
wou l d  be ob l i ged to ca rry out the parts of the program req u i red by regu l at i o n .  

Resea rch sho u l d  b e  pr io ri t i zed beca use  f i na nc i a l  cons tra i nts may prevent a l l o f  t h e  proposed 
res ea rc h  from be i ng comp l eted . The researc h empha s i s  s hou l d  be pl aced as fol l ows : 

• Chem i c a l  characteri zat ion  of SRC ma ter i a l s .  

• B i o l og i ca l  tes t i ng of SRC materi a l s ,  wi th empha s i s  on  whol e an ima l  tes t i n g  and i n  v i tro 
stud i es de s i gned to e l uc i date geno tox i c  res ponse mec ha n i sms . Essent i a l  tes t i n g  i nc l udes 
dermal and i nh a l a t i o n  carci nogenes i s ,  teratogenes i s ,  and  ma l e  reproducti ve effects . 

• An extens i ve mon i tori ng program for the  demonstrat i on program that wi l l  a l l ow est imati on of 
both i nha l at i on a nd derma l expos ures to " i nd i cator"  compounds for each fami l y  of hazardous 
compounds expected to occur ( e . g . , po l ycyc l i c aroma t i c  hydroca rbons , aroma t i c  ami nes , 
a za- im i no-arenes , phenol s ) .  

• Defi n i t i on of the extent Qf va r i at i on i n  chem ica l  a nd b i o l og i ca l  act i v i ty of  SRC mater i a l s 
a s  a func t i o n  of feeds toc k ,  temperature , pres sure , and l i ke l y  process  mod i f i ca t i ons . 
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Table Z.2. Coal Tar Pitch Volatile (CTPV) monitoring, 

SRC·I pilot plant at Wilsonville, Alabama 

Title/operation" Sampling time CTPVb 
(min)  (mg/m3 ) 

B operator 453 0.06 
C operator 452 0 . 1 4  

Lab, sampling a n d  analysis 437 0.08 
Oi ler  446 0 . 1 7 

Welder/m i l lwright 453 0.07 

B operator 458 0.09 

Lab, inside 427 0.02 

I nstrument technician 465 0.06 

B operator 460 0.02 

Lab, sampl ing  and analysis 433 0.03 

Insulator 443 0.07 

C operator 4 1 9  0.06 

Instrument techn ician 451 0. 1 2  

B operator 448 0 . 1 2  

Electrician 446 0.04 

B operator 466 0 . 19  

o operator 465 0.05 

Chemist (boiler area) 455 0 . 19  

Mi l lwright 424 0.53c 
C operator 456 <0.02 
o operator 436 <0.02 
B operator 453 <0.03 
o operator 435 0.04 
Lab tech nician 431 0.04 
Lab technician 436 <0.02 
M i l lwright 4 1 7  0 . 10  
Mi l lwright 420 0.05 

Lab tech nician 451 <0.02 
Lab tech nician 447 <0.03 
B operator 445 0.03 
o operator 445 <0.02 
Welder 448 0.02 
Insulator 440 0.03 
o operator 471  <0.02 
C operator 472 0.05 

o operator 451 <0.02 
o operator 452 0.07 
Lab technician 456 0.02 
M i l lwright 440 0.02 
M i l lwright 44 1 0.02 
Insulator 4 1 3  0 . 1 9  
C operator 465 <0.02 

"During the monitoring program, four categories of 
operators were defined, ranging from A operators, who spent 
most of their t ime' i n  a relatively clean environment such as a 
control room, to 0 operators, who spent most of their t ime i n  
t h e  process area. 

bApplicable OSHA Standards: 0.200 mg/m' (benzene 
solubles) for CTPV (TWA ) .  

Cu pset conditions. 



Table Z.3. PNA analytical results in Ilg/m for personal samples, SAC·I process, Wilsonville, Alabama, November 12-17, 1979 

Job category 

Job t it le  C 
Sample N o .  03B 
Sample volu me, liter B28 
Sample t i m e  1 435-

221 5 

Naphthalene 9.5 
Qui nol ine 0.05 

2-methyl naphthalene 9.3 

l -methyl naphthalene 1 .4 
Acenaphthalene 0.01 
Acenaphthene 0.4 
F l uor ine 0.2 
Phena nth reI anth racene 0.5 

Acri d i ne 

Carbazole 

F luoranthene 0.02 

Pyrene 0.01 
Benzo(a)fluorene 

Benzo(b )f luorine 

Benz(a)anth racene 

Crysene/triphenylene 

D i m  eth yl benz (a )anth r acene 

Benzo(c ) pyrene 

Benzo(a ) py rene 

Perylene 

Dibenz (a.i)acr id ine 

Dibenz (aJ)carbazole 

I ndeno( 1 ,2 ,3-c,d) pyrene 

D i benzanth racene 

Benzo (g,h J)perylene 

Anthanth rene 

Coronene 

D ,benzpyrene 

Total 1 1 .8 

• As Ilg/sample. 
b Not detected. 

Operator 

C 

053 

720 

0635· 

1 405 

b 

0.05 

0.05 

D D Pipefitter 

0 1 4  054 006 

6 1 0  539 6 1 1  

1 4 3 1 - 0646- 0720-

2220 1 4 1 5  1 5 1 0  

2.6 2.2 4.B 

0.04 0.04 0.1  

3.3 5.2 1 2 .09 

O.B 0.9 1 .9 

0.01 

0.3 0.5 0.8 

0.2 0.2 0.4 

0.8 0.8 1 . 2 

0 . 1  0.06 0 . 1  

0.09 0.04 0.0 

B.2 9.1  2 1 .5 
... _-_._----- . 

Maintenance 

Insulator Insulator Oi ler  I nstrument M i l lwright 

007 008 0 1 2  082 0 1 1 

6 1 4  620 792 744 544 
072 1 ·  0723- 0729- 0700- 072B-

1 5 1 3  1 520 1 5 1 5  1 5 1 6  1 5 1 0  

9.5 2.9 1 .B 2.5 1 1 . 5 

0.2 0.09 0.Q1 0.09 0.3 

1 3. 1  5.6 1 .9 5.9 1 1 .2 

3.0 1 .06 0.4 1 .0 2 . 1  

0.0 1 <0.01 0.05 0.03 

1 . 1  0.4 0.1 0.4 0.7 

0.7 0.2 0.09 0.5 0.5 

1 .4 0.7 0.3 0.6 1 .0 

0.Q1 

O.OB 0.05 0.07 0.07 

0.09 0.04 0.04 0.06 

29.2 1 1 .0 4 . 7  1 1 .0 27.5 

Source : L. R. H a rris et ai., Coal L iquefaction: Recent Findings in Occupational Safety and Health , D H H S  (N IOSH) publication 80- 1 22. 

Laboratory tech nicia n 

M i l lwright Chemist Chemist Chemist 

OB l 0 1 4  06B 076 

683 720 599 802 

0700- 1 4 40- 1 436· 063 1 -

1 508 2 2 1 0  22 1 7  1 423 

1 . 4 0.8 1 9.4 3.3 
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Table Z.4. WlllonvHIe pel'llonnel mon itoring 

Samples C oncentration 
C o m pound 

(No.)  (ppm) 

Benzene @ 21 0 0 1 

A n i l i n e  @- NH2 2 3  0.06 

Phenol @-OH 2 0.08 

Paracresal CH3-@- OH 6 0.07 

N 
Q u inol ine @(9) 1 3  0.0006 

Source: N IOSH C ontract N o. 2 1 0-78-01 01 

The Hea l th and Eco l og i cal  Studi es P l an ( HESP ) wi l l  prov i de i nformat ion  on  the properti es of 
SRC- I products , waste materi a l s ,  and i nterna l process  streams wh i ch can be used to assess  the 
hea l th and eco l o g i ca l  i mpacts that mi ght  res u l t  from exposure to these mater i a l s .  Thi s i nfor
mati on wi l l  be u sed i n  ongo i ng assessment of the envi ronmental impacts of the demons trat ion  
faci l i ty . The  HESP  wi l l  be  i mpl emented s imul taneous l y  wi th the  i n i t i a l  des i g n  eng i neeri ng and 
construct i on of  the fac i l i ty ,  pr ior  to operati o n .  Resu l ts of the HESP wi l l  g u i de fu ture 
mod i f i cations  to process des i gn ,  env i ronmenta l impact mi t igat ion measures , and worker hea l th 
and safety programs wh i ch may be needed to deve l op a med i ca l ly  and env i ronmenta l l y  acceptabl e 
S RC- I  process . 

The research to be carri ed out  u nder HESP wi l l  be conducted i n  four  phases . Mos t  of the 
studi es s uggested for the fi rst three phases wi l l  be compl eted before operat i on of the p l ant 
beg i n s .  The fourth p hase , i nvo l v i ng deve l opment of envi ronmenta l moni tori ng tech n i q ues , may 
conti nue dur i ng p l ant operati on . 

The fi rst four phases a re descri bed here i n  some deta i l . I n i t i a l  tes ti ng u s i ng p i l ot p l ant 
mater i a l s has  begun under P hase I ,  and resu l ts obta i ned to da te a re presented be l ow .  Future 
resu l ts wi l l  be reported i n  p ub l i c  l i terature and research status reports . 

Experimentati on duri ng the f i rst three phases wi l l  be based on sampl es of SRC- I materi a l s  
o btai ned from p i l o t  p l ants , process demonstrati on u n i ts and l a boratory-sca l e devel opment u n i ts 
representi ng the un i t  operati ons ut i l i zed i n  the demonstration  p l ant des i g n .  Sources o f  these 
materi a l s  a re d i scussed bel ow.  For those mater i a l s where there is c urrently no d i rect ly  
anal ogous process , samp l e  mater i a l s wi l l  be  col l ected from the avai l ab l e  sources and  processed 
to g i ve mater i a l s more representati ve of the ant i c i pated demonstration  p l ant operati ons . 

The purposes of these s tud i es a re threefo l d .  F i rs t ,  they wi l l  character i ze  materi a l s suff i 
c i ently t o  i denti fy those streams that may cause hea l th or eco l og i ca l  r i s k  i n  order to assess  
the rel ati ve magn i tude of the r i s ks .  Second l y ,  they wi l l  prov ide  g u i dance to future stud i es of 
envi ronmental and h ea l th effects duri ng the demonstration  p l ant operati o n .  F i na l l y ,  they wi l l  
g i ve i ns i gh t  i nto the c haracteri st i c s  of  the materi a l s wh i c h  can a i d  i n  the devel opment of 
m i t igation  measures for potenti a l  i mpacts . 

Phase I of th i s  research i nvol ves screen i ng for the characteri s t i cs of SRC- I mater i a l s that 
i mpact vari ous b i o l og i ca l  systems d u r i ng acute exposures . Phase I I  of the p l an wi l l  determine  
l ong-term effects of  c hron i c  exposu res and wi l l  i nc l ude stud i es on the bi o l og i ca l  effects of  
l ower doses of  typ i ca l  S RC- I materi a l s produced under operating  cond i t ions  correspondi ng to  the 
demonstrat i on p l ant des i g n .  Phase I I  research efforts wi l l  a l so i nc l ude i ntens i ve  stud i es of 
env i ronmental fate and transport of  S RC- I  mater i a l s .  Phase I I I  wi l l  exp l ore the effects of 
a l tered p l ant operati ng cond i ti on s  on the tox i c  properti es of these S RC- I materi a l s .  Resu l ts 
of Phase I s creeni ng wi l l  provi de g u i dance for Phase I I  i nvestigati ons , both for sel ection of  
materi a l s  req u i r i ng fu rther study and for  poss i bl e  des i gn mod i f i cations  to  amel i orate undes i rabl e 
c haracteri s ti cs i n  S RC- I p roducts . Phase  I V  wi l l  devel op methods for mon i tor i ng effects 
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s pec i fi c  to S RC- I o pe rat i ons at the demonstrat i on fac i l i ty and potent i a l  commerc ia l  s i te s .  
Data from Phases I a n d  I I  a re expected to prov i de i nd i cators of  b i o l og ica l  and eco l og i ca l  
e ffects and  a bas i s  fo r as says for  potenti a l l y harmfu l c hem i ca l  ent i t i es wh i c h  shou l d  be  
mon i tored i n  the work  pl ace and l ocal  env i ronments . 

The program wi l l  be rou ti ne ly  u pdated to more spec i f i ca l l y defi ne l a ter  pha se research efforts . 
Stu d i es suggested i n  th i s  p l a n  a re consonant wi th the Env i ronmenta l Concerns and Req u i rements 
stated i n  the  Env i ronmental Deve l o pment P l a n for Coa l L i q uefac ti on ( DOE/ EDP-001 2 ,  March 1 978 ) 
and  i n  the Proj ect Env i ronmenta l Pl an ( Append i x  0 )  for SRC processes . 

l . 2 . l  Phase I 

Phase I o f  th i s  research i nvol ves screen i ng SRC- I materi a l s  for potent i a l  b i omed i ca l  a nd 
eco l o g i ca l  effects . S RC- I mater i a l s  a re be i ng obta i ned from ex i st i ng fac i l i t i es wh i ch a re 
be i ng operated to bracket potent ia l  demonstrat i on/commerc i a l  cond i t ions . Tab l e  l . S  presents 
those mater i a l s to be screened dur i ng  Phase I .  Sampl i ng to obta i n  these mater i a l s i s  descri bed 
l a ter . Three categori e s  of mater i a l s a re bei n� stu d i ed :  SRC- I products ( o f  occupational  and 
envi ronmental concern ) , SRC- I wa ste mater i a l s  ( a l so o f  occu pat i ona l and env i ronmenta l concern ) , 
and i nterna l process  stream ( pr imar i l y  o f  occupat i onal  concern ) .  SRC- I mater i a l s ( Ta b l e  l . S )  
c u rrent ly  bei ng  screened i n  Phase I ,  were o bta i ned from the W i l sonvi l l e ,  Al abama , p i l o t  p l ant . 

Sample 

Aaw feed coal 
SAC product 
Two·stage l i quefaction solid 
Light S AC 
Process solvent 
Naphtha 
Disti l late 
Heavy oi l  
Ash concentrate 
Gasifier fly ash 
Gasifier bottoms 
Green coke 
Calcined coke 
Unconverted combustion product 
G reen coke water 
Treated wastewater 
Oi ly sludge 
Metal·bearing sludge 
Biological solids 
S AC·I product leachate 
Gasifier leachates 

Table Z.5. Slate of samples for Phase I 

biological and ecological assays 

Solid 
Solid 
Solid 

Description 

BP 850-1050° F,  solid 
BP 450-8500 F 
BP 1 60-400° F 
BP 400-6500 F 
BP 650-8590 F 
Solid 
Solid 
Solid 
Solid 
Solid 
Solid 
Liquid 
Waste treatment plant materials 
Waste treatment plant materials 
Waste treatment plant materials 
Waste treatment plant materials 
Liquid 
Liquid 

Wilsonville 
Wilsollville 
Hydrocracker 
Wilsonv i l le 
Wilsonvil le 

Source 

Wilsonvi l le, coker, and hydrocracker 
Wilsonvil le, coker, and hydrocracker 
Wilsonv i l le and hydrocracker 
Wilsonville 
GKT (West Germany) 
GKT (West Germany) 
Coker 
Calciner 
Burn test (PETC) 
Coker 
Air products 
Air products 
Ai r  products 
Air products 
Wilsonville 
G KT (West Germany) 

·Coker and hydrocracker l iquids (Spring 1 98 1 ) .  

Starting 

Fall 1 980 
Fall 1 980 
Spring 1 98 1  
Fal l  1 980 
Fa l l  1 980 
Fal l  1 980' 
Spring 1 981  
Spring 1 981  
Fal l  1 980 
Fall 1 980 
Fall 1 980 
Fall 1 980 
Fall 1 980 
Summer 1 98 1  
Fall 1 980 
Winter 1 980-1981  
Winter 1 980-1 98 1  
Winter 1 980- 1 98 1  
Winter 1 9BO-1981  
Fa l l  1 980 
Fal l  1 980 

Phase I sc reen i ng con s i sts of three ba s i c types o f  tests : genet i c  damage test i n g ,  rodent 
acu te-tox i c i ty test i ng , and ecol og i ca l  assays of  mater i a l s  wh i ch may enter the envi ronment . 

Potent i a l  for genet ic  damage from exposure to S RC- I materi a l s  wi l l  be eva l uated by assays wh i c h  
i nd i cate mu tat ion  and c hromosomal a l terat ion i n  m i c roorgan i sms and mamma l i a n  t i ssue  cu l ture 
cel l s  ( " i n  v i tro "  tests ) .  These tests ( Tabl e l . 6 ) wi l l  be u sed to screen for potent ia l  genet ic  
e ffects , and w i l l  be u sed to  sel ect materi a l s for  further study .  I f  a mater i a l  s hows potent ia l  
for  s uch  effects i t  wi l l  be a ssayed i n  l ong-term chron ic  effects tests ( Phase I I ) . Cr iter ia  
for  Phase I I  ana l yses i nc l udes h i gh potent ia l  for  env i ronmenta l /occupati ona l exposure .  Thu s ,  



Material 

SRC product 
Coal 
Two·stage l iquefaction sol id 
Light SRC 
Process solvent 
Naphtha 
Disti l l ate 
Heavy oi l  
Gasifier fly ash 
Gasifier bottoms 
Green coke 
Calcined coke 
Combustion products 

(unconverted) 

Ames, 
mutation 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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Table Z.S. Subrnammalian biomedical assays: Phase I 

Yeast, I nductest, 
mutation DNA damage 

X X 
X X 

X 
X 

X X 
X X 
X X 

X 
X 
X 
X 
X 
X 

CHO cel l ,  
mutation 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

Unscheduled 
DNA synthesis, 

DNA damage 

X 
X 

X 
X 
X 

Sister 
chromatid 

Dermal exchange, 
cytogenetics ch romosomal 

damage 

X X 
X X 
X 
X 
X X 
X X 
X X 
X 
X 
X 
X 
X 
X 

materi a l s  whi c h  do not s how genotoxi c i ty i n  Phase I assays may sti l l  be assayed by P hase I I  
tests . 

Acu te toxi c i ty tests wi th  rodents ( Ta b l e  Z . 7 ) wi l l  hel p determi ne i f  s hort-ti me exposures to 
h i gh concentrati ons of S RC- I materi a l s  are hazardous . Acute tests wi l l  a l so provi de data on  
dose l eve l s  to be used in  rodent teratol ogy studies  and  Phase I I  studies  of  chron i c  effects . 
Potenti a l  teratogen i c  effects wi l l  be a ssessed by exami nat i on of feta l t i ssue  from pregnant 
a n imal s w h i c h  have recei ved s u bacute doses of S RC- I mater i a l s dur i ng  spec i f i c  gestat ion  peri ods . 

Material Oral ,  rats 
and mice 

SRC product X 
Coal X 
Light SRC X 
Process solvent X 
Naphtha X 
Distillate X 
Heavy oil X 
Gasifier fly ash X 
Gasifier slag X 
Green coke X 
Calcined coke X 
Combustion products X 

(unconverted) 

Table Z.7. Phese I biomedical a .. ays in  rodent species 

Acu te toxicity Eye Skin 
Dermal , Inhalation, irritation, sensitization, 

mice rats rabbit guinea pig 

X X X X 
X X X X 

X X X X 
X X X X 
X X X 
X X 
X X 
X X 
X X 
X X 
X X 

Aspiration 
hazard, 

rats 

X 

Teratogenicity, 
rats and mice 

X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 

P hase I ecol og i ca l  assays wi l l  be performed wi th maj or SRC- I product and waste streams (Ta bl e 
I . S )  wh i ch potent i a l l y  may enter the envi ronment . Proces s and treated waters wi l l  be ana lyzed 
as they become avai l ab l e .  These assays wi l l  eval uate acute and chron i c  effects of SRC-I  
mater i al s on  vari ous troph i c  l evel s i n  an aquat i c  ecosystem . Test  organi sms wi l l  i nc l ude 
p hytop l an kton , zoopl ankton , benth i c  i nverte brates , and f i s h .  
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Table Z.S. Phase I ecological assays 

Material Algal Daphnia Detritivore Fish Plant 
test test test test growth 

SRC product X X X X X 

Coal X X X X X 

Naphtha X X X X X 

Distil late X X X X X 

Heavy o i l  X X X X X 

Gasifier fly ash X X X X X 

Gasifier bottoms X X X X X 

Calcined coke X X X X X 

Unconve rted combustion products X X X X X 

Phase I screen i ng as says wi l l  be carri ed out u s i ng SRC- I mater i a l s l i sted i n  Tab l e  l . S ,  to g i v e  
a pre l im i na ry i nd i cat ion  o f  potent i a l  r i s k  a ssoci ated wi th each materi a l . I n  the case of sol i d  
materi a l s  s u c h  as SRC- I product and gas i f i e r  m i nera l  res i du e ,  i n i t i a l  screen i ng assays wi l l  be 
performed on aqueous l eachates . When necessary , l i q u i d  mater i a l s  wi l l  be stud i ed us i ng ap
propr iate sol vents . 

I n  add i t i on ,  Phase I stud i es wi l l  be carried out on subfractions  of the or i g i na l  SRC-I materi a l s  
wh i c h  a re s epa rated c hemi ca l l y  by various  extraction  o r  other sepa rat i on techn i ques . Such 
a ssays , coup l ed to appropri ate chem i ca l  ana l yses , a l l ow determ i nat i on of chem i ca l  compounds 
and/or compound c l as ses caus i ng observed genet i c  effects . These orga n i ca l l y  extracted mate
r i a l s a re not representat ive  of poss i b l e  sources of hea l th or eco l og i ca l  impact .  The i r  study 
may , however ,  prov i de g u i dance towards m it i ga t i on techn i q ues s hou l d  l a ter Phase I I  stud i es 
i nd i cate potent ia l  adverse i mpacts .  

Phase I research wi l l  p rov i de i n i t i a l  data on potent ia l  b i omed i ca l  and  eco l og i ca l  effects of 
SRC- I materi a l s .  Thu s , Phase I wi l l  a i d  i n :  

• sett i ng research pr i ori ties  for Phase I I  research i nvol v i ng l onger term ,  more extens i ve 
b i omed i ca l  and ecol og i ca l  a ssays and c hem ica l  ana l yses ; 

• prov i d i ng i n i t i a l  qua l i tat i ve ana lyses for asses s i ng envi ronmenta l damage ant i c i pa ted from 
devel o p i ng a commerc i a l  SRC- I p rocess ; 

• prov i d i ng i ns i ght  as to wh i c h  chem ica l  spec i es and c l a sses of compounds are assoc i a ted 
wi th b i omed i ca l  and eco l og i ca l  effects wh i c h  a re i denti f i ed ;  a nd 

• g i v i ng i n i t i a l  g u i dance to mi t igat i on measu res wh i ch may req u i re devel opment .  

Fi gure l . l shows the  est imated t ime to  comp l ete P hase  I b i omed i ca l  a nd  eco l og i ca l  stud i e s .  

l . 2 . 2  Phase  I I  

Du r i ng Phase I I ,  the SRC- I mater i a l s i n  Ta b l e  l . 9  wi l l  be subj ected to l onger term , more 
extens i ve b i o l og i ca l  and eco l og i ca l  ana l yses . These represent the mater ia l s  cons i dered to have 
the greates t potent i a l  for s i gn i f i cant i mpact .  One of the i ntenti ons of th i s  ser i es of i nvest i 
gations  i s  to p rov ide  the necessary data to comp ly  wi th the requ i rements of EPA ' s  Tox i c  Substances 
Control Ac t for P remanufactu r i ng No t i f i cat i on .  

I n  add i t i on ,  materi a l s s howi ng a pos i t i ve response i n  Phase I screen i ng wi l l  a l so be  tes ted 
dur i ng Phase  I I .  

Certa i n  Phase I I  a s says such  a s  those dea l i ng wi th carci nogen i c i ty ,  teratogen i c i ty ,  and behav i ora l 
effects req u i re data from Phase I to determine the doses of materi a l s  to be adm i n i stered to 
experimenta l a n ima l s .  Phase I I  a ssays wi l l  p rov i de data on carc i nogen i c  and other patho l og i ca l  
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F i g .  l . l .  Estimated time to comp l ete P hase  I b i omedi ca l  and eco l o g i ca l  stud i es , 
a s sum i ng rece i p t  of materi a l  a t  t ime zero . 

effects from l ong-term , l ow-dose exposures to S RC- I materi a l s .  Data from Phase I I  wi l l  a l so be 

u sed to eva l uate Phase I tests for sens i t i v i ty and appl i cabi l i ty as pred i c tors of in v i vo 

b i o l og ica l  effects . For exampl e ,  the mutageni c  potency of S RC- I mater i a l s i n  P hase I i n  v i tro 

tests wi l l  be compared wi th  carci nogeni c i ty i n  rodents . These data wi l l  provi de gu i dance for 

the des i g n  of Phase I I I  experi ments . 

Phase I I  ecol og i cal assays and chemi cal ana l yses wi l l  cons i der accumul ati on  and fate of SRC-I 

materi a l s  i n  the envi ronment (Ta b l e  l . l O ) . Stu d i es wi th  model exper imental ecosystems wi l l  

eval uate l ong-term consequences of SRC- I mater i a l s sp i l l ed i n  water or on  l and . Exposure of 

a n ima l  popul ati ons to S RC- I materi a l s may occur through s ubs tances entrai ned i n  terrestr ia l  and 

aquati c food chai ns . These mater i a l s may be modi f ied by chemi cal and b i ol og i cal processes i n  

the envi ronment and i n  ti ssues of organi sms . Se l ect i on of SRC- I materi a l s  for b i oconcentrati on/ 

b i oaccumul at ion  and food c h a i n  stud i es wi l l  depend on a vari ety of factors i ncl udi ng  resu l ts of 

Phase I eco l og i ca l , and P hase I a nd I I  b i omed i ca l  assays , eng i neer i ng and chemica l  con s i der-

ati ons , and potent i a l  rel ease scenar i os . 

Resu l ts from Phase I I  b i omedi cal and eco l o g i ca l  research wi l l  prov i de : 

• a reasonab l e eva l uat ion  of whi ch materi a l s  of concern may requ i re efforts to mi t i gate 

potent i al hea l th and eco l og i ca l  i mpacts , 

• corre l at i on between the s hort-term i n  v i tro and i n  v i vo assays performed i n  Phase I and 

the  l onger term s tud ies  conducted in P hase  I I ,  

• a more quanti tati ve assessment of potenti a l  envi ronmenta l ri s k  anti c i pated from devel opi ng  

a commerci a l  S RC- I process , and 

• a bas i s  for devel opment of control techno l og i es and management procedures des i gned to 

amel i orate potenti a l  hea l th i mpacts and env i ronmental ri s ks . 



Acute toxicity 

Orala 
Dermala 
Inhalationa 
Eye irritationa 
Dermal sensitizationa 
Skin irritationa 
Aspiration 

Subchronic toxicity 

Dermala 
Inhalation 

Chronic toxicity 

Dermal 
I nhalation 

Teratology 

Dermal . 
Inhalation 

Reproductive toxicity 

Dermal mu ltigeneration 
Male ferti l ity 
Transplacental 

carcinogenicity 

Mutagenicity" 

Dermal carcinogenicity 

Developmental toxicity 

Neurobehavior 

Calcined 
coke 

x 

X 

X 

X 

X 

X 

X 

X 

b 

X 

X 

b 

b 
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Table Z.g. Phase ( (  biomedical assays 

Two-stage 
l iquefaction 

solid 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

b 

X 

X 

b 

b 

S RC-I 
product 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

b 

X 

X 

b 

b 

Naphtha 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

b 

X 

X 

b 

b 

Middle 
distil late 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

b 

X 

X 

b 

b 

aTests requ ired by the U .S .  Environmental Protection Agency (TSCA) for Premanufactu ring Notification. 
b Analyses are contingent on results of Phase I assays and Phase II assays of carcinogenic effect. 

Table Z.10.  Phase I I  ecological studies 

Materials Bioconcentrationa 
Bioaccumulationb / 

Fated biomagnificationC 

Coal X X X 

S RC-I product X X X 

Naphth a X X X 

Disti l late X X X 

Heavy oil X X X 

Gasifier bottoms X X X 

a B ioconcentration is the accumulation of test material into and/or onto test organisms 
from water. 

b Bioaccumulation is uptake of test material into and/or onto organisms from water 
and food sources. 

C B iomagnification is a special case of bioaccumulation in which concentrations of 
chemical residues in  tissue increase as the residue passes through the food cha in .  

d Disposition of 
'
inorganic and organic constituents of S RC·I materials through so i l  and 

water as mediated by hydrological, chemical,  and biological factors. 

Heavy 
disti l late 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

b 

X 

X 

b 

b 
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F i gures Z . 2  and Z . 3  s how the estimated t ime to compl ete P hase I I  bi omed i ca l  and ecol og i ca l  
stud i es . 
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of materi a l  at time zero.  

Z . 2 . 3  P hase I I I  

Phase I and I I  research wi l l  anal yze effects of SRC- I  mater i a l s produced under stabl e ,  equ i l i br i um 
operat i ng condi ti ons . Phase I I I  resear�h wi l l  exami ne effects of proces s mod i f i cati ons , 
contro l technol og i es ,  a nd c hang i n g  operati onal cond i t i ons  such as fac i l i ty upset , start-up , and 
shutdown on envi ronmental propert i es of SRC- I materi al s .  Short-term b i omed i ca l  and eco l og i ca l  
a s says ( Phase I ) wh i c h  correl ate wi th l onger- term who l e an imal and ecosystem stud i es ( Phase I I ) 
wi l l  be u sed i n  Phase I I I .  Phase I I I  efforts wi l l  be i n i t i ated as warranted to prov i de : 
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• a ba s i s for determ i n i ng effect i veness of such aspects a s  control technol ogy and process 
mod i f i cati on re l at i ve to dec rea s i ng potent i a l  env i ronmental effect and 

• a th i rd anal ys i s  of  envi ronmental ri s k  wh i c h  wou l d  cons i der effects of al tered pl ant 
operati ons . 

l . 2 . 4 Phase I V  

The purpose o f  Phase I V  i s  to ut i l i ze i ns i g hts devel oped dur i ng  Phases I ,  I I ,  and I I I  to devel op 
methods , as says , and procedures which wi l l  ensure obta i n i ng the most u seful i nformati on duri ng 
demonstrat i on pl ant mon i tori n g .  

Du r i n g  Phase I V  a fac i l i ty mon i tori ng program wi l l  b e  devel oped wh i c h  wi l l  a l l ow :  

• deve l opment o f  more effect i ve envi ronmenta l management procedures i n  a reas o f  wa ste 
d i sposal  a nd i ndustri a l  hyg i ene for both demonstrat i on and commerci a l  SRC- I fac i l i t i e s  and 

• quanti tati ve env i ronmenta l r i s k  assessment of a devel oped commerci al  SRC - I  process . 

I ndustr ia l  hyg i ene pro grams and control techno l og i es appropr i ate to SRC- I a re be i ng stud i ed and 
the HESP i s  expected to a i d  i n  the deve l opment of both .  Because the  actua l  ut i l i zat ion  of some 
SRC- I products i s  st i l l  not wel l defi ned , envi ronmenta l and hea l th effects rel evant to product 
end use wi l l  be stud i ed ,  when appropri ate , d ur i ng  the operation  of the demonstrati on p l ant . 
Programs to carry out these stud ies  wi l l  be defi ned dur i ng  Phase I I I .  I t  i s  ant i c i pa ted that 
stud i es of impacts due to end -u se , espec i a l l y  i nvol v i n g  ut i l i zat ion  of SRC- I mater ia l s  as 
refi nery and petrochem ica l  feedstoc k s ,  wi l l  p roceed in phases s im i l a r to those a l ready descri bed . 

l . 2 . 5  Tox i co l og i ca l  testi ng strategy 

The comp l ete toxi col o g i ca l  test i n g  of S RC- I materi a l s i s  a mu l t i t i ered test i n g  program , each 
l evel of wh i c h  represents a sys tem more cl ose ly  approx imati ng human response than the next 
l ower l evel . The f i rst  l evel of screen i ng i s  the s imp l est for q u i ck l y  obtai n i ng a prel imi nary 
i nd i cat i on of potent i a l  b i o l og ica l  effect for a wide vari ety of materi a l s .  I n  pract i ce ,  i n  
v i tro tests prima ri ly  determi ne cytotoxi c and mutagen i c  potenti a l  of mater i a l s i n  submamma l i an 
and mamma l i an cel l c u l ture s .  However , the ful l s l ate of  SRC materi a l s ( Ta bl e l . 5 ) wi l l  a l so be 
tested fo r acute toxi c i ty and teratogen i c i ty i n  Phase I sma l l an ima l  as says . Materi a l s that 
g i ve pos i t i ve res u l ts in Phase I wou l d  then be tested in l onger-term Phase I I  sma l l an ima l  
as says . 

F i rst-l evel screen i n g  tests a re carr i ed out sequent i a l ly  by u s i n g  a number of d i fferent s pec i es 
and stra i ns of  m i croorgan i sms wh i ch respond to a va ri ety of mutagen i c  mechan i sms . I f  a materi a l  
tests pos i t i ve w ith  any s i ng l e stra i n ,  i t  i s  then tested for mutagen i c i ty i n  mamma l i an i n  v i tro 
cel l u l a r  sys tems . Ge nera l l y ,  i f  a materi a l  from Ta bl e l . 5  shoul d g i ve negat i ve resu l ts i n  the 
battery of submamma l i an tests the possi bi l i ty of  further testi ng wou l d  depend on the degree of 
potent i a l  exposures . 

Several mater i a l s ,  wh i c h  a re end products of the process and to wh i ch pub l i c  exposure i s  
pos s i bl e ,  wi l l  be g i ven a more compl ete ser i e s  o f  mamma l i an i n  v i tro and i n  v i vo tests , regard
l ess  of pos s i bl e  negati ve resu l ts of i n i t i a l  screen i ng tests . These a re l i sted in Tabl e l . 9 .  

l . 3  I N I T IAL RES ULTS O F  B I OMED I CAL SCREEN I NG  TESTS 

Of the  proposed " Demonstrat i on Pl ant "  materi a l s that cou l d  potenti a l l y  impact human hea l th 
and/or the envi ronment , on ly  process sol vent has been screened to date . The process sol vent 
wa s co l l ected from the W i l sonvi l l e ,  Al abama p i l ot p l ant du r i ng s i mul ated " Demonstrat i on P l ant" 
cond i ti ons ( Ta b l e l . l l ) .  The resu l ts a re presented i n  Ta bl e l . 1 2 . Al so shown a re screen i n g  
data for materi a l s  ta ken from Gu l f ' s  Fort Lewi s fac i l i ty whi l e  i t  wa s operat i ng i n  t he  SRC-I  
mode . These materi a l s  a re thought to be s i mi l ar to  those produced at  Wi l sonvi l l e .  The resu l ts 
s how that the h i gher-bo i l i ng-po i nt coa l l i q u i d s  from Fort Lewi s were mutagen i c  but that the 
l ower bo i l i ng po i nt l i q u i d s  were not . These resu l ts a re in accord w i t h  prev ious  res u l ts ( refs . 2 
and 3 ) . Research wi l l  be conducted dur i ng the next year that wi l l  more c l o se ly  def i ne the 
boi l i ng po i nt range i n  wh i c h  carci nogen i c/mutagen i c  act i v i ty is detected . 
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Table Z.1 1 .  Operating conditions a t  time of sampling 

for preliminary screening 

Wilsonvil l e  Phase I design basis Condition 
(measured value) (calculated value) 

Feed coal (M F ) KY #9 ( F ies Mine) KY #9 

C, % 73.8 7 1 .0 

H , % 5 . 1 6  5.0 

N , % 1 .54 1 .5 

S, % 2.96 3.7 

0, % 8.97 8.4 

Ash , % 7 .69 1 0 .5 

Coal feed concentration, % 38.5 38.5 

Dissolver temperatu re, ° F 840 840 

Dissolver space rate, Ib/ftJ-h 38 38 

Total pressure 2 1 00 psig 2000 psig 

Table Z.12. SRC-I tOKicological testing results 

Material 

SRC-I (Wilsonvi l le )  
Process solvent. 4 50-850° F 

SRC- I  (Fort Lewis) 
Process solvent, 480-850° F 
Wash solvent, 380�800 F 
Light o i l ,  Cs -380° F 

Submammal ian : 
Ames Test 

(Revertants/Ilg)  

0 _54 

1 2  
<0.01 
<0.01 

Mammal ian (in vitro) : 
Syrian hamster embryo cells 

(No _  transformants/Ilg) 

0.1 5 

Sources : Fossil Energy Reports, F E /496-1 5 ,  1 6 ,  1 7 ,  1 8, 19 ,  available from the 
National Technical Information Center, Springfield, Virg in ia;  and J. L. Eppler et a l . ,  
"Evaluation of Feasibil ity of Mutagenic Testing of Shale O i l  Products and Effluents," 
En vironmental Health Perspectives 30 : 1 79-1 54 (June 1 979) .  

Res u l ts a l so show the Wi l sonvi l l e process so l vent to be l ess  mutagen i c  than the Fort Lewi s 
process sol vent . Fu rther c hemi cal  anal yses of these mater i a l s wi l l  be conducted to determ i ne 
why the observed d i fference i s  so great .  

Process so l vent i s  fracti onated from l i q u i d  reactor effl uent and  subsequent ly  recyl ced to  be 
s l urri ed wi th and hydrogenate the coa l . Because  i t  i s  an i nterna l and encl osed stream , worker 
exposures whou l d  be l i mi ted to ma i ntenance personnel and operators exposed to fugi ti ve emi s s i ons ; 
however , other process streams , espec i a l l y  those conta i n i ng h i gh-bo i l i ng-poi nt l i qu i d s , are 
expected to be hazardou s .  
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To put these resu l ts i n  a better perspect ive ,  the SRC- I mater i a l s  are compared with  SRC- I I  
mater i a l s ,  s ha l e  o i l s ,  petrol eum crudes and pure carci nogens i n  Ta bl e Z . 1 3 .  The s k i n-pa i nt i ng 
test performed on mice  most c l ose l y  approximates  h uman res ponse among the tests conducted . 
Ba sed on these resul ts , the order of s k i n  cancer potency i n  these tests on m ice  i s :  pure 
carci nogens > S RC- I I  heavy d i sti l l a te , sha l e  o i l , a nd petro l eum crude > SRC- I I  l i g ht o i l . 
Ba sed on Ames test data , S RC- I process sol vent wou l d  have eq ua l or l ess  carci nogen i c  potency 
than S RC- I I  h eavy d i sti l l ate and sha l e  o i l .  

Material 

SRC·" 

Heavy disti l l ate ,  
550-850° F 

Middle d istillate, 
350-550° F 

Light disti l late 
C5 -350° F 

SRC· I  (Wilsonv i l le ) :  

Process solvent, 
450-850° F 

S RC·I ( Fort Lewis) : 

Process solvent, 
480-850° F 

Wash solvent, 
380-480° F 

Light oi l ,  
C5 -380° F 

Shale oi l  

Paraho 16 
Paraho 504 
Livermore LO 1 

Crude petro leum 

Prudhoe Bay 
Wilmington 

Carcinogens 

Benzo(a)pyrene 
2·aminoanth racene 

a Lowest dose tested. 

Table Z. ll. �ttelle comparative toxicological testing results 

Submammalian : 
Ames Test 

( Revertants/l'g) 

40 

<0. 1  

<0. 1  

0.54 

1 2  

<0.1 

<0.1 

0.6 
0.6 
0.6 

<0.1 
<0. 1  

1 14 
5430 

Mammalian (in vitro ) :  
Syrian hamster 

embryo cells (No.  
Trans/ormants/l'g) 

0 .7  

U. 1 5  

0.3 

±O.002 
±0.002 

0.76 

Mammalian ( in  vivo ) :  
M in imum dose inducing 

tumor response 
(mg/application ) 

2.3 

>20.0 

2.1 

1 .7 

0.005 
<0.005a 

Sources :  Fossil Energy Reports F E/49- 1 5, 16,  1 7 ,  18 ,  and 1 9, available from the National Technical Informa. 
tion Center, Springfield ,  V i rg in ia ; R .  J .  Sexton, Arch. Environ_ Health 1 :208 ( 1 960);  C.  S .  Weil and N. I .  Condra, 
"Carcinogenic Effect of Materials on the Skin of Mice," Arch. Environ. Health I : 1 87 (September 1 980) ;  and 
J.  L .  Eppler et aI . ,  "Evaluation of Feasibil ity of Mutagenic Testing of Shale O i l  Products and Effluents," Environ. 

mental Health Perspective, lO : 1 79-1 54  (June 1 979) .  



l-20 

An area o f parti c u l a r  concern wi th  regard to coal l i qu i ds is thei r  potent i a l  teratogen i c  effects . 
Experiments conducted at Battel l e  PNL4 demonstrated that femal e  mi ce  g i ven i ntesti nal  doses ( by 
gavage ) o f  Fort Lewi s process so l vent can produce mal formed fetuses and fetus es of decreased 
wei gh t  when compared w i th control s .  The l atter effec t was a l so  seen wi th  Fort Lewi s l i ght  o i l .  
The  m i n i mum dose to e ffect these res u l ts was 0 . 34 g/ kg/day adm i n i stered i ntesti na l l y  ( by gavage ) .  
Doses produc i ng these effects approach doses that produced acute toxi c i ty i n  the mother . So 
far as we are aware , th i s  l evel i s  orders of magni tude greater than doses workers wi l l  be 
exposed to at the Demonstrat i on P l ant .  

l . 3 . 1 . 1  I n i t i a l  hydrotreat i ng stud i es 

Hyd rotreati ng researc h has been conducted on S RC- I I  d i sti l l ate b l end ( ±30% <300° F ,  ±90% <580°F ) ,  
and the res u l ts are presented i n  Ta b l e  l . 1 4 .  By cata l yti ca l l y  hydrotreat i n g  thi s materi a l  and 
i nc rea s i ng hydrogen i n  the product by 1 . 95% (wei g ht basi s ) , mutageni c  act i v i ty was reduced 
97 . 5% .  Chemi cal  analyses s howed that most n i trogen-conta i n i ng compounds (a h i g h ly  mutagen ic  
fracti on in  coa l  l i q u i ds )  u nderwent transformation  duri ng hydrotreatment whi c h  e l i m i nated or  
g reatly reduced the i r  concentrati on in  the  resu l t i ng product . The  demonstration  p l ant i s  
des i gned to have a n  expanded-bed hydrocracker ( hydrotreati ng proces s ) ,  but the extent of i ts 
use  and on wh i c h  materi a l s  i t  wou l d  be used have yet to be determi ned . Based on these and 
future res u l ts ,  the DOE may propose des i g n  and/or operati onal  modi f i cati ons to the p l ant for 
the purpose of mi tigati ng or  e l imi nati ng potenti a l  hea l th and envi ronmenta l probl ems . 

Table Z.14.  The effect of catalytic hydrogenation 

on the mutagenicity of SRC·II distillate blend" 

Material H added by wt 
(%) 

Feedstock 

Moderately 1 .95 
hydrotreated 

Severely 2.85 
hydrotreated 

a±30% <300° F ±90% <580° F .  
b Not detected. 

' 

Total 
revertants, Reduction 

fractionated (%) 
material 

1 .20 

0.03 97.5 

0.01 99.2 

Total 
revertants, 

unfractionated 
material 

2.54 

b 

b 

Source : Pacific Northwest Laboratory, Appendix to Biomedical Studies on Solvent Refined Coal 
(SRC·I I )  L iquefaction Materials: A Status Report, PN L·3 1 89 .  

l . 3 . 1 . 2  I n i ti a l  �col ogi ca l  stud i es 

At th i s  t ime ,  on ly  l i mi ted eco l og i ca l  e ffects studi es u s i ng p i l ot p l ant  materi a l s  have been 
conducted and publ i shed . T he effec t  of Fort Lewi s SRC-I so l i d  product on  germ i nati on  and 
growth of barl ey was i nvesti gated by mi x i ng or l ayeri ng the SRC- I so l i d  wi th  so i l and p l ac i ng 
the mi xture i n  a f i e l d ly s imeter . When so i l a nd SRC- I so l i d  were mi xed 1 : 1 ,  l i tt l e effect on  
germi nati on , growth or  yi e l d was  found . When barl ey was grown on  a 3-dm l ayer of so i l  p l aced 
over a l -dm l ayer of  SRC-I so l i d ,  growth and yi e l d  were reduced , appa rent l y  because of the 
i na bi l i ty of the roots to penetrate the S RC- I  so l i d  product l ayer .  Tab l es l . 8 and l . l O  i dent i fy 
future SRC- I demonstration  p l ants .  
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HAZARDS EVALUAT ION PROGRAl1 FOR THE SRC- I  DEMONSTRAT ION P LANT 

AA. l SAFETY HAZARD AND REV I EW P LAN AND SCHEDULE 

The fo l l ow i n g  d i scus s i on provi ded by I nterna ti onal  Coa l and Refi n i ng  Company ( I CRC ) descri bes 
the sa fety revi ew procedures for the des i gn and constructi on of  the SRC- I fac i l i ty .  These 
procedures were establ i s hed to i dent i fy ,  prevent ,  or m i n i mi ze a l l r i s k s  assoc i a ted wi th 
operat i on of  the proposed fac i l i ty .  Al l sa fety features i ncorporated in the SRC- I p l ant wi l l  
be documented i n  the P re l i mi nary Sa fety Ana l ys i s  Report ( PSAR )  requ i red by the U . S .  Department 
of Energy ( DOE ) .  

AA . l . l  SAFETY PROGRAM 

AA. l . l . l  Phase 0 - Prel i mi nary Hazards Ana lys i s  

D uri ng  the p re l i mi nary des i gn phase o f  the SRC- I p roject , a pre l i mi nary hazards ana l ys i s was 
performed .  T he  p u rpose o f  th i s  rev i ew was to  i dent i fy the  majo r  hazards assoc i a ted wi th the 
SRC- I des i gn concept and ensure that major  p i eces of equ i pment neces sary fo r the safe opera
t i on of  the fac i l i ty wou l d  be i nc l uded i n  the p l an t .  A rev i ew such as th i s ,  earl y in the 
des i gn stages , ensures that the facto rs necessary for safe p l an t  operati on w i l l  be i nc l uded 
in the bas i s  of the deta i l ed des i gn .  

The method o f  anal ys i s  ut i l i zed for these safety rev i ews was a systemati c i nq u i ry i nto modes 
of fa i l ure of i ndi v i dua l equi pmen t ,  o ften referred to as the " How Can " method ( i  . e . , How can 
a spec i fi ed maj or  component fa i l  i n  such a way as to cause a hazard ? ) .  Fo r each major  piece 
of equ i pment and gener ic  type of  mi nor eq u i pment wh i ch i s  ut i l i zed in the process , a team of 
engi neers i denti fi es hazards that mi g ht be assoc i ated w i t h  that equi pmen t under both n orma l 
operati ng condi t ions  and emergenc i es . Then a seri es of " How Can "  q uest i ons  a re formu l a ted 
to determ i ne  what events can l ead to each i n d i v i dual  haza rd .  Th i s  ser ies  of q uesti ons i den
t i f i e s  the mechan i sm o f  fa i l ure (or normal ope rati ng cha racteri st i cs ) l ead i ng  to a hazard , 
poss i b l e  causes for fa i l ures , and poss i bl e  mi t i ga t i on measures to be appl i ed .  Recommendati ons 
a re then made fo r measures to be app l i ed dur ing  detai l ed des i gn .  

Each a rea of the pre l im i na ry SRC p l ant des i gn was revi ewed by teams o f  engi neers a s k i n g  
" How Ca n "  quest ions  fo r hazards re l a ted to  a part i c u l a r  system i n  t he  proces s .  The answers 
to these ques t i ons  provi ded the ba s i s  for des i gn i ng safety features  i n to the system . A 
" How Can " wo rksheet was prepared dur ing  the rev i ew of each system dur i n g  Phase 0 des i gn .  On 
these wo rksheets , " How Can" q uest i ons  a re l i sted i n i t i a l l y .  The consequen ces or hazards that 
cou l d  a r i se from the postul ated event a re l i sted nex t ,  fo l l owed by poss i b l e  cause s .  The f i na l  
col umn presents recommendati ons to  be  con s i dered dur i ng deta i l ed des i g n  ( Phase I )  to prevent 
or m i n im i ze the haza rds . 

Th i s  ana lys i s  was performed i n  a l l systems of  the Phase 0 des i gn .  The fo l l ow ing  a reas were 
rev i ewed : 

• Coa l P repara t i on 

• SRC Process i ng 

• Cri t i ca l  Sol vent Deas h i ng 

• Ai r Separat i on 

AA-3 
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• Gas i fi cat i on ( Gas i fi e r  and Sh i ft Secti on ) 

• Gas Treating  ( DEA , Se l exol , and Ammon i a-Su l fi de Water Stri pper )  

• Gas Compres s i on 

• Su l fu r  Recovery ( Cl aus  and Bevon S u l fur Recovery )  

• Hydrogen Puri fi cati on 

• Coker/Ca l c i ner  

• LC- Fi ne r  

• Water Treatment 

• Sol i ds Storage 

• Li q u i d  Storage 

• Uti l i ti es 

• Off s i tes ( Fl a re Stac k )  

• I nterconnecti ng  Systems 

Pre l imi nary haza rds revi ews were performed on the above systems as desi gned for the Phase 0 
work du ri ng Ap ri l and May 1 979 .  The  res u l ts and documentat i on of these revi ews were i ncl uded 
i n  the Phase 0 repo rts for the SRC- I demonstrat ion p l an t .  

AA . l . l . 2 Phases I a n d  I I  - process haza rds rev i ew 

The deta i l ed des i gn of  the SRC- I demonstrat ion p l an t  wi l l  under90 an i ntens i ve and systemati c 
exami nati on of the p rocess cal l ed a process hazards rev i ew ( P HR ) .  The p urpose o f  th i s  rev i ew 
wi l l  be to i dent i fy a l l ri sks  to the general  publ i c  or  p l ant  empl oyees associ ated w ith the 
operation of the p l ant and to deve l o p  practi ca l  recommendat i ons to e l im i nate or  control  the 
hazards . Because comp re hens i ve deta i l ed safety rev i ews can on l y  be done when deta i l ed des i gn 
i nformat i on becomes avai l abl e ,  the PHRs wi l l  be p rima ri l y  ca rri ed out concu rrent ly  w i th the 
l ater stages of  deta i l ed eng i neeri ng  des i gn .  Th i s  i s  the ea rl i est  stage when these revi ews 
can be done effecti vel y ,  and wi l l  a l l ow for i ncl u s i on of safety eq u i pment ,  des i gn modi fi ca
t i on s  or other m it i gati ng measures  in the p l ant .  The prel imi nary hazards rev i ews that were 
performed duri ng Phase 0 wi l l  be referenced thro ug hout  these deta i l ed safety rev i ews , depend
i ng upon the exten t of p rocess changes that may occur between the Phase 0 and Phase I des i g n .  

Process areas i n  wh i c h  hazards a re con s i dered to p resent severe consequences wi l l  b e  con s i dered 
fo r a q uanti fied ri s k  ana l ys i s .  Th i s  ana lys i s  wi l l  use h i stori ca l l y  determi ned fa i l ure rates 
of process components , a l ong wi th estimates of the probab i l i ty of human erro r ,  to determine the 
probabi l i ty of occu rrence of the hazardous events . Changes w i l l then be made i n  the des i gn 
to reduce the ri s k  to an acceptabl e l evel . 

The PHRs wi l l  be ca rri ed out by teams composed of p rocess engi neers , des i gn en g i neers , and 
safety en g i nee rs . Add i t i onal  engi neer i ng  backgrounds may be i ncl uded on the team depending  
upon  the  compl ex i ty of the system be ing  revi ewed . Personnel who work on the des i gn of the 
SRC- I demonstrat ion p l ant wi l l  be i n vo l ved i n  the haza rds rev i ews . 

The rev i ew teams wi l l  rel y  on three methodol ogi es  to rev i ew the process . These are a l l accepted 
techn iques current ly  used by i n du stry for PHRs . 

"What- i f" analys i s  

Th i s  method wi l l  b e  appl i ed when the teams a re rev i ew ing  operat ing  procedu res . "What- i f" a i ms 
at forecast i ng scena ri os and dete rmi n i ng  the hazards of thei r consequences . 
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Fa i l ure mode and  e ffect analys i s  

Th i s  meth od wi l l  b e  appl i e d  to  t hose areas of the process wh i ch are proven techno l og ies  whe re 
commerci a l  operat ing  exper i ence i s  ava i l ab l e .  Fa i l ure mode and effect ana l ys i s  examines  the 
effect on the system of a s peci f ic  equ i pment fa i l ure .  

Fau l t tree 

Th i s  sys temati c method of analys i s  i s  used to determine the poss i b l e  causes of a prese l ected 
unde s i red event .  Th i s  method wi l l  be app l i ed to the process equi pment wi th i n  the fac i l i ty that 
represents a h i gh r i s k  area because of ( 1 )  commerc i a l l y  unproven techn o l ogy or ( 2 )  the seve re 
operati ng condi t i ons  of the equ i pment . Th i s  method wi l l  be used when a quant i f i ed ana l ys i s  i s  
req u i red .  

The  process  h azardS  revi ews wi l l  be used  as the bas i s  for wri t i n g  the PSAR . Th i s  document i s  
req u i red by DOE and wi l l  conta i n  suffi cient i n formati on t o  i denti fy a l l o f  the bas i c  safety 
features  requ i red  to ensure safe operation of the SRC- I  demons trati on p l an t .  The PSAR for the 
faci l i ty wi l l  be wri tten p r i or to the comp l eti on of the Phase I des i gn work . wh i ch is sched u l ed 
for December 1 982 . The PSAR wi l l  be deve l oped i n  i ncrements by p l an t  area . The PSAR for each 
area wi l l  be comp l eted before start of major construct i on in that area . 

Dur i n g  Phase I I  constructi on . a Fi nal  Safety Ana l ys i s  Report ( FSAR ) wi l l  be prepared .  Th i s  
FSAR wi l l  document how the commi tments made i n  the PSAR have been i ncorporated i nto the p l ant  
dur ing  constructi on . The FSAR wi l l  be comp l eted and s ubmi tted to the DOE for approval pri or 
to startup of the SRC- I demonstrat i on  p l ant .  Submi s s i on of the FSAR is presently schedu l ed 
for J u l y  1 984 . 

AA . 1 .  1 . 3  Phase I I I  - ope rati ons  safety program 

The FSAR wi l l  conta i n  secti ons defi n i n g  the admi n i strati on of safety duri n g  p l ant operat i on .  
I n  genera l . the FSAR wi l l  defi ne the safety organ i zati on . i ts authori ty . res pons i b i l i t i es . 
reporti n g  requ i rements . safety performance g oa l s .  and emergency p l an n i n g  procedures . 

Safety dur i ng  p l ant operati on wi l l  be the res pon s i b i l i ty of a l l l i ne superv i s ors . Two safety 
p rofeSS i ona l s  wi l l  be on the SRC- I operati ons  staff: a Safety and Hea l th Di rector and a Safety 
Engi nee r .  Thei r respons i b i l i t i es wi l l  be defi ned in greater deta i l  in the FSAR . In genera l . 
thei r j o b  requ i rements wi l l  i nc l ude i nterfaci ng  with  the l ocal commun i ty on matte rs re l ated to 
safety and hea l th .  safety tra i n i ng and educati on of p l ant personne l . per i od i c  p l ant  safety 
aud i ts . and safety performance report i n g .  

AA. 2  PREL IM INARY HAZARDS I DENT I F I CAT I ON 

The potent i a l  hazards of the proposed faci l i ty were i denti fi ed by exami n i n g  the project 
documentati on .  The e ffort focused on consequences of acci dents rather  than the norma l i ndus
tria l  haza rds assoc i ated wi th n orma l operati on and proce s s  upset cond i t i ons . I t  was recogn i zed  
that such  a faci l i ty wi l l  conta i n  many norma l i ndustri a l  hazards . and  because of thei r number . 
carefu l attenti on must be g i ven du r ing  the des i gn phase to ens ure that reasonab l e  protect i on i s  
afforded ons i te personne l . 

At an ear ly  stage i n  the eva l uati on of a faci l i ty des i gn .  i t  i s  not pos s i b l e  to pred i ct 
accurate l y  the l i kel i hood of occurrence of an acc i dent .  Ident i fi cati on a nd  subsequent des i gn 
attenti on s hou l d  resu l t  i n  a des i gn i n  wh i c h  the r i s ks have been mi n i m i zed . Tab l e  AA. l l i sts 
the hazardous mate ri a l s  i n  the SRC process . and Tab l e  AA . 2  s ummari zes qua l i tati ve l y  the hazards 
i denti fi cati on effort on a p l ant a rea  bas i s .  See F i gs . AA . l  th rough AA. 6 for fl ow d i agrams 
re l evant to the SRC- I demonstrati on p l ant .  
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Table AA.1 .  Hazardous materials in SRC processes 

Material 

Coal dust 
Slag 
Hyd rogen 
Methane 
Carbon monoxide 
Carbon d ioxide 
Carbonyl sulfide 
O xygen 
N itrogen 
A rgon 
Hydrogen sulf ide 
Light o i l  ( naphtha) 
Medium oi l  
Heavy oi l  
Vacuum bottoms 
A m m o n ia 
Sulfur  
Sulfur d ioxide 
Hydrogen chlor ide 
DEA 
Selexol solvent  
P he nolics 
Hydrogen cyan ide 
L iqu ified petroleum gas 

Assumed hazardous p roperty 

Explosive, f lammable,  toxic 
Pyrophoric, possibly carc inogenic 
F lammable, explosive, asphyxiant 
F lam mable, explosive, asphyxiant 
F l a m m ab le ,  toxic 
Asphyxiant 
Flam mable, toxic 
R eactive, i ncreased f ire hazard 
Asphyxiant 
Asphyxiant 
F lam mable, toxic 
Flam mable, toxic, exp losive, carc i n ogenic 
Flam mable, toxic,  exp losive, carc i n ogenic 
F lammable, toxic,  carcinoge n ic 
Toxic, f lammable,  carc inogenic 
F lammable,  toxic 
F lammable, toxic com bustion p roducts 
F lammable, toxic 
Toxic 
F lammable, toxic 
F lam mable, toxic 
Toxic 
Toxic 
F lammable, explosive 



Table AA.2. SRC·I demonstration plant 

preliminary hazards identification 

SIC Pnw:_,a 

'yat_ lIa.ard 
____ _ _ _ _  ---1-----

.ccident Kelu,lt Ie_rk. 

II .. rryt,.. ad '''''PiPI 

rr_haaU,.. and 
Dhaol .. tton 

Vapor Liqutd 
Separation 

Vac_ ptattllattop 

rractioQ4It ioQ 

Solvent Ile •• h inl 

Product Uparadtnl 

sac Solidific.t ion 

eoal .11 .. ry 

eoal aturry an4 
hydro,en 

Fuel ... 

"acUop product 

"CYcla a4 _ka.., 
hydr".ap 

a.actioA prod'-'Ct 

lIiab and 1"" pr ..... r. 
o f f  ... 

Produc t 81 urry 

r ... J ... 

Vacll .. bot to .. 

Li*flutd produc ts proc ••• 
solyent ad vacuua 
tower Qve rheads 

Proce •• sol veQt ,  SIC 

Holten aol vent r�fined 
coal 

Solvent refined coal 

Pipe, alurry feed p...., 
rupture 

Slurry p reheat . r  tube 
rupture and backflow trOll 
re.ctor 

Sl urry or hydroaeo pra
heater explo.lon 

Coal dia.olver rupture 

Hydro •• n preheater tube 
rupture 

lele ••• of p roc ..... aolvent, coal 
alurry, t".ea, aLi nor f l re ,  ds",e to 
e*flutp.ent 

'ire, .:.:ploB10n, relea.u�: o f  coal 
.lurr), hydroga=:n .nd rc.tllct lon 
product s  (hydrocMI-t..on vapoc, 11*f1u1d. 
and 801 1 d  .. , toxlc sail) 

Iqulp.ent d.-ale and l n J u ry to 
pe rsonnt" l 

'Jre, e.pJo.lou, h:14taae of tOKlc 
.. ter1al. (H2 . CO, 014, H 29 .  COS, 
IlUl, HCt , HCN) 
'1re, _&ploston 

rlaeh t .... or letdOWA yftlye I '{re. e Kp )osloo, relea •• of reacltoa rupt ul"e producta 

H •• t ea:ch.nae r tube rupture" ,tre, •• pln.lon, rPole • •  e o f  h 1 ah • a. recovery cOlllrp ra.aor pre •• ure otf ,alii (112, CO, CH-\ , 005, f.Uure H25) 
V.cu .... haat_r tube rupture. 
vacuu. �olu.n rupt ure or 
expl08ion 

Vacuua towe r hEater 
explosiou 

Vacuua bot to .. p...., rupture 

'ire , reles.e of product a l ur.-y (SIC. 
.... vy .nd .,dlu. 011a, UDr.acted co. 1 , 
•• h, _dlu. and l f llh t  o U s ,  lO*fIuJp.ent 
da ... ,ed a .. d Inj ury to personnel 

H*fIuip.ent da-.a8� and J nJury to 
ptlCtilonnt:1 

IeJea.e of Vacuum bo t  to ... l l*f1uld. 
(SRC, unre.cl�d ('oMl and ash) 

FrACtionatton colu.n rupture I Poss ible U no: ,  r�Jeliae of naphLh., 
IDedluli 0 1 1 ,  fuel o f  I ,  fuel ,a. (ctt4 .  LPG, CO) and prOCp.ItB .01 v�nt 

De •• hi nl uul t rupt ure 

F1 re or rupt ure of yeaael 

Dust eltp] oston 

NaJor f t re ,  explos J o n ,  r-=lease ot 
.. terlala .uch a. beuztloa , :.:ylene. 
toulene , _dJ u .. and hcavy 0 1 1  •• SRC. 
unreacted coal and aah 

Releaae of BIIoI ... : and fU1De1i fro. SHC 

' J re ,  dalllille to equiplRent , release 
of a"'k� and tu� .. t ..-o. SRC 

.ll I aqul ...... t in lhl. ayate., vJ th 
the exception of the letdovo valv.ea 

aDd the flasb tank, are co..,u.1y 
used tA 1odu.try • 

Tlte equJFI"lp.nt uaed in t h l s  oystea 
dellJao 1. co-.only used iA 
ref 10eries . 

:l:> 
:l:> I 
..... 



Syata. 

.roduct Upludinl 

Cour/CalciPer 

b,.Dded led 
lIydroc racUn. 

�olan .roducU ... 

At!' •• parattoa 

lI.uard 

Sol wont refinad coal 

rual .. a 

Coal elurry aDd 
hydro,an 

.. action product. 

c.telfat 

lI,dro .. n 

laaetioa pr04uct. 

rroduct naphtha ..... 
nil 

.. aY)' 011 and bou ... 
ebrll 

Liquid OK)'la" 

Bydrocad>on 
contaa1n.Dta 

Liquid nH rOSen 

Table AA.2 (continued) 

Accident 

Co_1Datlon towar, coklnS 
beet. I'" rupture, fire 

Cokinl h •• ter f1 re or 
e..,loaloD 

Slurry prahaatar tuba 
rupture .od back flow f ro. 
reactor. a:qalo.loD 

I.e.ded bed re.c tOI" 
ruptul'"e or a.plo.lon 

C.talyat bandUn, .yat •• 
failura 

.. eye 1. cOlIPra •• or rupture 

Illab pra •• ura •• paratora 
rupture 

DI.tlll.tion coluE rup,"ur. 

Y.-cuua t(\w.r .xpl0810n 

Rupt .. ra of Uquid OK)'"D 
..... la/beat a.ch.D.a r. 

bplodoD of j.Ol venal a 

Ruptura of llquld nl t rolal1 
ve •• al_/heat eJlc::haoller. 

Beault 

.. 1 •••• o f  SBC, heavy and l ight oil 
.nd v.por ,  f l re .  daNge: to equlp_nt, 
injury to pe rllonn6!: 1 

0. .... to equSp-.ent . Injury t o  
per.onoal 

rir., ax.plolillon, rele ••• 0 1  r�.ct lU1' 
product., d."le tu aqul.,-*nl .nd 
lnJury to personnt:l 

1'1ra, a�lo. S o n ,  releastl of react lon 
produe ta and c.t.1 yst , d._Ie (0 
equlp .. nt and I n j u ry to personnel 

fll'"a, rei •••• of re.ctloll, p roduct. 
and cat.ly.t 

'lra, • .-p)O.10D 

'l ra , .xplo.luD, ral.,ase of hlab 
pr •• "ur. vapor and product alurry 

' l ra ,  • .-p)o.lon. relea.a of 
hydroc.rbooa 

Iqul�t d..... lnJury and rele ••• 
of tOll.lc .. terl.l .. 

ror_ tloo of exploalva lei 11l ta.
pre.enee o r  l iq u i d  hydroc.-n.ona ; 
cre.tlon of t i nt  hll:t:llrd; low 
t .... r.ture ".;Lard; oJlYalen-rtch 
at.aphere 

D."18 to aqulp_nt .  InJury. po __ lbla 
f i re 

Vapor fOI w l t h  poa 8 J lt l t=:  hazardoua 
concent rat 10n of ni trol.eu 
( aaphyalant) 

Ie_ rk.e 

Tha coker tMlu l,-ent 1. used 
c�rc lally w l t h  the ellceptlon 
or Lha cuke d u... . nat: c.".: lo.r 
equl.-at 1. used co • .,t:rc l a l l y .  

Thla aYelt_ I. used c::a--erclally 
w l th a d U  tarent feedstock.. 

n.e p Ioce •• dealan 18 baaed upoo 
an •• Iatlnl, co_ rcl a l l y  dea;)n
II l l·alad cc,ollkntc al l' .e:paralloo 
p roce.a. 

:l> 
:l> 
I 

CO 



8,.8tea 

Hydrosen Produc tlon 

C •• 1fler/Shlft 
ConversloD 

Ga .. Syate .. 

Seleaol Acld Cu 
Re.oval 

DU Acld CAS Re.aval 

"->n18 aulflde 
water atrlpping 

eo..,ress lon 

Sulfur Recovery 
Claus Uni t 

aSK Unl t 

Hazard 

Aah concent rate and 
pulvert a:ed coal 

Oxygen. • tea. and 
coal 8 1u ... ry 

law .yn the� 1& saa 

Raw .... aup ltyd ... ocen 

I.e" aak�up hyd rolen 

Low pressure raw fuel 

I·a 

Hllh pred8UC� hydloKen 

Sour water 

Makeup or recyc Ie 
hydrogen 

Sour g8.8 

(C02, " 25 ,  NU ) I 

Fuel g88 

Claull tal l ga .. 
(U2S ,  502 ) 

Low pressure ... aw fu�l 

ga. 

Tabl. AA.2 (continued I 

Acc J dcnt 

Dust e.:pl08Jou 0 ... f l re 

Caal f l e ['  rupture o r  
exploslon 

Waate heat bo i l e r  
rup t u  ... e ,  CO-.pn�:t8o[, 
fl .... .  shl f t  r�8ctor 

exploaton 

Vessel n .. ) t un� 

Rup ture of 112S abatorber, 
• t ... i ppe ... . cOlltp rettlllOr 

Rupture of d.LfiUrbc r .  

vesse l a  

Rupt ure o f  tlbHorhc ... . 

Yesse l " 

Yease l ... uptu ... e 

eompre8�0",. knockuut de..
ruplure 

rlre , expluston , rupture 
of equtp.ent 

Muvtu ... e u f  vestiels 

Fire. rupturt'! of VCHth:::l t.l 

Ft ... e ,  ... uptu ... e of vcs!u� l H  

kt.!�ul [ 

D •• "gt: t.l t:'pd ,)I*llt . J n 1u ry to 
penillnn� 1 

l't['e or e ll.p ) o s l ull , rch Hhle uf tox1c 
.. :l t e r 1  .. 1 (CO, it2S) I I i J u r y  u r  1::(l uJ .,
_nt dtllll.dG� 

F i r e ,  cKJl l u t d l lll. I"td " d�e u f  [u x l c 
8a8 ( ro ,  II .,S )  j u i llry uc e'l u l p�nl 
daDtag� � 

Fi.-e Ol t: xp l u s J nl l ,  d<llIIiIge lu l::'lu J p
-.cut d.nfi J o l u t y  10 VC l liOlHh! 1 

Fl re , .-c l t: ttsc of ltl x ll: gd .. (fl2S •  
COS, (;02 , IIC ) , NIt "j ) 

Ft re , Itd c:: .J�C:: ut ( O k ' C:  i;U8 (UC I ,  
Nll l ,  H;lS . dlllJ COS) 
Ft re , exp lo� loll • •  c:: I �d1='C o f  l O I( il.:  ga. (IIC! , NlI l ,  IIl� m l )  

Ff re ,  rt..' I t:'rit:iC 0 1  l u K J ,: ID.d t � l b , 1  
(Nil ) ,  112U )  

... i .-e , cXjl J O ti J I1 I lt  d,lIU''1;l: to t:(I " f J '
"IeUl dud J I I I  ttl y 

.'l re ,  ddm.lg� t il C(Jld Jlllh�Hl . l"c l t:: <Atot:: 
of l u x i c  ''>It:i (1I 2 S . :-i() 2 . Nil j) 

K�J cd8e ut l o x l l' };.J:;I (11 2 S , SO')I 
NII ) I -

Iteleaae or l u x f , " b.J� ( II:!:) , S(2 ) 

fi r e ,  d.JukJ/;c t il �'JIIJ l'Jlk: n l . I � J t! ti.::jc 
of "2S 

le .. r". 

.... M! a.s U t e r  equ f r-,,:ol 1. used 
;"().�("c ' .J l l y  w i l h  r:ua l fep.d j th� 
yh H l J ul J .. 01:1 cu .... t:: cc la l l y  used 
I't'uce8M . 

·f . .  ltI td oJ cO"'llIIer c f a l  pro.r:�88 . 

·r ..  lti 1 .. 1:1 I:oaae n- f a l  proct!6 S .  

"'''l s  J a.  1:1 l:ol ..... c:: rc t a l  l>roces8 . 

Th l y  J9 a co ... �r� 1 d l  proc e s s .  

nll:� C I � 1.LIiI  U n  1 [ i s  ba8�d o n  

e :ll J s l l n g  COIlI8lC ... c f !ll l J y  dl;l8("In
t H ." a ( �d e1l u J pWt!nl 

Tlt l 1='  J8 d ... "VUllftcCl..: 1 d l  pro"':CS8. 

l> 
l> 
I 

\0 
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Hydrosen Purification 
and LPG Reeove ry 

Ut i l lt l e 8  and Storace 

Sollda Stor ••• 

Liquids Stor.Xe 

�!.!I!!!.!!.!!!!! 

Table AA,2 (continued) 

Uazard 
-,- ------ -_ . --.-- - - -

Accident 

Scrub oil (bll!nz�n8 and ' I re or e xplotllon • .-uP[u'-� 

heavlel' hydro(;'!acbon8) of ve8se ltl 

Hydrasen 

fuel IB8 

l.ow p re •• ure fu<:l 

Ithana 

fire or ex.p l oslon . rupture 
o f  Yes8t!lB 

f l  re or exp lolt lon 

kupture of cONiprelliiOr, 
exchange r ,  knut:kollt d .-u., 
col�. 

f l rct ,  exp lolli iou or l'uptur� 
of v�8.el 

Kl!."" l l  

OIll-.aIC t o  u l he ... r d L J I J l i.::d ,  t l o: 0 '
exp l o l:t l ollti 

O .. hLIIKt:: lo Clllllp"IC H l . f i re o r  
�lI., lo .. l ouli 

Oahla�e lO Ih! d l l" y  t!ll" t I'I-'!'Il 

F i re ,  C Xp 1 0li1ulI.  rt! l l:8!jC of t:1I4 • U'( ; .  

CO, vtJlwl" ,: 1 . .  1,,1 t U l a&o..l l l un 

f i r e ,  d •• dlll! . , 1 t::ll u t pla!ut . Vdl)u.
c loud fO. llloi.Jl l uH 

Carlton amox.lde ' I re ,  explosion, or l'up t un: I Flre, da .... tlc lo t�'l u l l'mcn( , rcled:tc o f  

of velule l .ta:.phyx l .. nl 
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Append i x  BB 

COAL-MI N I NG- IMPACT ALGOR I THMS 

BB . l  I NTRODUCTION 

I n  Sect . 1 . 4 ,  l oad i ng factors were g i ven for the SRC , H-Coa l , and Exxon Donor So l vent ( EDS ) 
processes . Because  of  the vari ety of  sou rces from whi ch th i s  i nformation wa s co l l ected and 
the va r i at i ons  in assumpti ons from these sources , i t  was concl uded that cumu l at i ve impacts 
cou l d  best be  iden t i f i ed on the ba s i s  of  a compo s i te l i quefaction p l ant , represented by the 
average emi ss i on from the three processes . For those emi s s i ons  for whi c h  a compos i te factor 
cou l d not be cal cul ated , the SRC- I emi ss i ons  were assumed to be represen tat i ve .  In deve l op
i ng the commerc i a l i zation  scenar io , it  was as sumed that a l l  coa l l i q uefact ion wou l d  have the 
same Btu output a s  the compos i te base l i ne unit  p l ant but  that i nputs and effl uents wou l d  va ry 
accord i ng to type and qua l i ty of coa l used as feeds tock .  To estimate envi ronmenta l  impacts 
associ ated w i th un i t  p l ant operations , a series  of a l gori thms wa s deve l o ped based upon the 
compos i te p l ant character i st ics . S tate- l evel i nput and output l oadi ngs for the p l ant  d i stri 
bution scena r i o  can be ca l c u l ated by mu l t i p l yi ng un i t  p l ant  l oad i ngs by the number of p l ants 
l ocated in a state . 

Coa l -m i n i ng- impact a l gori thms have been devel oped on the bas i s  of coa l i nput to a un i t  p l ant , 
ca l cu l ated i n  terms of tota l Btu requ i red to produce 1 00 , 000 b b l /d of so l vent-refi ned so l i ds 
or  l i q u i d s .  I n  terms of the compo s i te u n i t  p l ant , thi s amounted to a coal i nput of approx i 
ma tel y  1 . 032 x 1 01 2 Btu/ d .  To ca l cu l ate state- l evel coa l requ i rements and the effl uent l oad
i ngs assoc i ated with  th i s  l evel of  coal product i on , mu l t i p l y  the number of unit p l a nts supp l i ed 
by a state coa l by the un i t  p l ant coal requ i rement or  the effl uent l oad ing  factor . Un i t  p l ants 
are assumed to use  i ntrastate coa l . 

BB . 2  ALGORITHMS 

BB . 2 . 1  Un i t  pl ant construction and operation  

BB . 2 . 1 . 1  Coa l requ i rements 

Assumptions  

• Each un it  p l ant requ i res  a coa l  i nput of 1 . 032 x 1 01 2 stream day , or  3 . 046 x 1 01 4 Btu 
per yea r ,  based on 3 30 d ( 90% capac i ty )  of p l ant o peration per year .  

• The Btu content ( proximate ana l ys i s )  of  coa l fed t o  a p l ant i s  approximate ly  1 1 , 600 Btu/ l b 
for p l ants i n  Kentucky , and 1 3 , 000 Btu/ l b  for p l ants i n  West  V i rg i n i a .  

Al gori thms 

• Un i t  p l ant coal req u i rement ( tons per yea r )  

3 . 406  x 1 01 4 Btu/year 
B 

where 

B = the heat content ( Btu/ton ) of the coa l ( for  each state ) ; that i s , I l l i n o i 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 . 
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BB . 2 . 1 . 2 Ai r emi ss i on s  

Assumpt i ons  

• The eff i c i ency of parti cu l ate matter contro l i s  98% . 

• The eff i c i ency of s ul fur oxi des control i s  98% . 

• The eff i c i ency of n i trogen ox i des  contro l  i s  75% . 

Al gori thms 

• Atmospheri c  emi s s i ons  per p l ant ( tons/year )  C x 3 3 0  days of operation  per year , 

where 

C = average emi s s i on by pol l utant ( part i c u l ates , S02 , NOx ' CO , and hydrocarbons )  in tons 
per day from Tabl e 1 . 4 .  

BB . 2 . 1 . 3  Water use 

Water use  for a uni t p l ant i s  assumed to be equ i va l ent to net water consumption  for the SRC- I 
p l ant ,  1 1 , 808 ga l /mi n .  Th i s equa l s 52 . 2  acre-ft/ d or 1 9 , 046 acre-ft/year .  

BB . 2 . 1 . 4  Sol i d  waste 

Assumptions  

• Each p l ant wi l l  p roduce over 1 00 , 000 bbl of fuel o i l  equ i val ent per day ( 1 06 , 700 bbl /d  
res i dua l  f ue l  equ i va l ent )  . 

• For pl ants produc i ng 1 00 , 000 bbl /d fuel o i l equ i va l ent , the fol l owing  amounts of waste 
mater i a l s wi l l  be generated annual l y  ( 365-d operat i ng yea r ) : 

1 .  approx imate ly  1 80 ,000 tons of  wastewater so i l ds and 

2 .  approx imate l y  1 , 000 ,000 tons of other waste sol i ds .  

A lgori thm 

• Total sol i d  wastes produced per p l 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 bbl /d 

where A = tons per year of so l i d waste generat ion . 

BB . 2 . 1 . 5  Empl oyment 

• Each p l ant wi l l  rece i ve a peak construction  force of 5000 to 1 0 , 000 workers . 

• Each p l ant wi l l  req u i re 2 , 200 operati onal  workers . 

• The number of miners  has been ca l cu l ated u s i ng state producti v i ty data i n  wh i ch the 
. _ tons of coa l consumed per day number of m l ners - average tons mi ned per day per man . 

• Al l i ndi rect empl oyment i s  based on the same d i rect/ i nd i rect rat io s  used i n  the cumul ati ve 
i mpact a ssessment ( Sect .  4 . 2 . 5 ) . 



BB-5 

BB . 2 . 1 . 6 Popu l ation 

• Mi g rat i on factors for a l l workers a re a s sumed to be the same as  the SRC- I case . 

• Two-th i rds of a l l  workers ( d i rect and i nd i rect )  a re expected to br i n g  fami l i es wi th an 
a verage s i ze of  3 . 2 .  

• N o  further secondary i mpact  i s  a ssumed for the operati on popu l a ti on beyond that expected 
for the construction  per i od .  

• M i n i ng man power factors were deri ved from operati onal  work-force c ha racteri st i c s .  

BB . 2 . 2  Coa l  m i n i ng 

B B . 2 . 2 . 1  Coa l mi n i ng by state 

As sumpti ons 

• Each state ( I l l i no i s ,  Kentucky ,  and West V i rg i n i a )  conta i ns two fac i l i t i e s  eac h req u i r i ng 
3406 x 1 0 1 4 Btu /year of coal i n put .  

Al gori thm 

2 x 3 . 406 X 1 0 1 4 
• State coal  req u i rements per yea r  = ______ _ 

Btu ton- 1 state- 1 

BB . 2 . 2 . 2  Ai r emi ss i on s  

As sumpt i ons 

• Emi s s i on s  from underg round m i n i ng a re m i nor becau se of the predomi nance of e l ectr i c-powered 
equ i pment .  

• Em i ss i on factors for  stri p m i n i ng are l i sted in  Tabl e SB . l .  

Al gor i thm 

• Ai r emi s s i on by po l l utant ( ton s/year )  
( A ) ( B ) ( C )  

where 

A = l oad i ng fac tor by state by pol l u tant ( i n  tons per 1 05 tons of  coal str ip-m i ned ) , 

B coal m i ned per u n i t  pl ant i n  tons per year ,  

C percentage o f  coal stri p-mi ned by state ( Tabl e BB . 2 ) .  

B B . 2 . 2 . 3  Water u se 

As sumpti ons 

• Coa l m i n i ng acti v i t i e s  that resu l t  i n  water consumpti on i nc l ude dust  control for road s ,  
m i nes , and embankments and revegeta ti on o f  rec l a i med area s .  

• Reg i ona l  water u se factors refl ecti ng dust control and revegetati on acti v i t i e s  are from 
Tabl e BB . 3 . 
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Table BB.1.  Strip-mining air pollutant loading 
factors for selected states 

Strip-mining pol lutants 
(tons per 10' tons of coal m i ned 

Part iculate S u lfur  N itrogen C a rbon 
O rg anics 

oxides m onoxide m atter oxides 

I l l ino is 0.50 0 .45 6.25 3.80 0.70 
Kentucky 0.50 0 .45 6.25 3.80 0.70 
West V irg i n i a  0. 1 5  0 .30 4.55 2.80 0.40 

Source: U .S .  Department of the I nterior, Final Environmental Statement, 
Federal Coal Management Program. R eport No.  1 972( 1 42),  B u reau of Land 
Management, Washington ,  D .C . ,  1 979. 

Table BB.2. Average seam thickness and percent of total 
coal strip-mined for selected states 

State 

I l l inois 
Kentucky 
West V irg i n i a  

Average seam thickness 
(ft) 

6 
5 
5.5 

Total  strip-m i n ed 
(%) 

45 
55 
22 

Source: U .S .  Department of the I nterior, Final Environmental 
Statement. Federal Management Program. Report N o .  
1 972( 1 42 ) ,  B u reau of L a n d  M anagement, Wash ingto n ,  D .C . ,  
1 979. 

Table BB.3. Water use factors for 
dust control and revegetation 

State or reg ion 

Eastern states 

Water use factor 
(Acre-ft per 10' tons of coal)  

S u rface m i n ing U nderground m i n ing 

4.460 5.88 
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• Surface mi n i ng water use (acre-ft/year )  

where 
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(A ) ( C ) / l OO , OOO 

A s urface 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  p l ant from s urface m i nes  i n  ton s per year .  

• Underground m i n i ng water use ( acre- ft/year )  = ( 8 ) ( C ) / 1 00 , 000 

where 

8 = underground m i n i n g  water use factor i n  acre-feet per 1 00 , 000 tons of coa l ( 5 . 88 ) , 

C = coa l i nput  to un i t  p l ant from underground mi nes i n  tons per yea r .  

88 . 2 . 2 . 4  So l i d wastes  

Ass umpt i on s  

• Fo r surface ml n l n g ,  so l i d  wastes gene rated a re returned to m i n i ng p i ts and are not con
s i dered a so l i d  waste for d i s posal  ca l cu l at i ons . 

• For underground m i n i ng , the amount of sol i d  waste generated i s  approximate ly  3% of the 
coal extracted .  

• The  percentage of a state coal s upp l i ed for l i quefact i on that i s  underground-m i ned i s  
e q u i va l ent to  t he  percentage of a l l coa l  mi ned i n  a state that i s  underground-mi ned . 

A l gori thm 

• M i n i ng wastes ( tons/year )  0 . 03 ( A ) ( 8 ) ,  

where 

0 . 03 so l i d  waste generat i on factor for underground-mi ned coal , 

A percentage of  underground-mined coal ( by state ) ,  

8 coa l supp l ied  to un i t  p l ant i n  tons per yea r .  

88 . 2 . 2 . 5  Land d i sturbed by s urface m i n i ng 

Ass umpt i ons  

• Land  d i s turbed by undergro und m i n i ng i s  m i n i ma l . 

• The den s i ty of  coal i n  a seam i s  1 750  tons/acre- ft , 

• The average seam th i c kness equa l s the fo l l ow i ng ( by State ) :  

I I I  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 the fo l l owi ng : 

I I I i no i s  45% 
Kentucky 5 5% 
West V i rg i n i a  22% 
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Al gori thm 

• The s urface a rea di sturbed (B)(e) 
l 750A 

where 

A average seam thi c knes s , 

B proport ion  of coa l stri p-mi ned , 

e coal  i nput  to un i t  p l ant i n  tons per year .  
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Repr i nt of Assessing the SuppZy of Workers to Large Construation Projeats. a work i ng paper 
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I NT RODUCT I O N  

Large constru c t i on projec ts , part i cu l ar ly  when  l oca ted o u ts i de of  

l a rge urban  areas , can h a ve s i gn i fi ca n t  i mpacts on the l oca l  l abor mar k e t .  

I n  add i t i on t o  draw i n g workers o f f  o f  o ther con s truc t i on projects i n  t h e  

a rea , workers w i th t h e  a ppropri a te s k i l l s  b u t  work i ng i n  d i fferent i n dus

tr i es may b e  a ttrac ted to the cons truct i on s i te .  These , a l ong  w i th  

i nd i v i du a l s unempl oyed or  o u t  o f  the l abor force , s upply  the  b u l k of  

worke rs from the  reg i on around the s i te .  Mos t  o f  these  wo rkers from 

the l oca l  area w i l l  commute  on a da i l y bas i s  from thei r homes . Howe ver ,  

some workers i n  the  l oc a l  l abor  ma rket  area , parti c u l ar ly  when the  proj e c t  

i s  l arge a n d  o f  l on g  dura t i on , may move permanent ly  or  dur i n g  the  work 

week to a l o ca t i on c l o$ e r  to the  work s i te to reduce da i l y commu ti n g  t i me 

or to i mprove l i v i ng cond i t i ons . 

For mo s t  l a rg e  proj ects , the s u p p l y  of workers from w i th i n  abo u t  

7 0  m i l es a round  t h e  s i te i s  i n s u ffi c i ent  t o  meet t h e  demand for co ns truc

ti on  workers . As a res u l t , many w i l l  be h i red fro� outs i de the  l oca l  

l abor marke t  area . A few may be wi l l i ng to commu te ex treme l y  l on g  

d i s tances  on a da i l y ba s i s .  However , mos t  o f  t h e  work ers from outs i de 

the l o cal l abor market area w i l l  cho o s e  to move , e i ther permanently  or  

temporar i l y ,  i nto the l o ca l area . Some of  these  workers w i l l  l i ve i n  a 

tempo rary res i dence dur i n g  the work week and  tra ve l  home on the "eekend 

w h i l e  the o thers w i l l  move  the i r  permanent res i dence to the con s t ru c t i on 

proj ect  area . I n  mos t  cases , the s u p p l y  o f  workers amon g l oca l res i dents 

and  mo vers to the area w i l l  be a deq uate  to f i l l  the needs of  the pro j ec t . 

I n  determi n i ng the i mpact  a l a rge con s truc ti on  proj ect  h a s  o n  the  

l oca l commun i ty i t · i s  very i mporta n t  to d i s t i n g ui s h  between 

( 1 ) Local  Commuters - those commuti n g  on a da i l y  bas i s  from wi t h i n  
70 mi l es of the work s i te .  

( 2 )  Local  Movers/Weekend-Trave l ers - those or i g i na l l y  from w i th i n  the 
70 mi l e  reg i on who mo ve to a more pre ferred l ocat i on i n  the reg i on 
e i ther permanen t l y or dur i ng  the work week . 

( 3 ) D i s tance Commuters - those who commute on a da i l y  bas i s  from o ut 
s i de the  normal 70 mi l e  commut i ng di stance . 

( 4 )  D i s tance Movers / Weekend-Travel ers - those or i gn i a l l y  from outs i de 
the 70 m i l e  reg i on who move to w i th i n  the re g i o n  e i ther pe rmanent l y 
o r  duri ng the wo rk wee k .  
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In what fo l l ows , a model i s  descr i bed wh i ch can be used to pred i c t  the 

n umber of peopl e on a g i ven l a rge constructi on  project who fa l l  i n to each 

o f  the above four  ca tegori es . The res u l ts are ba sed on pop u l a t i o n  and  

the s upp ly  o f  cons truc t i o n  workers in  the reg i on , unemp l oyment  in  the 

regi o n ,  commut i ng d i s tance to the construct i on projec t ,  and tota l demand 

for workers on the proj e c t .  The mo de 1 i s  des i g ned so  tha t i t  can be used 

to a na lyze a va r i e ty of  l a rge cons truc t i o n  pro j ects in  vari ous  l ocati o ns . 

THE  MODEL 

A variety of  factors can be expected to affect  the sou rce of  workers 

for any construction  project . For any area i n  prox i mi ty to the work s i te 

the n umbe r  o f  l oca l  commute rs , l ocal move rs/weekend -trave l e rs ,  and d i s tance 

movers/wee kend -trave l ers as def i ned above mi ght be affected by any of a 

n umber  o f  vari abl e s .  Cons i de r ,  fo r exampl e ,  the a rea depi cted i n  F i gure A- I 

whi c h  i s  wi t h i n  70 mi l e s of t he  con struct i on project s i te as i nd i cated . For 

workers l i v i n g  i n  the a rea wh i l e  wo rki n g  on the project , th ree poss i b i l i t i es 

exi s t :  ( 1 )  they are l o cal commuters who 1 i ved i n  the  area pri or  to wo rk i ng 

on the project ; ( 2 )  they a re l oca l movers who mo ved to the area from w i th i n  

the 70 mi l e  zone o r ;  ( 3 )  they are d i s tance mo vers who moved to the  area 

from outs i de the 70 mi l e  zone . 

The n umber o f  l oca l  commuters comi n g  out  of an a rea ( s ay a county ) 

wi th i n  the 70 mi l e  commu ti ng  zone are hypot h e s i zed to be a ffected by the 

fo l l ow i ng va r i a b l e s : 

Commut i n g  Di s tance ( C D )  - the d i s tance i n  mi l es from the co unty 
to the work s i te i s  expected to be di rect ly  re l a ted to the t i me 
req u i red to commute to and from the s i te and i n vers e l y  re l a ted to 
the n umber of  l oca l  commuters a t tra cted to the proj e c t .  

P roject  Emp 1 0yment ( P E )  - t h e  demand f o r  workers o n  t h e  cons tructi on 
proj ect  oug h t  to b e  d i rect ly  re l a ted to the n umber of  c ommuters . 

Unemp l oymen t  Ra te ( U R )  - as an i n d i Ce tor  o f  s l a ck i n  the l oca l l a bor 
ma rke t ,  the county unemp l oyme n t  re te i s  expec ted to be  pos i t i vely 
rel a ted  to th e n umber of  l oca l COr.TIuters . 

Compe t i ng  Popu l a t i on ( C P ) - the popu l a t i on w i t h i n  the 70 mi l e  zone 
b u t  outs i de of the county i n  q ues t i on repre s e n ts th e poten t i a l  
for competi ti o n  from other wor kers a n d  a l s o  the  probab i l i ty o f  
compet i no proj ects to choose  be twee n .  I t  s h o u l d  b e  i n ve rse ly  
rel a ted to the number of l o ca l  commu ters out  o f  a g i ven county .  

Con s tr uc t i on  Emp l oyment  ( C E ) - the n umber o f  l o c e l  craft  cons truc
ti o n  workers i n  e cou n ty repres ents  poten t i e l  s upp ly  to the p roject  
and  is  expected to be  d i rect ly  re l a ted  to the numbe r  o f  l oca l 
c orrrnu te rs • 
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70 Mi l e  Zone 

P roject S i te X----+ ... 

F i gure A- 1 .  Repres en ta t i o n  of the 7 0  �\ i -I e  Radi us Con s tr uc t i on Labor 
Ma rket Zone Aro u n d  a L a r g e  C o n s tru c ti o n  Project S i te 
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In es t i ma t i n g the n umbe r  of l oca l  mo vers/weekend-trave l ers and d i s tance 

movers/weekend- t rave l ers , the  same vari a b l es are hypothe s i zed to exert some 

pre d i ctab l e  l n fl uence . A l e ngthy commute , fo r examp l e ,  can be expected to 

d i s coura ge re l o cat ion  to a part i cu l a r county fo r the purpose of wo rk i n g on 

a cons truct i on p rojec t .  The l arge r the emp l oyment on the p roject , howeve r ,  

the mo re l o ca l  and  d i stance commuters can be  expected to re l ocate to any 

county w i th i n  70 mi l e s .  H i gher unemp l oyment rates may d i s co urage re l oc a t i o n  

but  t h e  effe ct i s  l i ke l y  t o  be sma l l .  Because o f  a l te rnate pos s i b i l i t i es 

fo r h o us i n g ,  a l a rge r compe t i n g pop u l at i on w i l l  i n  a l l l i ke l i hood be i n ve rs e l y  

re l a ted t o  t h e  n umber of construct i on workers mov i n g  permanent l y  or  dur i n g  

t h e  work week t o  a typ i cal  county .  A l a rge con struct i on work force , beca use  

i t  is  pos i t i ve l y  corre l ated w i th popu l a t i on ,  and because  of  t he i n fo rma t i o n  

network on a v a i l ab l e h o US i ng ,  i s  e xpected t o  be a s s o c i ated wi th mo re construc

t i on wo rkers re l ocati ng to  an a rea wi th i n  the  70 mi l e  zone . 

To a l l ow for some i n tera c t i on among the  i n dependent va r i a b l e s  and 

to a vo i d  i mpos i n g  undes i ra b l e res t r i c t i o n s  on the  mode l , a non- l i ne a r ,  

mul t i p l i ca t i ve fo rm i s  a s s umed fo r t h e  p r i nc i pa l  equat i ons t o  be est i �ated . 

Fo r the ith  county i n  the  70 mi l e  zone , the numb e r  o f  l oca l  cormnute rs ( L C . ) 
1-

from the  co unty ,  l oc a l  mo ve rs/weekend-trave l ers  ( LM . )  i nto the c o unty ,  and 
1-

d i s tance movers/weekend-trave l ers ( OM . )  i nto the  county a re a s s umed to be 
1-

re l ated to the i ndependent vari ab l es  d i s cussed  above as i nd i cated by the 

fol l ow i ng  equat ions : 

On the  other  hand , th e n umber o f  d i s ta n c e  commuters vlork i ng on the s i  te , i s  

rel a ted o n l y  to  p ro j e c t  emp l oyme n t .  T h e  fo l l ov.' i ng l i ne a r  re l a t i ons h i p i s  

a s s umed : 

DC = cP o + cP ] PE  

A l l four equa t i ons  a re def i ned i n  s uc h  a way tha t 

i refers to a part i c u l a r  county w i th i n the 7 0  m i l e  zone 

L C . i s  the n umb e r  o f  workers on a parti c u l a r  project  who l i ve i n  
to u n ty i wh i l e  emp l oyed o n  the proj ect  and  a l so l i ved i n  county i 
pri o r  to work  on the  p roj ec t ,  i .  e . , 1 oca 1 cormnuters 
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LM . i s  the number of wor kers on a parti c u l a r  project  who l i v e  i n  (o u n ty .� e i ther perma ne n t l y  o r  d uri ng  the work  week .... ' n i l e  emp l oyed 
on t h e  p ro j e c t  b u t  w h o  l i v ed e l s ewhere w i t h i n 70 mi l e s of the project  
5 He pri  o r  to emp l oym e n t , i .  e . , 1 oca  1 movers /wee k e n d - tra  v e  1 ers  

OM . i s  an  es t i ma te u s e d  to c a l c u l a te the n umbe r  of workers  on  a �a r t i c u l a r  p r o j e c t  who l i v e i n  c o u n ty i wh i l e  work i n g on the 
proj e c t ,  b u t  whc had ) i ved mo re t h a n  70 m i l es away from the p ro j e c t ,  
i . e . , d i s ta n ce movers /week e n d - t r a vel e rs 

DC i s  the  numb e r  of workers on a parti c u l a r  proj e c t  wh o w i l l  commute 
to the work s i te on a dai l y  b a s i s  from furthe r  away t h a n  7 0  mi l es ,  
i . e . , the  d i s ta n ce c ommu ters ) 

CO , P E ,  UR . CP , CE a r e  as pre v i ous l y  defi ned. 

Unfor tuna t el y .  i t  was not pos s i b l e to cons t ra i n the model  so that  these 

four  va l ues  ( l ocal  commuters . l oc a l  movers /wee k e n d - t ra ve l ers , di s ta n ce movers/  

weeken d - t r a ve l e rs , a n d  d i s tance  commu ters ) add  t o  the total  emp l oyme n t  o n  the 

p roj e c t . To a vo i d  i n con s i s te n t  re s ul t s , one e q u a t i o n  mus t  b e  dropped from the 

s y s tem and the val ue o f  t he dependent v a r i abl e e s t i mated as a res i d ual . The 

me thod p ro v i d i n g  the  best re s u l ts a l l ow s  LLCi and LLMi to repre s e n t  the  s u p p l y  

o f  w o rk er s  amo n g  l oc a l  commu ters a n d  l oc a l  mov e rs /weekend - t ravel e rs .  Any s h o rt

age , after account i n g for a few d i s tance  commute rs , is  the  n umbe r of addi t i o n a l  

wo rkers  w h o  mus t b e  a t tracted as d i s t a n c e  movers/weeke n d - travel e rs i n  o rder  to 

s a t i s fy p r o j e c t  demand . Th a t  i s ,  

OM = P E  - z L C . - z L M . - DC 
i 1. i 1. 

Th i s  va l u e then  become s  t h e  mo s t  u s e f u l  i n  a s s e s s i ng the  re g i ona l  i mp a c t  

repres ente d  by mi grants  t o  t h e  a rea who come to w o r k  o n  the s i te .  

To d i s t r i b u te the  d i s t a n c e  mo vers /wee k e n d - t rave l e rs amo n g  the coun t i es i n  

the re gi o n , the e s t i mates  o f  OM . c a n  be used . I f  OMi/ l: OM . i s  the  propo rt i o n 
1. • 1. 

of a l l d i s tance  movers/weeke n d - trave l e rs  who c a n  be ex�ected to move to 

co u n ty i ,  t h e n  the  re v i sed e s t i mate o f  the  number  of d i s ta n ce mo vers/weekend

trave l e r s  to county i ( OM . ' ) can be  wri tten  a s  
1. 

OM . ' 
1. 

OMi O�\ 
L OM .  

1. 
W h a t  f i n a l l y  eme rges f ro m  th i s  i s  a model wh i ch p redi cts  for  a g i v e n  

proj ect the  n umbe r  o f  l ocal  commuters , d i s tance commute rs , l o c al mo vers/ 

weeke n d - travel e r s , and  as a re s i dua l , d i s tance mo vers/weeke n d  trave l e rs . 

The s um o f  these  fo u r  catego r i e s o f  wo r k e rs i s  equal  to to t a l  emp l oyme n t  o n  

t h e  p roj e c t .  The va l  u e s  fo r the  l o c a l  commute rs , l o cal  mo v e rs /wee kend

travel e r s , a nd d i s ta n ce mo v e r s /weeke nd- travel e rs a re e s t i ma t ed fo r each  

c o u n ty i n  t h e  70-mi l e  commu t i n g  zone . Us i ng the  notati on  defi n e d  above , 

l Co u n ty - l e ve l  e s t i ma tes  a re n o t  p ro v i ded for th i s  v a r i ab l e  because  the n umber  
of  w o rk e r s  f rom any o n e  co u n ty o u ts i de the 70 m i l e  zone i s  expected to b e  
qu i te smal l .  I n  add i t i on ,  the  data b a s e  used  to e s t i mate  the  mo del does not 
p ro v i de c o u n ty i n forma t i o n  for many of these d i s ta nce commuters . 
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t h e  mo d e l  can be s umma r i z e d  a s  f o l l ows : 

zone 

L C . a o · C D .c J . P Ea 2 ' UR .c 3 ' C p . c � . C E .C 5 
� � � � � 

DC � o  + � l PE 

OM P E  r L C.. - r LM . - DC 
i � i � 

Th a n  to a l l oca te the d i s ta n ce movers a mo n g  co u n t i es i n  the 70-mi l e  

DM . I 
� 

DMi • DM 
r Dt-1 . 

� 

wh e r e  

T a k i n g n a t u r a l  l og a r i thms o f  the th ree mu l t i p l i ca ti v e  eq ua t i o n s , a l l  o f  

t h e  pa rame ters o f  t h e  a b o v e  mo del c a n  be o b t a i ned f rom o rd i n a ry l e a s t  

s q u a res e s ti mates o f  the f o l l owi n g  f o u r  ( 4 ) e q u a t i o n s : 

In { L C . ) 
� 

In ( Lt--L )  
� 

In { DM .  ) 
� 

DC = � 0 + � J PE 

I n  a d d i ti o n to pro v i d i n g 

c o e f f i  c i  e n ts y ., 6 ., a nd 
J J 

p r e t a t i o n of t he i r  own . 

+ y , ln U R . + Y c lnC P -,
. + Y s ln C E . - � � � 

n e c es s a ry i n p u t  to the mode l , the regres s i o n 

Co .  for a l l  j = 1 ,  2 ,  - - - , S h a ve a u s e f u l  i n ter
J 

They i n d i c a te the p e rcen t a g e  c h a n g e  i n  the a p p r o p -

r i a te d e p e n d e n t  v a ri a b l e a s s o c i a t e d  w i th a o n e  p e rc e n t  c h a n ge i n  t h e  

c o r r e s pond i n g  i n de pe n d e n t  v a r i a b l e when o t h e r  va r i a b l es a re he l d  c on s ta n t .  

F o r  e xamp l e ,  the n ume r i c e l v a l u e  o f  6 2 wo u l d i nd i c a te the p e r c e n t a g e  c h a nge 

i n  LM . ( th e  l oc a l  mo vers/week e n d - trave l e r s  from a pa rt i c u l a r  c o u n ty )  a s s o c i a ted 
1-

wi t h  a o n e  percen t c h an g e  i n  p ro j e c t  empl oyme n t .  

TH E DATA USE D  I N  EST I MAT I N G  THE MODEL  
F o r tu n a te l y , d a ta i s  a v a i l a b l e  w h i c h a 1 1 0\-ls for es t i ma t i on o f  t h e  

a bo v e  mod e l . Be tw e e n  1976  a n d  19 79 , twe l ve s e pa ra te s u r veys were a dmi n

i s te re d  to work ers o n  th ree Te n ne s s e e  V a l l ey Auth o r i ty n u c l e a r  powe r p l a n t  
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c o n s t r uc t i o n projects . T a b l e 1 g i ve s  the d a t e s  o f  t h e  s u rveys , the s u rveyed 

proj e c t  empl oyme n t , and the pe rce n t a ge o f  workers who were l o c a l  commut e rs , 

l o c a l  mo ve r s / we e k en d - t rave l ers , d i s ta n c e  movers /wee k e n d - trave l e rs , a n d  d i s t a n ce 

commute r s . T h o s e  s u rveyed w e re a s ked to i nd i c a t e  the i r res i de n c e  p r i o r  to 

empl oyme n t  o n  the pro j ec t  and d u ri n g  e�pl oymen t  o f  the p ro j e c t  s o  i t  w a s  po s s i 

b l e to d e te rmi n e  the n umber o f  l o c a l  commute rs , l o c a l  mo v e rs / we e k e n d - t r a ve l e rs ,  

a n d  d i s t a n c e  mo vers /week e n d - t r a ve l e r s  fo r e a c h  c o u nty i n  the commu t i n g  z o n e . 

I n  a d d i t i o n , the n umbe r  o f  d i s ta n c e  co�uters from o u t s i de t h e  70 m i l e  z o n e  

c o u l d be e s t a b l i s h e d . Coun t i e s  w e re i n c l uded i n  t h e  commu t i ng zone i f  the i r  

pri n c i p a l  p o p u l a t i on center was w i t h i n  70 mi l e s o f  the con s t ru c t i on s i te .  

V a l u e s  fo r the i n de p e n d e n t  v a r i a b l e s  u s e d  to es t i ma te the n umb e r  of 

commu ters a nd mo vers w e r e  o b ta i n e d  from the fo l l ow i n g  s o u rc e s : 

C D . - Commute d i s ta n c e  wa s o b ta i n e d  for e a c h  c o u n ty by computi n g  the 
� i l ea ge b e tw e e n  the pr i n c i pal  c i ty i n  the co u n ty and the c o n s truc
t i o n  s i t e .  I f  r o a d s  were p a r t i c u l a r l y  b a d , s o me a d j us tme n t s  w e re 
ma d e  to a c c o u n t  for t h e  l o n g e r  c orrrnute ti me i n v o  1 ve d .  

P E  - Pro j e c t  e m p l oyme n t  w a s  o b t a i ned from TVA a n d  c o rres ponds to t h e  
n u�ber o f  w o r k e rs s u rveye d a t  e a ch s i te 

U Ri - U nempl oyme n t  r a te s  f o r  e a c h  c o u n ty i n  t h e  commu t i n g  zone a re 
a n n u a l  a v e ra g e s  f o r  the y e e r  p r i or to s ta r t  o f  the proj e c t  a n d  we re 
o b t a i ne d  t h r o u g h  te l e p h o n e  c o n ta cts w i th s t a te Emp l oyme n t  S e c u r i ty 
o f f i c e s . I n  e s t i ma ti n g  t h e  mo d e l , t h e  p e r c e n t  unemp l oye d  t i me s  10 
i s  the f o rm o f  t h e  d a ta u s ed 

C P o - Comp e t i n g  p o p u l a t i o n  f i g u r e s  i nd i c a te t o tc l p o p u l a t i o n o u t s i de 
6f c o u n ty i b u t  w i th i n  t h e  commu t i n g  zone a n d  a re d e r i v e d  from 
B u r e a u  of  C e n s us e s t i ma t e s  o f  1975 p o p u l a t i o n  

C E  __ - C o n s truc t i o n  empl oyme n t  f i g u res mea s u re ,  f o r  t h e  c o u n ty ,  t h e  
� umber o f  w o r k e rs i n  t h e  con s tr u cti o n  i n d u s try i n  the y e a r  p r i o r  
t o  i n i t i a t i n g  t h e  p r o j e c t  a n d  w e re o b t a i ned from s ta te Empl oyme n t  
S e c u r i ty o f f i c e s . 

Th e c o u n t i e s  i n c l u d e d  i n  the commuti n g  z o n e  for th i s  a n a l ys i s  c o rre s pond 

v e ry c l o s e l y  to TVA ' s  " re c r u i tme n t  c o u n t i e s . "  The e xc ep t i o n s  a re c o u n t i e s  

from w h i ch T V A  t h o u g h t  t h ey mi g h t  a t t ract s i g n i f i c a n t  n umb e r s  o f  wor k e rs 

b u t  s e e me d  o u ts i d e o f  the r a n ge for d a i l y  commut i n g  to be p ra c t i c a l . 

C o n v e r s a t i o n s  w i th p e r s o n n e l  i n  TVh ' s  C o n s t ru c t i o n D i v i s i on g a v e  

a s s u r a n c e  t h a t  n o th i n g  a ty p i c a l  h a s  o c c urre d a t  a ny o f  t h e  t h re e  con s truc

t i o n s i tes w h i ch mi g h t  a ff e c t  w o r k e r  c ommute r and mo v i n 9  p a t te rn s .  C a r

p o o l i ng a n d  b u s  a rr a n g e me n t s  were n o t  uncommo n for l a r ge p ro j e cts a n d  n o  

e x ce s s i ve o v e r t i me w a s  r e p o r ted . T h e  p a t t e rn s , i t  w a s  th o u g h t ,  wou l d  b e  
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Tab l e  l .  TVA S urve� Da tes and  Di s tr i b u ti on o f  
Corrrnuters and  Movers EmD l o�ed On S i teT 

TVA 
Loca l  D i s tance 

Movers/ Movers /  
Cons truct i on Survey Proj ec t  Loca l �/eekend- I-Ie ekend Di s tan ce 

S i te Da te EmD l o.l:!!!ent Commu t e rs Travel ers Trave l e rs Corrrnuters 

Ha r tS Vi l l e ,  Tennes s ee 09/76 1 , 222 1 , 003 47 143 29 
0 3/77  1 , 753 1 , 367 92 2 5 7  3 7  
09/ i7 3 , 233 2 , 2 35 192 699 107 
03/78 4 , 108 2 , 796 292 886 1 34  
09/78 5 , 480 3 , 66 2  44 1 1 , 170 2 0 7  
03/79 6 , 308 4 , 02 8  574 1 , 420 286 

Yel l ow  C reek , Mi s s i ss i pp i  06/78 7 58 630 49 6 3  16 
12/78 1 , 333 1 . 0 7 1  8 1  138 43 
06/79 1 . 59 1  1 . 2 7 3  99 174 45 

P h i pps Be nd . Tennes s ee 05/78 832 7 1 8  4 3  59 12 
1 1/ 78 1 , 231  1 , 0 1 2  9 1 1 1 8  1 9  
05/79 1 , 580 1 , 288 137  1 4 2  13  

*The  p roject  empl oyment fi gures a re the tota l res pondents to each  s urvey . Two d i ffer
ences between the n umbers shown i n  the tab l e and publ i s hed TVA n umbers mus t  be noted . 

1 .  The n umber of l oca l  move rs/weekend-trave l ers and l oca l  commuters i s  based 
on county- l e vel data , i . e  . •  wo rkers who made an i ntracounty mo ve a re 
coun ted as commute rs not a s  mo vers a s  done i n  TVA tabul a t i o n s . 

2 .  The n umber of commuters ( l oca l  and  d i s tance ) and  d i s tance mo ve rs/wee kend
trave l ers s h own in the tab l es a re s l i g ht ly  d i fferent  from the TVA fi g u res 
because  the n umb er of empl oyees who d i d  not i nd i c a te a res i dence or  who 
i nd i c a ted a res i dence dur i ng  the work week that was several h undred mi l es 
from the p roject were counted i n  our  s tudy a s  d i s tance mo vers . 



CC- 1 2  

ty p i c a l  n o t  o n l y  for l a rge power p l a n t  p ro j e c ts b u t  o th e r  l a rg e  c o n s t ru c t i o n  

p ro j e c ts a s  wel l .  

EST I MAT E D  MO D E L  R E S U L T S  

B e c a u s e  t h e  mo d e l  i s  i n  t h e  e a r l y  s ta g e s  o f  deve l o pmen t  a n d  i s  

c o n t i n u a l l y  b e i n g  r e f i n ed , t h e  e s t i ma t e d  v a l ues o f  t h e  mo d e l ' s  pa rameters 

a re n o t  repo rted h e re . ) Tab l e  2 does , howe v e r , pro v i de th e n u me r i c a l  s i g n 

o f  the e s ti ma ted regre s s i o n  c o e f f i c i e n ts for three o f  the equa t i o n s . T h e s e  

a n d  t h e i r l e v e l  o f  s ta ti s t i c a l  s i gn i f i c a n c e  c h a n g e  l i t tl e w i th mod i fi c a t i o n  

o f  t h e  mo d e l  or e s t i ma t i o n tec h n i q ue . To pro v i d e  s ome i nd i c a t i o n  o f  the 

a c cura cy of pre d i c ti o n s , s umm a ry s ta t i s t i cs a re a l s o s u ppl i e d for t h e  

e s ti ma ted r e g re s s i o n equa t i o n s  u s ed fo r the c u r r e n t  a n a l ys i s .  I t  i s  o f  

i n te r e s t  t h a t  t h e  c o e f f i c i e n t s  a re a l l  o f  the e x pe c t ed s i gn a n d  the 

e q u a t i o n s  prov i d e good e s t i ma te s  w i t h  l ow s ta nd a rd e rrors . The R 2  v a l ues 

r a n g e  from 0 . 64 fo r t h e  e q u a t i o n  pre d i c ti n g  the n umber o f  l o c a l  commuters 

from a c o u n ty w i th i n  t h e  i mpa c t  a rea to 0 . 78 for t h e  equa ti o n  e s ti ma t i ng 

the n umber of d i s ta n c e  mov e r s / w e e ke n d - t ra ve l e rs . I n  a l l b u t  a few c a s e s , the 

re g re s s i o n c o e ff i c i e nts  a re s ta t i s t i c a l l y  s i Qn i fi c a n t  at fa i rl y  h i gh l e v e l s .  

The r e g r e s s i o n c o e ff i c i e n t s  h a v e  a v e ry s t ra i g h tforw a r d  i n te r p r e t a t i o n .  

F o r  exampl e ,  h o l d i ng o t h e r  v a r i a b l e s  c o n s t a n t  a n  i n c re a s e  i n  th e c omm u te 

d i s ta n c e  b e tw e e n  a c o u n ty a n d  a l a r g e  c o n s t r u c t i o n  p ro j e c t  w i l l  be a s s o 

c i a te d  w i t h  a d e c re a s e  i n  t h e  n umber o f  c o u n ty res i d e nts w h o  w i l l  commute 

to the p ro j e c t ,  a d e c re a s e  i n  the n umbe r o f  l o c a l  mo vers/ wee k e n d - trave l e rs who 

w i l l  re l o c a t e  to the coun ty to work on the p roj e c t ,  a n d  a d e c re a s e  i n  the n umb e r  

o f  d i s ta n c e  mo v e r s /weeke n d - t r a ve l e rs i n to the c o u n ty . I n c r e a s e s  i n  p roj e c t  

empl oyme n t , o n  t he o t h e r  h and , a re a s s o c i ated w i th i n c re a s e s  i n  a l l t h ree 

c a t e go r i e s  of wo rke r s . H i g h e r  unempl oyme n t  rates r e p re s e n t  more l o c a l  res i 

d e n t s  a v a i l ab l e  to commute to the p ro j e c t  b ut a pp a re n t l y  a re re l a te d  to f a c t o rs 

w h i ch d i s c o u r a g e  mov i n g to the c o un ty .  A l a r g e  comp e ti n g  p o p u l a t i o n  i s  

re l a te d  to the n umber o f  l o c a l  commu t e r s  i n  a n  u n p re d i c ta b l e  ma n n e r  b u t  

c l ea r l y  d e c rea s e s  t h e  l i ke l i h o o d  t h a t  pro j e c t  w o r k e r s  w i l l  r e l o c a te t o  a 

p a r t i c u l a r  c o u n ty . T h a t  i s ,  t h e  s ma l l e r p o pu l a ti on c o u n t i e s  i n  the commu t i n g  

l p r e l i mi n a ry v a l u e s  r e p o r t e d  i n  a n  e a r l i e r wor k i n g  p a p e r  s h o u l d b e  v i ewe d  
w i t h e x t reme c a u ti o n . They d o  n o t  a d j u s t  f o r  a b i a s  i ntrod u c e d  by 
c o r re l a t i o n o f  the r e g re s s i o n r e s i d u a l  w i th c o u n ty s i ze a n d  u n d e re s t i ma te 
t h e  s u p p l y  of c o n s tr u c t i o n  w o r k e rs fo r th c omi n g  from l a rge c o u n t i e s . 
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Tab l  e 2 .  R e  res s i on Res u l ts fo r Lo - L  i near Model  fo r E s t i mat i n Loca l  Commute rs , Loca l  Movers/Weekend-Trave l ers , and  D i s tance Movers/ Weekend-Travel ers i n  Co un t i es wi th i n  the 70  Ml l e  Commutl ng Zone  Aro und TVA N ucl ear  Powe r Cons tructi on P roJ ects 

I n dependent Vari a b l es 

I n tercept 

Zn ( Commute Di s ta n c e )  

Zn ( Project Empl oyme n t )  

Z n  ( Unemp l oymen t  Rate x 1 0 )  
Z n  ( Compe ti n g  Po p u l a t i on ) 

Zn ( Cons tru c t i o n  Emp l oyment ) 

R2 

F 

S E E  

n 

Zn ( Local  
Commuters ) 

( - ) *** 
( - ) *** 
( + ) ***  
( + ) ** 

( - ) 

( + ) *** 

0 . 64 
7 8 . 66  

1 . 1870  
2 30 

Dependent Vari ab l es 

Zn ( Local  Zn ( D i stance 
t·1overs! Mo vers/ 
Weekend- \�ee kend-

Trave l e rs )  Trave l ers ) 

( + ) *** ( + ) *** 
(- ) *** (- ) ***  
( + ) *** ( + ) *** 
( - ) *** ( - ) *  
( - ) ** ( - ) *** 
( + ) *** ( + ) *** 

0 . 75 0 . 78 
1 3 7 . 6 5 1 56 . 14 

0 . 69 1 1  0 . 8087  
230  2 30 

Us i ng one- ta i l e d tes ts the coeffi c i ents are s tat i s t i ca l l y  s i gn i fi cant  a t  the fo l l owi n g  l evel s :  
* 1 0  p ercen t  

* *  5 percent 
*** 1 p ercen t  
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re g i o n are a t  a re l a t i ve d i s a d v a n t a g e  i n  a t t ra c t i n g mo vers a n d  w i l l  fee l  
l e s s  a b s o l u te i mp a c t  from t h e  proj e c t .  L o c a l  commu t e r s  are a l s o mo re 
l i k e l y  to b e  drawn from c o u n t i e s w i th a l a rge s u p p l y  o f  c o n s tructi o n  
w o rkers a s  repres e n t ed by th e c o u n t i e s ' c o n s tru c t i o n  empl oymen t .  A s  
s u g g e s ted e a r l i e r ,  w o r k e r s  mo v i n g  i n to t h e  re g i on are a l s o more l i ke l y  
to re l o c a te to c o un t i e s i n  w h i ch co n s tr u c t i o n  empl oymen t  ( a n d  t o ta l po pu l a 
t i o n )  i s  g re a te r .  So the model  n o t  o n l y  prov i de s  for fa i r l y  a c c u ra te 

e s ti ma t e s  o f  the d e p e n d e n t  va r i a b l e s , b u t  i t  d e s c r i b e s  fa i rl y  pred i c ta b l e  

b e ha v i o r  o n  the p a r t  o f  w o rk e r s  o n  l a rg e  cons truc t i o n  proj e ct s . 

The re g re s s i o n e q ua t i o n  for d i s ta n c e  commu ters w a s  e s t i ma te d  u s i n g 

the d a t a  on d i s ta n c e  commu ters a nd p ro j e c t  emp l oyme n t  from t h e  12 TVA 

s u rveys . The re s u l ts s u g g e s t  a fa i r l y  s tr o n g  d i re c t  rel a t i o n s h i p b e tw e e n  

total  p ro j ec t  emp l oyme n t  a n d  t h e  n u mb e r  o f  d i s ta n ce c ommute rs . The re l a 

t i on s h i p i s  g i v e n  by the fo l l ow i ng l i ne a r  re l a ti o n s h i p :  

D i s ta n ce Commu ters ( DC )  = - 50 . 47 + . 0507  P E  

R2 = 0 . 9 7 

So ea c h  i n c re a s e  i n  proj e c t  empl oyme n t  o f  1 , 000 i nc r e a s e s  the e s t i ma t e d  

n umb e r  o f  d i s ta n c e commu ters b y  a p p r o x i ma te l y  50 peo p l e .  

TA KI N G  ACCOU N T  O F  CO I N C I DENT D EMA N D  

A s  formu l a te d ,  t h e  m o d e l  d i s c u s s e d  a bo v e  i s  de s i gned to pro v i d e  
c o u n ty - l e ve l  e s t i ma te s  o f  t he n umber o f  l ocal  commute rs , l oc a l  mo v e r s / we e k e n d 

travel ers , a nd d i s tance mo vers /wee k e n d - trave l e r s  i n  the i mme d i ate re g i on a ro un d  

a l a rge c o n s truct i o n p ro j ec t .  T h e  n umb e r  o f  d i s tance commuters from o u t s i de th i s  

n o rmal commu t i n g  a re a  i s  a l s o e s ti ma te d .  I n  s p e c i fyi n g  t h e  mo del , n o  a t tempt 

i s  ma d e  to a c co u n t  f o r  the effect of u n u s u a l  dema n d  for co n s tru c t i on 

workers g e n e r a t e d  by o th e r  l a rge p ro j e c ts i n  t h e  a rea . Other than the 

proj e c t  b e i n g  a n a l yz e d , o n l y  n o rma l l e vel s of c o n s t ru c t i o n  a c t i v i ty a re 

a s s umed t h r ou g h o u t  the commu t i n g  z o n e . Emp l oyme n t  o n  o th e r  l a rge pro j e c ts , 

i f  grow i n g  o r  pea k i n g a t  the s ame t i me ,  howeve r ,  w i l l  create u n u s u a l  l a b o r  

ma rk e t  cond i ti on s  fo r l o ca l l y  s u ppl i e d workers a n d  c a n  b e  e x pected t o  i n f l u e n c e  

l oc a l  i mp a c t s . W h i l e  i t  m i g h t  b e  e x pected t h a t  c o i n c i d en t  dema n d  a t  a n e a rby 

pro j ec t  may rep re s e n t  compe t i t i o n  a n d  ma k e  i t  more d i f f i c u l t to a ttract l o c a l  

co ns truc t i on worke r s , t h i s  i s  n o t  a l way s t h e  ca s e .  Comp l i me n ta ry p ha s i n g , 

parti cu l a r l y  amo n g  c r i t i c a l  c ra f t  g ro u pS , can  be e x p e c ted to i n crea s e  t h e  

s u p p l y  o f  w o r k e r s  to a s e c o n d  p roj e c t .  Even i f  h i ri n g a t  t h e  s ame t i me ,  

howe ve r ,  the e x i s t e n c e  o f  m u l t i p l e  p ro j ects c a n  have a j o i n t  i mpact res u l t i n g 
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i n  a l a rg e r  t h a n expec ted s up p l y  o f  l o c a l  wo r k e r s . Secon d a ry s c h oo l s ,  j un i o r c o l l eg e s , fa rm o p e ra t o rs a n d  o t h e r  l o ca l emp l oy e r s  fe e l  t h e  e f f e c t s  a s  p o t e n t i a l  wo rke rs tempora r i l y  s u s pend o t h e r  a c t i v i t i es to t a k e  a d v a n t a g e  o f  t h e  boom- t own - l i ke a tmos p h e re .  
W h e n  two p r o j e c t s  a re l o ca ted v e ry c l o s e  t o  o n e  a n o t h e r  ( w i t h i n  3 0  to 40 m i l e s ) i t  i s  d i ffi c u l t to i s o l a te the e f f e c t s  o f  o n e  f rom the o th e r .  I n  s u c h c a s es i t  i s  bes t  t o  a n a l yz e  t h e  j o i n t  e f f e c t  of t h e  two p roj e c t s . Us i n g  th e mo del d e s c r i bed a bove , t h i s  c a n  be s t  b e  d o n e  by a s s u m i n g  a s i n g l e  p roj e c t  w i th emp l oyme n t  eq u a l  t o  t h e  S um o f  t h e  two proj e c t s  c om b i ned . 1 Corrrnu t i n g d i s ta n ce c a n  be e s t i ma ted a s  t h e  a ve r a g e  d i s ta n c e  to the two c o n s t ru c t i on s i te s . 2 Any c o u n ty w i th i n  a bo u t  70 m i l es of e i t h e r  c o n s t r uc t i o n  s i t e co u l d  t h e n  be i n c l uded i n  t h e  reg i o n  to be a na l yz e d . 
L e t t i ng L CT , LMT , a n d  O CT be t h e  tota l  n u mb e r  o f  l o c a l  commu t e rs , l o c a l  mo ve rs /w e e k e n d_ tra v e l e r s , a n d  d i s ta n c e  co�nute r s  S u P p l y i n q  t h e i r l a bo r to t h e comb i n e d  p roj ects , the  e s t i ma te s  a re g i ve n fo r e a ch cou n ty by l C7' 0. 0  ( C O l ; C D2 ) Q l ( P E ] + P E 2 ) c ] UR0. 3 Cpo. c C ( ' 5 

L MT B 0 ( C D 1 ; C D 2 ) B 1 ( P E ] + P E 2 ) to 2 U R B 3 C P E 4 C E S 5 

w h ere C D I a n d  C D 2 a re the commu t i n g  d i s t a n c e f rom t h e  cou n ty to t h e  two s i te s r e s pe c t i ve l y , P E l a nd P E 2  a re t h e  to t a l emp l oyme n t , a nd t h e  Q .  a n d  B .  J J 
a re t h e  es t i ma ted va l u e s  o f t h e  a p p ro p r i a te reg re s s i o n  c o e f f i c i e n t s . UR , C P , C E a re t h e  va l u e s  o f  t h e  o t h e r i nd e p e n d e n t  v a r i a b l e s .  T h e  C o u n ty s u b s c r i p t , 
i, h a s  b e e n  e l i m i n a t ed fo r s i m p l i c i ty .  

H a v i n g  e s t i ma t ed t he tota l numb e r  o f  l o c a l  conm u te rs a n d  l o c a l  mo ve rs / wee k e n d - t r a ve l e rs fo r e a c h  coun ty i n  t h e  reg i o n  i mpa c t e d  by the j o i n t p roj e c t , t h e  res u l ts c a n  b e  a l l o c a te d  to t h e  s e pa r a t e  c o n s t ru c t i o n s i te s . B a s e d  o n  re l a t i ve commu t i n g  d i s ta n c e  a n d  emp l oyme n t  a t  e a c h  proj e c t ,  the  n umb e r  o f  l o ca l comm u t e r s  to each  p rOj e c t ,  L C :  and  L C 2 , and the n umb e r  of 

l The p ro c e d u r e  o f  s umm i n g  emp l oyme n t  o n  two o r  more p roj e c ts i s  a p p ro p r i a t e 
w i th t h i s  mo d e l  p ro v i ded tote l emp l oymen t d o e s  n o t  g rea t l y  e x c ee d  6 300  
wo rk ers , t h e  ma x i mum e x pe r i e n c ed a t  a ny o f  the TVA s i t e s  s U rveyed . 2 Ano t h e r  me t h o d  w h i c h may be p r e fe rred i n  S ome c a s e s  i s  to comp u t e  
c ommu t i n o  d i s ta n c e  a s  the m i n i mum d i s t a n c e  t o  e i t h e r  o f  t h e  s i te s . Th i s  
res u l t s in s omevl h a t l owe r e s t i ma te s  o f  COr1m u t i n g d i s tc n ce a n d  may 
e x a g g e r a t e l o c a l  s up p l y  of w o r k e rs . 
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l o c a l  mo v e r s / � e e k e n d - tra v e l e r s . LM ] a n d  LM2 • c a n  b e  o b t a i n ed from t h e  

f o l l ow i n g e x p re s s i on s : ]  

L C ] = ( C 0 1o. ) 

L C 2 = ( C O . o. ! j 

L M ) = ( C O ) S )  

LM 2 = ( C 0 18 ) 

C O , o. ] P E  I 0. 2 
P E j o. 2 + C 02 o. ] 

C 02o. 1 PE 20. 2 
P E ] o. 2 + C0 2o. !  

C O I S ! P E ] B 2 
P E  B 2 + C[b B I  

) -
CD2B ] P E2 6 2 

P E ) 8 2 + C D} ) 

PE 20. 2 ) 
L CT 

P E 2 0. 2 ) 
L CT 

Ul, 
P E 2 B 2 ) .I. 

PE / 2 ) 
L�\T 

l Th e  f i r s t  of th e s e  e xp r e s s i o n s  i s  o b t a i n ed q u i te e a s i l y  fron the e q u a t i o n  
fo r e s t i ma t i ng l o c a l  c ommu te rs . 

L C ] =  � L C  L C T . T 

L C )  C L C ]  + L C 2  L T 

= ( o. O C O ] C I P E ] C 2 URC 3 C pC U C EC 5  + c o C D 2o. 1 P E 2 C 2 U R(l 3 C pC u C Ec O )  

C O , o. I P E ) o. 2  

T h e  o t h e r s  c a n  b e  o b ta i n e d  i n  a s i m i l a r fa s h i o n .  

L C O'  
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A n  e s t i ma t e o f  t h e  n umber o f  d i s ta nc e  c ommu t e r s  to t h e  i n d i v i d u a l 
c o n s tru c t i o n  s i t es , DC l  a nd DC2 , a re b e s t  o b t a i ned by d i s a g g r e g a t i n g the n um b e r  o f  d i s ta n c e  c ommu t e r s  to t h e  c omb i ned p roj e c t ,  DCm ,  a c c o rd i n g .J. to p roj e c t empl oyme n t .  Th u s , 

DC 1 = ( PE j P!l pE2 ) DCT 
DC 2 = ( PE j P!2PE 2 ) DCT 

Th e s e  c a n  b e  d i s t r i b u ted a m o n g  t h e  c o u n t i es i n  t h e  i mp a c t  a re a  as i n  
t h e  c a s e  o f  a s i ng l e p roj e c t .  

The r e s u l t o f  t h e s e  c a l cu l a t i o n s  i s  a s e t  o f  c o u n tY - by- c o u n ty 
e s t i m a t e s  o f  t h e  n umber o f  l o ca l c ommu t e r s , l o c a l  mo v e r s /w e e k e n d- tra ve l e r s , a n d  d i s ta n c e  mo v e r s /week e n d- trave l e r s  who w i l l  w o r k  on e a c h  of two maj o r  

c o n s truc t i o n p roj e c t s  a ft e r  ta k i n g  i n to a cc o u n t  the a dd i t i on a l  emp l oyme n t  
d ema n d  c rea ted by t h e  o th e r .  Th e res u l t s  a re b a s e d  o n  a d i s a g g r e ga t i on o f  t h e  j o i n t  i mp a c t  c rea ted by the two s i mu l ta neous proj e c t s . 

CONC L U S I ONS 
By re l y i n g on a co u n ty b a s e d  mo d e l  o f  c o n s truc t i o n  l a b o r  ma r k e t s , 

e no u g h  da ta p o i n ts a re ob ta i n e d  to a l l ow fo r fa i r l y  a c c u ra te e s t i ma t e s  
o f  commu t i n g  a nd mov i n g  p a t t e r n s  a mo n g  empl oye e s  o n  l a rge c o n s t r u c t i o n  
p ro j e c ts . Al t h o u g h  t h e  e s t i ma te s  a re b a s ed o n  t h r e e  p ro j e c ts a l l o f  w h i c h 
a re n u c l e a r  p l a n ts , t h e  r e s u l ts a p p e a r to be fa i r l y  ge n e ra l . The D-i e l ve 
s u r v eys c o v e r  a w i d e ra n g e  o f  proj e c t  emp l oyme n t , and v a r i a t i o n i n  o t h e r  
v a ri a b l e s i s  s u ffi c i e n t  t o  p ro v i de w i d e l y  a p p l i ca b l e re s u l t s . Wh a t ' s 
mo re , the  c o u n ty b a s ed n a t u re of t h e  d a ta w h e n  comb i n e d  to form commu t i n g  
z o n e  e s t i ma t es , a c co u n ts for a grea t d e a l  o f  v a r i a t i o n i n  l oc a l c h a ra c te r
i s t i c s a nd ma r k e t  c o n d i t i o n s . 

I t  s h o u l d  be k e p t  i n  mi nd , h ow e ve r ,  t h a t t h e  mO d e l  d o e s  n o t  ta k e  i n to 
a c c o u n t  a v a r i e ty of c o nd i t i o n s  vl h i c h  I.,ay b e  i mporta n t  i n  a p a n i c u l a r  
a re a . U n i o n j u r i s d i c t i o n s , h o � s i n g a va i l a b i l i ty e n d  v a c a n cy ra te s , l o c a l  
c o d e s  c o n c e r n i n g mob i l e  h omes a n d  t ra i l ers , a n d  o t h e r  i n s t i tu t i o n a l  a n d  
l e g a l  c o n s tra i n ts may a l ter t h e  a c t ua l  p a t t e r n s  o b s e rved . 

I t  i s  a l s o i mpo rta n t  i n  i n t e r p re t i n g  re s u l t s  t h a t  ma ny l a rge c o n s t ru c 
t i o n  proj e c ts m a y  h a v e  a w o r k fo rc e  wh i c h d i ffers s i g n i f i c a n t l y  from t h a t  
o f  TVA n u c l e a r  powe r p l a n t s . I f  w o r k e rs i n  Some c ra fts a re mo re l i k e l y  
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t o  mo v e  o r  C O rml u t e  l o n g  d i s t c n c e s  t h a n  w o r k e r s  i n  o t h e r  c ra f t s , t h e n  t h e  

l a b o r  s u p p l y p a t te r n  w i l l  b e  a l tered by the c ompos i t i on o f  c r a f t  g r o u p s . 

T h e  l a b o r  s u p p l y  r e s p o n s e  o n  n u c l e a r  powe r p l a n t  c o n s truc t i o n  proj e c ts 

may a l s o  be u n i q u e  d u e  to t h e  l o n g  d u r a t i o n  o f  mc s t  s u ch pro j e c ts . T h e  

n a t u r e  o f  t h e s e  a nd o th e r  e f f e c t s , i f  they e x i s t  a t  a l l ,  a re u n k nown a t  

t h i s  t i me ,  b u t  t h ey s ho u l d b e  k e p t  i n  mi n d . 

Al s o  i mpor t a n t  i s  t h e  r e g i o n ' s  p a s t ,  p r e s e n t , a n d  e x p e c t e d  f u t u r e  

s u p p l y  a n d  d ema n d  f o r  c o n s t ru c t i o n  w o r k ers . Some t r e n d s , re c e n t  c h a n g e s , 

o r  f u t u r e  d e v e l o p me n ts may n o t  be r e fl e c t e d  i n  t h e  me a s u r e s  u s ed to 

c h a ra c te r i z e  the a rea l a b o r  m a r ke t . To t h e  e x t e n t  t h a t  the va r i a b l e s  

u s e d  i n  t h e  mo d e l  d o  n o t  a c c o u n t  fo r s u ch r e g i on - s pe c i fi c f a c to r s , t h e  

r e s u l t s  s ho u l d b e  q u a l i f i e d .  

I n  c o n c l u s i o n , t h e  e c o nome tri c mo d e l  d e s c r i b e d  here c a n  b e  u s e d  to 

p ro v i d e  s ome b a s i c  e s t i ma t e s  of l a b o r  ma r k e t  e f f e c t s . How e v e r ,  w h e n e v e r  

s u c h  mod e l s a r e  u s ed , t h ey c a n n o t  b e  e xp e c t e d  to ta k e  i n t o  a c c o u n t  u n i q u e  

f e a t u re s  o f  t h e  re g i o n  o r  t i me pe r i o d  a n a l y ze d .  U n d e r  n o rma l c o n d i t i o n s , 

rea s o n a b l e e s t i ma t e s  c a n  b e  e x p e c te d . A n a l y s i s  i s  n o t  compl e t e ,  however , 

u n t i l p r o p e r  q u a l i ta t i v e  c d j u s tm e n t s  h c ve b e e n  c on s i d e r e d . 
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Append i x  DD 

TRANSPORTAT I ON SP I LLS 

DD . l I NTRODUCT I ON 

The proposed coal l i q uefact ion  demons trat i on p l ant i n  Newma n ,  Kentuc ky , i s  expec ted to have a 
ca pac i ty of 5400 t ( 6 000 short tons ) of coa l per day and wi l l  p roduce energy products cons i st i ng 
of  heavy fuel o i l s ,  l i ght  fue l  o i l s ,  and sol i d  S RC- I fuel . F i n a l  market l ocat i ons  and routes 
for these products have not yet been estab l i s hed . For the purpose of th i s  ana l ys i s  of trans
portat i on  s p i l l s ,  it  i s  a s s umed that  the  l i q u i d  products wi l l  be s h i pped to  two des t i nat ions : 
P i ttsburg h ,  Pennsyl van i a ,  a nd La ke Charl e s , Lou i s i ana . Th i s  append i x  sel ects and descri bes the 
ra i l  s h i pment routes and s h i pment schedu l es for heavy o i l s  to P i ttsburgh a nd l i g ht o i l s  to Lake 
Charl es and est imates the probab i l i ti es of  s h i pp i ng acc i dents or  s p i l l s  of the SRC- I  products . 

The SRC- I s o l i d  product was not con s i dered i n  the transporta t i on s p i l l  ana lys i s  because  pre
l i mi nary l aborato ry tests on l eachates from that product do not appear to present a s i g n i fi cant 
hazard to water q ua l i ty or  to the envi ronment a s  a who l e ( see Append i xes C and P ) . The pu rpose 
of  th i s  sect i on i s  to i nvesti gate on l y  the worst-case s p i l l , wh i c h  i s  cons i dered to be the l os s  
of SRC- I l i qu i ds dur i ng s h i pment .  A b r i ef ana l ys i s  of the potent i a l  consequences o f  a worst
case s p i l l  i s  a l so i nc l uded . 

The ra i l  carr ier  that wi l l  o r i g i nate and l ong-hau l  the SRC s h i pments i s  the Loui s v i l l e  a nd 
Nashv i l l e Ra i l road  ( L&N ) .  Th e L&N and  Sea board Coa st Ra i l roa d ,  together wi th  th ree mi nor 
ra i l roads , ha ve merged to form the Fami l y  L i nes . On  November 1 ,  1 980 ,  the Fam i l y  L i nes and the 
Ches s i e  Ra i l  System merged to form the CSX ho l d i ng corporati on . 

The new ra i l  corporat i on  can eas i l y swi tch  traffi c  wi th i n  i t s  own system , thus  prov i d i ng 
through serv i ce for s h i pments of  S RC- I  heavy l i q u i d  to P i ttsburg h .  S h i pments of SRC - I  l i ght 
l i q u i ds to La ke Charl es requ i re i nterl i n i ng wi th the Southern Pac i fi c  Ra i l road ( S P )  in  New 
Or l eans . I t  i s  a s s umed that the I nternat i onal Coal Refi n i ng Company wi l l  own or l ea se nece s sa ry 
rol l i ng s tock ( the ra i l  tank cars ) and  that the ra i l roa ds wi l l  p rov i de l ocomoti ves . 

I n  the fo l l ow i ng sect i ons , route characteri st i cs for both northern and southern s h i pments a re 
descr i bed , and  acc i dent s p i l l  frequency estimates a re devel oped . 

DD . 2  PRODUCT TRANSPORTAT I ON 

Potent ia l  rou tes for d i stri but i on of  products from the demonstration  p l ant i s  st i l l  under 
study .  I t  i s  thus  i mpos s i b l e  a t  th i s  t ime to spec i fy f i na l  transportat i on routes to b e  used . 
The fo l l ow i ng a l ternati ves  are u nder study and wi l l  be used to eval uate the envi ronmenta l  
i mpacts of transport i ng S RC- I products . Th i s  ana l ys i s  i nc l udes the fate of SRC - I  products i n  
the event of acci dents a n d  res u l tant s p i l l s .  

DD . 2 . 1  Des cripti on of ra i l road  route from Newman to La ke Cha r l e s  

F or  ana l yt i ca l  pu rposes  i t  i s  a s s umed that the S RC- I l i g ht l i q u i d  products wi l l  b e  trans ported 
to Lake Charl es , Lou i s i a na . L i g ht-o i l  S RC-I  s h i pments ( i nc l ud i ng the naphtha and m i dd l e  
d i s t i l l ate fract ion s )  w i l l  o r i g i nate on  the L&N ra i l road a t  the p l a nt ' s  s i d i ng i n  Newma n ,  and 
s h i pments a re expected to i nterl i ne wi th the SP  at  Avonda l e  Swi tch i ng Ya rd in New Or l eans  for 
f i nal  de l i very to La ke Char l e s .  

After or i g i na t i ng i n  Newma n ,  the s h i pment w i l l  proceed through Henderson , Kentucky , and south 
through Hopk i nsvi l l e ,  Kentucky , i nto Tennessee . The route fo l l owed by S RC - I  s h i pments i n  

DD-3 



00-4 

Tennessee passes  through the c i ty of Na shv i l l e  before enteri ng Al a bama . The sh i pment wi l l  
conti n ue south through  the major i ndustr i a l  c i t i es of B i rm i ngham , Montogomery , and Mob i l e  
before enter i ng Mi s s i s s i pp i . The route a l ong the Gu l f  of Mex i co passes  through the ci t i es of 
B i l ox i  and Gu l fport and crosses  La ke Pontchartra i n  i nto New Orl eans . The u n i t  tra i n  s h i pment 
wi l l  p robab ly  switch tra i n  crews and l ocomoti ves before proceedi ng on  SP l i nes i nto Lake Charl es , 
Lou i s i ana . Fi na l  del i very wi l l  be to the C i t i es Serv i ce Refi nery at Lake Charl es . The SP 
s erves t h i s  refinery on a reg u l a r  bas i s ,  and the s i d i ng and swi tchi ng i nfrastructure are i n  
good operati ng cond i t i o n .  

T h e  ra i l  route over w h i c h  th i s sh i pment wi l l  b e  haul ed i s  i n  good cond i t i on ,  a n d  t h e  operation  
of  two add i t i onal tra i n s  per wee k  presents no capac i ty prob l em .  The route is  desi gnated as  an 
"A "  ma i nl i ne by the Federal Ra i l road Admi n i s trat i on ( FRA) , wh i ch is  FRA ' s  h i ghes t des i gnation 
for a ra i l  l i ne . l  The route on the L&N l i nes is  a l l s i ng l e  track ,  w ith  centra l traffi c contro l  
( CTC ) s i gnal i ng .  CTC i s  an automatic  system w i t h  track sensors a n d  safety l oc ks on swi tches . 
I t  i s  a safe and effective  s i gnal i ng system for contro l l i ng mu l t i p l e  tra i ns on a s i ng l e  track .  
S i d i ngs and  yards are  adequate to  a ssure i ncreased control of the  i ncrea sed traff i c .  

The present traff i c  l evel  i s  i n  t he range o f  1 8  to 2 8  annual gross metri c  tons ( 20 t o  3 0  mi l l i on 
tons ) ,  w i th the route s egment from Henderson to Nashv i l l e  and from Escambi a ,  Al a bama , to Mobi l e  
exceedi ng 28 mi l l i o n  metri c  tons . Large amounts of coa l are transported a l ong the route segment 
from Henderson to Na shv i l l e .  Other promi nent commodi ti es on thi s route are gra i n ,  tra i l ers on 
fl at cars ( TOFC ) ,  automobi l es ,  al umi na , contra i ners , pu l p  and paper , and ferti l i zers . S RC- I  
l i q u i d s  sh i pments wou l d  i ncrease  the  traffi c dens i ty on  thi s segment by 1 . 7 to 2 . 5% .  

From the Avondal e Swi tc h i ng Yard i n  New Orl eans to Lake C ha r l es , the S P  route i s  a l so des i gnated 
a s  an "A" ma i n l  ine by the FRA .  I t  is a s i ng l e track with 80- kmph ( 50-mph)  s peeds and tra i n  
order d i s patch i ng .  ( Central d i s patch i ng control s the traffi c on th i s  l i ne segment . )  Thi s 
rou te segment has m i n i mum c urvature , a factor whi c h  reduces the l i ke l i hood of acc i dent s .  
Exten s i ve rebui l d i n g  of  t h i s  segment o f  track h a s  a l ready occu rred , a n d  after Apri l 1 98 1 , s l ow 
orders for the New Or l eans to La ke  Charl es route segment wi l l  be l i fted . 

Present traff i c  on th i s s egment i s  e i ght trai ns per day , mov i ng an average of 1 6  to 1 8  mi l l i on 
gros s  metri c tons of  frei ght per year .  The maj or commod i t i es sh i pped on thi s route are petrol eum 
p roducts , petrochemica l s ,  TOFC , and man i fes t traffi c .  S RC- I products wou l d i ncrease  traff ic  
dens i ty on th i s  track segment by 2 . 5  to  2 . 9% .  

00 . 2 . 1 . 1  Towns a l ong the route from Newman to Lake Charl es 

Tra i n s  from Newman to Lake Charl e s  wi l l  pas s  through  more than one hundred towns , c i ti es , and 
commu n i t i es , hav i ng a combi ned popu l at ion  of over 2 . 5  mi l l i on .  An acc i dent  res u l t i ng in an 
exp l os i on or  a s p i l l i nto the water supply cou l d  have adverse effects on these l ocal popu l at ions . 

The l a rgest c i t i es through  wh ich  the  l i ght oi l s h i pment i s  trans ported are New Orl eans ( 55 5 , 000 ) , 
Nashvi l l e ( 46 1 , 000) , Mob i l e  ( 3 68 , 300) , B i rmingham ( 278 , 000 ) , and Montgomery ( 1 89 , 600 ) . A 
l i s t i n g  of a l l towns and c i t i es of mo re than  1 00 i nhabi tants i s  presented i n  Tab l e 00 . 1 . 

00 . 2 . 1 . 2  Major  water cros s i ngs 

The descri bed ra i l  route to Lake Charl es cros ses numerous  ri vers , creeks , and wetl ands . More 
t han 1 00 water bod i es a re crossed . Major  r i ver cros s i ng s  are l i s ted in Ta bl e 00 . 2 .  I n  Kentuc ky 
the ra i l  sh i pment wi l l  cros s the Green Ri ver at two l ocati ons . I n  Ten nes s ee the maj or cro s s i n g  
i s  over t h e  Cumberl and Ri ver at Nashv i l l e . I n  Al a bama t h e  ra i l  route crosses  t h e  Tennessee 
R i ver at Oecatur ,  the Al a bama R i ver near  Montgomery , and the Mob i l e  R i ver at Mob i l e .  The route 
wi l l  cross the Mi s s i s s i pp i  R i ver before enter i ng New Orl eans  and i nterl i n i ng with the SP . 

Al ong the Gu l f of Mex ico  from Mo b i l e  to La ke Char l e s  ra i l  s h i pments pas s throug h bayou terra i n .  
Th i s  terra i n  contai ns wet l a nds  and sens i t i ve p l ant and an ima l  spec i es wh i ch cou l d  be adverse l y  
affected by a s p i l l  of  S RC- I l i q u i d  products . 

00 . 2 . 1 . 3  Mu n i c ipa l  water i ntakes a l ong the route and downstream from i t  

Sp i l l ed S RC- I l i q u i d  coul d contami nate both groundwater a n d  surface water supp l i ed t o  mun i c i pa l  
water sys tems a l ong  the route . Sp i l l s  o n  l and cou l d  contami nate groundwater by percol at i ng 
i nto aqu i fers . So i l s  tend to retard movement and attenuate many chem i ca l  spec i es .  The ro l e  of 
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Table DD.1 .  Selected population center� on ra i l  route from 
Newman, Kentucky, to Lake Charles, Louisiana 

Kentucky 
Henderson 
Sebree 
Hopk i nsv i l le 
Gut hr ie 

Ten nessee 
Spri ngfie ld  
Nash v i l le 
B ren twood 
Lewisburg 

Alabama 
Athens 
Decatu r  
H a  rtse l le  
Cu l lman 
B irm ingham 
Ca lera 
Jem ison 
C la nton 
Mon tgomery 
Fort Deposit 
Gree n v i l le 
Georgia n n a  
B rewton 
F l omaton 

Atmore 
B ay M i nette 
Mob i le 

M i ss iss i p p i  
Pascagou l a  
B i lox i 
G u l fport 
Bay St. Lou is 
Waveland 
Pass C h r ist ian 
Long Beach 
Ocean Spr ing  
Moss  Po i n t  

Lou is iana 
New Or leans 
R aceland 
M organ City 
F ra n k l i n  
Jean rette 
New I ber ia 
Lafa yette 
R ayne 
Je n n i ngs 
Welsh 
I owa Jct. 
Lake Charles 

Sou rce : Rand McNallV A tlas, R a n d  McNa l ly & Co.,  
Ch icago, 1 980. 

38,200 

1 ,092 

2 7 , 700 

1 ,200 

9 , 7 20 

46 1 ,200 

4,099 

7 ,205 

1 4,360 

39 ,600 

7,355 

1 6 ,800 

278 ,000 

1 ,655 

1 ,423 

5,868 

1 89 ,600 

1 ,438 

8,033 

2 , 1 48 

6,747 
1 , 584 

8,293 

6,727 

368,300 

3 1 , 700 

44,700 

44,700 

6,752 

3 , 1 08 

2 ,979 

6, 1 70 

9 , 580 

1 6,500 

555,000 

4,880 

1 6 ,500 

9,325 

6,322 

35,400 

79,900 

9 ,5 1 0  

1 1 , 78 3  

3,203 

1 ,944 

75,700 

a O n ly towns and cities with a popu lation over 1 000 a re 
l i sted. 
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Table 00.2.  Major river crossings on southern SRC·I shipment route to 
Lake Charles, Lou isiana 

State 

Kentucky 

Ten nessee 

Alabama 

M ississipp i 

Lou is iana 

Sources :  

R ive r 

G reen R iver (Spotsv i l le )  
Green R iver (Smal lhaus)  

R ed R iver ( Adams) 
Cumberland ( Nashvi l le )  

Harpeth ( A r l i ngton) 
Duck ( Chapel H i l l )  
E l k  ( Fayette v i l l e )  

Ten nessee ( Decatu r)  
M u l berry Fork  ( B angor) 
Locust Fork ( T rafford ) 
A l abama ( M ontgomery) 
Sepu lga ( G arla n d )  
Escambia ( E scambia Jct. ) 
M ob i le ( Mobi le )  

Pascago u l a  ( P ascago u l a )  
B i lo x i  Bay ( B i lo x i )  
S t .  Lou is  B ay ( B a y  S t .  Lou is)  

Lake Pontchartra i n  ( R  igolets) 
M issi ss i p p i  ( N ew O rleans)  
Bayou Lafou rche ( R aceland ) 
Bayou nezpique ( Lake A rt h u r) 
Calcasieu ( Lake Char les) 

1 .  Rand McNally A tlas, Rand M c N a l l y  & Co . ,  Ch icago, 1 980. 
2. Telephone conversat ion with B u c k  Hord, Manage r of D ispatch i n g  

Operat ions,  Sou thern Pac i fic R a i l road , N o v .  1 3, 1 980. 

the so i l  in attenuati ng s p i l l ed chemi cal s i s  d i scussed i n  a l ater sect i on ( see Sect .  00 . 5 . 2 ) . 
T here i s  no s uc h  buffer ag i nst contami nation of surface waters i n  the event of a s p i l l  d i rectl y 
i nto open water . Sp i l l s  i nto open water are part i cu l ary seri o u s  because many of the streams 
( l i sted i n  Ta b l e 00 . 2 )  are u sed for publ i c  water suppl y .  For exampl e ,  the Cumberl and R i ver i s  
the water source for metropol i tan Na s hv i l l e ,  Tennessee . 

0 0 . 2 . 2  Oescri pti on  of the  route from Newman to P i ttsburgh  

The proposed route for heavy o i l s  from the  Newman demonstration  pl ant to  P i ttsburgh fol l ows L&N 
a nd Ches s i e  ra i l  l i ne s , both of wh i c h  are s ubs i d i ar i es of the CSX ra i l  corporati on . Use of a 
s i ng l e  carr i er  from p l ant to des ti nat i on and i nfrequency of s h i pment reduce the probab i l i ty of 
an  acci dent or  i nc i dent i n  trans i t .  

T h e  s h i pment wi l l  ori g i nate o n  ex i st i ng L&N ra i l  l i nes i n  Newman and wi l l  be hau l ed northeast  
throug h Lou  i s v i l l  e ,  Kentucky , to  Cov i  ngton , Kentucky . At  Cov i  ngton , t he  s h i  pment wi l l  swi tch 
to Ba l t i more and Oh i o  ( B&O) ra i l  l i ne s , part of the Ches s i e  Ra i l  System , and move throug h  
C i nci nnati t o  Col umbu s .  From Co l umbus i t  wi l l  cont i nue eastward through Oh i o  to Wheel i ng ,  West 
V i rg i n i a ,  a nd i nto Pennsy l van i a  and the P i tts burgh metropo l i tan area . 

The L&N segment of th i s  route i s  s i ng l e  trac k i nto C i nc i nnati and i s  des i gnated as a " B "  ma i n l i ne 
by the FRA . l The average annual  vol ume s h i pped on  thi s ra i l  l i ne i s  between 5 and 1 0  mi l l i o n  
g ross  metri c tons . T h e  i ncreased traffic from S RC- I s h i pments i s  approx imately  5 0  thousand 
metr ic  tons annual l y ,  whi ch  wou l d  i ncrease tota l traff ic  by 1 %  or l es s .  
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The 8&0 segment of th i s route from C i nc i nnati  to P i ttsburgh ca rri e s  annual  gro s s  tonnage of 5 to 
1 8  m i l l i on metr ic  ton s .  Traffi c  exceeds the 1 8-mi l l i on metr ic  ton average on ly  on a 55-km ( 34-mi ) 
segment east of Col umbu s . Annua l  tonnage traff ic  on t hat segment a verages l es s  than 28 mi l l i o n  
metr i c  tons . T h e  propo sed S R C  s h i pment from C i nc i nnat i  t o  P i ttsburgh wou l d  i nc rea se traff i c  
dens i ty between 0 . 1 %  a n d  1 % .  The proposed route from the Newman p l ant  t o  P i ttsburg h  appears to 
be adequate to ha u l  the add i t i ona l tonnage of S RC - I  heavy l i q u i d s .  

00 . 2 . 2 . 1  Town s a l ong t he route 

The maj o r  c i t i e s  throug h  whi c h  heavy o i l  SRC- I products pass  i nc l ude : Owensboro ( 50 , 700 ) , 
Lou i sv i l l e  ( 3 1 0 ,000 ) , Cov i ngton ( 43 , 900 ) , C i n c i nnati  ( 383 ,000 ) , Col umbus ( 529 , 000 ) , Wheel i ng 
( 42 , 700 ) , and P i ttsbu rg h  ( 42 1 , 000 ) . 2 A l i s t i ng of a l l towns and  c i t i e s  w i t h  popu l a t i on over 
one thou sand through  wh i c h  the route passes i s  pre sented in Tab l e  00 . 3 .  

Table DD.3. Selected population centers-J on rail route from 
Newman, Kentucky, to Pittsburgh, Pennsylvania 

Kentucky 
Newman 
Sta n ley 350 

Owensboro 50,700 

E ast O wensboro 2,500 

Maceo 400 

Lewisport 1 , 595 

Hawesv i l le 1 ,262 

Cloverport 1 ,388 

B randenbu rg 1 ,637 

Lou isv i l le 3 1 0,000 

St. Mathews 1 3 , 1 52 

Anchorage 1 ,477 

Crestwood 4 1 5  

La G ra n ge 1 . 7 1 3 

Pend leton 1 0,500 

Campbel lsburg 479 

Verenoa 300 

Walton 1 ,8 0 1  

Covington 43,900 

O h io 
Cinc innati  383,000 

Loveland 7 , 1 26 

W i l m i ngton 1 0,05 1 

Was h ington Court House 1 3,600 

Mt. Ster l ing  1 ,536 

Columbus 529,000 

Newark 36,900 

Zannesv i l le 36,400 

Ca mbridge 1 2 ,600 

New Concord 2,3 1 8  

B a rnsv i l le 4,292 

West V i rg i n i a  
Whee l i n g  42,700 

Pen n sylva n i a  
Wash ington 20,400 

Pittsburgh 42 1 ,000 

Sou rce : Rand McNally A tlas, Rand McNal ly  & Co.,  
Chicago, 1 980. 

aOnly c ities and towns with a popu lation ove r 1 000 a re 
l i sted . 
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00 . 2 . 2 . 2  Water cross i ngs 

The route from Newman to P i ttsburgh cro s ses the O h i o  Ri ver twi ce , at Cov i ng ton , Kentuc ky ,  and 
Whee l i ng ,  West V i rg i n i a . Add i t iona l  ri ver and c reek cro s s i ng s  i n  O h i o  are l i sted in Tab l e 00 . 4 .  
Al ong th i s route there are rel ati ve l y  few ri ver and stream c ro s s i ng s  compa red t o  the southern 
route by wh i c h  t he l i ght  l i qu i ds are to be s h i p ped . 

Table 00.4. Major river crossingsB on northern 
SRC·I shipment route to Pittsburgh, Pennsylvania 

State 

Kentucky 

Ohio  

West Virginia 

R iver 

Kentucky R iver (Worthv i l l e )  
Ohio R iver (Covingto n )  

Paint (Washi ngton Court House) 
Deer Creek (Mt. Sterl ing) 
Darby ( Harrisbu rg ) 
Scioto (Colu mbus) 

Muski ngu m (Zanesv i l le )  
Wi l l s  (Cambridge) 

Ohio River (Wheel ing ) 

Source: Rand McNally A tlas, Rand Mc Nal ly  
& Co. , Chicago, 1 980. 

IIThere are possib le river crossings in  the 
Pittsburgh metropolitan area, depending on final  
del ivery of SR C shi pment. 

00 . 3  PROBAB I L I TY AND VOLUME OF  S P I LL S  

Because SRC- I l i q u i d  fuel i s  a new energy product , very few s h i pments  h a v e  been made , and n o  
acc i dent d a t a  have been reported . To measure the probab i l i ty of a pos s i b l e  acc i dent i nvo l v i ng 
future SRC- I s h i pments , an ana l ys i s  of s h i pments  of s im i l a r  commod i t i es and  reported ra i l  
i nc i dents i nvo l v i ng hazardous  materi a l s  i s  presented . The n umber o f  s p i l l s  p red i cted fo r the 
SRC - I  demon stra t i on p l ant i s  presented in Tab l e  00 . 5 .  

0 0 . 3 . 1  Acc i dent proba b i l i t i e s  

SRC- I l i qu i d s  may b e  c l as s i fi ed a s  hazardous  because  they conta i n  napht ha , po l yn uc l ear  aroma t i c s  
( PNA) , tar , a n d  other chemi cal  compounds  prev i o u s l y  determi ned t o  be hazardous . Three commod i ty 
c l a s se s  from the Standard Transporta t i on C l as s i fi ca t i on Code ( STCC )  were c hosen fo r ana l ys i s :  
I nd ustri a l  I norga n i c  Chemi cal s ,  Mi s ce l l aneous Chemi cal  Products , and Products  of  Petro l eum 
Refi n i n g .  These p roduct  g roups  conta i n  hazardous materi a l s and are cons i dered a va l i d  bas i s  for 
compari son . The number of  s h i pments for 1 976- 1 978 of  each  of  these product c l a s se s  i s  presented 
in Tab l e  00 . 6 .  

00 . 3 . 1 . 1  Acc i d ent and spi l l  frequenc i e s  

Acci dent/sp i l l  stat i st i c s  for s h i pments o f  hazardous l i q u i d  cargos were determi ned for the 
1 976- 1 978 peri od u s i ng the fol l ow i n g  data : 

1 .  Carl oad Waybi l l  Stat i st i c s  ( 1 976 , 1 977 , and 1 978 ) , U . S .  Department of  Transporat i on ,  Federa l 
Ra i l road Adm i n i strat i o n , Off i c e  of Ra i l  Systems Ana l yses and  I n forma t i on . The data i n c l uded 
aggregate commod i ty tota l s  for t hree commod i ty c l asses : ( a )  I ndustr i a l  I norga n i c  Chem i ca l s 
( STCC number 281 ) ,  ( b ) Mi s ce l l aneous Chem ica l  PrOducts ( STCC n umber 289 ) , and ( c )  Products 
of  Petro l eum Ref i n i ng ( STCC number 291 ) .  
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Table 00.5. Predicted accident and spil l  frequencies 
for shipment of SRC-I l iquid products 

Reportable accidents 
in terms of: 

No_ of shipments 
Heavy products 
Light products 

Volume shipped 
Heavy products 
Light products 

Ton -m i les 

Heavy products 
Light products 

Car-mi les 
Heavy products 
Light products 

Reportable spi l l  i ncidents 
to water bodies in terms of: 

No_ of shipments 
Heavy products 
Light products 

Vol u me shi pped 
Heavy products 
Light products 

Ton-mi les 
Heavy products 
Light products 

Car-mi les 
Heavy products 
Light products 

F requencya Oerivationb 

1 , 1 50.0 i + b 
1 322 i + f  

20.9 k + a  
2.0 k + e  

24.8 m + c  

1 .2 m + g  

23.5 o + d  
1 .2 o + h 

25,786.0 j + b 
2,964.0 j + f 

465_9 I + a 
44_0 1 +  e 

398.8 n + c  
1 9.8 n + g  

526.5 p + d  
26.3 p + h  

a F requency is defined i n  terms of months: for 
example, 1 1 50 equals  1 occu rrence every 1 1 50 months; 
s imi lar lY, 3 . 1  equals 1 occurrence every 3_1 months . 

b Oerivation is keyed to the data elements in Tab les 
0 0 . 1 0  and 0 0 . 1 1 .  

2 .  RYMOSM Data Base , U . S .  Department o f  Trans portati on ,  Federa l Ra i l road Adm i ns trat i o n , Off i ce 
of Hazardous Materi a l s .  Data used i n c l ude n umbers of reported a c c i dents i nvol v i ng s h i pment 
of hazardous ma teri a l s  that res u l ted i n  l os ses/damages g reater than $2 , 900 . 

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 used i n c l uded the number and vol ume of reported s p i l l s  of hazardou s  l i qu i ds 
i nto bod i e s  of water . 

The data are presented i n  Ta b l es 00 . 6 ,  0 0 . 7 ,  and 00 . 8 .  Cal c u l ated a c c i dent probabi l i t i e s  are 
presented i n  Tab l e  00 . 9 .  The fol l owi ng product i on/transportat i on a ssumpt i on s  were made : 

1 .  Heavy l i q u i d  fuel o i l s ,  produced at a rate of 1 35 tons/d , woul d be s h i pped once a month from 
the p l ant  s i te at Newman , Kentuc ky ,  to P i ttsburg h ,  Pennsyl va n i a  ( approx i mately  840 km ) . 
T h i s movement i s  expected to requ i re one tra i n  of a ppro x i matel y 60 tank  cars . * 

* Th i s  f i g u re a s s umes that one ton equa l s 294 ga l  and  that s h i pments  wi l l  be i n  " average " 
tank cars  of approx imatel y 20 , 000 ga l  ( 1 35 tons x 30 d x 294 g a l  7 2 0 , 000 g a l /car = 59 . 6 cars ) . 



Table 00.6. Railroad statistics for hazardous commodities 

1 976 1 977 1 978 
STCC 

Ton-mi les Car-mi les Ton-mi les Car-mi les Ton-mi les Car- mi les 
No.a Shipments Tons 

( X 103 ) ( X l 03 ) 
Shipments Tons 

( X 1 03 ) ( X 1 03 ) 
Shipments Tons 

( X l 03 ) ( X l 03 ) 

28 1 702,400 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 
CJ 
CJ 
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 0 
29 1 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 ,41 8,600 1 74,800 

Total 1 , 1 28,300 84,000,700 54,82 1 ,400 746,000 1 ,222,900 86,668,600 55,588,300 753,000 1 , 1 82,000 90,002,900 58,24 1 ,400 773,500 

a28 1 ,  industrial inorganic chemicals; 289, m iscel laneous chemical products; 29 1 ,  products of petroleu m  refining. 
Source: U .S. Department of Transportation, F ederal Ra i l road Administration, Carload Waybill Statistics, 1 976, 1 977 and 1 978. 
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Table 00.7. Reported accidents and spills of hazardous 

l iquids into water bodies 

1 9 76 1 9 77 1 978 

Accidentsa 
Nu mber 982 899 1 1 9 1  

S p i l l  incidentsb 

Nu mber 65 35 37 

Volume,b tons 80 1 .9 756.2 468.2 

Probabi l ity of accident 0.0009 

occurrencec 
0.0007 0.00 1 0  

Probab i l ity o f  spi l l  0.000 1 0.00003 0.00003 

occu rrenceC 

a Accidents i nvolv ing loss or damage tota l ing more than 
$2900 as reported i n  the R Y M O S M  data base. 

b Volumes of spi l ls into water bodies reported in  the P I R S  
data base and converted to tons based o n  a n  average o f  294 

gal/ton . 
c Probab i l i ty of accidents is ca lcu lated by d iv id ing the 

number of accidents i n  a given year by the n u mber of 
shi pments in  that year, shown in  Table  0 0 . 6 .  Probab i l ity 
of sp i l l s  ca lcu l ated i n  the same manner, using the ratio of 
spi l ls to sh i pments i n  a given year. 

Table 00 .8. Aggregate accident and spill statistics for hazardous 

commodity shipments, 1 976-1 978 

( 1 ) Shipments 
(2 ) Tons sh ipped 
(3 ) Ton·m i l es 
(4)  Car·mi les 
( 5 )  R eported accidents 
(6 ) R eported spi l l  i ncid ents ( into wate r )  
( 7 )  R eported s p i l l  volu mes (tons i nto wate r )  

3,533,200 

260,6 72,200 

1 1 6 ,234 , 1 00,000 

2,2 72,500,000 

3,0 72 

1 3 7  

2 ,026 

2 .  L i ght  l i q u i d  fuel s ,  produced a t  a rate of 1 430 tons/d ( 77 4  tons/d o f  naphtha and 656 
tons/d of fuel  oi l ) ,  wou l d  be s h i pped twi ce week l y  from the p l ant  s i te to Lake Charl es , 
Lou i s i ana ( a p prox imately 1 600 km ) . These movements are expec ted to req u i re two tra i ns per 
wee k ,  eac h wi th approxima te l y  75 tank cars . * Summa ry s ta t i sti c s  based on these a s s umpt i ons 
are presented in Ta b l e 00 . 1 0 .  

More recent e s t i ma tes o f  product ion  ( s i nce the OE I S )  i nd i cate that naphtha wi l l  b e  produced 
i n  l esser quant i t i e s  than the f i g u re u sed i n  th i s  secti on . Therefore , probab i l i t i es of worst
case sp i l l  are somewha t  overes t i ma ted i n  th i s  a na l ys i s .  

U s i n g  the u n i verse o f  a c c i dent and  sp i l l  i nc i dent  rates from Tabl e 00 . 9 ,  rates c a n  b e  expressed 
i n  terms of number of s h i pments , vol umes s h i pped , ton-mi l es trave l ed ,  and ca r-mi l es tra ve l ed .  
These data are presented i n  Ta b l e  00 . 1 1 .  

* 
F i gures were deri ved S i mi l a rl y .  Two tra i ns 

i n  excess of 7 5  ca rs a re essent i a l ly  proh i b i ted . 
1 4 7 . 1 cars . )  

per week were deemed necessary because  tra i n s  
( 1 430 ton s  x 7 d x 294 g a l  + 20 , 000 ga l /car  = 
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Table 00.9. Aggregate accident and spil l  rates, 1 976- 1978 

Oerivationa 

No. of reported accidents per :  
Shipmen t 
Ton shi pped 
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 

(5 )  7 ( 1 ) 
(5 )  7 (2 )  
( 5 )  7 (3 )  
(5 ) 7 (4 )  

(6 ) 7 ( 1 ) 
(6)  7 (2) 
(6 ) 7 ( 3 )  
(6 ) 7 ( 4 )  

a Oerivation i s  keyed t o  the data elements i n  Table 0 0 .8. 

Table 00.10. Summary statistics 
for projected SRC-I movements per months 

SRC-I heavy products 

a. Volume sh ipped, tons 4,050 
b .  No. of shipments 1 
c. Ton-mi les 2 , 1 26,250 
d .  Car·mi l es  3 1 ,500 

SRC-I l ight products 

e. Volume shi pped, tons 42,900 
f. No. of shi pments 8.7 
g . Ton·miles 42 ,900,000 
h .  Car-mi les 630,630 

a30 days. 

Table 00.1 1 .  Aggregate statistics on SRC·I 
accidents and spills into water 

No. of shipments per : 
i. Accident 
j. Spi l l  i ncident 

Tons shipped per: 
k. Accide'nt 
I .  Spi II i ncident 

Ton-mi les per: 
m. Accident 
n. Spi l l  incident 

Car-miles per: 
o. Accident 
p.  Spi l l  i ncident 

1 , 1 50 
25,786 

84,746 
1 ,886,793 

52,63 1 ,5 79 
847,460,000 

740,74 1 
1 6,587,59 1 
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U s i ng Ta bl es 00 . 1 0  and 00 . 1 1 ,  the frequenc i e s  o f  "reporta bl e acc i dent s "  and "reporta bl e s p i l l  
i nc i dences "  for the projected s h i pments of S RC- I l i q u i ds can be determi ned . These frequen c i es 
are presented i n  Ta bl e 0 0 . 5 .  

Reporta bl e acc i dents ( a ga i n ,  defi ned a s  res u l t i ng i n  l oss  o r  damage i n  excess o f  $2900 ) can 
genera l ly  be expec ted much l ess  frequent ly  than every two years for the heavy fuel s ,  whi l e  an  
acci dent may be  expected as often a s  every s ix  wee ks in  the case of  the  l i ght products ( see 
Ta b l e  0 0 . 5 ) . Reporta b l e  s p i l l s  i nto bod i es of water can be ex pected to occur on ly  rarel y ( no 
more than once every 33 years )  i n  the case of the heavy product ,  whi l e  s i m i l ar s p i l l s  for l i ght 
products can be expected to occur l es s  than every two years . 

Track  character i 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 due  to the rel at i vely sma l l  vo l umes of s h i pments over norma l l y heav i l y trave l ed l i nes . 
Both ro utes , howeve r ,  pass  through major popu l a t i on centers , thus  expos i ng the c i t i zens  of 
these c i t i es to the hazardous  products . Th ese ri s ks cannot be expected to be s i g n i f i cantl y 
d i ffere nt from those o f  a ny other comparab l e petrol eum product a l ready mov i ng a l on g  those 
corri dors , howeve r .  The pos s i bi l i ty of contam i na t i on of wa ter supp l i es is ex pected to be 
h i ghest a l ong  the route from Newman to La ke Charl es , espec i a l l y  where the route crosses  major 
water bod i e s  a nd ri vers ( i  . e . , Green Ri ver , Cumberl and R i ver , Tennessee R i ve r ,  A l a bama R i ver , 
B i l ox i  Bay , La ke Ponchartra i n ,  and Mi s s i s s i pp i  R i ver ) . S i g n i f i cant damage to the bayou wetl and 
en route to New Orl eans can a l so be expec ted if  a major s p i l l  occurs . 

0 0 . 3 . 2  Spi l l  vo l ume 

The fo l l ow i n g  sect i on presents data on the vol ume-frequency d i stri bu t i on of ra i l  acc i dents 
resu l t i ng i n  s p i l l s  i nto water . Ra i l  data were extracted from the Po l l u t i on I n c i dent Report i ng 
System ( P I RS )  for the years 1 97 5  through  1 97 9 .  Al so i nc l uded i n  th i s section  i s  a d i scu s s i on 
of the average s p i l l  s i ze .  

The Federa l Wa ter Pol l u t i on Control Ac t o f  1 970  ( Sect i on 3 1 1 )  req u i res that any d i scha rge of a n  
o i  1 o r  a hazardous  s u bstance i n  a harmfu l quant i ty be reported to the "appropri a te a gency of 
the  U n i ted States Government . "  Execu t i ve Order 1 1 7 35 , 5 Ma rch 1 97 0 ,  des i gnated the U . S .  Coa st  
Guard a s  one  of the  agenc i e s .  The P I RS i s  a computer i zed data ba se devel oped as an  adj unct to 
the Coa st  Guard ' s  Ma r i ne Env i ronmental Protect i on Program . I n i t i a l l y  des i gned for the col l ec t i o n  
a nd ma i ntenance of  d i scharge data , su bsequent mod i f icat i ons were made t o  perm i t  t h e  i nc l u s i o n 
of add i t i onal  data on c l eanup  ( response )  acti v i t i es and pena l ty act i ons . The fol l owi ng  are 
data P I RS has col l ected s i nce 1 973  for po l l u t i on i nc i dents : 

D I SCHARGE 

T i me of occu rrence 
Locat i on 
State 
Wa terbody 
Source 
Ca use  
Operat ion  
Ma ter i a l  
Quant i ty 
Affected res ou rces 
Wea ther 
No t i f ier  

RESPONSE 

Cl eanup  party 
Eq u i pment u sed 
Personnel 
Cl eanup dura t i o n  
Amount recovered 
Cl eanup  cost 

PENALTY 

I n i t i a t i ng agency 
Authori ty 
Act i on a ga i ns t  
Ac t i o n  date 
Penal ty proposed 
Pena l ty col l ected 
Hea ri ng resu l ts 
Ap pea 1 resu l ts 
Cause status  

For a s p i l l  to  be recorded , it  mus t :  ( 1 ) b e  wa ter connected , ( 2 )  occur wi t h i n  the terr i tor i a l  
bounda r i es of  the Un i ted States , ( 3 )  b e  reported by a n  i nteres ted party , and ( 4 )  revea l a s heen 
on the water . ( A  s heen i s  genera l ly  recorded a s  a quant i ty of at l ea s t  one ga l l on of mater i a l . )  

A request was made to t he Coa st  Gu ard for a comprehens i ve pr i ntout of ra i l  s p i l l s  of l i q u i d  
s h i pments wi th i n the states of  Pennsyl van i a , West  Vi rg i n i a ,  Ma ryl and , and V i rg i n i a  for the 
yea rs 1 97 5  to pres ent .  Al though the tota l quan t i ty of l i q u i d  s p i l l ed by ra i l  cars i s  655 , 587 
g a l l ons  for the per i od , the l argest s p i l l  ( 484 , 000 ga l  of kerosene ) accounts  for a ppro x i mately 
74% of  the f i ve-yea r tota l . 

Ta b l e  0 0 . 1 2  presents the frequency of ra i l  s p i l l s  of hazardous l i qu i d s  i nto wa ter for 1 97 5  
through  1 97 9  based on P I RS .  There were 1 69 s p i l l s  reported over the f i ve-year per i o d .  I n  both 
tabl es i t  can be seen that 42% of  a l l  sp i l l s  were l ess  than 1 000 gal and over one-ha l f  ( 53% ) of 
the s p i l l s  recorded were for amounts of  l es s  than 2000 ga l . 



Table DD. 12.  Frequency and cumulative percentage of rail spil ls 
into water, 1975-1 979 

Spi l l  Volume 
N o .  of spi l ls  Percentage 

Cu mu lative 
(gal) Percentage 

0-250 45 27 27 
2 5 1 -500 1 4  8 35 
50 1 -750 5 3 38 
75 1 - 1 ,000 7 4 42 

1 ,001 - 1 ,250 2 43 
1 ,25 1 - 1 ,500 7 4 47 
1 ,50 1 - 1 ,750 2 1 48 
1 ,75 1 -2,000 7 4 52 
2,00 1 -2,500 2 1 53 
2,50 1 -3,000 7 4 57 
3,00 1 -3,500 4 2 59 
3,50 1 -4,000 3 2 6 1  
4,001 -4,500 0 0 6 1  
4,50 1 -5 ,000 4 2 63 
5,00 1 -5,500 0 0 63 
5,501 -6,000 7 4 67 
6,00 1 -6,500 2 1 68 
6,50 1 - 7,000 5 3 7 1  
7,00 1 - 7,500 1 1 72 
7,501 -8,000 5 3 75 
8,00 1 -8,500 0 0 75 
8,50 1 -9,000 3 2 7 7  
9,00 1 -9,500 0 0 77 
9,50 1 -1 0,000 7 4 8 1  

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 3,501 - 1 4,000 3 2 86 
1 4,00 1 - 1 4,500 0 0 86 
1 4,50 1 - 1 5,000 1 87 
1 5,00 1 - 1 5,500 1 1 88 
1 5,50 1 - 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 ,00 1 - 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 9 1  
1 9 ,00 1 -1 9,500 0 0 9 1  
1 9,501 -20,000 6 4 95 

20,000 1 0  5 1 00  

Source: Pol lu tion I ncident Reporting System, U .S. Coast G uard . 
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Ca l cu l a t i ng a s i mpl e a r i thmet i c  average s hows the average ra i l  sp i l l  s i ze to be 8780 gal . The 
we i gh ted mean s i ze of  a s p i l l  of hazardous  l i qu i d s  i nto water is cal cu l ated ba sed on the 
formu l a :  

where 

n 
L f i i = l  

� the frequency-we i ghted mean s p i l l  s i ze ,  

x i the s p i l l  ga l l onage i nterval m i d po i n t ,  

f i frequency of the s p i l l  wh i c h  fal l s  i nto the i nterva l , 

n = number of i nterva l s .  

W i t h  regard to ra i l  s p i l l s ,  th i s mean i s  5041 ga l . The ari thme t i c  average s p i l l  s i ze i s  h i gher 
because of  the record i ng of s i x  s p i l l s  between 1 9 , 50 1  gal and 20 , 000 gal and of 10 s p i l l s  wi th 
vol umes greater than 20 , 000 ga l . Therefore , the worst-case ana lys i s  i n  th i s  E I S  con s i ders a 
s p i l l  t hat i s  a l most four t i mes the frequency-we i g hted mean s p i l l  vo l ume . 

00 . 4  DETERM I NAT I ON O F  WORST-CASE SP I LL SCENARI O  

Sp i l l s  o f  l i q u i d  SRC- I p roducts i n  trans i t  wi l l  have vari ous  l evel s o f  env i ronmental i mpacts , 
depend i ng on the l ocat ion  of the s p i l l . The degree of concern for i nd i v i dua l  avenues and 
l ocat i on s  of rel ease depend u pon l i ke l i hood of occurrence for the s p i l l  event , s pat i a l  d i men
s i on s  of  the a rea a ffected , and severi ty of env i ronmenta l and hea l th effects of the s p i l l . 

00 . 4 . 1  SRC- I l iqu i d  spi l l ed d i rect ly  to  surface water 

As d i scussed i n  Sect . 00 . 3 ,  acci denta l s p i l l s  of major  a nd m i nor vari eti es may be expected to 
occur . The focus  of the ana lys i s i s  on S RC- I l i q u i d  products because  l a boratory l each i ng tests 
on the SRC- I so l i d  product ( Appendi x  P)  suggest that the l eachate may be l es s  contam i na ted than 
the l eachate from raw coal . L i q u i d  products are thus  regarded as s i g n i f i cantly more hazardous 
than  the  sol i d  produc t .  Ava i l a bl e i nformat ion  on the orga n i c  const i tuents of the SRC - I  l i qu i d  
product suggests  resu l t i ng eco l og i ca l  effects  g reater than those for crude petrol eum o i l  and at 
l ea s t  equa l to those for No . 2 petrol eum d i st i l l a te fuel  o i l . 3  The l i ght l i qu i d s , i nc l ud i ng 
naphtha and m idd l e  d i st i l l ate fract i on s , are cons i dered to be of greater hazard in the event of 
a s p i l l  because of the presence of water-so l u b l e  pheno l s in t hem . There i s  potent i a l  for 
water-borne d i s pers a l  of  these cons t i tuents over l arge areas a nd for l ong-term accumu l a t i ons i n  
bottom sedi ments . Co n sequently t h i s route of rel ease i s  regarded wi th the g reatest degree of 
concern . The s i te s  at wh i c h  d i rect re l ease  to surface water i s  poss i bl e  are bri dge cross i ng s  
over streams , i nc l u d i ng major cro s s i ngs  ( l i sted i n  Ta bl es 00 . 2  a n d  00 . 4 ) , and many sma l l er 
streams . Cros s i ngs  that are v i ewed w i t h  g reatest concern are those immed i ately u pstream from 
mun i c i pa l  water i ntakes for l arge c i t i es . On the southern route proposed for s h i pment of l i ght 
SRC- I l i q u i ds  to La ke Charl es , Lou i s i ana , the on ly  maj or cros s i ng s  l es s  than 80 km ( 50 ri ver 
m i l es )  u p stream from the  water i ntake of a c i ty wi th a popu l a t i on g reater than 20 , 000 are the 
two Green Ri ver c ros s i ng s .  I ntake for the Evansv i l l e ,  I nd i ana , mun i c i pa l  wa ter system i s  on 
the Oh i o  o n l y  a bout 1 5  mi l es downstream from the Green Ri ver cross i ng at Spotsv i l l e . The 
popul a t i on of Evansv i l l e  i s  a ppro x i mately 1 30 , 000 .  The Spotsv i l l e  cross i ng was ,  therefore , 
c hosen for the worst-case sp i l l  ana lys i s .  

S p i l l s  i nto sma l l er s treams cou l d  produce s i m i l ar effects but wou l d g enera l ly be l es s  ser i ou s  
because  greater opportu n i ty i s  afforded for arrest i ng t h e  fl ow t o  a l a rger stream by damm i n g  
( see Sect . 00 . 6 ) . On e such  c a s e  chosen for exami nat i on i s  t h e  cross i ng over Love 1 s Creek north 
of  Na s h v i l l e .  Love 1 s  Creek fl ows i nto the Cumberl and R i ver v i a  Cheek Lake at the po i nt where 
the Mad i son Suburba n  Uti l i ty � i stri ct  pumps water from the ri ver . The u t i l i ty serves 1 2 , 000 
res i denti a l  and i ndustri a l  cu stomers i n  Na shv i l l e .  Al though the proba bi l i ty of a s p i l l  at one 
po i nt s uch  as t he Love 1 s  Creek cro ss i ng i s  extremel y  sma l l ,  consequences of such  a s p i l l  wou l d  
be g rea t .  Impacts of  a s p i l l  a t  that s i te are con s i dered ( see Sec t . 0 0 . 5 ) . 
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A s p i l l  to the env i ronmenta l ly  sens i t i ve bayou wet l ands of  the Gu l f  Coast  wou l d  have ser ious  
i mpacts on the aqua t i c  eco l ogy of  the  area , a l though d i rect hea l th effects on humans wou l d  be  
mi no r .  Effec ts of  a s p i l l  i nto a bayou are , therefore , br i efly di scussed in  a gener i c  sense  i n  
Sec t .  00 . 5 .  

The wors t-case s p i l l s  affec t i ng water supp ly  sys tems are h i g h ly  un l i ke ly  events beca use thei r 
occ urrence requ i res s p i l l age of the SRC- I produc t at a speci f i c , vu l nera b l e  l ocat ion  ( such as  
the ra i l  barge cross i n g  the  Green R iver ) . To a s sess  the  l i ke l i hood of  a s p i l l  at  any such  
spec i fi c  l ocat ion , a n  est imate i s  made of the  freq uency of  s p i l l s  for any l -mi l e  segment of the 
gg4-mi l e  southern ra i l  route ( i . e . , i t  i s  a s sumed that the r i sk of s p i l l s  i s  even ly  d i stri buted 
over eac h mi l e  of  the route ) . Ta b l e  00 . 5  i nd i cates the expected occu rrence of s p i l l s  over the 
enti re route of  s h i pments of hazardous materi a l s .  A s p i l l  of SRC - I  l i ght  product ( naphtha or 
mi dd l e  d i st i l l ate ) to a water body cou l d  be expected every 3000 months ( 250 years ) .  To arri ve 
at the frequency of s p i l l  occurrence for eac h m i l e  of the route , these frequenc i es are mul t i p l i ed 
by 994 , the number of m i l e s  i n  the s h i pment route . Thus  for any spec i fi c  l -mi l e  segment of the 
southern route , a s p i l l  to water can be expected approxi mate ly  every 2 , 900 ,OOO months  ( 250 , 000 
years ) i n  terms of  s h i pments . 

00 . 4 . 2  Spi l l s  o n  l a nd 

The northern rou te c hosen for s h i pment of heavy l i q u i ds to P i ttsburgh a l so crosses  several maj or 
streams ( see Ta b l e  0 0 . 4 ) . Al l of  these cros s i ngs are at  l east  SO km ( 50 mi l es )  upstream from 
the wa ter i ntake for a c i ty w ith  a popu l at i on greater than 20 , 000 . I nta kes for C i nc i nnati  and 
Covi ngton are upstream of  the Oh i o  Ri ver cros s i ng ,  a nd the i ntakes fo r Col umbus are upstream 
from the Sc i oto and B i g  Wa l nut  Creek cro s s i ngs . Therefore ,  the area that i s  v i ewed wi th mos t  
concern i s  the rai l l i nk between Owensboro a nd Lou i sv i l l e ,  where the ra i l road i s  i n  c l ose 
prox imi ty to the r i ver . A s p i l l  a l ong t h i s  segment cou l d  i nfi l tra te and contami nate the 
a l l uv i a l  aqu i fer a l ong the Oh i o  R i ver or f l ow over l and i nto the O h i o  R i ver . Effects of a sp i l l  
to an aqui fer used for pub l i c  wa ter supp ly  a re di scussed i n  Sec t .  00 . 5 . 2 .  I n  eac h of the 
hypothet ica l  s p i l l  i nc i dents d i scussed i n  Secti on  00 . 5 ,  the vol ume s p i l l ed i s  ass umed to be the 
total contents of  one tank car ,  equa l i ng 75 , 700 l i ters ( 2 0 , 000 gal ) .  A s p i l l  of th i s  vol ume 
exceeds the vol ume of 95% of a l l  reported s p i l l s  ( see Ta b l e  00 . 1 2 ) .  

00 . 5  I MPACTS OF  S P I LLS 

For the pu rpose of  s p i l l  ana lys i s ,  i t  is ass umed that the c hemi ca l  compos i t i on of the SRC - I  
l i qu i d s  i s  s i m i l a r  to that o f  the SRC- I I  l i q u i ds ,  wh i c h  have been much more thorou gh ly  anal yzed 
at  th i s  t i me . 4  Pre l im i nary exami na t ions  of  the SRC- I products s how them to have the fo l l owi ng 
general characteri s t i c s S  [ I nternati ona l Coa l Refi n i ng Company ( I C RC )  tel ephone conversati ons 
wi th C .  Boston , Oec . S and 1 5 ,  1 9SO ] .  

Percent b� we ight  

Phenol i c  content 
L i ght a nd mi ddl e fract i on 1 5-25% 
Heavy fracti on 1 5% 

PNAs 40% 2 -r i ng  
Mi ddl e fracti on  70% 50% 3-r i ng  

1 0% 4-ri ng 
2-3% 2 -r i ng  

Heavy fracti on 4S% 35% 3-ri ng 
6 5% 4-ri ng 

Pri mary aromati c ami nes " ppm range" 

If further resea rch i nd i ca tes the need , hydrotreati ng of  the l i q u i d  products  may be pract iced 
to reduce the ri s k s  a s soci ated wi th transporti ng and hand l i ng the products . The l i ght  fract i on 
i s  cons i dered to be a l i ke ly  candi da te for hydrotreati ng . 
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Impacts o f  a transportat i on sp i l l  o f  SRC - I  l i q u i d  product are assessed for t hree cases : 

1 .  a sp i l l  i nto t he Green Ri ver at S potsv i l l e ,  Kentuc ky ;  

2 .  a s p i l l  i nto Love ' s  Creek ( tr i butary to t he Cumberl and R i ver ) , Nashvi l l e ,  Tennes see ; and 

3 .  a sp i l l  i nto a Lou i s i ana bayou . 

As d i scu ssed i n  Sec t .  00 . 4 . 1 , t hese scenarios  a re bel i eved to i l l ustrate worst-case sp i l l s .  
Cases 1 and 2 represent sp i l l s  wh i c h ,  a l though h i g h l y  u n l i ke l y ,  cou l d  pose a threat to the publ i c  
water supp ly  of  maj or c i t i e s .  Case 3 i s  exami ned because  t h e  bayou envi ronment i s  adjacent to 
much  of  t he ra i l  l i ne between Mobi l e ,  Al abama , and Lake C harl es , Lou i s i ana . 

A number of as sumpti ons are made to exami ne the impacts of sp i l l s .  

S i ze of  s i l l .  Tab l e  00 . 1 2  i nd i cates t hat on ly  5% of t he ra i l  sp i l l s  i nto water exceed 7 5 , 1 00 
l i ters 2 0 , 000  gal ) ,  the capac i ty of a ra i l  tank car .  For  t h i s analys i s  i t  i s  assumed t hat  the 
ruptu re of a tank car wi l l  al l ow the enti re contents to s p i l l  i nto a water body . 

s i l l ed mater i a l s .  The SRC- I product conta i n s  three categor ies of compou nds : 
aromat i c  and al i p hat i c ) , pheno l i c  compounds , and bas i c  compounds such  as aromat i c  

aml nes . Some phenol i c  compounds enter so l ut i o n  fa i rl y  rap i d l y  and wi l l  be d i spe rsed after 
d i sso l u t i on i nto the water col umn . Some ba s i c  compounds a l so enter sol u t i on read i l y  but  are 
somewhat l es s  sol ub l e than phenol i c s .  Hydrocarbons have l ow so l ub i l i t i es and enter so l u t i o n  very 
s l owl y .  Hydrocarbons i n  the s p i l l ed SRC - I  product wou l d d i sperse s l owl y ,  fo rm i ng su rface s l i c ks 
or  becom i n g  trapped i n  the substrate ( sand , g ravel , and roc k )  to form a tarl i ke coa t i ng on the 
bottom and/or s horel i ne .  The rates at wh i c h  vari ous  su bstances enter sol u t i on depend on the 
turbu l ence of the water body . 

D i ssol u t i on of pheno l i c  compound s .  A w i d e  range o f  phenol i c  compounds i s  found i n  SRC product 
(Tabl e 00 . 1 3) ,  and these compounds vary great ly  i n  sol ub i l i ty .  The s imp l est compounds ( such  as 
phenol , c resol s ,  and xyl anol s )  enter sol u t i on re l at i ve l y  rap i d l y  (wi t h i n  hours ) , whereas the 
al kyl ated p heno l s enter sol u t i on very s l owl y .  Col l ect i ve l y ,  phenol i c  compounds are assumed to 
const i tute 25% of t he s p i l l ed SRC- I  produc t .  The s hort-term impacts to water qua l i ty are 
exami ned by assuming  that phenol i c  compounds enter sol u t i on at  a constant rate over a 24-h 
peri od . Thus we assume an  effect i v e  rel ease rate for pheno l i c s  of  0 . 2 1 9  kg/s is assumed 
( Tab l e s  00 . 1 4- 1 6 ) .  

Spi l l  conta i nment and c l eanup. The SRC - I  l i q u i d  product w h i c h  wi l l  be s h i pped south is descri bed 
a s  a " l i g ht fract i on "  and i s  assumed to be buoyant . I f  s p i l l ed onto stand i ng water or  i n to a 
creek , conta i nment of the  i nsol u b l e materi a l  m i g h t  be poss i b l e  u s i ng booms , but so l u bl e compo unds 
in t he product wou l d  d i ssol ve and d i sperse . I t  i s  assumed t hat after 24 h ,  marg i nal l y  successful  
c l eanup effo rts wou l d  recover 5 0% of the rema i n i ng sp i l l  materi a l . Contai nment and c l eanup 
efforts , however ,  m i g h t  be hampered by i naccess i b l e l ocat i on . 

To assess t he short-term impacts of pheno l i c  compounds on water qual i ty ,  t he cond i t i ons  for each 
sp i l l  case are def i ned . For Case I ,  the sp i l l  i nto the Green R i ver at Spotsv i l l e ,  Kentucky ,  the 
mater ia l  is  assumed to be d i spersed in a l ow f l ow of 48 m 3 / s , t he mean month ly  s treamfl ow wh i ch 
i s  exceeded 90% of the t ime ,  as mea su red at Lock #2 at Cal hou n ,  Kentucky ,  o n  the Green R i ver .  
Th i s  resu l ts  i n  a predi cted average concentrat ion  of p heno l i cs in  the Green Ri ver of 4 . 56 mg/ 
l i ter ( Tab l e 00 . 1 4 ) . The water supp ly i ntake for Evansvi l l e ,  I nd i ana , i s  l ocated on the Ohio  
Ri ver several k i l ometers downst ream from the Green R i ver ' s  confl uence with  t he Oh i o  R iver .  The 
Green Ri ver ' s  l ow fl ow i s  assumed to be d i l uted i n  t he Oh io  Ri ver ' s  l ow f l ow of 631 m3/s , the 
mean mont h ly  streamf l ow wh i c h  i s  exceeded 90% of the t ime as measured at Evansvi l l e ,  I nd i ana . 
T h i s  produces an est imated concentrat i on of 0 . 3 5 mg/ l i ter of p heno l i cs i n  t he Oh io  River i n  the 
reac h where Evansvi l l e  and Henderson wi thdraw raw water .  

I n  Case 2 ,  a sp i l l  i s  assumed t o  occ ur  i n to Love ' s  Creek i n  Nashv i l l e ,  Tennessee . Spi l l ed 
materi a l s  are assumed to fl ow from Love ' s  Cree k i nto Cheek Lake . I f  the sp i l l ed pheno l i c s  were 
to d i s so l ve comp l ete ly  in C heek Lake ( est imated vol ume of  500 , 000 m3 ) ,  a max imum average concen
trat ion of 38 mg/ l i ter wou l d  occur ( Tabl e 00 . 1 5 ) . C heek Lake has a na rrow c hannel ope n i ng to the 
Cumberl and R i ver .  B l o c k i ng t h i s  channel  m i g ht a l l ow conta i nment of the sp i l l , but for t h i s  
worst-case anal ys i s  i t  i s  assumed that a l l the d i ssol ved contai nments enter t he Cumberl and Ri ver .  
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Table 00. 1 3. Phenolic compounds identified i n  the 
middle/heavy distillate SRC· I I  product 

Compou nd 

Di methylphenol 
Pheno l  
o·Cresol 
o-Ethylphenol 
m/p-Cresols 
D imethy lphenol 
C3 -a lkyl  phenol ( i somer 1 )  
2 ,  3-xylenol and m/p·ethylphenol 
C3 -a lkyl  phenol ( i somer 2 )  
3 ,  5·xylenol 
C3-a lkyl  phenol ( isomer 3) 
C4 -a lkyl  phenol ( i somer 1 )  
3, 4-x ylenol 
C3 -a lkyl  phenol ( isomer 4) 
C4 -a lky l  phenol ( i somer 2) 
C3 -a lkyl  phenol ( i somer 5) 
C4 -a lkyl  phenol ( i somer 3) 
C4 -alkyl phenol ( i somer 4) 
Methyl  indanol ( i somer 1 )  
4-indanol 
Meth yl  i ndanol ( isomer 2)  
C4 -a lkyl  phenol ( i somer 5)  
Methyl i ndanol ( isomer 3 )  
5- indanol 
Methyl  indanol ( i somer 4 )  
Methyl  i ndanol ( i somer 5 )  
o-Phenylphenol 
1 -naphthol 
2-naphthol 
Meth yl  naphtha lene ( i somer 1 )  
Methyl  naphtha lene ( i somer 2 )  
Methyl  naphthol ( i somer 3 )  
m or p -Phen ylphenol 
m or p-Phenylphenol 
Hydroxyfluorene 

Concentrat ion 
( mg/1 00 g sample) 

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: R .  L. Spragg ins  and P. H. Lin, A nalvsis of SRC-1/ 

Coal Fuel Oil Middle Distillate, Tech n ical  Memora ndum 
2 1 4-029-02, Apr. 29, 1 980, Appendix I ,  Part I ,  i n  Remedial 

Measures Plan for a Spill of Solvent Refined Coal L iquid at 

the SRC Pilot Plant, Ft. Lewis, Washington, prepared by 
Radian Corp., Aust in ,  Tex. ,  for G u l f  M ineral R esou rces 
Company, Eng lewood, Colo. 

The water supp ly  i ntake for the Mad i son Suburban  Ut i l i ty � i s tr i c t  wi thd raws water from the 
Cumberl and R i ver at C heek Lake . Because the pheno l i c s  enter i ng the C umberl and R i ver from C heek 
Lake wou l d  not be compl ete ly  m i xed , t he raw water ta ken i nto the f i l trat ion p l a n t  at  Cheek Lake 
coul d have an average concentrat i o n  of p heno l i cs as h i gh as 38 mg/ l i ter . I t  i s  ass umed that 
p heno l i c s enter i ng the Cumberl and R i ver are d i l uted by a s treamfl ow o f  1 66 m3/s , the mean mont h ly  
l ow fl ow for  22  years of record . W i th compl ete m i x i ng i n  t he  Cumberl and R i ver , phenol i c  
concentrati ons are est i mated to be 1 . 3 2  mg/ l i ter  1 0  km down stream where Nashv i l l e  wi t hdraws raw 
water for the mun i c i pa l  water s upp l y .  

I n  Case 3 ( Tab l e 00 . 1 6 ) a s p i l l  i s  a s s umed t o  occur i nto Bayou Lafourche , Lou i s i ana . Sp i l l ed 
pheno l i cs are assumed to d i sso l ve i nto the water col umn over a 24-h peri od , resu l t i ng i n  an  
average concentrati o n  of  50 mg/ l i ter at the s i te of the s p i l l . The po l l u ted water than wou l d  be 
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Table 0 0 . 1 4. Assumptions and calcu lations defining short·term impacts of 
phenolic compounds on water quality, Case 1 

Location of s p i l l  

Density of s p i l led mate r i a l ,  kg/liter 

Size of sp i l l ,  l i ters 

Quantity of p henol ics re leased, kg 

Period of t i me for phenol ics to e n ter  
so lut ion,  h 

Average release rate, mg/s 

Streamf low of G reen R iver d u ring  
low f low,  m3/s 

Average concentrat ion of phenol ics in 
G reen R iver, mg/l iter 

Streamflow of O h i o  R iver at  Evansv i l le,  
Ind. ,  d u r i n g  low flow, m3 /s 

Average concentrat ion of phenol ics i n  
Oh io  R iver downstream of con f luence 
w ith G reen R iver, mg/ l i te r  

Spotsv i l le,  K y .  

1 (assu med ) 

1 ta n k  car = 75, 700 

75,700 kg X 25% X 1 00 = 1 8,925 

24 

1 8,925 kg/24 h = 2 1 9,000 

48 ( 48 ,000 l iters/s) 

4.56 

631 

0.346 

Table 00. 1 5 .  Assumptions and calculations defining short·term impacts of 
phenolic compounds on water quality, Case 2 

Location of sp i l l  

Density o f  sp i l led materia l ,  kg/l iter 

Size of s p i l l ,  l iters 

Quantity of phenol ics release, kg 

Period of t ime for phenol ics to enter 
so lut ion,  h 

Average re lease rate, mg/s 

Streamflow of Cu mberland R iver 
du ring low flow, m3 /s 

Average conce ntrat ion of phenol ics i n  
Cu mberland R i ve r, mg/l i ter  

Esti mated volume of Cheek Lake,  m 3 

Average concentrat ion of phenol ics 
in C heek Lake, mg/l iter 

Loves Cree k, N ashv i l le ,  Tenn.  
(tr ibutary to Cheek Lake and 
the Cu mber land R iver) 

1 ( assu med ) 

1 t a n k  ca r = 75 ,700 

75,700 kg X 25% X 1 00 = 1 8,925 

24 

1 8,925 kg/24 h = 2 1 9,000 

1 66 ( 1 6 6,000 l iters/s) 

1 . 32 

500,000 

37.9 

d i spersed i nto the bayou by the process  of  d i ffu s i on . After seven days of d i ffu s i on the concen
tra t i on of pheno l i c s  wou l d  exceed 3 . 4  mg/ l i ter in a zone approx imate ly  3000 m in wi dth . The 
concentrat i o n  of p heno l i c s  wou l d  exceed 0 . 6  mg/ l i ter i n  a zone approx imately 6000 m i n  wi dt h .  
After 3 0  days of d i ffu s i on , o r  3 1  days after the sp i l l , t he concentrat i o n  o f  phenol i c s  wo u l d 
cont i nue to exceed 3 . 4  mg/ l i ter i n  a zone approx imately 2000 m i n  w i dt h ; however , the zone where 
the concentrat i on exceeded 0 . 6  mg/ l i ter wou l d  extend to approx i mate ly  9000 m in w idth . 

G i ven the above scenari os for ser ious  sp i l l s  of the SRC - I  product , a very rough assessmen t of  
i mpacts can be made . S hort-term and l ong-term i mpacts are con s i dered separate ly ,  and on ly  the 
most s i g n i f i cant  i mpacts are d i scu s sed . 
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Table 00 .16. Assumptions and calculations defining short·term impacts 
of phenolic compounds on water quality, Case 3 

Location of sp i l l  

Dens ity of sp i l l ed mater ial ,  kg/liter 

Size of sp i l l ,  l i ters 

Quantity of phenol ics released, kg 

Period of t ime for phenol ics to enter 
sol u ti o n ,  h 

Depth of Bayou, m 

M ax imu m concentration of phenol ics 
in water col u m n  ( Cm ax ) '  mg/ l i ter 

Size of sp i l l  
Area of  spi l l  (QICm ax d),  m2 

Width of s p i l l  area, m 

D i ffu sion coefficient of phenol ics 
i n to bayou , m2 /s 

Bayou Lafou rche, La. 

1 ( assu med ) 

1 tan k car = 75,700 

75, 700 kg X 25% X 1 00 = 1 8,925 

24 

2 ( assu med ) 

50 (assu med ) 

( 1 8,925 kg ) ( 1 ,000,000 mg/kg)/ 
(50 mg/ l iter) ( 1 ,000 l i ter/m3 ) (2 m) = 
200,000 

400 

1 (assumed ) 

Lateral spread of zone of pol l u ted waterB (3.4 mg/l iter) exceed ing E P A  max i mu m  
concentration for protection o f  freshwater aqu atic l ife: 

Time after spill 
2 (d ) 

Width of zone 
1 000 ( m )  
3000 ( m )  
2000 ( m )  

8 (d ) 
3 1  ( d )  

Lateral spread o f  z one o f  pol l u ted watera hazardous t o  aquatic l i fe (0.6 mg/l ite r ) :  

Time after spill Width of zone 
2 (d ) 2000 ( m )  
8 (d ) 6000 ( m )  

3 1  (d ) 9000 ( m )  

aZone o f  po l luted water determined from 

c 1 r. (w + x) f-w - x )� 
Cm ax 

= 2"  Lerf � + erf \
4

ya8 � '  
where c = concentration of water at t ime e ( mg/I iter) 

Cm ax = max im u m  concentrations of po l lutants (53 mg/ l iter) w = width of sp i l l  area (400 m )  
a = d i ffusion coeff i c ient ( 1  m2/s) 
e = time after d i ffu sion of phenol i cs beg ins  or t ime after 

spi l l  m i n u s  1 d (s ) x = width of zone of contami nated water ( m )  

Short-term impact s .  T h e  sp i l l s  i nto t h e  Green and Cumberl and ri vers wou l d  cause water supp ly  
emergenci e s  for  Evansv i l l e ,  I nd i ana ; Henderson , Kentucky ;  Nashv i l l e ,  Tennessee ; and t he north
east  s uburbs of Nashv i l l e ,  Tennes see , s erved by the  Madi son  S uburban Ut i l i ty � i s tr i c t  ( MSUO ) . 
The  mos t  ser ious  probl ems wou l d  c l ear ly  occur i n  the Nashvi l l e  area . At the MSUO  water supp ly  
i ntake i n  the Cumberl and Ri ver near  Cheek  Lake , the f i l trat i on p l ant  wou l d  temporari l y  d i s con
ti nue operat i ons  to avo i d  t he pos s i b i l i ty of w ithdrawi ng gros s l y  contami nated water . I t  i s  not 
known whether MSUO coul d conti nue  to s upp ly  water through  i nterconnecti ons w i t h  other water 
s upp ly  systems . The contami nated s l ug of water wou l d  probab ly  reach the c i ty water i ntake wi t h i n  
several hours , a l though contam i nants wou l d  b e  somewhat l es s  concentrated at  th i s  po i n t .  The 
draft EPA c r i ter ion  for phenol for protect ion  of human heal th i s  3 . 4  mg/ l i ter . I f  concentrati ons  
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of  phenol i c s  in  the Cumberl and R i ver did  not  exceed the proj ected 1 . 3 2  mg/ l i te r ,  Nashv i l l e  m i ght  be ab l e to  cont i nue s u p p l y i n g  wate r for non pota b l e  u ses on l y .  Pheno l i c s  i n  t he water s upp ly  wou l d  cause  taste and odor  p rob l ems ; other  so l ub l e  compounds  i n  t he  SRC- I product ( s uch  a s  a n i l i ne and other bas i c  compound s )  wou l d  a l so p o s e  a pos s i b l e  threat of  tox i c i ty t o  humans . Fol l ow i n g  the passage of the most contam i nated s l ug of wate r ,  pub l i c  hea l th assessments wou l d  be needed to determ i ne the r i s ks assoc i ated wi th res i dua l  contam i n at i on l evel s .  
Because o f  the d i l u t i on capac i ty prov i ded by the O h i o  R i ver , Evansv i l l e and Henderson wou l d  expe r i ence l e ss  severe i mpacts than those p rojected for Nashv i l l e .  The est imated worst-case concen tra t i on of phenol i c s  in  the Oh i o  R i ver  is  0 . 346 mg/ l i te r .  The s p i l l  s i te is  roug h l y  20 km upstream from the water i ntakes , so the t i me of trans i t  wou l d  a l l ow a t  l east  severa l hours for advance p reparat i on .  Hou seho l ds cou l d  be i nstructed to store d r i n k i n g  water .  The  presence of  phenol i c s  and other  so l ub l e contami nants wou l d  cause  taste  a nd odor  p rob l ems and the r i sk  of  exposure to undes i ra b l e  orga n i c  compounds , so d u r i n g  the per i od when  Oh i o  R i ver  water was  most contam i nated , on ly  nonpota b l e  use s hou l d  be made of  the wa ter .  

W i t h  respect to aquat i c  organ i sms , impacts wou l d  be most severe c l ose to s p i l l  s i tes . For sp i l l s  i nto the G reen or  Cumberl and R i vers , a s l ug of h i g h l y  contam i nated wa ter wou l d  form and be carr ied downstream .  Contam i nants i n  so l u t i on wou l d  be rap i d l y  carr i ed down s t ream at roug h l y  the ve l oc i ty of streamfl ow , wh i l e i n sol u b l e  mate r i a l  m i g ht contam i nate a l i m i ted a rea ( perhaps 1 to 2 km of r i ver  c hanne l ) .  The  comb i nat i on of  many d i s so l ved contami nants wou l d  be acutely tox i c ,  k i l l i n g  many o r  most o f  the orga n i sms i n  the i mmed i ate s p i l l  a rea . P henol i c  compounds ( such  a s  phenol , c reso l s ,  and xy l enol s ) , ba s i c  compounds ( s uch a s  t h e  a roma t i c  am i nes ) ,  and t h e  sma l l amounts of hydroca rbons wh i c h  wou l d  d i s so l ve wou l d  a l l contr i bute to the tox i c i ty .  A s  the contam i na ted s l ug of water moved down strea m ,  the concentra t i on of  pol l utants wou l d  be reduced by d i l ut i on , u ptake by o rgan i sms , and adsorpt i on to sed i ments . Hydroca rbons wou l d  a l so dec l i ne i n  concentra t i on due to vol at i l i zat i on and photolys i s .  
Downstream f rom the zone of mas s i ve morta l i ty wou l d  be a zone of se l ect i ve morta l i ty i n  wh i c h  on l y  the more sens i t i ve s pec i es wou l d  b e  k i l l ed .  F u rther down stream , organ i sms wou l d  su ffer s ub l ethal  effects of  contami nat i on rather than out r i g ht morta l i ty .  As the contami nated s l ug moved down stream , the dec l i ne i n  concentrat i on of contami nants  wou l d  depend on many un known factors . Therefore , the s i ze of the above zones of i mpacts can not be est imated . 
I n  the case  of the s p i l l  i n  the bayou , the contam i nants were a s s umed to be d i s persed not by f l ow but  by d i ffu s i on a l on e .  Th i s  wou l d  p roduce a n  a rea o f  ma s s i ve morta l i ty w i th concentr i c  zones of l esser  impact s u rround i ng that area . Tab l e  00 . 1 6  i nd i cates a n  est imate that a fter one week the l a teral  s p read of  contam i nants coul d produce an a rea 3 km i n  w i dth in wh i c h  phenol concentra t i ons wou l d  exceed the draft E PA c r i ter ion l evel of  3 . 4 mg/l i te r .  W i t h i n  th i s  a rea , l a rge-sca l e  morta l i ty cou l d  be expected . W i t h i n  one mon th the l atera l s pread of contam i nants wou l d  produce an a rea a pp ro x i mately 9 km in wi dth i n  wh i c h  the concentra t i on of  phenol i c s wou l d  exceed 00 . 6  mg/ l i ter , the E PA d raft c r i te r i a  l evel for a 24-h  average max i mum . Sel ec t i ve morta l i ty and sub l ethal  effects wou l d  be ex pected in  th i s  a rea . 

Long-term i mpacts . Long-term i mpacts wou l d  res u l t l a rge l y  from the l ess  sol ub l e compounds i n  the SRC- I produc t .  C l ose to the s p i l l  s i te ,  the g ross  contam i na t i on wou l d  cause s i gn i f i cant aesthet i c  damage . O i l -covered wa ter and shorel i n e  cou l d  cause  l i m i ted morta l i ty to b i rds and other r i p a r i a n  organ i sms . Su bstant i a l  quan t i t i es of s p i l l ed produce wou l d  be mi xed w i th gravel , sed imen t ,  and  other deb r i s  i n  the r i ve r .  Contam i nants m i xed w i th s ubs t rate cou l d  pose a l ongterm haza rd as tox i c  compounds l eac hed out . Contam i nants adsorbed on f i ne sed iment and orga n i c  detri tu s  cou l d  b e  transported downstream , t h u s  a l l ow i ng d i s pers i on of  l ow-sol ub i l i ty PNA.  
Because of the i r  h i gh mol ec u l a r  we i ght , P NAs , a l though u n l i ke l y  to enter so l ut ion  in  s u ff i c i ent quant i t i es to be acute l y  tox i c ,  a re suscept i b l e  to b i oaccumu l at i on and b i oconcentra t i on . Because Some PNAs a re c a rc i nogen i c  ( Sec t .  4 . 1 ) ,  these cou l d  become ser i ous contam i nants in  down s t ream ecosystems , pos s i b l y  a ffect i ng s port f i s h .  Some of  the ba s i c  compounds a re a l so S us pected carc i nogens , and further a n a l ys i s  of  these i s  under way by DOE ( Sec t .  4 . 1 ) .  Both the sol ub l e and the l es s  so l u b l e  phenol i c s  m i ght  cause  taste and odor probl ems i n  water s u p p l y  systems for seve ra l  weeks or  perhaps  l onger . Recrea t i ona l  f i s h i n g  in the Green R i ve r ,  Cumberl and R i ve r ,  or bayou cou l d  be affec ted for one or more yea rs ,  and contam i na t i on of  bayou wetl and ecosystems cou l d  cause  econom i c  impa c t .  Because  of the many u n known factors affect i ng the d i s t r i b ut i on of orga n i c  contam i nants in aquat i c  ecosystems , i t  i s  not pos s i b l e  to est imate the seve r i ty of  these impacts . 
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00 . 5 . 2 Groundwater gual i ty i mpacts  

Poten t i a l  effects on groundwater qua l i ty of an SRC - I  l i q u i d  s p i l l  depend on the s p i l l  vol ume , 
l ocat ion , nature of the s u bstrate under t he s p i l l ,  and c l eanup  t im i ng . Phenol i c  compounds and 
PNAs are of concern because of the i r  carci nogen i c  and mutagen i c  c haracter . 

P henol i cs are water so l u bl e ,  and t he i r  sol u b i l i ty var ies  wi th vari at i on i n  mol ecu l ar s tructure 
( Tabl e 0 0 . 1 3 ) .  P NAs have very l ow sol u b i l i t i e s  i n  water and when d i spersed to t he envi ronment  
tend  to  form mi crodrop l ets wh i c h  adhere to so i l  or  sed iment part i c l es .  

There are a n umber of pos s i bl e ways for s p i l l s  of  t hese l i q u i ds to affect g roundwater . Sp i l l ed 
l i q u i ds seep i nto so i l s  at a rate determi ned by l ocal  so i l  character i s t i c s  s uch  as content of 
sand versus c l ay ,  and mo i sture conten t .  Poor ly  so l ub l e  fract i ons  of  SRC- I l i qu i ds are expected 
to be reta i ned near the so i l s urface due to p hys i ca l  attenuat i on on so i l parti c l e s .  The more 
sol u b l e  phenol i c s , however , wi l l  mi grate w i t h  i nf i l trat i ng prec i p i tat i on and wi l l  fol l ow the 
normal groundwater f l ow rate . Resu l ts of s i te mon i tor i ng  conducted for p l ann i ng remed i al 
measures  fo l l ow ing  the SRC- I I  l i q u i d  s p i l l  at Fort Lewi s ,  Wash i ngton , exemp l i fy the ab i l i ty of 
pheno l s to reach the groundwater systems . 4  

The tran sportat i on routes  for SRC - I  l i q u i d s  have been descri bed i n  Sect . 2 . 0  of  t h i s append i x .  
The ra i l  l i ne over w h i c h  heavy l i q u i d  wi l l  be transported t o  P i ttsburgh c rosses  reg i on s  wi th  
vari ed cond i t i on s  wi t h  respect to g roundwater resources .  Between Newman and Cov i ng ton , Kentucky ,  
t h e  rai l route  genera l l y  fol l ows t h e  O h i o  Ri ver and d i rect ly  overl i e s  t h e  a l l uv i a l aqu i fer .  The 
tran sportat i o n  route south to Lou i s i ana crosses several areas i n  Tennessee and Al abama underl a i n  
by cavernous l i mestone aqu i fers . The route a l so crosses rec harge areas for fres hwater aqu i fers 
of  the Gu l f Coastal P l a i n  reg i on .  The rura l  character of t hese a reas and resu l t i ng d i ff i cu l t 
access for c l eanup act i v i t i es wou l d  favor i nf i l trat i on of contami nants i nto g roundwater systems . 
Contami nant transport i n  so l ut i on cav i t i es i s  rap i d  and , i n  mo st cases , unpred i ctabl e renderi ng 
aqui fer rec l amat i on extremel y  d i ffi cu l t .  

The c i ty o f  Owensboro obtai n s  i ts mun i c i pal water supp ly  from a wel l f i e l d  east of town . T he 
wel l s  are l ocated between the ra i l road l i ne and the Oh io  Ri ver , and water i s  pumped from the 
al l uv i um .  I n  the event that a ra i l road acc i dent occurred near t he mun i c i p a l  wel l f i e l d there 
wou l d  be a threat to the water supp l y .  The SRC- I I  l i qu i d  s p i l l  at Fort Lewi s ,  Was h i ngton , serves 
a s  a scenar i o  for contami nat ion  of an  al l u v i a l  aqu i fer .  

T he  fo l l ow ing  parag raph s ummari zes i nformation  obtai ned by Rad i an Corporat i on d u r i ng thei r 
i nvest i gati ons  at Fort Lewi s . 4  

I n  the Fort Lew i s  s p i l l , 8842 l i ters ( 2 336 gal ) of SRC - I  l i q u i d  s p i l l ed and seeped i nto the 
g ravel l y  a l l uv i a l so i l . The s p i l l  occurred on 1 9  December 1 97 9 ,  and groundwater samp l i ng i s  
reported from l ate January to early J une . Phenol i c  compound concentrat ions  were dete rm i ned to be 
i n  excess of the 3 . 4  mg/ l i ter human cr i teri on on several occa ions  du r i ng February and Marc h 1 980 
i n  downg rad i ent wel l s  wi th i n 53 m ( 1 7 5 ft )  of the s p i l l . The human hea l th  cri terion  was a l so 
exceeded in a wel l l ocated 1 52 m ( 500 ft ) downgrad i ent of the s p i l l . P henol concentrat i ons 
gradual l y  decl i ned in the downg ra d ient  we l l s  and at the end of the reported mon i tori ng peri od 
( s i x  months  after t he s p i l l ) ranged from 0 . 01 to 1 . 0 m�/ l i ter . Recommended remedi a l  measures 
i nc l uded excavat i on and d i sposal  of approxi mate l y  6 9  m ( 90 cub i c  yard s )  of contam i nated so i l ,  
pump i ng of wel l s ,  treatment of d i sc harged water to remove as  muc h of  the contami nant p l ume as  
poss i b l e ,  and a l ong-term moni tor i ng program . No ex i st i ng pub l i c  water supp l i e s  were affected by 
the  s p i l l , howeve r .  I t  was recommended that "the upper aqui fer i n  t h e  v i c i n i ty o f  t h e  s p i l l  s i te 
probab ly  s hou l d  not be cons i dered for use  as a pub l i c  or pr i vate water supp ly  for t he foreseeabl e 
future . "  

Eac h ra i l road tan k car wi l l  carry 7 5 , 680 l i ters ( 2 0 , 000 ga l )  of l i q u i d ,  or 8 . 5  t i ��s a s  much as  
was  s p i l l ed at  Fort  Lewi s .  I f  s p i l l s  of  these l i q u i d s  are not c l eaned up  rapi d l y ,  groundwater 
qua l i ty i n  potabl e aqu i fers may be adverse l y  affected . Owensboro i s  one of many c i t i es wh i c h  
der ive  mun i c i pa l  water s u pp l i e s  from wel l f i el d s  that cou l d  be co ntami nated by transportati o n  
s p i l l  s of S RC 1 i qu i d s .  

SRC l i q u i d  s p i l l s l  i mpact o n  so i l s  depends o n  so i l  texture ( i nf i l tra t i on c ha racteri s t i cs ) ,  
e l apsed t ime between the s p i l l  event and c l eanup , and rate of attenuat i on or  natural  deg radat i o n  
of t h e  hydrocarbon s .  T h e  p henol i c  compounds  i n  S R C  l i q u i d s  are acute ly  tox i c  t o  mi croorgan i sms . 
( Personal commu n i cat ion R .  F .  Strager , Oak R i dge Nat i onal  Laboratory , Dec . 1 2 , 1 980 ) .  I n f i l tra
t i o n  of the phenol i cs i s  expected to erad i cate mi crobes whi c h  m i ght  o therwi se a i d  i n  b i odegrada
t i on of t he heaver hydrocarbons . I t  i s  expected t hat s p i l l ed SRC l i qu i d  whi ch  i s  not c l eaned up  
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wou l d rema i n  in the soi l for a l ong period of t ime . Pheno l i c s  wou l d  g radua l l y  l each out , 
l eaving  the l ess  sol u b l e  hydrocarbons . When phenol i c  concentrati ons d i m i n i sh  to the l evel at 
wh i c h  hydrocarbons metabo l i z i ng bacter i a  can s urv i ve , b i odeg radat ion  of  the s p i l l  wou l d  beg i n .  
The t ime periods i nvol ved depend o n  sp i l l  conf i g urat i on ,  amb ient temperature ,  rate o f  l each i ng 
acti vi ty ,  and other factors and wou l d  be ent i re l y  s i te spec i f i c .  

Effects  o f  a s p i l l  o f  SRC- I l i q u i d s  o n  groundwater qual i ty wou l d  depend o n  the s p i l l  vol ume , 
l ocation , nature of the substrate at the s p i l l  s i te , and c l eanup t im i ng . Because  phenol i c  
compounds are water sol ub l e ,  they have the g reatest poten t i a l  for g roundwater contam i nat ion . 
Effects  of the s p i l l  of S RC- I I  l i q u i d  at the Fort Lewi s p i l ot p l ant on nea rby aqu i fers exempl i fy 
t h i s  potent i al . 4  P NAs have very l ow sol u b i l i t i e s  i n  water and tend to form mi crodrops wh i c h  
adhere t o  so i l  o r  sed iment part i c l es when d i spersed t o  the env i ronment .  PNAs wou l d  t h u s  be 
reta i ned i n  the so i l  near the sp i l l  s i te .  

Proposed trans portat ion  routes for s h i pment o f  SRC - I  l i q u i d s  pass  over n umerous aqu i fers wh i ch 
cou l d  be contami nated by a sp i l l .  One area of part i c u l ar concern i s  t he wel l f i e l d  for the c i ty 
of Owens boro , Kentucky .  Groundwater pumped from an a l l u v i a l  aq u i fer  between the L&N ra i l road 
and the Oh i o  R i ver coul d be contami nated by a sp i l l  near the we l l  f i e l d .  

00 . 5 . 3  Impacts on a i r  qual i ty 

Sp i l l s  on l and or water , e i ther at  the storage s i tes or whi l e  i n  tran s i t  i n  un i t  tra i ns ,  wou l d  
i mmed i ately re l ea se h i g h  concentrat ion s  o f  nonmethane hydrocarbon s i n to the atmosphere . Those 
l i g h t , i n sol ub 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  evapo rate . Some of  
the vapors re l eased are known tox i c  gases , s uch  as  the vapors  from naphthal ene and phenol 
porti ons of the SRC- I  product , and proper protect i ve resp i ratory equ i pmen t shou l d  be worn when 
near such  s p i l l s .  

Effects  to a i r  qual i ty are l i ke ly  to be temporary because the l i qu i d  wou l d be rap i d l y  absorbed 
i nto the so i l  and the rema i nder wou l d  be c l eaned up  as  q u i c k l y  as  pos s i b l e .  Sp i l l s  on water 
wou l d  a l so temporari l y  affect a i r  qual i ty ,  because  t hey wi l l  be conta i ned , recovered , and c l eaned 
as  soon as pos s i bl e .  Another tempora ry effect coul d res u l t i f  the vapors of a s p i l l  were to 
i g n i te .  Add i t i ona l  s ubstances , s uch  as carbon monox i de ( CO )  and sooty part i cu l ates wou l d  res u l t 
from i ncomp l ete combust i on of organ i c s .  Because  o f  the un pred i ctabi l i ty o f  s uch  acc i dents , the 
un known components rel eased by the uncontrol l ed combust i on of  SRC- I l i q u i d ,  and the temporary 
nature of s uch  acc i dents , i t  i s  not pos s i bl e  to quant i fy the re l eases of po l l utants and the i r  
effects  o n  a i r  qual i ty .  I t  i s  rea sonab l e  to a s s ume that emi s s i on s  wou l d  be l arge unt i l  the 
s p i l l s  are absorbed or  recovered and unt i l  any f i re as soc i ated w i th the s p i l l  i s  exti ng u i s hed . 

00 . 6 .  CONTROL OF L I Q U I D  S P I LLS 

00 . 6 . 1  I ntroduct ion  

Tec hn i ques u sed to  c l ean up an SRC  sp i l l  wou l d  be  s imi l ar to  t hose techn i ques u sed for petro l eum 
fuel o i l .  For the purpose of t h i s  ana l ys i s ,  i t  i s  assumed that the compo s i t i on SRC - I  l i q u i d  
product  i s  s i mi l a r  t o  that of  SRC- I I  l i q u i d  fue l s  ( see Append i x  Z ,  SRC- I I  F i nal  E I S ) . 

Because  SRC - I  has not been commerc i a l l y  produced , there i s  no h i story of 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  occur such  a s  weather i ng d i sso l u t i o n ,  emu l s i f i cat ion , 
c hem i cal  react ion , b i o l og i cal  deg redat i on , and format i on of tar l umps . Col l ect i ve l y ,  these tend 
to d i sperse the o i l  i nto a t h i n  fi l m .  SRC- I l i q u i d  i s  a compl ex mi xture of  varyi ng compounds of 
vary i ng den s i t i es ; howeve r ,  the average dens i ty wou l d  most  l i ke ly  be l es s  than wa ter .  

If  the SRC- I l i q u i d  were fl oati ng and spreadi ng i n  water , l i g ht-end naphthas  and s i ng l e-r ing  
phenol i c  compounds  wou l d  probab l y  evaporate q u i c k l y .  Th i s  evaporat i on wou l d  be  enhanced by 
h i gher wi nd speeds and temperatures . Some of t he hea v i er naphthas wh i c h  evaporate s l owl y may m i x  
w i t h  t h e  water t o  form an emu l s i on a n d  some may undergo ox i dat ion  under t he i nfl uence of the 
u l trav i o l et band of  s un l i g ht . Ox i dat ion  wou l d  a l so be en hanced w i t h  wave action  or swi ft 
c u rrents . The rema i nder of the naphthas wou l d  probabl y  rema i n  m i xed w i t h  the heav i er  pheno l i c s , 
pol ynuc l ear  aromat i cs ,  and tar compound s .  

B i o l og i ca l  degradat i o n  may occu r  wi th  the phenol i c  compounds but probab ly  wou l d  take months  o r  
years w i th the polynucl ear aromat i c s , i f  they wou l d  deteriorate a t  a l l .  I n  any cas e ,  c l eanup 
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operat i on s  wou l d  be u ndertaken . Th i s  rema i n i ng m i xture of the heavi er naphthas , phenol i c s , 
po lynuc l ear aromat i c s , and tar compounds  cou l d  comb i ne  under ox i dat i on or p o lymer forma t i on to 
form " tar ba l l s , " whi c h  wou l d  create a seri ous  probl em when they reac hed the shore . I t  i s  
a s s umed that some of the SRC- I l i qu i d  wou l d  sett l e to the bottom of a ri ver or  other water body , 
but the chem i ca l  fract i on and quant i ty that wou l d  sett l e  cannot be i dent i f i ed at the present 
t i me .  

Sp i l l s  of hazardous materi a l s  o n  l and have rece i ved cons i derab ly  l ess  l eg i s l a t i ve and  prog ram
mat i c  atten t i on than sp i l l s  i nto water bodi es , but t he poten t i a l  for s i gn i f i cant contam i nat i on  
of so i l , g roundwater , and a i r  in  the v i c i n i ty of a s p i l l  a re of concern as  we l l .  The s u rfa ce 
s p i l l  of SRC fl u i d  that occu rred at  Fort Lewi s ,  Wa s h i ngton , on Oec . 1 9 ,  1 979 , pro v i des  va l ua b l e  
i n s i ght i n to the effects  of a s p i l l  on l and . T h e  mea sures deve l oped t o  counteract t h e  effects 
of  t hat s p i l l  wi l l  be of  hel p in des i gn i ng s p i l l  m i t i gati on procedures for other s i tes , al thoug h 
s i te-spec i f i c  d i fferences i n  so i l , geo l ogy , and groundwater cond i t i on s  wi l l  requ i re vari a t i on s  
i n  t he m i t i gat i on p l a ns . 4 

T he Remed i a l  Meas ures P l an fo r treatmen t of the Fort Lewi s s p i l l  s i te i nc l uded the fol l owi ng : 

1 .  excavat i on of contami nated so i l , 

2 .  seal i ng of the l and su rface at the s p i l l  s i te to prevent further i n f i l trat ion  of 
prec i p i tat i on , 

3 .  pump i ng of g roundwater near the s p i l l s i te to contro l  trans port o f  contami nated ground
water , and 

4 .  i mp l ementat i on of a l ong-term su rface and groundwater mon i tori ng prog ram . 

00 . 6 . 2  O i l  spi l l  control 

T h i s  sec t i o n  presents general i n format i o n  on correct i ve a ct i on to be taken on  an o i l sp i l l . 
S RC - I  l i q u i d  i s  e s sent i a l l y  an o i l and i s  c on s i dered to be respons i ve to norma l o i l s p i l l  
trea tment . No s i ng l e  system or  procedu re for c l ea n i n g  up o i l  sp i l l s  can be app l i ed i n  a l l 
l ocat i on s  rega rd l ess  of the c haracter i s t i cs of t he waterbody and terra i n . Geograp h i c  d i ffer
ences , exposure ,  ease of  acces s , and other vari ab l e s  requ i re that each sys tem be carefu l l y  
des i gned for a spec i f i c  a rea . 

An o i l  sp i l l  i n i t i ates certa i n  responses ba s i c  to a l l s p i l l s .  The p hases  of an o i l  sp i l l  are : 

1 .  d i scovery and not i f i ca t i on , 

2 .  eva l uat i on and i n i t i a t i on of act i on , 

3 .  contai nment and coun termeasures , 

4 .  recovery , m i t i ga t i on , and d i sposa l , 

5 .  c l ea n i ng and repos i t i o n i ng equ i pment , 

6 .  documen tat i on and cost  recovery .  

Th i s  E I S  cannot address a l l  o f  t h e  operat i ona l  phases  o f  o i l  sp i l l s  b u t  wi l l  concen trate o n  the 
state of the art of o i l  sp i l l  removal  equ i pment wh i c h  have poss i b i l i t i es for use on i n l a nd  
waterways for conta i nment , coun termeasures , and recovery .  

To reduce one pos s i bl e  i mpact o f  pub l i c  exposure due to re l eases  res u l t i ng from trans portat i on 
acc i dents , a program wi l l  be i n s t i t uted to prov i de fast response for conta i nment , trea tment , 
and c l ean up of mater i a l s from such  s p i l l s .  The prog ram present l y  be i ng eval uated wi l l  i nc l ude 
at l ea st  the fol l ow ing  e l ements : 

• A tel ep hone response system operated by the i ndustr ia l  partners , l ocated at the p l ant s i te 
and capab l e  of prov i d i ng i nforma t i on regard i ng the propert i es ,  hazards , recommended con
ta i nmen t ,  and c l ean up procedures for SRC products . 
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• Part i c i pat i on in  the  CHEMTREC prog ram sponsored by the  Manufacturi ng Chemi sts Assoc i at i on . 
Th i s  w i l l  prov i de an a l ternate source of the same i nformat i on and a s s i stance as the reponse 
sys tem i nd i cated above . 

• O i rect a s s i stance to the l ocal  emergency response personnel when req uested . 

• Mai ntenance of a rapi d -response a s s i s tance capabi l i ty i nc l ud i ng tra i ned personne l , tran s 
portat i on ,  a nd  fund i ng necessary to  prov i de t h i s  i mmed i a te advi ce and a s s i stance i n  the 
event of  a sp i l l . 

• Tra i n i n g  and i nformat i on on emergency procedures for personnel i nvol ved i n  the transpo r
tation of SRC products by un i t  tra i n s  or  h i ghway tra i l e rs that a re whol l y  ut i l i zed for SRC 
product tran sport . 

I n  add i t i on ,  the c r i ter ia  u sed to sel ect tra nsportat i on modes wi l l  i nc l ude m i n i m i zation  of 
pub l i c  hea l th i mpact  s hou l d  s pi l l s  occu r ,  prov i ded that th i s  procedure is cons i stent wi th the 
req u i rements o f  adequate transportat ion  to end u sers . Products cou l d  be s h i pped by mu l t i p l e
car  tra i n s ,  barge , or  u n i t tra i n  over spec i f i ed c hosen routes . Personnel a s soc i ated w ith  
s h i p p i n g  or  hand l i ng operat i ons cou l d  be  g i ven spec i a l  tra i n i ng i n  handl i ng procedu res and 
u s i ng the tel ephone response system outl i ned above . In add i t i on , the d i s tr i bu t i on of products 
from the i n i t i a l  operat i on of  the demonstrat i on p l ant cou l d  be l im i ted to a sel ec ted group o f  
u sers t o  mi n i m i ze poss i b i l i ty of  sp i l l s . 

I n  the event that resea rc h i nd i cates the hazards of SRC p roducts to be much more ser ious  than 
c u rrent ly  anti c i pated , hyd rotreat i ng  of  a l l  the l i q u i d  product  m ight  be prac t i ced to reduce the 
hazards a s soc i ated w ith  transporta t i on and handl i n g  of the materi a l s .  

00 . 6 . 2 . 1  Contai nment and countermeas ures  

Contai nment  and countermeas ures a re perhaps the  most  impo rtant act i on in  the remova l of  an o i l 
sp i l l . They a re the f i rs t correc t i ve act ions  taken and shou l d  be i n i t i ated a s  soon as poss i b l e .  
Countermeas ures a re usua l l y  o f  fou r  types : 

1 .  i so l at i on and evacuat i on of  the s p i l l  a rea to p rotect l i fe or  heal th , 

2 .  s h utt i ng off the source of t he sp i l l , 

3 .  p l a c i n g  booms o r  other physi ca l  o r  adsorbent barri ers to prevent contam i nat i on o f  s u r
round i ng terra i n  or  adjacent waterways by spread i ng the s p i l l ,  and 

4 .  prep l anned construct ion  o f  trenc hes or  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 cr i t i ca l  f i rst step of any coo rd i nated sp i l l  c l eanup act i v i ty .  Q u i c k  response 
t ime i s  i mportant and depends on vari abl es such a s  terra i n  c ha racteri st i c s ,  equ i pment des i gn and 
avai l a b i l i ty ,  personnel capab i l i ty ,  s i z e ,  phys i ca l  and c hemi cal  p ropert ies  of  the o i l  sp i l l .  
Contai nmen t i s  accompl i s hed through  fou r pri n c i pa l  methods : booms , contai nment dams , a i r  
barri ers , and su rface ten s i on mod i f i ers . For a summary o f  contai nment methods , see Tab l e  00 . 1 7 .  

0 0 . 6 . 2 . 2  Removal 

Removal of  an o i l  s p i l l  can be accompl i s hed in severa l ways i nc l ud i ng : 

1 .  evaporat ion  ( gasol i n e ,  jet  fuel , l i g ht  d i st i l l ates ) , 

2 .  phys i ca l  removal (mechan i ca l  equ i pment such  as s k immers ) ,  

3 .  b i odegradat i on , 

4 .  burn i n g ,  

5 .  d i spers i on ( emu l s i fi ca t i on ) , and 

6 .  pump i n g  i n to l andfi l l s .  
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Table 0 0 . 1 7 .  Summary of  contllinment methods 

Type of system Princ i p le of  o perat ion  Advantages D isadvantages 

Air barriers Subsu rface bu b b l i n g  Do n o t  i mpede Costly to i nsta l l  and 
to create u pswel l- vessel mainta i n ;  l i m ited 
ing of  water movement by e nv i ronmental 
su rface factors (w i nd,  

cu rrent)  

Piston f i lm or Su rface te nsio n Eas i ly  a p p l ie d ;  On ly  p rovide l i m ited 
Herder c he m icals p henomenon sma l l  dose conta i n ment for a 

requ ired matter of hours; 
gove rnme nt 
approved products 
must be used 

Booms P h ysical  barrier Quickly dep loyed ; Work best i n  ca lm 
are physical waters; may be 
barriers used in  l i m ited 

cu rrents and 
waves 

Hose spray Tu rbu l e nt barrier Rap id ly  a p p l ied L im ited to u se i n  
t o  o i l  confi ned areas 

and ca l m  wate r ;  
temporary 
method o nly 

Sorbent barrier Bot h  physical  Eas i ly  dep loyed ; Works best in ca l m  
barrier and can be u sed for water; o i l  is not 
absorbent surface both conta i n- effectivel y  
for o i l  p ickup ment and conta i ne d ;  s lows 

p ickup spread i ng 

Methods ( 4 ) , ( 5 ) , and ( 6 )  a re not des i rabl e because  of t he i r  adverse effects on to the envi ron
ment  and hazard to  l i fe and property . Rel i ance on method ( 3 )  i s  not recommended because  of  i ts 
l engthy react ion  t i me and t he pos s i b i l i ty of tox i c  products . Method ( 1 ) i s  a natura l l y  occurr i ng 
phenomenon for l i g ht , h i g h  vo l at i l e  products . Method ( 2 ) i s  most  extens i ve l y  used and i s  
benefi t i ng from i nten s i v e  researc h .  

The pr i nc i pal  methods of  mechan i cal  removal of  o i l  s p i l l s  i s  by vacuumi ng and by s k i mm i ng . The 
types ut i l i zed i nc l ude vacuum u n i ts and s k immers (mechan i cal  and s u ct i o n ) . 

DD . 6 . 2 . 3  S i te-spec i f i c  c l eanup and contai nment procedures 

Authori ty for c l eanup and contai nment procedures u sed in case of  a s p i l l  a l ong the proposed 
route a re found in t he Nat i onal O i l  and Hazardous S ubstances Pol l ut i o n  Cont i ngency P l an . The 
p l an prov i des  for coord i nated Federal act ion  to prevent d i scharges of  o i l and hazardous  sub
stances and to protec t the envi ronment from damage when d i scharges occu r .  The p l an ,  devel oped 
i n  compl i ance w i t h  Sect . 3 1 1 ( c ) ( 2 ) of the C l ean Water Act ,  promotes Federa l -State coord i nat i on 
and encourages l ocal  governments  and pr i vate f i rms to b u i l d  capabi l i t i es for c l ea n i ng up sp i l l s .  
Depend i ng on where a s p i l l  of SRC- I  l i q u i d  occurs a l ong the proposed route , e i ther EPA or the 
U . S .  Coast Guard wou l d  oversee the procedures . The Coast  Guard wou l d  respond to s p i l l s  in the 
Lake C harl e s  a rea and t he E PA wou l d  respond to s p i l l s  a l ong the Mi s s i s s i pp i  R iver . The p l an 
prov i des  for :  

1 .  a s s i gnment o f  respon s i b i l i t i e s  among Federal agenc i e s , i n  coord i nat i o n  wi t h  State and l ocal  
agenc i e s ; 

2 .  i dent i fi cat ion , procurement ,  mai ntenance , and storage of eq u i pment and supp l i e s ; 
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3 .  establ i s hment o r  des i gnation  o f  a stri ke force t o  carry out the p l an ;  tra i ned and adequately 
equ i pped emergency tas k fo rces at major ports ; 

4 .  a system of survei l l ance and reporti ng to g i ve respons i bl e Federa l and State agenc ies  the 
earl i est  poss i b l e  notice  of  d i sc harges of o i l  and hazardous su bstances or immi nent threats 
of  such d i sc harges ; 

5 .  establ i shment of a nati onal center to prov i de for coordi nati on and d i rection  of operat ions  
in  carry i ng  out the pl an ; 

6 .  procedu res for i dent i fyi ng , conta i n i ng ,  d i spers i ng ,  and remov i ng o i l  and haza rdous  
substances ; 

7 .  a schedu l e ,  prepared i n  cooperat ion wi th  t he s tates , to i denti fy any d i spersants or other 
c hemi ca l s  that may be used i n  carryi ng out  the p l an ;  

8 .  a system for reimbu rsi ng s tates for reasonabl e costs i ncu rred i n  removi ng d i scharges . 

F i ve sequent i a l  s teps are to be taken by Federa l a u thori t ies  once the sp i l l  i s  reported . These 
steps are to : 

1 .  i nvesti gate the report to determine  perti nent i nformat i on such  as t he threat posed to 
publ i c  hea l t h  or  wel fare , the type and quanti ty of mater ia l  d i s c harged , and the source  of  
the d i scharge ; 

2 .  not i fy Reg iona l  Res ponse Teams ( RRT ) and the S c i ent i fi c  Support Coordi nator , i n  accordance 
w i t h  the appl i cabl e reg i onal  p l an ; 

3 .  determ i ne whether the person or acti v i ty respon s i b l e fo r the pol l ut i on i s  proper ly  carry i ng  
o u t  removal acti ons ; 

4 .  offi c i a l l y  c l as s i fy the sever i ty o f  the d i scharge and determi ne the course to be fol l owed ;  

5 .  determ i ne whether State act i on to effect removal i s  necessary wi t h i n  the mean i ng of the 
C l ean A i r  Act .  

I n  genera l , accord i n g  t o  the p l an ,  the company s p i l l i ng the hazardous substance i s  f i ned $5000 
( regardl ess of the amount sp i l l ed )  and is respons i b l e  for t ime l y  and effecti ve c l eanu p .  I n  
add i t i on , the company i s  requ i red to  cal l t he  Nati onal Response Center at  ( 800 ) 424-8802 . Once 
the center i s  noti f i ed , act ions  must be taken both to assure a proper c l eanup and to as sess 
poss i bl e  envi ronmental damage ( e . g . ,  contami nation of the water supp ly ) .  In the event that the 
company does not sati sfactor i l y  c l ean up  the sp i l l , Federa l , S tate , or l ocal author i t i es wou l d 
i n tervene by c l ean i n g  u p  the sp i l l .  The respon s i b l e  company wou l d  then be charged for these 
c l eanup costs . 

Regi onal Coast Guard and EPA offi c i a l s ,  asked to d i scuss  the response they wou l d  execu te i n  the 
event of  an SRC- I l i q u i d  s p i l l ,  offered two s i te-spec i fi c  cr i ter ia  for determ i n i ng c l eanup and 
conta i nment procedures . These cri ter ia  are c l imati c  cond i t i ons  ( season and geog raph i c  sett i n g )  
and type of  water body . ( The bas i c  as sumpti on i n  these d i scuss ions  was that when sp i l l ed , 
SRC - I  l i q u i ds wi l l  behave l i ke petro l eum fuel o i L )  

00 . 7  TRANSPORTAT ION REGULATI ONS 

The U . S .  Department of  Transportat ion  ( DOT ) , Offi ce of Hazardous Mater i a l s ( OHM ) , regu l ates 
hazardous materi al s wh i l e  they are in transport . The OHM i s  the  agency wi t h i n  DOT that hand l e s  
the  transportat i on of mater i a l s s im i l ar to  SRC- I l i q u i d .  An extens i ve s e t  of  regu l at i ons 
cove ri ng a l l phases of  transportat i on , from the t ime the mater ia l  l eaves the s h i pper to the t ime 
i t  reaches the consi gnee , have been created by OHM to protect the publ i c  i nterest . The fo l l ow
i ng section  presents regu l at i ons perti nent to SRC - I  l i q u i d  s h i pments , as wel l as the most  l i ke l y  
mode of transport . 

Because the pr imary trans port for S RC - I  l i q u i d  s h i pments i s  rai l tank cars , a desc r i p t i on of the 
u n i t  tank car tra i n  is presented in the second part of  t h i s  sect i on .  
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The DOT regu l at ions  app l i cabl e to transport of SRC- I l i q u i d  products a re not expl i c i t  because 
SRC- I l i q u i d s  are new products , and amended regu l ations  do not yet i nc l ude SRC- I products . The 
m i scel l aneous category , not other spec i f i ed ( NOS ) , wou l d  app ly  to SRC- I l i q u i d  transport at th i s 
t ime .  The l i teratu re i nd i cates that component e l ements of SRC - I  l i q u i d  are s i mi l ar to both t he 
mi ddl e and heavy petro l eum d i st i l l ates .  For the purpose of t h i s  prel imi nary ana lys i s ,  Federa l 
regu l at ions  for d i st i l l ate transport can be assumed to be appl i cabl e for SRC- I l i q u i d  s h i pments . 

DOT regu l at ions  dea l i ng w ith  the s h i pment  of hazardous  mater i a l s are stated i n  Ti t l e  49 Code of 
Federa l Regu l ations  Part 1 00 . 000- 1 7 7 . 000 . F i ve s ubsecti ons  of the Federa l Code a re appl i cabl e 
to sh i pments of SRC- I p roducts : 

l .  Subsecti on 1 7 2 . 1 00 for Proper S h i pp i n g  Name ; 

2 .  Subsect ion  1 7 2 . 200 for Descr i p ti on of Haza rdou s  Materi a l s on s h i pp i n g  papers ; 

3 .  S ubsecti on 1 7 2 . 300 for mark i ng and l abel i ng requ i rements ; 

4 .  S ubsecti on 1 7 2 . 400 for Packag i ng Speci f i cat i on s ; 

5 .  S ubsect i on 1 7 3 . 1 1 9  for speci fi cat ion of tank cars . 

Each tank car wi l l  be marked w ith  e i ther the proper s h i pp i n g  name or  the common name of the 
chemi ca l . The mark i n g s  must be of a spec i f i c  s i ze ,  fou r  i nches or  mo re i n  he i g ht with a mi n imum 
of  three-fourths of an i nch  between each l ette r .  They must be affi xed to both s i des of the tank 
car and i n  p l a i n  v i ew .  F i na l l y ,  any tank car marked i n  th i s  way may not be used to transport 
any other materi al u n l ess  the mark i ng s  a re removed . 

The l ast  reg u l at ion  that wou l d  app l y  to S RC- I s h i pmen t  l i qu i d  i s  the use  of p l acards . P l acard
i ng on l y  appl i es to vol umes over 640 cub i c feed and/or 1 200 pounds and req u i res that the s h i pper 
i denti fy the hazardou s  materi al  by means of the appropri ate p l acard . The p l acard must be 
d i sp l ayed at each end and at each s i de of the s h i pp i n g  conta i ner .  For SRC- I l i qu i d  s h i pments , 
the p l acard wou l d  post e i ther " combusti bl e" or  " fl ammabl e , "  depend i n g  on the exact chemi cal  
compos i t ion  of the product . 

0 0 . 8  DESCRI PT I ON OF TRANSPORTATI ON EQU I PMENT 

The trans portat i on ana l ys i s  is based on spec i f i c  assumpt ions  rega rd i ng product i o n  and s h i pp i n g  
quan t i t i e s  of SRC- I l i q u i d  products . Al t houg h t h e  proposed SRC- I  demon stration  p l ant i s  capab l e 
of produc i n g  a mi x of u sab l e ener�y products , anal ys i s  of tran sportat i on requ i rements i s  based 
on  the l argest poss i b l e  quanti ty ( 1 1 , 000 barre l s per day ) . I t  has been establ i s hed , however , 
that the actual production  rate d u r i ng the fi rst 4-5  years of opera t i on wi l l  be consi derabl y 
l ess  than 1 00% of fu l l  pl ant capac i ty .  Dur i ng  the f i rst three years of operat i on , the p l ant i s  
ex pected to operate a t  o r  bel ow 50% capac i ty .  Because o f  the l i m i ted production  rate , trans
portat ion requ i rements consi dered i n  t h i s  secti on a re exaggerated . 

00 . 8 . 1  Un i t  tank-car tra i n  

The spec i fi c t ransportat i on requ i rements o f  the Newman p l ant  s uggest the u t i l i zat i on o f  tank car 
u n i t  trai n s  for the s h i pmen t  of SRC- I l i qu i d .  The current state of the a rt for the s h i pment of 
homogenous b u l k l i q u i d s  i s  a system of i n terconnected tank cars devel oped by General Ameri can 
Transportat i on Corporat ion ( GATX ) . ( Personal commu n i cat ion  w ith  Dom i n i c  Conova , GATX Termi na l  
Corporati on , C h i cago , I l l i n o i s ,  Oct . 28 , 1 980 . ) The  system , whose reg i stered trade mark  name 
i s  " TankTra i n , "  offers a w ide range of advantages over convent i onal u n i t  tra i n  des i gn . The 
u n i que i nterconnected system of e l bow p i pes and fl ex i bl e  hose enabl e the u n i t  tra i n  to be l oaded 
and un l oaded from an  i nd i v i dual  tank car ,  an  apprec i abl e i mprovement over the conventiona l  
method of l oadi ng and un l oad i ng each  car i nd i v i dua l l y .  

Th i s  mod i f icat i on shou l d  have a pos i t i ve impact both o n  the human envi ronment  and o n  the env i 
ronmen t  i n  genera l . I t  wi l l  al so provi de cost advantages to the s h i pper .  Because of the 
s i n g l e  product l i ne connect ion featu re ,  the n umber of persons hand l i ng l oad i n g  and u n l oadi ng 
operat ions  is g reatl y reduced . The harmful effects of c l imb i ng on cars , open i ng manways , 
handl i ng f i tt i ngs , and exposure to commodi ty ,  i nc l u d i ng harmful  vapors , a re a l l m i n im i zed . The 
s i n g l e  product l i ne connection  feature a l so a l l ows d i rect transfer of t he l i q u i d  commod i ty to 
ho l d i ng faci l i t i e s  or s ubsequent transportat i on modes , thereby reduc i ng the pos s i b l i ty of 
sp i l l age or vapor l os s  wh i c h  i s  usua l ly  assoc i a ted wi th  conventi onal u n i t  tra i n s . 
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00 . 8 . 2  Spec i f i cat ion for rai l tank car con struct ion  and design and requi red safety features 

The Code of Federal Regu l ati ons , CFR 49 , Part 1 79 ,  Subparts (A ) , ( B ) , a nd ( D )  dea l s excl u s i ve ly  
w i t h  des i g n  requ i rements for ra i l  tank  cars . Several tan k  car des i g n  features must meet speci f i 
cations outl i ned i n  these regu l ations . The most important features a r e  the t h i c kness of the 
tank wa l l s ,  type of wal l materi al s ,  and types of l oad i ng/un l oad ing and safety rel i ef va l ves . 

A maj or manufacture of ra i l  tank cars was contacted to determi ne whi c h  DOT speci fications  are 
the cu rrent standard fo r petrol eum tan k  cars and wou l d  therefore be acceptabl e for SRC- I l i qu i d  
products . The manu facturer i denti fi ed three des i gns  that are i n  use today for petrol eum pro
ducts . · The DOT spec i f i cat i ons  for these three desi ngs are 1 03W , l l A60Wl , and l l l A1 00Wl ( see 
Tab l e  00 . 1 8 ) . The 1 03W ra i l  cars are heav ier  and costl i er than those cars b u i l t  in acco rdance 
w i t h  the other two speci f i cat i ons . E i ther of the two rema i n i ng des i gns  are acceptab l e  for 
S RC- I l i qu i d  s h i pments , a factor wh ich  i ncreases the avai l ab i l i ty of ra i l  tank cars . The 
majori ty of petrol eum rai l cars are bu i l t  to meet spec i f i cat ion l l A1 00W1 . DOE wi l l  spec i fy use 
of the safest equ i pment ava i l abl e .  

Table 00.18.  I ndividual rai l  tank car specification requirements 

1 03W 1 1 1 A 6OW 1 a  1 1 1 A 1 00W 1 a  

Material (see 1 79.200-7) Steel Steel Steel 
I nsulation (see 1 79.200-4) O ptional O ptional O ptional 
B u rsting p ressure, psi (see 1 7 9.200-5) 240 240 500 
M in i m u m  plate thickness, i n .  

S hel l  (see 1 79.200-6) 1 70.201 -2 7/ 1 6  7/ 1 6  
H eads (see 1 79.200-6 and 1 79.200-8) 1 79.201 -2 7/ 1 6  7/ 1 6  

Dome Req u i red N one N one 
M in i m u m  expansion capacity ( see 1 79.200- 1 4 )b 2% in dome 2% i n  tank 2% i n  tan k  
T est p ress u re, p s i  ( 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 t ight p ressure ( m in imum psi) 28 28 60 
Valve flow rat ing p ressure ( maxim u m  psi)  45 45 85 
Vent bursting pressure, psi b 60 60 1 00 
G aging devices ( see 1 79.200- 1 6 )  O ptional R eq u ired Req u i red 
Top load ing and un loadi ng devices O ptional O ptional Optional  

(see 1 79.200-1 6) 
Bottom outlet [see 1 79.200-1 7(a)J  O ptional O ptional  O ptional 
Bottom washout [ (see 1 79,200-1 7 ( b ) J  O ptional  O ptional O ptional 
C losure fo r manway (see 1 79.200-1 5 )  1 79.201 -6( a )  1 79 .201 -6( a )  1 79.201 -6( a)  
Postweld heat treatment ( H T )  (see 1 79.200-1 1 )  HT HT HT 
Special  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 

"T a n ks converted to DOT -1 1 1 A  series f rom existing forge-welded specification .  DOT -1 05A300, 
400, or 500 tanks, by mod if ication using conversion details complying w ith DOT -1 1 1 A specifi
cation req u irements,  shall be stenciled by substitut ing the letter "F" for the letter "W" in the 
specification desig natio n .  

b Mandatory compl iance with  49 CFR Part 1 79.20 1 -1 is  Jan .  1 ,  1 979. 
Source: Hazardous Materials Regulations o( the Department o(  Transportation, Tariff No.  

BOE-600, Association of A m e rican R a i l roads, Dec.  3, 1 979, p .  453. 
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00 . 9  FATE AND EFFECTS OF COAL L I QUEFACTI ON PRODUCTS I N  AQUAT I C  ECOSYSTEMS 

Th i s  secti on presents exper imental res u l ts spec i f i c  to the SRC- I I  l i q u i d  produc t .  Th i s  program 
has not conducted experi ments wi th SRC- I mater i a l . However ,  the processes are s imi l ar and the 
resu l ts g i ve a perspecti ve on the SRC-type materi al s rel ati ve to other petrol eum o i l s .  

0 . 0 . 9 . 1  I ntroduction 

Sp i l l s  of l i q u i d  products are among the maj or potenti al envi ronmental hazards of coal l i que
fact i on techno l og i es . I t  has been estimated that a commerci a l  l i quefacti on i ndustry produc i ng 
500 , 000 barre l s per day of syntheti c  o i l wou l d  res u l t  i n  acci dental re l eases of  from 1 000 to 
1 50 , 000 barre l s per year i nto aquati c ecosystems . 5 Based on these cons i derati ons , the Advanced 
Fos s i l Energy Program (AFEP ) of Oak Ri dge Nati onal Laboratory ' s  Envi ronmental Sc i ences D i v i s i on 
has been conducti ng research on the transport , fate , and effects of syn thet i c  o i l s  i n  fresh
water ecosystems . Th i s  sect i on presents the maj or resu l ts to date from the AFEP researc h .  

Obj ecti ves of the synthet i c  o i l s  research program are : ( 1 ) compari son of the toxi c i ty of 
coal l i quefacti on products , s ha l e oi l s ,  and petro l eum products to aquat i c  p l ants and an i ma l s ;  
( 2 ) i denti fi cati on of the pr i nc i pa l  water-so l u b l e  tox i c con sti tuents of syntheti c o i l s ,  ( 3 )  
exami nat i on o f  the effects o f  ref i n i n g  and process  cond i t i ons  on the toxi c i ty o f  syn theti c 
o i l s ,  ( 4 )  exam i nat ion  of  the i nfl uence of  weatheri ng processes ( espec i a l l y  d i ssol ut ion , 
photodegrati on , and evaporat i on ) on the tox i c i ty of syntheti c o i l s ,  and ( 5 )  i nvest i gat i on of 
the l ong-term fate , and the pos s i b l e effects on aquat i c  organ i sms , of synthet i c  o i l  res i dues 
i ncorporated i nto sediments . 

Obj ecti ves ( 1 ) through ( 3 )  have been i nves ti gated to some depth to date . Prel im i nary res u l ts 
have been obtai ned whi ch address obj ecti ve ( 4 ) ; work on obj ecti ve ( 5 )  has not yet been i n i t i ated . 

00 . 9 . 2  Exper imental approach 

00 . 9 . 2 . 1  Water-so l ub l e fracti ons (WSFs ) 

The fi rst two years of th i s  research have focused on water-so l ub l e fracti ons ( WSFs ) of o i l s  
for several reasons .  ( 1 ) Stud i e s  wi th petro l e um products i nd i cate that the water-so l ub l e 
components of o i l s  are respon s i b l e  for most of the o i l ' s  acute effects on phytop l ankton , zoo
p l an kton , and fi s h . 6 , 7 ( 2 )  The components of an o i l  that d i sso l ve rap i dl y  i nto water after a 
s p i l l  are l i abl e to affect a l arger area than the o i l s l i ck i tse l f . ( 3 )  Exposure of organ i sms 
to d i ssol ved o i l components wi l l  occur even i f  the und i sso l ved oi l i s  recovered . ( 4 )  B i oassays 
w ith  WSFs avo i d  the experimental di ffi c u l t ies  i nherent in tests wi th i nsol ub l e and immi sc i b l e  
materi al s .  

After a revi ew o f  the l i terature , a procedure was sel ected that has been wi de ly  used i n  
studies  on petrol eum for WSF preparati on .  O i l i s  fl oated on water i n  a c l osed g l ass  vesse l  
at  a rati o of 1 : 8 ,  a rat i o  w ide l y  u sed in  petro l eum tox i c i ty testi ng . The mi xtu re is  s t i rred 
gently for a predeterm i ned l ength of t ime , and the aqueous phase ( the WS F )  i s  then separated 
from the o i l and fi l tered to remove o i l drop l ets . Except i n  exper iments on photodegradat i on , 
WSFs are prepared i n  the dark (or  under  gol d fl uorescent l i ghts ) to avo i d  photochemi cal  
changes in the o i l s  or WSFs . Th i s  procedure resu l ts in reproduci bl e ,  eas i l y hand l ed sol ut i ons 
that can be compared w ith  many pub l i shed studi es on petro l eum . 

A s i mi l ar experimental apparatus has been used to quanti tate concentrati ons and rates of d i s 
sol uti on of synthet i c  o i l contami nants . Oi l i s  l ayered onto water i n  a c l osed g l a s s  vessel  
a t  a vol umetric  rat i o  of  1 : 1 40 to permi t the o i l  added (25 ml ) to spread to a th i ckness of 
no more than 2 mm to s i mul ate a th i n  o i l s l i ck in the envi ronment .  A reci procati n g  sti rrer 
i s  used to prevent vortex format ion .  At i nterva l s water samp l es are wi thdrawn , and d i s so l ved 
contam i nan ts are extracted wi th sol vents i nto aci d/neutral and base fracti on s .  Contaminants 
a re quanti fied after gas chromatograph i c  separat ion ; i denti fi cat i ons  are made by co-chromato
graphy of standards and by GC-mass spectrometri c analysi s .  

Gen t l e  equ i l i brati on of petro l e um wi th under ly i ng water i n  a cl osed system may not model 
accurate ly  e i ther the mode of toxi cant i ntroduction  i nto seawater or the f ina l  contami nant 
compouhd d i stri but i on . 8  However , ocean i c  turbul ence is far greater than that of  most navi gab l e 
r i vers , where syntheti c o i l  sp i l l age i s  most  l i kel y ,  and d i sso l u t i on of synthet i c  o i l toxi cants 
i s  far more rap i d  than toxi cant d i sso l u t i on from petrol eum ( as wi l l  be presented i n  l ater 
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secti ons of th i s  appendi x ) .  Therefo re , the exper imental d i s sol uti on system empl oyed i s  more 
l i ke ly  to s i mul ate correctly  contami nant movement from o i l s  i nto fresh  water than i s  an experi 
mental system domi nated by emu l s i fi cat ion ( i . e . , rap i d  and v i ol ent agi tat i on ) .  Further model i ng 
of  actual syntheti c o i l  s p i l l s  may be requ i red  to demonstrate conc l us i ve ly  the val i d i ty of t h i s  
a s s umpti on .  

00 . 9 . 2 . 2  Oi l s  tested 

Most  of the o i l s  u sed i n  th i s  research were recei ved from the Foss i l  Fue l s Research  Materi al s 
Faci l i ty of  the U . S .  Envi ronmental Protecti on Agency ( EPA) and the U . S .  Department of Energy 
( DOE ) l ocated at the Oak Ri dge Nati onal Laboratory .  These o i l s  and the i r  EPA/DOE i dent i fi cat i on 
numbers are l i sted i n  Tabl e 00 . 1 9 . Further i nformation  can be found i n  Gri est . 9  

Table 00. 19. Oils tested 

O i l  

SRC-I I product 
SRC-I I fuel o i l  blend 
Coal l iqu id A 
Coal l iqu id B 
Coal l iquid C 
Coal l iquid 0 
Coa l l iqu id E 
Coal l iqu id F 
Coal l iquid G 
Coal l iquid H 
Coa l l iqu id I 
Coal l iquid J 
Coal l iqu id K 
Coal l iquid L 
Coal l iqu id M 
Coal l iqu id N 
Petroleum crude oi l  
Petroleum No. 2 d iesel fuel 
Petroleum marine d iesel fuel 
Petro leum JP-5 jet fuel 
Petroleum res idu al  A 
Petro leu m residual B 
Petroleum residual C 

a Obtained from producer. 
bObtained from local d istributor. 

E PA/DO E  No. 

C R M - 1  
1 70 1  

1 1 1 6  
1 1 0 1  
1 30B 
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 

8 

C R M -3 
b 
46 1 6  
46 1 4  
5401 
5402 
6 1 0 1  

Tabl e 00 . 20 s hows den s i t i es and  vi sco s i t i es of the  o i l s  used i n  d i sso l uti on stud i es . Two SRC - I I  
p roducts were tested a s  wel l a s  three other coal -deri ved l i qu i ds and a petrol eum crude o i l .  The 
SRC- I I  products (wh i c h  were col l ected from di fferent p i l ot p l ant producti on runs ) a re i nter
medi ate in vi scos i ty between a raw coal l i q u i d  ( A )  and l i ght and heavy d i st i l l ates of a hydro
treated o i l (B and C ,  respect i ve l y ) ; they are con s i derab ly  l ess v i scous than the petrol eum crude 
tes ted . The SRC- I t  products were the densest of the s i x  o i l s .  At 5°C the den s i t i e s  a re g reater 
than that of water ,  whi l e  at 25 °C  the den s i t i es a re l e s s ;  thus at temperatures bel ow about 1 5°C  
the SRC- I I  o i l s  s i n k , wh i l e  at h i g her  temperatures they fl oat .  
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Tlble 00.20. Chlrleterlltlel of OUI telted for 
diliolution of wlter-Ioluble eontlmlnlntl 

Density 
O i l  V iscos ity a t  25° C (cS ) 

5° C 25° C 

Coal l iquid A 2.82 0.91 68 0.91 1 1  
Coal l iq u id B 1 .23 0.8276 0.8 1 25 
Coal l iq u id C 2 1  0.9731 0.958 1 
Petroleum crude 202 0.9453 0.9320 
SRC-I I p roduct 7.42 1 .0088 0.9940 
SRC-I I fuel o i l  blend 7.09 1 .0094 0.9950 

00 . 9 . 3  Comparati ve tox i co l ogy of o i l s  

00 . 9 . 3 . 1  Al gae 

Water-sol ub l e fracti on s  ( WSFs ) of natural and synthet ic  o i l s  were tested for the i r  effects on 
photosynthes i s  by fres hwater a l gae . The test organi sms were Se lenas trum cap�icornutum, a 
un i ce l l u l ar green a l ga that has been recommended by the EPA for chemica l  hazard assessment , I O 
and Mic�ocystis aeruginosa, a nonni trogen-fi x i n g  u n i ce l l u l ar b l ue-green a l g a .  The b i oassays 
measured effects of WSFs on organ i c  carbon uptake i n  4-h exposures . I I , 1 2 Res ul ts are expressed 
as percentages of control s .  I n  some experi ements , EC20  val ues ( WSF concentrati ons cau s i n g  20% 
i n h i b i t i on of photosynthes i s )  were esti mated by i n terpo l ati on on a p l ot of phytosynthes i s  versus  
l og con centrati on . 

Tab l e 0 0 . 2 1  l i sts EC2 0 s  for a l l WSFs tes ted . 1 3  Val ues for coal l i qu i d  WSFs were one to two 
orders of magn i tude be l ow those for petro l e um WSFs . Crude petrol eum was not tested , but  
petrol eum crudes are  general l y  l ess  toxi c than  refi ned petrol eum products . 7 , 1 4 , I S  

Tlble 00.21. Acute toxicity of WSFI to freehwlter Ilgae 

O i l  Sa/anas trum Microcys tis 
capricornutum aaruginosa 

S RC -I I fuel o i l  blend 0.83 0 63 
Coal l iq u id A 0.29 
Coal l iq u id D 0.25 0.46 
C oal l iq u id E 0.30 0.26 
Coal l iq u id F 0.063 0. 1 3  
Coal l iq u id G 0.0 1 9  1 .4 
Coal l iq u id H 0. 1 6  0. 1 5  
Coal l iquid I 0.0 1 9  0. 1 3  
Coal l iq u id J 0.42 0.91 
Coal l iq u id K 0.57 0.75 
Coal l iq u id L 0.68 1 .4 
Coal l iq u id M 0.60 1 .6 
Coal l iq u id N 0.63 1 . 1  
Petroleum No. 2 d iesel f u e l  1 5  25 
Petroleum marine d iesel fuel 1 3  
Petroleum J P -5 jet fuel  > 1 00 
Petroleum resid ual A > 1 00 1 4  
Petroleum residual B > 1 00 > 1 00 
P etroleum residual  C > 1 00 63 

a WSF concentration ( percent d i lution) causing 200/0 i n h i b it ion 
of photosynthesis. 
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00 . 9 . 3 . 2  Daphnia magna 

Water-sol ubl e fracti ons ( WS Fs ) of o i l s  deri ved from coa l and petrol eum were tested for acute 
tox i c i ty to the fres hwater crustacean Daphnia magna in standard 48 b i oassays . 1 6 Severa l of the 
WSFs were a l so exami ned i n  28 stati c-renewal experiments to measure c h ron i c  effects on D .  magna . 
The responses measured i n  the chron i c  tests i nc l uded l i fe span , day of fi rst brood re l ease , 
number of broods per fema l e ,  number of young per fema l e ,  and number of young per brood . Resu l ts 
a re summa ri zed i n  Tab l e  00 . 22 .  WSFs of two refi ned petrol eum products were s l i g ht ly  toxi c  to 
D. magna wi th 48-h LCs o val ues of 30 and 67% respective l y .  Petro l eum res idua l  C wa s nontoxi c .  
I n  contras t ,  the WSFs of the coa l l i quefact ion  products had LCs o s  rang i ng from 0 . 2  to 4 . 6 % .  The 
S RC- I I  fuel o i l  b l end was the second most toxi c  product tested w i th an LCs o of 0 . 3% .  

Table 00.22. Acute and chronic toxicity of 
WSF, to Daphnia magna 

O i l  

SRC-II f u e l  o i l  blend 
Coal l iq u id A 
Coal l iq u id E 
Coal l iq u id F 
Coal l iq u id G 
Coal l iqu 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 

Petroleum No. 2 d iesel fuel  
Petroleum marine d iesel fuel  
Petroleum residual C 

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 LOECb 

0.58 
0.92 
0.01 6  
0.25 

20 

a WSF concentration ( percent d ilutio n )  that k i l led 50"10 of 
the test organisms i n  48 h.  

bLowest WSF concentrat ion ( percent d ilut io n )  at which 
s ignificant effects on reproduction were observed in  28 d .  

'At much l ower WSF concentrati ons , more chron ic  effects than acute effects were observed . The 
number of young produced per fema l e  ( over her enti re l i fetime ) was the most  sen s i t i ve parameter 
measured in the 28-d tests . Coa l L i q u i d  G affected reproduct ion  at a concentration  of 0 . 0 1 6% 
WS F .  Petrol eum No . 2 d i ese l  fuel produced no chron i c  effects bel ow 20% WSF .  Thus , the  d i ffer
ences between the toxi c i t i es of coal l i q u i ds and petro l eum were g reater i n  the chron i c  b i oassays 
than i n  the acute b i oassays . I n  separate studi es , l ow concentrations  of Coa l L i qu i d  A WSF 
reduced res p i rat ion rates and graz i ng rates in  D .  magna . 

00 . 9 . 3 . 3  Sed iment mi crob i a l  commun i t i es 

Sediment m i crob i a l  commun i t i es i n  l aboratory m icrocosms were treated wi th Coa l L i q u i d  G and 
petrol eum ma r i ne d i esel  fuel semi -conti nuous l y  for three month s .  Dehydrogenase act i v i ty ( a  
measure o f  m i crobi a l  res p i rat ion )  and adenos i ne tri phosphate (ATP , a measure o f  m i crob ia l  b i o
mas s )  were s i g n i f icantly reduced by the l i quefact ion product ; on l y  dehydrogena se was affected by 
the ma r i ne d i esel fuel . At the end of the experiment , four other structu ra l  features and seven 
other mi crob i a l  functions  were assayed in the m i c rocosm sed iments . None of the structu ra l 
measu rements showed s i gn i fi cant effects from the o i l  treatments . However ,  many of the mi crob i a l  
functions ( m i nera l i zat ion of g l ucose , protei n ,  starch , l i p i d ,  a nd  naphtha l ene )  were s i g n i f i cantly 
h i gher in  the m i crocosms treated wi th the l i quefact i on product than in  the control s .  Sta rch , 
prote i n ,  and l i p i d  mi neral i zati on were a l so stimu l ated by the marine d i esel fuel . 1 7 
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00 . 9 . 3 . 4  Pond ecosystems 

The WSF of the S RC- I I  fuel  o i l b l end was app l i ed to two SO- l i ter pond m i crocosms conta i n i ng 
water , sedi ment , and a compl ex b i ot i c  commun i ty .  The WSF concentrati on immed i ate ly  after treat
ment was 1 % ,  near the thresho l d  for p hotosynthet i c  i nh i b i t i on a s  determi ned by a l g a l  b i oassays 
( Sect . 00 . 9 . 3 . 1 )  and approximately three ti mes the 4S-h LC s o  for Daphnia magna ( Sect . 0 0 . 9 . 3 . 2 ) . 
The treatment resu l ted i n  a g radual  decl i ne i n  p rimary producti on to very l ow l evel s over a two
week peri od . A l arge port i on of the domi nant p l ant popu l at i on ( the  pondweed Elodea ) was 
destroyed , and the majo r  a l ga l  taxa ( Spirogyra and benthi c d i atoms )  were e l imi nated ; zoop l ankton  
d i sappeared . Sna i l s  moved out  of t he water and remai ned above t he waterl i ne on the wal l s  of the 
mi c rocosms . For two to fou r  weeks after the WSF was added , the systems were near ly  anaerob i c .  
A g radual  recovery ensued . Elodea resumed g rowth , and b l ue-g reen a l gae repl aced the benthi c 
d i atoms . The snai l s  retu rned to the water and began produci ng egg masses . Primary p roduct i on 
rebounded , reac h i ng pretreatment l evel s after 6 to S weeks . These experimental ecosystems thus 
responded more dramati ca l l y  than the s i mp l e a l gal  b i oassays to t h i s  WSF ,  but the major  effects 
were tran s i ent .  Ecosystem funct i on ( energy and  nutri ent f l ow )  recovered from the treatment , b ut  
certa i n  c hanges i n  commun i ty structure ( such as t he rep l acement of d i atoms by  b l ue-g reen a l gae ) 
pers i sted unti l the experiment was termi nated at e i g ht weeks . l S 

00 . 9 . 3 . 5  S ummary 

Water-so l ub l e fract ions  ( WS Fs )  of the SRC- I I  product and other coal l i q u i ds were tox i c  to fresh
water a l gae and  i nvertebrates at much l ower concentrations  than  WSFs  of petrol eum p roducts . 
Effects on Daphnia magna reproducti on occurred at WSF concentrat ions  as l ow as 0 . 01 6% for coal 
l i q u i ds , compared wi th  20% for petro l eum No . 2 d i esel  fuel . Coal l i q u i ds and thei r WSFs pro
duced s i g n i f i cant effects on pr ima ry product i on , mi crob i al act i v i ty ,  and other  functi ons  of 
aquat i c  ecosystems . 

00 . 9 . 4 .  Compo s i t ion  of water-so l ub l e fract ions  (WSFs )  

00 . 9 . 4 . 1  Chemica l  analyses 

In contrast to the we l l -known compl ex i ty of synthet i c  o i l s ,  water-so l ub l e fracti ons a re rel a
ti vely noncompl ex ;  more than 99% of the total  water so l ub l e materi a l  ( on a mass bas i s )  cons i sts 
of about 30 compounds . Ana lyses of water-so l ub l e fractions of several o i l s  a re s hown i n  Tabl e 
0 0 . 2 3 .  Maj o r  consti tuents i nc l ude phenol , cresol i somers , CH2- phenol s ,  an i l i n e ,  to l ud i nes , and 
C2 -ani l i nes ; C 3 - and C4 -pheno l s and ani l i ne i somers have a l so been detected at l ow concentrati ons . 
I n  contrast , v i rtua l l y  no pheno l i c  or  bas i c  compounds were measu red i n  water equ i l i brated w ith  a 
petro l eum crude o i l ( cons i stent w i t h  reports by other i nvest i g ators ) .  Gas chromatograph i c  scans 
of the WSFs of coa l l i q u i ds were near ly  i dent i ca l , i ndi cat i ng l i tt l e qua l i tat ive  d i fference 
among the vari ous  synthet ic  o i l s .  I n  no case was chromatog rap h i c  o r  mass s pectrometr i c  evi dence 
for naphtho l s or  pol yhydric  pheno l s  ( e . g . ,  resorci nol  or  catecho l ) found , a l though these com
pounds may be p resent at concentrati ons bel ow the procedural detect ion l imi t ( 1  mg/ l i ter ) . I n  
the Coal L i qu i d  A base fract i on , pyri d i ne and a l kyl pyr i d i nes were tentat ive ly  i denti fi ed o n  the 
basi s of e l ut ion  pos i t i on but  at concentrat ions  of l ess  than 0 . 1  mg/ l i ter ;  they were not 
observed in the SRC- I I fuel o i l  b l end . 

Al though m- and p-cresol i somers are not d i st ingu i shabl e under the  gas chromatog rap h i c  cond i t ions  
empl oyed , the two compounds part i t i on to s im i l ar extents between o i l and water and thus  s ho u l d 
be present i n  water i n  the same propo rti ons a s  i n  the o i l .  I n  Coal L i q u i d  A ,  re l at i v e  concentra
t i ons  of m- and p-cresol i somers were approximate ly  3 : 2  ( M .  R. Gueri n ,  ORN L ,  personal commun i ca
t ion ) , wh i ch i mp l i e s  a s im i l ar rat i o  between m- and p - i somers i n  the WSF . 

Both S RC- I I  p roduct o i l s  tested p roduced concentrat i ons  of pheno l i cs i n  u nderly i ng water three
to fi ve-fo l d h i g her  than fo r e i ther Coal L i q u i d  A or  B .  S imi l ar ly ,  l evel s of an i l i nes were 
severa l -fo l d  g reater i n  the S RC- I I  fuel o i l b l end WSF than i n  that of Coal L i q u i d  A .  Concentra
ti ons of mono- and d i aromat i cs were an order of magn i tude l ower in the SRC- I I  WSFs than i n  
e i ther o f  the other coal l i q u i ds . 

00 . 9 . 4 . 2  Contr i but ion  of WSF consti tuents to tox i c i ty 

As a fi rst step towards i dent i fyi ng t he pri nci pal  tox i c  consti tuents of  WS Fs , acute b i oassays 
were conducted wi th a l g ae and Daphnia magna on the ether-so l ub l e  aci d ,  ether-so l u b l e bas e ,  and 
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Table 00.23. Concentl'ltlont (mgtll"r) of contlminanll in 3500 mllllllte ... water equilibrated 
with 25 milliliter. of 011. In "boratory extraction apparatu. at 2� C 

Coal Coal SRC-II  
SRC-II  

Petroleum 
l iquid A l iq u id B product 

fuel o i l  
crude 

blend 

Acid. 

Phenol  39 35 1 75 21 0 < 1  
a-Cresol 26 48 

260 456 <1 m-/+p-C resol 57 62 
2 -ethylphenol  1 .6 5 .2 
2 , 4 -/ + 2 ,5-dimethylphenol 16 31 

1 40 1 78 < 1  
4-ethyl-/+3 , 5-d i methylphenol 27 24 
2 , 3 -d i methylphenol 1 .8 2.9 
C 3-phenols ( 2  isomers) 1 3  1 7  46 58 < 1  
I ndole 0.2 1 .8 a 2 1  < 1  
C, -phenols ( 2  isomers) < 0 . 1  1 . 1  a 1 5  < 1  

Neutrals 

Toluene 2.6 9.2 0.5 < 0 . 1  0 . 2  
Xylenes 1 .6 3.9 < 0 . 1  0.6 0. 1 
N aphthalene 5 . 1  1 . 5 a a 0.03 
Methylnaphthalenes 0.3 0.7 a a < 0.03 

B88e. 

n-Ethylan i l ine  1 .5 a a 1 .6 < 0.03 
A n i l ine 5.3 a a 1 3.6  < 0.03 
a-Toluid ine 4 .6 a a 35 < 0.03 
m-I+p-Tolu id ine 8.0 a a 23 < 0.03 
2 , 4 -d i methylani l ine 1 .5 a a 6.9 < 0.03 
2 ,3-1 +3 , 5 -d i methylani line 3.2 a a 7.6 < 0.03 
m -Ethylan i l ine 1 . 1  a a 4.4 < 0.03 
C 3-an i l i nes (5 isomers) 3.9 a a 8.0 < 0.03 

a Not determ ined. 

- , neutral  s ubfrac t i ons of WSFs ( p repared u s i ng an o i l  : water rat i o  of 1 : 8 )  from Coa l L i q u i ds E ,  F ,  
G ,  H ,  and I ,  and Petro l e um No . 2 d i ese l  fuel . Tab l e  00 . 24 presents the res u l ts of the al gal  
b i oassays . Photosynthet i c  i nh i b i t i on of t he two test spec i es was most severe during exposure to 
the ether-so l ub l e bases ; the neutra l  s ubfract i ons were the l east  tox i c ,  except in  the case of 
petrol eum d i esel fuel . These trends were l ess  cons i stent i n  the D. magna b i oassays , but  the 
bas i c  components were s ti l l  the most  tox i c  su bfract ion  in  t h ree of the WSFs ( Tab l e 00 . 25 ) .  The 
neutra l  s ubfract i on wa s the most tox i c  to D. magna in one WS F ,  and i n  one case the fi duc i a l  
l im i ts for t h e  48-hr LCso s of the three subfracti ons overl apped compl ete l y .  

To t e s t  for l oss  of  tox i c i ty duri ng t h e  fract i onation  procedure , t h e  su bfract ions were combi ned 
to form a reconst ituted WSF  a nd assayed wi th D. magna For a l l f i ve Coa l L i q u i ds , the 48-h 
LCs o s of the reconst i t uted WSFs were not s i gn i f i cant l y  d i fferent from those of the o ri g i na l  
WSFs . These resu l ts confi rmed ea rl i er fi ndi ngs t hat  t he  fract i onation  p rocess does not  s i gn i f i 
cantl y a l ter the tox i c i ty o f  the i n d i v i dua l  s ubfract i ons . 1 6 

F u rther i ns i g ht  i nto the re l at ive  contr i butions  of WSF consti tuents to WSF tox i c i ty comes from a 
compari son of the concentrat i ons of organ i c  compounds i n  WS Fs wi th  the acute tox i c i t i es of these 
compou nds  to a l gae and Daphnia magna ( Tabl e 00 . 26 ) .  The concentrat ions of pheno l s and a n i l i nes 
in these WSFs a re in mos t  cases h i g her  than the 48-h LCs o for D .  magna or  t he EC2 0 for a l gae . 
Of the neutra l  WS F components , on l y  naphthal ene approaches the acute tox i c i ty concentrat i ons for 
these organ i sms . These data are i ncompl ete , but  they a re cons i s tent wi th  the  ac i d-base frac
t i onation  res u l ts in i dent i fy i ng the ac ids  and bases rather than the neutra l  compounds as the 
major  toxi c  consti tuents of  synfue l s '  WSFs . 
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Table 00.24. Acute toxicity of acid, bale, and neutral 
subfractionl of WSFs to two frelhwater algae8 

Se/enastrum Mic rocys tis 
capricornutum aeruginosa 

Coal l iq u id E 
Acids 66 89 
Bases 22 43 
Neutrals 88 (98) 

Coal l iq u id F 
Acids (87) 50 
B ases 25 30 
N eutrals (90) (97) 

Coal l iq u id G 
Acids 32 8 
B ases 21 34 
N eutrals 44 60 

Coal l iq u id H 
Acids 1 7  33 
Bases 4 9 
N eutrals 94 (94) 

Coal l iq u id I 
A c ids 56 ( 1 00) 
Bases 23 41 
Neutrals ( 1 03) (98) 

Petroleum No. 2 d iesel fuel  
Acids (97) (99) 
Bases 71  88 
N eutrals 87 91 

8 Photosynthesis (as percent of controls) in two algal cultures 
exposed for 4 h to acid.  base. and neutral subfractions of WSFs 
prepared from five u n refined coal l iq u ids and one refined petroleum 
p roduct. Each fraction was tested at one-tenth its concentration in 
the orig inal WSF .  N u mbers in parentheses indicate photosynthetic 
rates not sign ificantly different fro m  controls (P = 0.05) ( from K. E. 
Cowser. H-Coal Pilot Plan t Proje ct Quarterly Progress Report for 
Period Ending June 30. 1 980, O R N L/TM-7469. Oak R idge N ational 
Laboratory. Oak R idge. Tenn . .  1 980) .  

Table 00.25. Acute toxicity t o  Daphnia magna o f  acid, bale, and neutral 
subfractlonl of water extracll of flye coal liquids 

Su bfraction 

Coal l iq u id E 
Coal l iq u id F 
Coal l iq u id G 
Coal l iq u id H 
Coal l iq u id I 

Acute toxicity ( LC,,· ) 

A cids 

6.4 ( 5.6-7.4) 
1 1 .4 ( 10 .2- 1 3.5)  

0.48 (0.42-0.56) 
1 .96 ( 1 . 80-2. 1 6 )  
2.62 (2 .26-3.08) 

Bases 

2.74 (2 .3-3.3) 
5.6 (4.8-6.8) 
0. 1 8  (0.03-0.28) 
4. 1 4  ( 1 .46- 1 3.4) 
3.84 (3.24-4.62) 

N eutrals 

4.60 (3.5-7.0 )  
7 . 0  (6.2-8.0) 
2.70 ( 2 .44-3.00) 
2.08 ( 1 .58-2.50) 
0.62 (0.32- 1 .2 )  

8 The percentage of the fractionated material from 1 l iter o f  water 
extract that. when d issolved in 1 l iter of d i l ution water. was estimated to 
have k il led 50% of the test animals in 48 h .  N um bers in parentheses are 
95% fiduc ial l i mits (from K. E. Cowser. H-Coal Pilot Plant Project 
Quarterly Progress Report for Period Ending June 3D, 1 980, ORNL/TM-
7469. Oak R idge N ational Laboratory. Oak R idge. Tenn.  1 980).  
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rlbl. DD.28. Concentrltlol1l of orglnlc compound. In WSF. complred with 
Icut. toxicity concentrltlon. for IlgM Ind Daphn/l magna 

Values are in mg/liter 

Concentration in WSF8 Acute toxicity 
Compound 

Coal SRC-I I Sa/anastrum Microcystis Daphnia 
l iq ui d  A fuel o i l  blend capricornutumb aaruginosab magnaC 

P henol 39 2 1 0  1 74 54 30 
o-Cresol 26 

456 
25 1 6  

m-Cresol 46 1 8  
p-Cresol 

57 
251 1 .4 

2.4-dimethylphenol 
1 6  1 78 

2 1  2.3 
2 ,5-dimethylphenol 
C,-phenols 1 3  58 1 48d 0 .28d 

Toluene 2.6 < 0 . 1  1 1 5  80 646 
Naphthalene 5. 1 a 5.7 0.85 8 

3.8 3.6 1 .2 
1 -methylnaphthalene 0 . 1  

0 . 7  2-methylnaphthalene 0.2 
A n i l ines 29. 1 1 00 21 ' 24 ' 0.54 ' 

8 0ata from Table 0 0 .23. 
b4-h EC" [J . M. G idd ings, "Acute Toxicity to Sa/anastrum capricornutum of A romatic 

Compounds from Coal C onversion,"  BuJ/. Environ. Contam. Toxico/. 23: 360-364 ( 1 979); and 
u n publ ished data). 

c48-h LC50 (Park h u rst, unpubl ished data). 
d Oata for 2,4,6-trimethylphenol .  
" Not determined. 
' O ata for ani l ine. 

DD . 9 . 4 . 3  Summary 

Chemi cal  anal yses of WSFs from severa l syntheti c o i l s  were qua l i tati vel y very s imi l ar .  Major 
consti tuents in  each case were phenol , an1 1 i ne , and the i r  C 1 - ,  C2 - ,  and C 3 -substi tuted deriva
t i ves . The two SRC- I I  WSFs  conta i ned substanti al l y  h i gher concentrati ons  of pheno l s and an i l i nes 
than did two other coal l i q u i d  WSFs tested . Neither pheno l s nor ani l i nes were detected i n  the 
ESF  from a petrol eum crude WS F .  Cons 1 stent w i th the h i g h  degree of tox i c i ty of an i l i nes and 
phenol s ,  these two fract i ons  accounted for near l y  a l l the tox i c i ty observed i n  coal l i q u i d  WS Fs 
to aquat i c  organ i sms . 

DO . 9 . 5 .  D i s so l ut ion  of o i l  consti tuents 

DD . 9 . 5 . 1  D i ssol ut ion  k i net ics  

Th ree factors l arge l y  control t he  rates at wh ich  compounds i n  an o i l l ayer d i s so l ve i nto under
l yi n g  water:  Character1 s t i cs of the o i l  ( p r imari l y  v i sco s i ty ) , characteri st ics  of the water 
( pr imar i l y  turbu l ence ) , and the equ i l i bri um parti t i on coeffi c i ent of the compounds between o i l 
and wate r .  I n  l aboratory stud i es , water turbul ence was es sent ia l l y  hel d constant for a l l o i l s  
( by u se of  the same s t i rr i ng speed ) ; d i ssol ut ion rates were thus  control l ed primari l y  by o i l  
v i scos i ty and the o i l -water parti ti on coeff i c i ent of  each contami nant . 

Tab l e  00 . 27 summari zes d i ssol ut ion rate data for severa l pheno l i c  compounds for the d i fferent 
o i l s  tested . D i sso l u t i on rates a re i nd i cated by the t ime requ i red for 50% approach to eq u i l i b
r i um ( t 1 / 2 ) .  ( i . e . , for the contami nant concentrati on i n  underl y i ng water to reach  50% of i ts 
fi nal  val ue ) . Thus  a sma l l t 1 /2 i nd i cated rap i d  d i ssol ut ion  of a contami nan t .  Several trends 
are apparent i n  Tab l e  DD . 27 .  For each o i l , phenol d i sso l ves most rap i d l y ;  s ubsti tuted pheno l s 
of i ncreas i ng mol ecu l ar s i ze d i ssol ve more and more s l owl y .  Th i s  trend i s  due to the tendency 
of l arger pheno l s to part i t i o n  i n creas i ng ly  i nto the o i l  phase . For the one o i l  ( SRC- I I  Fuel 
Oi l Bl end)  for wh i c h  d i ssol ut ion  rates of an i l i nes  were meas ured , they fol l owed the same 
pattern as pheno l s but d i ssol 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 -an i l i nes  were 2 . 6 ,  4 . 6 ,  6 . 0 ,  and 1 2  h respecti ve l y .  The second apparent trend i n  



00-38 

Table 00.27. Time (In h )  required for diliolution of phenolics 
from 0111 to reach 50"10 of equilibrium concentratlonl 

In underlying water In laboratory extractor 
(22" C ,  reciprocating stirrer Ipead: 800 rpm) 

O i l  v iscosity 
at 25° C Phenol C , -Phenols C,-Phenols 

(cS) 

Coal  l iquid A 2.82 0.3 0.8 2.0 

Coal l iquid B 1 .23 0. 1 0  0.25 0.9 

Coal l iq u id C 21  2 .3  3 .4 3.4 

Petroleum crude 202 4.48 b b 
SRC-Ii  product 7.42 0.4 0.7 1 .7 

SRC-II  fuel o i l  blend 7.09 1 .2 3 . 1  5.7 

.Obtained from "C-Iabeled phenol added to oi l .  
bN one detected. 

C3-Phenols 

6.7 

2.3 

4 . 1  

b 
5.2 

9. 1 

Tab l e  00 . 27 i s  that p henol di sso l u t i on rates a re i nverse ly  rel ated to o i l v i sco s i ty ;  thus . 
phenol d i sso l ves most rap i dl y  from the l i g ht d i s t i l l ate o i l  B and most s l ow ly  from the h i g h l y  
vi scous petro l eum c rude . Th i rd . d i fferences i n  d i s so l ut ion rates among o i l s  a r e  most read i l y  
apparent for phenol ( the most water-sol u b l e  compound ) and become smal l er a s  the p heno l s  become 
more h i g h l y  a l kyl ated ( and thus  l ess  water so l ub l e ) : whi l e  t 1 / 2 val ues  for phenol d i ffer forty
fourfo l d  among the o i l s  tested . correspond i ng ranges for C 1 - .  C 2 - .  and C 3 -phenol s a re fourteen
fol d .  s i xfol d .  and fourfol d respect i v e ly .  

00 . 9 . 5 . 2  D i s so l u t i on and W S F  tox i c i ty 

Formal stud i es of the i nf l uence of d i fferenti a l  d i ssol u t i on rates on the tox i c i t i es of WSFs 
have not yet been undertaken .  but res u l ts of severa l pre l im i nary experiments were con s i stent 
w ith  other f i ndings  rel at i ve  to the d i s so l u t i on and tox i c i ty of  spec i f i c  compounds . Compari 
sons of compound concentrations i n  WSFs wi th  acute tox i c i ty concentrati ons  for a l gae . together 
w ith  b i oassays on ac i d ,  base . and neutral subfract ions  of WSFs . poi nted to ani l i nes and phenol s 
a s  the pr i nc i pa l  tox i c  consti tuents of synfue l s '  WSFs ( Sect . 00 . 9 . 4 . 2 ) . Because these c l asses of 
organ i cs d i sso l ve out of so i l s  rapi dl y ,  i t  wou l d  be expected that the tox i c i ty of a WSF s hou l d 
i nc rease rel at ive ly  rap i d ly  at fi rs t .  and then i nc rease s l owly or not at a l l wi th  conti nued 
extract i on t ime .  Two experiments w ith  Coa l L i q u i d  A were performed to test th i s  hypothes i s .  
I n  one experiment . a n  o i l : water rat i o  o f  1 : 8 was u sed i n  WSF preparati on .  and a l gal b i oassays 
were run after 2 . 4 .  and 8 h of extract i on . I n  the second experiment . the oi l :water rat i o  was 
1 : 1 40 .  and extract i on t imes ranged from 1 to 6 days . I n  both experiments . the tox i c i ty of the 
WSF with the s hortest extract i on t ime was nearl y as g reat as that with the l ongest extraction  
t i me ( Tab l e 00 . 28 ) .  Thus . res u l ts were cons i stent w ith  the hypothes i s  o f  rapi d .  rather than 
g radua l . i n i t i a l  i ncrease in WSF toxi c i ty .  

Another impl i cat ion of  the sol u b i l i ty data i s  that succes s i ve extract i ons  of  the same o i l s hou l d  
produce WSFs that decrease i n  toxi c i ty as p heno l s  and ( to a l esser extent ) a n i l i nes are depl eted 
from the o i l .  Th i s was in fact observed in four success i ve 2-h extract i ons of Coal L i q u i d  A ( u s i ng a 1 : 8 rati o ) . P hotosynthes i s  by Selenastrum aapriaornutum i n  1 0% WSFs of the f i rs t .  
second , th i rd .  and fourth extracts was 1 0 .  27 . 2 9 ,  a n d  3 7 %  o f  t h e  contro l s  respecti vel y .  These 
WSFs were not analyzed chem i cal l y .  but on t he bas i s  of  the k i net i c  studi es i t  may be i n ferred 
that the concentrati ons  of  unsubsti tu ted and C 1 -an i l i nes  and pheno l s i n  the fou rth  extract were 
much  l ower ,  perhaps by an order of magn i tude , than the concentrati ons i n  the f i rst extract . The 
fact that con s i de rab l e tox i c i ty rema i n s  in the fourth extract i s  cons i stent w i t h  the suppos i ti on 
that more h i gh ly  subst i tuted ani l i nes and phenol s (whose concentrat ions  wou l d  dec l i ne more 
s l owly than unsubsti tuted an i l i ne and phenol in s uccess i ve extract ions ) a re i mportant contri butors 
to the toxi c i ty of  the WS F .  



- 00 . 9 . 5 . 3  S ummary 

00-39 

rlble DD.28. Influence of extrlcllon lime on the 
toxicity of cOil liquid A WSF to Se/enlltrum 

clprlcornutum 
Tabulated values are relative photosynthesis 

exp ressed as percentages of controls 

WSF concentration 
(%) 

Experiment 1 (oi l :water = 1 :8) 
2-h extraction 
4-h extraction 
8-h extraction 

Experiment 2 ( o i l:water = 1 :  140)  
1 -d extraction 
2-d extraction 
4-d extraction 
6-d extraction 

0 . 1  

9 8  
1 03 

99 

1 0  

7 1 4 . 1  
62 3.7 
58 6. 1 

63 
53 
52 
48 

I n  fi ve coal  l i q u i d s  tested , d i ssol ut ion rates of pheno l s decreased a s  the compounds increased 
in mol ecu l ar  s i ze ( and dec reased in water sol ub i l i ty ) .  The d i ssol ut i on ra te of phenol wa s most 
rap id  for a l i ght d i s t i l l ate and decreased as  o i l s  i ncreased in v i scos i ty .  The toxi c i ty o f  the 
WS F of two coal  l i q u i d s  i ncreased rap i d l y  dur ing  the i n i t i a l  per i od of  extracti on and on l y  s l owly 
thereafter ,  wh i ch s uggests that  the  major  components of coa l  l i q u i d s  caus i ng  acute tox i c i ty 
wou l d  d i s so l ve duri ng the per i od immed i ately fol l owi ng a s p i l l  i n  a r i ver . 

00 . 9 . 6  E ffects of weather i ng 

0 0 . 9 . 6 . 1  Evaporat i on 

Pre l imi nary experiments to determ i ne l os ses of compounds from syn thet i c  o i l s  were undertaken by 
expo s i n g  a 2 -mm th i c k  o i l  f i l m  ( i dentical  to the d i ssol u t i on rate experimen t )  on a 30- by 30-cm 
g l a s s  p l ate to a wi nd of constant vel oc i ty ( approx imate ly  1 m/sec ) and measur i ng both we i ght 
l os s  from the fi l m  and l oss  of added 1 4 C-l abel ed compounds . SRC- I I  product 1 0st  1 0% of we i ght 
w i t h i n  6 h ;  contami nants conti nued to evaporate at  a decrea s i ng rate unt i l  after 70 h over 37% 
had evaporated . When rad i o l abe l ed benzene was added to a fi l m , 50% eva porated wi th i n 6 mi n ;  
evaporat i on hal f-times for phenol , naphthal ene , and an i l i ne were 6 ,  1 6 ,  and 68 h .  Al though more 
stud ies  a re needed to exami ne effec ts of  wind s peed , temperature , and o i l  f i l m  t h i c kness and 
vi scos i ty ,  t he i n i t i a l  resu l ts i nd i cate that under gent l e  w i nd cond i t i ons  benzene ( and probab ly  
tol uene ) wou l d  evaporate far  too rap i d l y  to  perm i t  d i ssol u t i on i nto underl y i ng water . I n  con
trast , phenol and an i l i ne d i sso l ve s uffi c i ently rap i d l y  that evaporat i on wou l d  probab ly  not 
s ubstant i a l l y  reduce expected concentrat i ons  in the water . 

The i nfl uence of evaporat i on of components of o i l s  on the tox i c i ty of WSFs to a l gae was exami ned 
by extract i ng the S RC- I I  fuel o i l  b l end in open and sea l ed f l as k s  u S i ng a 1 : 8 o i l  : water rat i o .  
The extract ions  were performed i n  the dark and i n  the l i g h t .  Exposure to l i ght had a dramat i c  
effect on WSF  tox i c i ty ( s ee Sec t .  00 . 9 . 6 . 2 ) , b u t  t here were no  d i fferences between WS Fs prepa red 
i n  open or c l osed fl asks . Evaporat ion was therefore apparent l y  not s i g n i f i cant i n  reduc i ng the 
tox i c i ty of the WSFs , as anti c i pated from the mea sured evaporation rates of  an i l i ne and phenol . 1 8  

00 . 9 . 6 . 2  S un l i ght 

To assess  the effect of s u n l i ght on contami nants d i s so l ved from coal l i q u i d s  i nto the under ly ing 
water ,  o i l s  were l ayered onto wa ter ( 1  : 1 40 vol ume rat i o )  i n  the l aboratory extract ion  apparatus , 
covered w ith  quartz g l ass  to permit  transmi ttance of u l travi o l et rad i at i on , and exposed to 
m id s ummer sun l i g h t  on t he l aboratory roof for peri ods of u p \o seven days . A c i rc u l a t i ng coo l 
i ng bath ma i ntai ned t he o i l -water temperatu re be l ow 28° C .  Samp l es were co l l ected a t  i nterva l s 
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and tested for format i on of oxi dants u s i ng an  amperometr i c  techn i q u e .  Add i t i onal  sampl es were 
anal yzed for d i ssol ved contami nants u s i ng u l trav io l et , v i s i b l e ,  and i nfrared spectrophotometry , 
and gas chromatography . 

As found prev i ou s l y  for No . 2 fuel o i l ,  oxi dants were observed by amperometry to accumu l ate i n  
the water be l ow each coal -deri ved o i l  tes ted . 1 9  Oxi dant format i on occurred on ly  dur ing dayl i ght  
and  was most  pronounced dur ing  c l ea r ,  bri ght  days . As reported prev i ou s l y  no oxi dants were 
meas ured i n  water underl y i n g  the petrol e um crude oi l . 1 9  

Al though ox i dant l eve l s  i ncreased l i nearl y i n  water underl y i ng a Coa l L i q u i d  A samp l e  when 
tested , few other chemi cal  c hanges were o bserved . Gas chromatog rap h i c  scans of ac i d ,  bas e ,  and 
neutral fracti on s  of l i g ht-exposed and nonexposed water samp l es col l ected each day over seven 
days were i dent ical , al though i nfrared scans i nd i cated the presence of carbonyl functiona l i ty i n  
t h e  l i g ht-exposed samp l es w h i c h  was n o t  present i n  the dark control s .  

Two experiments were performed to measure the effect of s un l i ght  on the tox i c i ty of WS Fs  to 
a l gae . The experiments a re s ummari zed i n  Tab l e 00 . 29 .  I n  both cases , exposure of the o i l to 
s un l i ght  duri ng WSF extraction caused the tox i c i ty of the WSF to i ncrease , a l though the magn i tude 
of  the i ncrease was d i fferent i n  the two exper iments . Tox i c i ty of the Coa l L i qu i d  A WSF to 
Daphnia magna was a l so about  two-fo l d  greater after e i ght  days ' exposure to sun l i g h t ;  the LC s o 
decl i ned s teadi l y  from 2 . 85% d i l u t i on on day 2 to 1 . 60% on day 8 .  The effect of  s un l i g ht o n  the 
WS F of a petro l eum crude wa s con s i derab ly  more pronounced . The LCs o was decreased sevenfo l d  
be l ow that o f  a dark control after fi ve days ' exposure . 

Table 00.29. I nfluence of sunlight on the toxicity of WSFs to algae 

O i l  

SRC-I I fuel  
o i l  b lend 

Coal l iquid A 

O i l:water 

1 : 8  

1 : 1 40 

Extraction time 

7 h 

8 d  

Test organ ism 

Microcystis 
aeruginosa 

Selenastrum 
capricornutum 

Light Dark 

0. 1 7  1 .3 

3.3 5.6 

·WSF concentration ( percent d i lut ion)  causing 20% i n h i b it ion of photosynthesis, 
estimated by interpolation on a plot of photosyntl1esis vs log concentrat ion.  

Further stud i e s  are u nderway to characterize  oxi dants produced by i rrad i ation  of coal l i q u i ds by 
sun l i g h t .  Rates of  react ion  wi th i od i de i nd i cate that at  l east two d i fferent ox i dants are 
produced i n  water underl y i ng i rradi ation  Coal L i q u i d  A ,  of wh ich  on ly  the m i nor con st i t uent 
appears to be organ i c .  Hydrogen perox i de appears to be the domi nant oxi dant produced , compr i s 
i ng about 7 5 %  of  tota l ox i dant i n  t h e  water . The organ i c  hydroperox ides  produced by action of  
s un l i ght  on fuel are con s i derab l y  more tox ic  than  hydrogen perox i de ,  wh i c h  may expl a i n  at l ea s t  
i n  part why exposure to  s un l i ght appears t o  have re l at i ve ly  l es s  effect on tox i c i ty of  coal 
l i q u i d  extracts than on tox i c i ty of petrol eum products dur ing the i n i t i a l stages of weatheri n g .  1 9  

00 . 9 . 6 . 3  S ummary 

I n  i n i t i a l  experiments , evaporat i on of benzene from an SRC- I I  product f i l m  was suffi c i ent ly  
rap i d  to  prevent benzene from d i ssol v i ng i nto under ly i ng wate r .  Pheno l and an i l i ne ,  however , 
d i s sol ved con s i derab ly  more rap i d ly  than they evaporated , and thus  at l east  under gentl e wi nd 
cond i t i on s  evapo ration  wou l d  not be expected to reduce the i r  tox i c i ty to aquat ic  organi sms 
s u bstan ti a l l y .  B i oassays o f  SRC- I I  fuel o i l bl end WS Fs prepa red under sea l ed and open cond i 
t i o n s  s u pport t h i s  conc l u s i o n .  Al t hough  WSF tox i c i t i e s  o f  severa l coal l i q u i d s  were i n creased 
severa l -fo l d  by exposure by sun l i g ht , apparentl y cau sed by formation  of water-so l u b l e  ox i dants 
( and poss i b l y  q u i nones ) ,  the re l at i ve tox i c i ty i ncrease i s  not as  great as has been reported 
prev i ou s l y  for petrol eum o i l s .  
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0 0 . 9 . 7  Impl i cat ions  

O i l sp i l l ed onto  a body of  water wi l l  s pread over  the water ' s  surface ; l ess  v i scous o i l s  ( such  
a s  SRC- I I  p roduce and  l i ght d i st i l l ates ) spread more rap i d ly  than  mo re v i scous o i l s  ( such as 
many petrol eum c rudes and heavy d i st i l l ates ) .  If the den s i ty of  the o i l  is  nea r that of the 
water,  substant i a l  mi x i ng of  o i l i nto water wi l l  occ ur .  Water turbu l ence or  r i ver traffi c wi l l  
a l so promote the m i x i ng o f  o i l  i nto water .  

Phenol s and  an i l i nes , wh i ch are h i g h l y  tox i c  to  aquat ic  l i fe ,  are present in  substant i a l  amounts 
in coal  l i q u i ds but a re not abundant in pet ro l eum . These compounds wi l l  d i ssol ve from l i ght 
o i l s  wi th i n  m i nutes after a s p i l l  has occurred . D i ssol u t i on wi l l  be s l ower from raw syncon i des 
or  heavy d i st i l l ates ; but an i l i ne , pheno l , and the i r C I -subst i tuted derivati ves wi l l  s t i l l  
d i ssol ve wi th i n  severa l hours . D i s so l u t i on wi l l  be more rap i d  i n  wel l -mi xed a reas and s l ower i n  
poor ly  mi xed envi ronments such  as i mpoundments . Mono- and d i a romat i c hydrocarbons ( such as 
tol uene and naphthal ene ) ,  wh i c h  are the major so l ubl e components of petro l eum , d i sso l ve much 
more s l owly and reach l ower equ i l i br i um concentrat i ons t han a n i l i nes and phenol s and are 
therefore l es s  important contri butors to the tox i c i ty of water i n  contact w i t h  s p i l l ed coal 
l i qu ids . The rapi d  d i sso l u t i on of tox i c  components from coal l i q u i ds suggests that cl ean-up  
efforts wou l d  have to  be undertaken i mmed i ately to  m i t i gate the i mpacts of a sp i l l .  

Al though w i nd wi l l  cause evaporat ive l osses of  nonaromat i c  hydrocarbons from o i l s ,  pheno l s  and 
a n i l i nes  w i l l  not be substant i a l l y  reduced . Therefore , the i nfl uence of evaporat ion on the 
tox i c i ty of  coal l i q u i d s  wi l l  be much sma l l er 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 i n  coa l l i q u i ds that may s l i ght ly  i ncrease the tox i c i ty of water 
u nder a sp i l l  d ur i ng the i n i t i a l  severa l  days . 

Dependi ng on the i n i t i a l den s i ty of the o i l , the temperature of the water , and rates of d i s 
sol u t i on and evaporat ion  o f  the l i g hter o i l  con st i tuents , some or  a l l o f  the sp i l l ed product may 
eventua l l y s i n k  and become i nco rporated i nto the sed iments . The chemi cal  nature of t h i s  mate
r i a l , i ts fate in natural sediments , and the l ong-term consequences for aquat i c  l i fe and for 
h uman hea l th a re matters that u rgently need i nvest i gat ion . 

The phys i ca l  and chemi cal  d i fferences between coa l l i quefact ion  products and petro l eum have 
i mportant i mp l i cat i ons in the event of an o i l  s p i l l  i n  an aquat i c  envi ronment , as descri bed 
above . One potent i a l  strategy for reduc i ng the impact of  l i quefact i on product sp i l l s wou l d  be 
to remove an i l i nes and p heno l s  ( by hydrotreati ng , for exampl e )  before transport i ng the products 
from the l i quefact i on s i te . S i nce the concentrat i on of pheno l s  and an i l i nes in l i quefact i on 
products are parti a l l y  dependent on coa l type and on p l ant operat i ng cond i t i ons , these factors 
m i g ht a l so be man i p u l ated to reduce the hazards of  product transportat ion . The feas i bi l i ty of 
m i t i gat ion  strateg i es such as these i s  another top i c  for further research .  
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U . S .  DEPARTMENT OF  ENERGY , U . S .  ENVI RONMENTAL PROTECTION AGENCY , AND KENTUCKY 
DEPARTMENT OF NATURAL RESOURCES AND ENV IRONMENTAL PROTECT ION WORK PLAN TO 

ASSURE ENV IRONMENTAL ACCEPTAB IL ITY OF THE SRC- I PROJECT 

The s u bject work p l an was j o i ntly prepared by the U . S .  Department of Energy ( DOE ) , U . S .  
Envi ronmental Protection  Agency ( EPA) , and the Kentucky Department o f  Natu ra l  Resou rces and 
Env i ronmental Protection  ( KDNREP )  and f ina l i zed on December 5 ,  1 980 . A copy of the work 
p l an was presented i n  the DEIS  and i s  a l s o  i ncl uded as part of th i s  Appendi x .  The work 
p l a n  p resents DOE ' s commi tments to ensure envi ronmental acceptab i l i ty of the SRC- I  proj ect 
and the respon s i b i l i t i es of EPA and KDNREP to rev i ew project acti v i ti e s  and to pa rt i c i pate i n  
devel opment o f  p roj ect mon i toring  pl ans . 
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D�partment of Energy 
Oak Ridge Operations 
P. O. Box E 
Oak Ridge. Tennessee 37830 

Rebecca Hanmer , 
Admi n i strator 
EPA, Regi on  IV 
345 Courtland Street 
Atl anta , GA 30308 

Jack i e  Swigart , 
Secretary 
Kentucky Department of Natural 

Resources and Envi ronmental 
Protecti on 

Capi tal  Pl aza Tower 
Frankfort, KY 40601 

Dear Ms .  Hanmer and Ms .  Swigart : 

December 1 2 ,  1 980 

DOE/EPA/KDNREP WORK PLAN TO ASSURE ENVIRONMENTAL ACCEPTAB ILITY OF THE 
SRC-I PROJECT 

Attached for your revi ew  and concurrence is a copy of the s ubject work 
p l an whi ch was revi ewed and f i nal i zed by our staffs on December 4 ,  1 980 . 

It is our i n tent to incl ude the work plan in the Draft EIS for the pro
posed SRC- I Demonstration P1 ant, whi ch is to be i ssued wi thin a few 
weeks . Thus , your early rev i ew  and concurrence of the work p l an woul d  
be appreci ated . 

SR-74: JAR 

(li C/1Y '� 0 
/ /- '  

---<:: ' � , 
John F. pe
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J��r Sol vent Ass is tant na 
. Refined Coal ProJects 

Encl osure : 
As stated 

Ms Rebecca Hanme r ,  EPA 
Ms J a c k i e  Sw i g a r t ,  KDNREP 2 

cc : John Hagan , EPA , E I S  Branc h ,  A t l anta , GA 
R u s s e l l Ba rne t t ,  KDNREP ,  Frank fo r t ,  KY 
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DOE{EPA{KDNREP WORK PLAN TO ASSURE ENVI RONMENTAL ACCEPTABI L ITY OF THE SRC-I �ROJ ECT 

December 5 ,  1 980 

As cooperating agencies , the U .  S .  Department of Energy , the U .  S .  
Envi ronmenta l Protecti on Agency , and the Kentucky Department of 
Natural Resources and Envi ronmental Protecti on have revi ewed envi ron
mental i ssues perti nent to the proposed SRC - I  demons trati on p l ant 
to be constructed near Newman , Kentucky . The envi ronmental i ssues 
of i n terest to EPA and KDNREP are presented i n  the Draft E I S  a n d ,  
where data are avai l ab l e ,  t h e  expected envi ronmental i mpacts a r e  noted . 
The Draft EIS i s  bei ng i s sued early in the des i g n  phase of the proj ect 
wi th the i n tent of compl eti n g  the pub l i c  review and i ncorpora t i ng 
responses to a l l  pub l i c  comments i n  the F i na l  E I S  pri or to any 
deci s i on to proceed w i th the major detai l ed des i g n  efforts or to 
commence construction of the SRC - I  faci l i ty .  I t  i s  DOE ' s  pos i t i on 
that the Final EIS shou l d  be compl eted prior to any s i gn i fi cant 
financi a l  commi tments to the SRC-I project such as wou l d  be i ncurred 
by the comp l et i on of final  des i g n ,  currently projected to cos t 
$171 mi l l ion.  The Draft EIS assesses envi ronmental impacts based on 
the bes t ava i l ab l e  des i gn description and data and where des i gn deci s i ons 
are not yet avai l a bl e ,  a worst case is assumed for the envi ronmental 
impacts anal ys i s .  OOE , uti l i z i ng the t i eri ng approach for NEPA, wi l l  
perform suppl emental NEPA revi ews shou l d  further des i gn or other factors 
i denti fy s i gn i fi cant envi ronmenta l impacts not w i th i n  the scope of the 
Final EIS.  S i gn i fi cant i ssues rai sed by EPA and KDNREP wi th respect to 
a prel iminary Draft EIS are noted bel ow wi th i den t i f i ca t i on of the 
process req u i red for resol uti on , the time frame w i thi n ' wh i ch the i n forma
tion wi l l  be avai l abl e to EPA, KDNREP , and the publ i c ,  con t i n u i ng EPA 
and KDNREP i nvol vemen t ,  and respecti ve DOE , EPA , and KDNREP respons i b i l i ti es 
for resol v i ng the i ssues and assuri ng envi ronmental acceptabi l i ty of the ' 
SRC- I demonstra t i on plant.  Addi ti onal issues may be i denti fied duri ng 
the conti nu i ng rev i ew  process of this project , neces s i tati ng periodi c B .  
work plan modificati ons . 

A. l!!.!!!t 
The completion of the NEPA respons i bi l i ti es pri or to commerci al i zation. 

Process to Resol ve 

Wri tten commi tments to compl y wi th NEPA requ i rements pri or to 
transferri ng the Demonstration Plant to the i ndustri a l  partner 
for poss i b l e  commerci a l  expans i on have been made in the 'U . S .  
Department of Energy , Sol vent Refined Coal Demonstrati on Proj ect 
( SRC- I )  Contract No . DE AC05 780R03054 , August 7, 1 980 , Arti c l e  
XXXV I I , Envi ronmental Rev i ew  Before Buyout , p .  6 7  (cos t- s hared 
agreement) . In the event modi fi cati ons to the Demonstrati on Pl ant 
are necessary to meet HEPA requ i rements , the cost of such modi f i ca
tions sha l l be deducted from the buyout pri ce of the Pl ant . 

Pri o r  to the de c i s i on on w h a t  NEPA a c t i on i s  a p p ro p r i a t e ,  DOE 
wi l l  cons u l t  wi th EPA a n d  KDN R E P  c once r n i n g the a pp ro p r i a t e  
a c t i on a n d  s c o p e  o f  t h e  N E PA rev i ew ,  

T i me  Frame : 

Pri or to the NEPA de c i s i o n on comme rc i a l i z a t i on , so as to g i v e  
coopera t i ng agen c i e s  s u f f i c i e n t  a d vanced n o t i ce t o  b e  a b l e  to 
parti c i pa te m r 2 n i n g f u l � y  i n  d e f i n i ng the s cope of the N E P A  rev i ew 
and i n  any s u b s equent � E PA a c t i o n s  taken . 

Con t i n u i ng EPA a n d  KDNREP I n v o l veme n t  

EPA a n d  KDNREP w i l l  p a r t i c i p a te i n  d e f i n i n g t h e  s cope of the HEPA 
rev i ew and wi  1 1  re v i ew  a ny NEPA docum e n t  p r i o r  to a f i n a l  dec i s i o n 
be i n g made by DOE on t ra n s fe r  of the demo n s t ra t i o n p l a n t  to the 
i n dus t r i a l  partner for poss i b l e  c ommerc i a l  expans i on .  

Respo n s  i b i  1 i ty : 

DOE i s  respons i b l e  for i n i t i a t i n g c o n t a c t  w i t h  EPA and KDN REP p r i o r  
t o  f i n a l i z i ng t h e  s c ope o f  t h e  N E PA re v i ew  a n d  p r i o r  to t h e  f i n a l  
NEPA dete rmi n a t i o n .  

EPA and KDNREP a re respons i b l e  fo r promp t and mea n i ngfu l par t i c i pa 
t i o n  i n  de f i n i ng t h e  s cope o f  t he N E PA revi ew a n d  i n  t h e  f i na l  
N EPA determi na t i o n .  

EPA i s  res p on s i b l e  for determi n i n g w h e t h e r  the expan s i o n  o f  t h e  
demons t ra ti on p l a n t  t o  comme rc i a l  s ca l e  wou l d  cons t i t u t e  a new 
s ource under N P D E S  w i t h  a t te n d a n t  N E PA respons i b i l i t i es . 

DOE wi l l  make the f i n a l  N E PA determi n a t i on av a i l a b l e  for publ i c  
rev i e w .  

I s s ue 

A s s e s s me n t  of the effects  of a f l ood on cons t ru c t i on and opera t i on 
of the f a c i l i ty .  

Pro c e s s  t o  Res o l ve :  

I n  comp l i ance w i t h  Execu t i ve Order 1 1 983 and DOE regu l a t i ons con
tai ned in the March 7 ,  1 9 79 , Federa l Reg i s te r ,  ( Vol . 44 , No . 6 ) , 
DOE wi l l  pro v i de a des c r i p t i o n  of the d i re c t  and i nd i rec t ,  l ong- and 
s ho rt - te rm  effects o f  the p ro p o s e d  a c t i on on the f l oodp l a i n  in the 
F i na l  E I S .  The F i n a l  E I S  w i l l  a l s o c o n t a i n  a n  a n a l y s i s  o f  a l te rna
t i ves  to the proposed a c i ton wh i ch cou l d  be i wp l emented t o  av o i d 
or m i t i ga te any adverse i mpac t s . 

DOE wi l l  prov i de a general  des cri p t i on of the effects  of a l OO-year 
f l ood on the co n s t ru c t i on and o p e ra t i o n  of the faci l i ty in  the F i n a l  
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C .  

E I S .  Duri n g  deta i l ed des i gn ,  a more det a i l ed a s s es s ment o f  the 
1 00-yea r fl ood i mpacts on c o n s t r uc t i on a c t i v i t i e s and p l a n t  opera
t i ons , i nc l udi ng equi pment and p roduc t i o n l o s s e s  and i mpacts on 
suppo r t i ng faci l i t i e s  such as was tewater t reatmen t  sys tems and 
res i du a l  waste d i s posal a reas , wi l l  be performe d .  

DOE wi l l  p rov i de maps de l i ne a t i ng t h e  l o c a t i on o f  t h e  f l oodway , 
20 pe rcent ( S-ye a r )  fl ood , and the h i s t ori c h i g h f l ood p r i o r  to 
s u bm i t t a l  of the f i na l  E I S .  Du ri n g  deta i l ed des i g n and p r i o r  to 
appl i ca t i on for a F l oodway Cons truc t i on Perm i t ,  DOE w i l l  del i neate 
encroachments wi t h i n  the f l oodway and wi l l  des c r i be how such en
c roachments wi l l  be mi n i m i z ed . 

T i me Frame : 

The fl oodpl a i n  a s s e s s me n t  wi l l  be i n c l uded i n  the F i na l  E I S .  
De t a i l e d a s s e s sme n t  o f  the projec t ' s  i mpact o n  fl ood f l ows w i l l  
b e  prepared d u r i ng f i na l  des i g n and p r i or to the appl i ca t i on for 
a KDN REP F l oodway Cons t ruc t i on Perm i t .  

Con t i n u i ng EPA and KDNREP I nvol veme n t : 

EPA and KDN REP wi l l  re v i ew and ma ke comment s on the f l oodpl a i n  ma p 
del i nea t i ons . EPA and KDNREP wi 1 1  rev i ew the F i n a l  E I S  to a s s e s s  
i mpacts o f  f l ood f l ows on t h e  p roject . KDtlREP wi 1 1  rev i e" the a s s es s 
ment o f  the impac t o n  the proj e c t  o f  f l ood f l ows p r i o r  to i s s u i ng 
a F l oodway Cons t ru c t i on Permi t .  

Respons i bi 1 i ty : 

DOE w i l l  conduc t  the fl oodp l a i n  a s s e s s me n t  as des c r i b e d  above . 

DOE wi 1 1  prov i de EPA and KDNREP the oppo r t u n i ty for rev i ew o f  
t h e  deta i l ed a s s es s men t .  

EPA and KDNREP w i l l  rev i ew/comme n t  o n  the detai l e d a s s es s me n t ,  
a s  appropr i a te ,  i n  a t i me l y  ma nner.  

KDNREP w i l l  proc e s s  a n oodway Cons t ruc ti on Pe rmi t in  a t i me l y  
manner.  

I s s ue 

Res i du a l  Was te D i s posal  ( Hazardous and Non -Ha z a rdou s ) 

Process to Res o l ve : 

Du r i ng deta i l ed des i gn , DOE w i l l  conduct geotech n i ca l  e va l u a t i ons 
o f  the s o l i d  was te d i s posal  s i tes to i n s u re thei r adequacy to 
conta i n  h a za rdous and non-haza rdous materi a l s .  The eval u a t i on 
wi l l  i nc l u de hy dro l o g i c i n forma t i o n ;  e . g . , f l oodpl a i n  de l i nea
t i o n and g roundwa t e r  e l e v a t i ons , geol o g i c  and s o i l s  i n forma t i on ; 
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e . g . , s o i l  types , founda t i on s t abi l i ty and poten t i a l  for s o i l 
l i q uefac ti on ,  and s e i s m i c  a c t i v i ty ;  and any other i n forma t i on 
deemed nece s s a ry to a s s u re the s u i ta b i l i ty of the p roposed s i tes 
for was te d i s p o s a l . 

An e v a l u a t i on of a l tern a t i ve was te ma n a gement practi ces ; e . g . , 
was te reduc t i on ,  chem i c a l  f i xa t i on ,  i n c i nera t i �n ,  e tc . , wi th 
suppo r t i ng data w i l l  be p ro v i ded by DOE to EPA and KDNRE P  a t  a 
suf f i c i en t l y  earl y s tage to a l l ow for adeq u a te and mea n i ngful 
rev i ew  and comment p r i o r  to s u bmi t t a l  of fede r a l  and Co,nmonwea l th 
p e rm i t app l i ca t i ons . 

T i me Frame : 

Based on 'ex i s t i ng s tu d i es and/ o r  pre l i m i n a ry res u l ts of the new 
geotechn i ca l  s i te s t u d i es a more compl et e eva l u a t i on of the feas i 
b i l i ty o f  a l terna t i ve o n - s i te res i du a l  was te d i s po s a l  s i tes , i denti 
f i ca t i o n  of cons t ra i n t s  to thos e s i tes and a l terna t i ve means o f  
d i s pos i ng o f  re s i du a l  was tes ma te r i a l s  wi l l  b e  p re s e n ted i n  t h e  
F i n a l  E I S .  T h e  F i na l  E I S  w i l l  a l s o  pre s e n t  the ongo i ng geotech n i ca l  
s tudy a n d  RCRA and Commonwea l th p e rm i t t i ng a c t i v i t i es be i ng per
formed to dete rm i ne f i na l  s i t i ng a n d  the preferred a l terna t i ve for 
d i s pos a l . 

Geo techn i ca l  s i te and a l terna t i v e ana l ys i s  to be comp l e ted p r i o r  
to s u bm i t t a l  of a ppl i c a t i ons f o r  Federal a n d  Common"eal th permi ts . 

RCRC and Commonwe a l th perm i tt i n g comp l eted p r i o r  to the i n i t i a t i on 
of con s t ruc t i on of res i du a l  was te t reatment faci l i t i es .  

Con t i nu i ng EPA and KDNREP I n v o l vemen t :  

E PA and KDNREP wi l l  prov i de g u i dance t o  DO E  concern i ng the mos t 
e n v i ronmen ta l l y s ound res i du a l  ma te r i a l s  handl i ng ,  t reatmen t ,  and 
d i spos a l  me thods . E PA and KDN REP w i l l  proces s permi t appl i ca t i on s  
i n  a t i mely mann e r .  

Respons i b i l i t i es :  

DO E  wi l l  perform a RCRA eva l ua t i on i n  a c c o rdance w i th EPA a n d  
KDNREP g u i dance to determi ne c l a ss i f i ca t i ons for e a c h  s o l i d  w a s te 
proces s s t ream a n d  wi l l  s u bm i t a RCRA pe rmi t appl i ca t i on for 
approv a l  p r i o r  to i n i t i a t i on of cons truc t i on o f  res i du a l  was te 
faci l i t i es .  

EPA w i l l  process RCRA permi t appl i c a t i ons i n  a t i me l y  mann e r .  

KDNREP wi l l  exped i te a n y  Commonweal t h  hazardous a n d  non - haza rdous 
was te d i s po s a l  permi ts . 

DOE wi l l  con tact and rece i ve a p p ro v a l  f rom the Da v i es s  County 
government to cons t ru c t  and operate a ha zardous was te d i s pos a l  
faci  1 i ty .  
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D .  I s s ue 

Sel ecti on of deta i l ed proces ses , pol l u t i on co n t ro l  d e s i g n s , a n d  
ma i n tenance procedures f o r  t h e  pro tec t i on o f  a i r  and wa t e r ,  and 
h a za rdous wa s te d i s pos a l  through the dete rm i na t i on s  of bes t a v a i l 
a b l e  con t ro l  techno l og i es ( BACT ) cons i s ten t w i th approp r i a te 
pe rm i t t i ng regu l a t i ons . 

Proc es s to Reso l ve :  

E P A  has p rov i ded deta i l ed commen t s  concern i n g the des i g n o f  the 
demon s t ra t i on p l a n t , many o f  wh i ch c a n n o t  be res o l ved u n t i l  d e ta i l ed 
des i gn i s  undertaken . DOE and EPA w i l l  i den t i fy s i gn i f i ca n t  deta i l ed 
des i gn ,  ma i nten a n c e ,  or o t h e r  concerns  n o t  a d d r e s s e d  i n  the Dra f t  E I S  
due to the p re l i m i nary s t a t u s  o f  proj e c t s  a c t i v i t i es . The F i n a l  E I S  
w i l l  i n c l ude a l i s t  o f  these con cerns and es t i ma ted t i me frame for 
ava i l a b i l i ty of pro j e c t  data and dec i s i ons for EPA rev i ew e i ther 
through e n v i ronmen t a l  p e rm i ts , repo r t s , o r  s e p a rate b r i e f i ng s . 
BACT wi l l  be determi ned by KDN REP and EPA, a n d  the demo n s t ra t i on 
fa c i l i ty wi 1 u t i l i z e  s u c h  techno l o g i e s .  

T i me Frame : 

Iden t i f i ca t i on of o u t s t an d i n g  needs i n  the F i n a l  E I 5 .  A s s e s s m e n t  
o f  a l tern a te techno l og i e s , devel opmen t o f  ma i n t ena nce p rog rams , 
and repo r t i ng o f  res u l ts du r i ng det a i l e d des i g n .  Sel e c t i on o f  BACT 
wi l l  be made p r i o r  to f i na l i za t i on of des i g n .  

Con t i n u i ng E PA and Kentucky DN REP I n v o l veme n t :  

EPA w i l l  prov i de g u i dance a n d  up- to-date a dv i ce on pol l u t i on contro l  
techno l og i es to DOE upon reques t .  

KDNREP w i l l  i ncorporate BACT dete rm i n a t i on s  i n to the P S D  and 
Hazardous Wa s te Permi ts to be i s s ued by the Departmen t ,  and w i l l  
eva l uate i n  a t i me l y  manner f u t u re tec h n o l ogy appl i ca t i on s . KDNREP 
and EPA w i l l  make the BACT determ i n a t i on s . 

EPA wi l l  deve l o p  BACT determ i n a t i on s  to be i ncorpora ted i n to the 
NPDES and RCRA pe rm i ts to be i s s ued by the agency . EPA wi l l  reta i n  
overs i gh t  authori ty to rev i ew the PSD determ i na t i on .  

Respons i b i l i ty :  

OO E  wi l l  prov i de a l i s t  o f  o u t s ta n d i ng de ta i l ed des i gn data , 
ma i n tenance prog rams , or other needs i n  the F i n a l  E I S , perfo rm  
neces s a ry  a s s es smen ts , and report res u l ts . 

KDNREP and E PA w i l l  further rev i ew  the Dra ft E I S ,  l den t i fy s i gn i f i 
cant concerns , and rev i ew  res u lts o f  deta i l ed e v a l ua t i on s . E PA and 
KDNREP have respons i b i l i ty for BACT determi n a t i ons . 
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I s s u e  

Eros i on a n d  Sed i men t a t i on Co n t ro l P l a n 

Proces s to Res o l ve : 

The p l a n  i s  a requ i remen t of OOE Con trac t No . DE I\C05- 780RO J 0 5 4  
and i s  the respons i b i l i ty o f  Cons t r u c t i on Ma nager Co n t ra c to r  to 
prepa re.  The p l a n  w i l l  be pre p a red a n d  s ubm i t ted by DOE to EPA 
and KDNREP for rev i ew and commen ts . 

T ime F rame : 

Control p l a n d e v e l oped p r i o r  to i n i t i a t i o n of ons i te con s t ru c t i on 
a c t i v i ty .  

Cont i nu i ng EPA and KDN R E P  I n v o l vemen t :  

Rev i ew  o f  the control  p l a n .  

Respons i bi 1 i ty : 

DOE i s  res pon s i b l e  for deve l o p i n g  a n d  s u bmi t t i ng t h e  p l a n to 
EPA and KDNREP for rev i ew a n d  commen t .  

EPA and KDNREP a re res pons i b l e  for s u bm i t t i n g a ny s i g n i f i ca n t  
commen ts t o  OOE i n  a t i me l y  manne r .  

I s s u e  

Soci oeconom i c  - Transpo rta t i on Impacts  

Proc e s s  to Res o l ve : 

OOE i s  fun d i ng s tu d i e s  to eva l ua t e fu rther the s o c i oeconom i c  
i mpacts o f  the Demons t ra t i o n  P l a n t  a n d  t o  i den t i fy m i t i g a t i ve 
mea s u res that a re a v a i l a b l e  to a ffected commu n i t i e s . Ava i l ab l e  
res u l ts from these s tu d i es w i l l  b e  i n c l uded i n  the F i n a l  E I S  a n d  
pres en ted to a f fected commu n i t i es . 

Con t i nu i n g  EPA a nd KDNREP I n vol vemen t :  

Re v i ew/col1ll1e n t  on F i nal £ I S .  

Respons i b i  1 i ty : 

OOE i s  respons i b l e  for perfo rm i n g  s tu d i es on the s o c i oeconom i c  a n d  
transporta t i on i mpacts o f  t h e  demo n s t ra t i on p l an t  a n d  p rov i d i ng 
cop i es o f  the report to the a ffected l o c a l  governments and Green 
R i ver Area De vel opment Di s tri c t  for t he i r  re v i ew  and commen t .  A 
summary o f  the f i na l  report wi l l  be i n corporated i n to the F i na l  E I S .  
OOE w i l l  i dent i fy m i t i ga t i ng mea s u res and a s s i s t  a f fec ted commu n i t i e s 
i n  secu r i n g  Federa l / S t a te a i d .  
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G .  I s s u e  

Mon i tori ng 

Proces s to Res o l ve : 

A comprehens i v e  mo n i to r i ng prog ram fo r �ys tem performa n c e ,  amb i en t  
envi ronmen tal qual i ty ,  a n d  hea l th effects w i l l  be deve l o ped . 
E l emen t s  of t h i s  pro 9 ram wi l l  i n c l ude env i ronme n ta l  ( a tmos phe r i c ,  
hydro l og i c ,  b i o l og i c ) , heal th , and po l l u t i o n con t ro l  e f f i c i ency 
mon i tori ng . The program w i l l  be des i g ned to p ro v i de a n  overa l l , 
i n teg rated ass e s s me n t  o f  the i mpacts of the projec t .  DOE w i l l  
deve l o p ,  i m p l ement and e v a l ua te res u l ts o f  the prog ram . EPA and 
KONREP w i l l  acti v e l y  part i c i p a te in t h e  dev e l o pmen t  o f  the mo n i 
tori ng program and i n  the rev i ew and e v a l u a t i on o f  mo n i to r i ng 
re s u l t s . EPA and KDNREP wi l l  c oopera te w i th DOE in rede f i n i ng 
mo n i to r i ng program data needs and/or i den t i fy i n � laeas u res to n i t i gate 
adverse envi ronme n t a l  i mpacts . M i t i ga t i on mea s u res may enta i l  
cha nges i n  proce s s  o r  control des i gn o r  i n  opera t i ons . 

T i me F rame : 

A conc eptual o u t l i ne of the mon i to r i ng prog ram w i l l  be i n c l uded 
i n  the F i na l  E I S .  The i mpl ementa t i on s c h ed u l e  w i l l  be i d enti f i ed 
and s pec i f i ed du r i ng deve l o pmen t of t he mon i t o r i ng program . 

Du r i n g deta i l ed des i g n ,  the mo n i tor i ng prog ram wi l l  be devel oped 
w i th the cooper a t i on of EPA and KONREP . 

Con t i n u i ng EPA and KDNREP I nvol vemen t : 

EPA and KDNREP wi l l  as s i s t  DOE i n  deve l op i ng the mon i to r i ng 
p r o g ram . 

EPA and KDNREP wi l l  ass i s t  DOE i n  e va l ua t i n g mon i tori ng res u l ts 
t h rougho u t  the l i fe of the mon i t o r i ng p ro g ram . 

Respons i b i  1 i ty : 

DOE i s  respon s i b l e  for deve l o p i n g  and i s s u i n g  a repo r t  de s c r i b i ng 
the mon i to r i ng program. The mon i to r i ng program and mon i to r i ng 
res u l ts w i l l  be made a va i l ab l e to the pub l i c  and l o cal  governments 
t h rough es ta b l i s hed repo r t i n g  procedu re s . Sho u l d  there be s i g n i f i 
cant pub l i c  i n teres t i n  the mon i to r i ng program res u l t s , DO E  w i l l  
conduct pu b l i c  b r i e f i ngs . 

EPA a nd KDNREP w i l l  a s s i s t  DOE i n  th e deve l opmen t of the mon i to r
i ng prog rams . E P A ,  through pe rm i t t i ng a c t i ons , wi l l  requ i re 
i mp l emen ta ti on o f  an approved p ro g ram fo r moni to r i ng of reg u l a ted 
pol l u tants . 

DOE i s  respo n s i b l e  fo r i mp l eme n t i ng and ev a l u a t i ng the res u l ts o f  
the mo n i to r i ng p ro g ram and coordi n a t i n g  wi t h  EPA and KDNREP on 

m i t i ga t i ng adverse envi ronme n t a l  i mpact, i den t i f i e d t h rough the 
mo n i to r i ng prog ram . 

EPA and KDliREP wi 1 1  rev i ew mon i to r i ng prog ram res u l ts and cooperate 
w i t h  DOE in rede f i n i n g the mon i to r i n g  prog ram data needs and i n  
m i t i ga t i n g  adverse envi ronmenta l i mpa c t s . 
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EE . 2  STATUS O F  THE WORK PLAN 

The DOE has  i n i t i ated the commitments made i n  the work p l an through i ncorporation  of addi ti onal 
i nformati on and schedu l es requested by EPA and KDNREP in th i s  FE I S .  Fol l owi ng i s  a status 
for each work p l a n  e l ement ,  an i dent i f i cation  of i nformati on DOE has prov i ded in the FEI S ,  and 
the DOE- prepa red schedu l es for prov i d i ng add i t i onal deta i l ed des i g n  and mon i tori ng i nformati on 
a fter the FE I S :  

A .  I s sue .  The compl eti on o f  the Nati ona l Env i ronmenta l Protection Agency ( NEPA) respons i 
ETTTti es pri or t o  commerc i a l i zat i on .  

Statu s .  N o  action i s  requ i red at  thi s t ime . The scope o f  the NEPA rev i ew wi l l  be defi ned 
during the operati ons phase of the demonstrat ion p l ant in coordi nat i on with EPA and 
KDNREP .  

B .  I s sue .  Assessment o f  the effects of a fl ood o n  constructi on and operation o f  the faci l i ty .  

Statu s .  Appendi x  D of t h i s  FE I S  provi des t h e  SRC- I fl oodp l a i n/wetl ands revi ew ,  conta i n i n g  
a prel imi nary fl oodp l a i n/wetl ands determi nation a nd  a fl oodpl a i n/wetl ands assessment .  
The fl oodp l a i n/wetl ands a ssessment descri bes fl oodp l a i n  and wetl and impacts o f  the 
proposed action and an eva l uation of a l terna te s i te l ayouts and des i gns . Append i x  E ,  
" Impacts on Fl ood El evat i o n , " p resents resu l ts of the Newman s i te fl oodpl a i n  encroachment 
study . 

A general descri ption  of the effects of a l OO-yea r fl ood on construct i on and operation of 
the Demonstrat ion Pl ant i s  presented in Append i x  C . 6 .  

A ma p del i neati ng the l oca t ion o f  the 5-yea r fl oodway i s  presented i n  Append i x  F .  Duri ng 
deta i l ed des i g n ,  a detai l ed assessment of the impacts of a l OO-year fl ood on construction 
and operation  of the demonstrati on pl ant and a del i neat i on and assessment of 5-year 
fl oodway encroachments wi l l  be performed and p resented to EPA and KDNREP . 

C .  I s sue .  Re s i dual waste d i sposal ( hazardous and nonhazardous ) .  

Statu s .  The FEI S p resents ava i l abl e des i gn i n formati on and sol i d  waste management 
a l ternati ves in Appendi x  C ,  Sects . C . 2 . 3  and C . 3 . 2 ,  respect i ve l y .  �ecause of a del ay i n  
i n i t i ation  o f  mo re detai l ed geotechn i c  s i te studi es and unava i l ab i l i ty o f  resul ts from 
ongo i ng research and deve l opment ( R&D)  studi es , a more comprehen s i ve study of f ina l  
s i t i ng of  each  h azardous and  nonhazardous waste sto rage a rea and  al ternati ve means of  
waste d i s posal i s  not  ava i l ab l e .  The statement o f  work for the p l anned geotechni c study 
has been prepared and i s  awa i ti ng ICRC and DOE approva l for impl emen tati on . Res ul ts of 
the geotechn ic  work and R&D s tud ies  wi l l  provi de i n fo rmation  requ i red for the ha zardous 
waste perm i t  appl i cat ions . A schedu l e  of proj ect tasks for preparation  of the hazardous 
waste permi t appl i cati ons fo l l ows : 

R&D stud i es 
Approva l of researc h  purchase req . 
Confi rmat i on of waste compos i ti on 

Prel imi nary l each i ng resu l ts 
Fi nal l ab resu l ts 

Waste i nventory 
I nventory from area contractors 
Rev i ew wi th I CRC 

P rel im i nary s i t i ng submi s s i on 
Meeti ng  w ith  KDNREP 
Rust prepares geotechn i cal  data 
Dames & Moore prepares  hydrogeo l og i cal  

data 
I CRC revi ews and assembl es submi s s i on 
DOE s ubmi ts to KDNREP 
KDNREP revi ews s i t i ng i n fo rmation 

Start Compl ete 

1 /81  1 2/81 

1 /81  3/81 

1 /81 5/81 
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Devel opment of des i gn g u i del i nes 
Forma t i on of perm i t  rev i ew team 
Eva l uati on of base p l a n  by Fred C .  Ha rt 

Assoc . 
Model i ng of base des i gn by Dames & Moore 
Model i n g  of a l ternate desi gns by Dames & 

Moore 
Recei pt of p re l imi nary R&D res u l ts 

Conti ngency p l a n  preparat i on 
Rev i ew of emergency procedures 
Rev i ew of process safety prog ram 
I n terfac i ng w i t h  governmental bod ies  
Comp i l at i on of p l ans 
I ncorporat i on i nto appl i cat ion 
Impl ementat i on of p l an 

Process des i g n  
Gu i dance from I CRC 
Rust prepares process des i g n  

App l i cati on preparati on 
I ncorpora t i on of des i gn and drawi ngs 
I ncl u s i on of conti ngency p l ans 
Compl et i on of appl i ca t i on 

App l i ca t i on rev i ew and approval 
I CRC revi ews and forwards to DOE 
DOE revi ews and s ubmi ts to E PA/ KDNREP 
EPA/ KDNREP rev i ew and approve 

Conti ngency p l a n  i mp l ementat i on 

Start of construct i on of hazardous waste 
faci l i t i es 

1 /81 6/81 

3/81 1 /82 

6/81 1 /82 

1 /82 3/82 

3/82 1 /83 

1 /83 

1 /83 

D. I s s ue .  Se l ec t i on of deta i l ed processes , pol l ut i on contro l des i gns , a nd mai ntenance 
procedures for the protect i on of a i r  and water ,  and hazardous waste d i sposal through the 
determi nati ons of best ava i l abl e control techno l og i es ( BACT ) cons i stent wi th  appropri ate 
permi tt ing  regu l at i ons . 

Statu s .  The F E I S  presents an  enhanced descr i pti on of the proposed control l ed combu stor 
ana-TTare system and a l ternate des i gns be i ng eva l uated for contro l l i ng emi s s i ons  of 
nonmethane hydrocarbons i n  Appendi x  C . 2 . 2 . 6  and C . 3 . 1 . S . Des i gn a l ternati ves for control 
of other emi s s i ons and effl uents are essent i a l l y  the same as those presented in the D E I S . 
Add i t i onal  i nformati on prov i ded i n  the F E I S  i s  noted i n  the schedu l e  be l ow ,  wh i ch 
presents spec i f i c  comments of E PA and KDNREP and presents DOE ' s  sc hedu l e  for prov i d i ng 
reques ted i nformat i on . Schedu l es for deta i l ed eng i neeri ng have been prepared by I CRC 
but  are subj ec t  to change because of recent fundi ng l im i tat ions  that have resu l ted i n  a 
d e l ay i n  detai l ed engi neer i ng acti v i t i e s .  Once the government dec i s i on o n  f i na l  fund i ng 
of  the project i s  obta i ned , the deta i l ed eng i neer i ng schedu l e  wi l l  be revi sed and spec i fi c  
dates prov i ded for ava i l ab i l i ty o f  the des i g n  i nformat i on d i scussed bel ow : 

1 .  DOE/ I CRC shou l d  adv i se E PA regardi ng the tests for hydrocarbon emi ss ions  from the 
coa l dryer/ pu l ver i zer ,  and regard i ng any p l anned adj ustments to dryer temperature/ 
resi dence t i me i n  order to reduce these em i s s i ons . Al so , hydrocarbon emi s s i ons  
from th i s  source shou l d  then  be  added to  Tab l e  C . l .  

Schedu l e :  Tes t i ng - l ate 1 98 1 . 
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2 .  The DOE s ho u l d  a s sess  the worst-case s u l fur emi ss i ons that m i g ht resu l t  i f  the 
Beavon u n i t  i s  not operating  properly .  I f  these potent ia l  emi s s i ons a re cons i dered 
too h i g h ,  some appropri ate course of acti on shou l d be agreed u pon i n  the event that 
these worst-case l evel s are i ndeed observed d ur i ng operat i on . 

Schedu l e :  Compl eted . See Ap pend i x  C . 4 .  1 . 4 and Sect .  4 . 2 . 3 . 1 .  

3 .  Page C-40 , l ast  paragraph . The DE I S  descri bes  some aspects of the proposed d i rected 
mai ntenance protocol i n  general terms : for exampl e ,  "va l ves . . .  wi l l  be i nspected 
reg u l a rl y . "  More deta i l s  shou l d be provi ded - source type by source type - regard i ng 
the nature of the i nspection  and the actual frequency . I t  i s  recogni zed that deta i l s  
o n  the d i rected mai ntenance protocol wi l l  not be compl eted unti l after the F E I S  i s  
s ubmi tted ; the FE I S  s hou l d i nd i cate the schedu l e by wh i ch the i n formati on , i f  not 
c urrentl y avai l abl e ,  mi ght be expected . 

DOE/ I CRC shou l d  prov ide  the i nformati on requested above regard i ng the deta i l ed 
mon i tori ng p l a n  for track ing  fug i t i ve organ i cs emi ss i ons/control performance after 
p l ant  operat ion beg i ns , to the extent that the p l a n  is not ava i l ab l e  for i nc l u s i on i n  
the FE I S .  

Schedu l e :  The d i rected mai ntenance protocol i s  d i sucssed i n  Appendi x C ,  Sect . C . 3 . 1 . 5 .  
The fi nal deta i l ed d i rected mai ntenance and mon i tor i ng p l ans  a re schedu l ed 
to be ava i l a bl e in J une 1 982 . 

4 .  DOE/ I CRC s hou l d  prov i de further deta i l s  regard i ng the d i rected ma i ntenance protocol , 
to the extent that thi s i nformation  i s  not ava i l abl e for i nc l u s i on i n  the FE I S .  
( The  deta i l s  s hou l d  a l so i nc l ude moni tori ng p l ans for identi fyi ng the presence of 
fug i t ive  orga n i cs from aer i a l  coo l ers . )  

Schedu l e :  June 1 982 ( a i r  coo l ers mon i tori ng i s  d i scussed i n  Appendi x C . 3 . 3 . 1  and 
Sect . 4 . 2 . 5 ) .  

5 .  An expanded d i rected mai ntenance protocol shou l d be agreed u pon for the fi rst year 
or two of p l a nt operat ion , as suppl emented and g u i ded by a more extens i ve  fug i ti ve 
orga n i cs mon i tor i ng effort.  Th i s  expanded protocol cou l d  then poss i bl y  be re l axed 
a fter operat i ng experi ence i s  ga i ned , based upon the resu l ts from the fi rst year or 
two of operati o n ;  however , the u l t imate re l axed protocol wou l d  not be l ess  stri ngent 
than the refi nery vol ati l e  organ ic  compound ( VOC ) l ea k  g u ide l i nes . 

Schedu l e :  S i x months pr ior  t o  operati o n .  

6 .  The u l t imate d i rected ma i ntenance protocol shou l d be agreed u pon after the resu l ts 
from the fi rst year or two of p l a nt operation  become avai l a bl e .  

Schedu l e :  Dur i ng the demonstration  p l a nt operati ons phase . 

7 .  Page C-40 , Sect . C . 3 . 1 . 5 . The FE I S  s hou l d i nd i cate the schedu l e  by wh ich  ref i ned 
performance estimates , feed stream compo s i t i on est imates , and contro l l ed combustor/ 
fl a re system des i gn i nformat ion wi l l  be prov i ded after the FE I S .  

Schedu l e :  Append i x  C ,  Sects . C . 2 . 2 . 6  and C . 3 . 1 . 5  expand o n  the descri pt ion  of 
the contro l l ed combustor/fl are system . The other i tems wi l l  be addressed dur i ng 
deta i l ed engi neer i n g .  

8 .  DOE/ I CRC wi l l  rev i se the control l ed combustor/fl are performance estimate , and 
wi l l  est imate the compos i t ion  of the gas stream to the el evated fl are , under routi ne 
opera t ion and for various u pset condi ti ons . 

Schedu l e :  Du ri ng deta i l ed eng i neer i ng . 

9 .  DOE/ I CRC shou l d prov i de spec i f i cati ons and des i gn i nformation  regard i ng the control l ed 
combustor/fl are system , confirm ing  the abi l i ty to achi eve the performance goa l . 
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Schedu l e : Du r i ng deta i l ed engi neeri n g .  

1 0 .  DOE/ I CRC shou l d  estimate the schedu l e  by wh i c h  they shou l d be abl e to prov i de the 
spec i fi c  key combust i on modi fication  des i g n  i nformati on on i nd i v idual  i n-pl ant 
h eaters and boi l ers . 

Schedu l e :  Du ri ng deta i l ed engi neer i ng .  

1 1 .  DOE/ I CRC s houl d prov i de the key combust ion mod i fication  des i gn i nformati on and 
manufacturer  guarantees concern i ng NOx emi ss i ons in order to conf i rm ant ic i pated 
reductions  i n  N Ox from i nd i v i dual  u n i ts . 

Sc hedu l e :  Du r i ng deta i l ed engi neer i ng . 

1 2 . The P SD appl i cati on i nd i cates scrubber des i gn  fo r 85% S02 removal and 92% parti cul ate 
removal . The FE I S  s hou l d present the rati onal e for not des i gn i ng fo r h i gher removal 
e ffi c i enci e s ,  e speci a l l y  s i nce the co ker-ca l c i ne r  is such a maj or  contri buto r of 
S 02 ' I f  t he sel ecti on of  the scrubber system and i ts performance i s  l ess  fi nal i zed 
than i nfe rred from the PSD appl i cat ion , then the FE I S  shoul d i nd i cate the schedu l e  
b y  wh ich  the dec i s i on o n  scrubber des i gn/perfo rmance wi l l  b e  made . The FEIS 
p resents t he worst-case removal eff ic i ency for assessment of envi ronmental impacts . 

Schedu l e :  Th e requested i nformat ion wi l l  be prov i ded duri ng deta i l ed engi neer i ng . 

1 3 .  Page C-36 , pa rag raph one . The D E I S  i nd i cates that the hydrocarbons and reduced 
s u l fur  spec i es i n  the coker/ca l c i ner  off-gas wi l l  be i nc i nerated . I f  at a l l poss i bl e ,  
the  F E I S  shou l d  i nd i cate a performance goa l for th i s  i nc i nerator .  As a m i n i mum , the 
F E I S  s houl d i nd i cate on what assumpti ons ( stream compos i ti on and i nc i nerator perfor
mance ) the coker/ca l c i ner emi s s i ons in Ta bl e C . 7  were es ti mated and the schedu l e  
by wh ich  further i nformat i on wi l l  b e  ava i l a bl e concern i ng i nc i nerator des i g n ,  feed-gas 
compos i ti on ,  and performance . 

Schedu l e :  Du ri ng deta i l ed eng i neer i ng .  

1 4 .  DOE/ I CRC s hou l d  i denti fy the schedu l e  by wh i c h  the dec i s i on wi l l  be made whether or  
not  to  emp l oy i nc i nerat ion ,  a nd  - if  i nc i nerati on i s  to  be  used - the  schedu l e  by 
wh i ch  i nformation  on i nc i nerator des i gn and ta i l -gas cl eanup wi l l  become ava i l ab l e .  
I f  t h i s  i nformat i on becomes ava i l abl e pr ior  to the FE I S ,  i t  shou l d  be i nc l uded i n  
t he F E I S  ( i n  parti cu l ar ,  any ta i l -gas treatment performance goa l s and emi s s i on factors 
wou l d be of i nterest ) . 

Schedul e :  Du r ing  deta i l ed eng i neer i n g .  

1 5 . DOE/ I CRC s hou l d  prov ide  i nformation  regard i ng any env i s i oned wastewater-rel ated 
i nc i nerators , i nc l ud i ng key des i g n  i nformation , estimated feed-stream compos i t ion , 
and estimated emi s s i ons . DOE/ I CRC s hou l d prov ide  key des i gn and performance 
i nformat i on for i nc i nerator ta i l -gas treatment systems . DOE/ I CRC shou l d  prepare a 
mon i tor i ng p l a n  to mon i tor emi ss i ons from any i nc i nerators . 

Schedu l e :  Du ri ng deta i l ed engi neer i ng .  Mon i tori ng p l an by J u n e  1 982 . 

1 6 .  Page C- 48 ,  l ast paragraph . The DE IS  i nd i cates that phenol recovery i s  under con
s i derat i on as an  a l ternat ive for i nc l u s i on in the wastewater treatment p l ant . The 
FE I S  shou l d  i nc l ude the resu l ts of thi s assessment of phenol recovery ,  or  el se 
s hou l d  i nd i cate the schedu l e  by wh i ch the dec i s i on wi l l  be made as to whether or 
not to i nc l ude phenol recovery .  

Schedu l e :  Comp l eted ( resu l ts of the assessment a re prov ided in  Append i x  C . 3 . 4 ) . 

1 7 .  DOE/ I CRC s houl d prov i de est imates of wastewater stream compos i t i ons  throughout the 
treatment p l ant and key des i g n  i n format i on on i nd i v i dua l  treatment p l ant components 
( e . g . ,  manufacturer performance guarantees , res i dence t ime , etc . )  Th i s  i nformation  
wou l d  ena b l e  confi rmation  that the performance goa l s  a re l i ke l y  to be met . 
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DOE/ I CRC s hou l d  provi de the resul ts o f  experimenta l work  conf i rm i ng the estimates 
of treatment performance and effl uent concentrati ons to the extent that t h i s  i nfor
mation i s  not i nc l uded in the FE I S .  

Schedul e :  Experimenta l work i s  currentl y i n  progres s (Appendi x  C ,  Sect .  C .4 . 2 ) . 
Fi nal  resu l ts wi l l  be provi ded i n  the NPDES appl i cati on . 

1 8 .  The F E I S  shou l d  i nd i cate the schedu l e  by wh i ch a dec i s i on i s  expected regard i ng l i ner 
mater i a l /des i gn for runoff col l ection  and regard i ng estimation  of runoff compos i ti on 
and treatment s tep  des i g n .  

Schedu l e :  Du r i ng deta i l ed eng i neeri ng and wi th hazardous was te perm i t  appl i cati ons . 

1 9 .  DOE/ I CRC shou l d provi de further detai l s  regard i ng l a ndfi l l  des i g n .  

Sc hedu l e :  Du ri ng deta i l ed engi neer i ng and wi th hazardous waste perm i t  appl i cati ons . 

2 0 .  DOE/ I CRC s houl d provide the i nformation  supporting  the u l t imate dec i s i on regardi ng 
l i ner materi a l  i dent i ty ,  permea bi l i ty ,  and th i c kness . 

Sc hedu l e :  Du ri ng deta i l ed engi neer i ng and with  hazardous wa ste permi t appl i cation s .  

2 1 . DOE/ I CRC wou l d prov ide  addi ti onal deta i l s  i n  the SPCC p l a n .  

Sc hedul e :  Wi th N PDES permi t appl i cati on . 

2 2 .  DOE/ I CRC wou l d adv i se E PA of  any dec i s i on regard i ng the stabi l i zation  o f  was te 
b ri nes . 

Schedu l e :  One month after compl etion o f  study o r  wi th RCRA permi t appl i cati on , 
wh i chever i s  sooner . 

2 3 .  DOE/ I CRC wou l d prov ide the resu l ts o f  any groundwater model i ng .  

Sc hedu l e :  One month after compl etion of s tudy or wi th hazardous was te permi t appl i 
cati ons , whic hever i s  sooner . Prel im i nary screeni ng wi th a rough  model has been carr i ed 
out and i s  descri bed i n  Append ix  R .  

24 . DOE/ I CRC wou l d  i nd i cate corrective acti ons that  m ight  be taken i n  the event that 
g roundwater does become contaminated . 

Schedu l e :  Compl eted . The groundwater contam i nat ion  conti ngency p l an i s  presented 
i n  Appendi x HH .  

2 5 .  DOE/ I CRC wi l l  adv ise  EPA ,  after operati on  of the  l andfi l l s  beg i n s , i f  the gas if ier  
s l ag/ash i s  concl uded to no l onger requi re trea tment as a hazardous  waste .  

Schedu l e :  The moni tor ing resu l ts for the gasi f i er was tes  wi l l  be provi ded wi th 
o ther mon i tor i ng data on a regu l ar bas i s .  

E .  I s sue .  Ero s i on and sed i mentation  contro l pl an . 

Sta tu s .  A pre l im i nary eros i on control p l an i s  presented i n  Appendi x  GG of th i s  FE I S .  
rne-constructi on manager contractor wi l l  modi fy and fi nal i z e  the pl an a s  necessary prior 
to i n i ti ation of on-s i te construction acti v i t i es . 

F .  I s sue .  Socioeconomic - trans portation i mpacts . 

Status . DOE has funded add i ti onal soc i oeconomi c studies  performed by Dames & Moore under 
contract to the I CRC and by the Green Ri ver Area Devel opment Di s tr i ct .  Resu l ts of these 
s tudi es have been i ncl uded in Sects . 3 . 2 . 4  and 4 . 2 . 4  of th i s  FE I S .  Proposed soci oeconomi c 
m i ti gation  acti ons , i ncl u d i ng a m i t i gat ion  p l a n  for transportation  probl ems duri ng 
constructi on , are prov i ded i n  Sec t .  4 . 6 .  
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G.  I s sue .  Mon i tori ng . 

Statu s .  Sect i on 4 . 5  of  thi s FEIS  presents the proposed mon i tor ing  prog ram for th i s  
p roject . " Th e  P reconstruction Envi ronmental Moni tor ing  P l a n , "  most  of wh i ch i s  current ly  
u nder way , i s  summari zed i n  Sect . 4 . 5  and  was transmi tted to EPA , KDNREP , a nd  others for 
rev i ew and comment on Apri l 1 4 ,  1 98 1 . A genera l  descri pti on  of the mon i to ri ng prog ram 
to be conducted dur ing  the constructi on and operation  phases i s  al so  provi ded i n  
Sect . 4 . 5 .  The constructi on-phase mon i tor ing  p l an wi l l  b e  p repared and submi tted for 
EPA and KDNREP rev i ew pri or  to i n i t i at i on of constructi on . The operati ons phase 
mon i tor ing  p l an wi l l  be p repared and submi tted for EPA and KDNREP rev i ew in J une  1 982 .  
S peci fi c i tems i denti f ied by EPA for i ncl u s i on i n  the p l a n  are p resented bel ow :  

1 .  The p l a n  for mon i toring s u l fur recovery p l ant ta i l -gas - i nc l u d i ng extended-term 
mon i tori ng and more frequent mon i toring  during  the fi rst year or two of p l ant 
operation  - s houl d be provi ded . 

2 .  A mon i tori ng p l a n  shou l d  be prepa red , i nd i cati ng how control l ed combustor/fl are 
performance wi l l  be determ i ned duri ng the first year or two of p l ant operation , 
a nd routi ne ly  thereafter .  

3 .  T he  mon i tori ng  p l an s hou l d  i ncl ude coker/ca l c i ner off-gases moni tori ng and 
mon i tori ng of the wastewater treatment pl ant . 
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I MP L I CATI ONS OF THE TOX I C  SUBSTANCES CONTROL ACT FOR 
SOLV ENT REFI NED COAL PROCESSES 

FF . l  TOX I C  SUBSTANCES CONTROL ACT 

FF . 1 . 1  Descripti on 

The Tox i c  Substances Control Act ( TSCA) , enacted in 1 976 , protects 
by author i z i ng the Admi n i strator of EPA to obta i n  i nformation  from 
di sposa 1 ,  and heal th effec ts of chemi ca 1 substances and mi xtures . 1 
centers around four  acti v i ti es : 

human hea l th and the envi ronment  
i ndustry on t he  producti on , use , 
Under TSCA , EPA ' s  authori ty 

1 .  col l ecti ng bas i c  i nformation  on chem i cal  substances from manufacturers and proces sors , 
i ncl ud i ng importers ; 

2 .  i denti fy i ng potent i a l l y  harmful substances and requ i r i n g  that i ndustry test  them for 
adverse heal th and envi ronmental effects ; 

3 .  rev i ewi ng al l new chemi cal s for potenti a l  hea l th and envi ronmental r i s k s  before they are 
manufactured for chemi cal  use ; and 

4.  control l i ng unreasonabl e ri sks  stemmi ng from the man ufactu ri ng , proces s i ng , d i stri but i on , 
use , o r  d i sposal of  a c hemi cal  substance . 1 

The l aw d i v i des chemi ca l s  i nto " exi st i ng "  chemi ca l s  and "new" chem i ca l s .  "Exi st i ng "  chemi c a l s  
are those l i s ted i n  t h e  C hemi ca l  Substances I nventory .  Th i s  i nventory i s  n o t  a l i s t  of hazardous 
or tox i c  c hemi cal s ;  rather ,  i t  i s  a l i s t  of a l l chemi ca l s that were manufactured ,  imported , or 
p rocessed for a commerc i a l  p u rpose between January 1 ,  1 975 , and J une 1 ,  1 979 . EPA has a l so 
col l ected i nformat i on on these chem i ca l s  to determ ine  wh i ch chemi cal s pose an unreasonab l e  ri s k  
t o  human hea l th or  the envi ronment .  Test i n g  of  these chemi ca l s  may b e  requ i red to further 
defi ne the i r  pers i stence , env i ronmental fate , eco l og i ca l  effects , and such hea l th effects as 
carci nogen i c i ty ,  mutagen i c i ty ,  teratogen i c i ty ,  or  behav i oral tox i c i ty .  

TSCA estab l i s hed i n  I n teragency Test i n g  Commi ttee ( I TC ) to  i denti fy and  recommend to  EPA 
chemi cal s fo r pri ori ty testi ng . W i th i n  1 2  months of an ITC recommendat i on , EPA mu st e i t her  
i n i ti ate ru l ema k i ng proceedi ngs to  req u i re testi ng or publ i s h reasons for  not doi ng so . 

A "new" chemical s u bstance i s  a chem i cal  not l i s ted i n  the i nventory o r  an exi sti ng chemi cal  
for wh i ch a s i gn i f i cant new use  has been proposed . These chemi cal s are subj ect to a 90-day 
premanufacturing  not i f i c at i on revi ew by EPA. Manufacturers and importers of "new" chemi cal s 
mu st  submi t a premanufactu ri ng noti ce ( PMN)  to EPA.  The PMN requ i res the fol l owi ng i n format i on : 

• common or trade name , 

• c hemi cal  i denti ty and mo l ecu l ar structure o r  the genera l compos i t i on  of a mi xture of  
vari abl e compos i ti on ,  

• estimated p roducti on amounts , 

• proposed use categori es , 

• methods of d i sposa l , 

• workp l ace exposure l evel s ,  

FF-3 
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• descri ption  of  by-products , i mpuri t i es , and other rel ated products , and 

• al l test data on  hea l th and envi ronmenta l effects of the substance ( see Tab l e  Z . 9  i n  
Append ix  Z ) .  

D uri ng the revi ew per iod , i f  E PA determi nes that a substance may present an unreasonabl e ri s k  
( o r  that the s ubstance wi l l  be produced in substant i a l  q uanti t i es and may l ead  to s i gn i f i cant 
h uman or envi ronmenta l exposure ) , E PA may requi re addi tional  data to determi ne what ri s ks a re 
presented . 

After rev i ew of  the PMN and a l l a va i l abl e data . EPA may proh i b i t  o r  l i mi t the manufacture , 
proces s i ng ,  d i stri bution , u se ,  o r  d i s posal  of  a chem i ca l  or  mixture .  Act ion  under TSCA can 
range from a compl ete ban to a s i mpl e l abel i ng requi rement . I f  the manu facturer o bj ects to the 
order,  EPA can go  to a Federal D i strict Court and seek an i nj uncti on . 

F F . l . 2 General DOE compl i ance 

DOE projects that resu l t i n  the production of  a new chemical  or mi xture are impacted by the 
requi rement for submi tt i n g  a PMN .  The PMN must undergo a 90-day rev i ew by EPA. I f  EPA requ i res 
addi tional  testi ng or studi es , DOE wi l l  have to perform the addi t i onal  stud i es .  I n  add i t i on , 
DOE wi l l  have to comply  wi th testi ng standards devel o ped by EPA. 

TSCA wi l l  a l so impact DOE proj ects that m ight  requ i re the use of  chemi cal s or  mi xtures that a re 
or  wi l l  be l i mi ted by TSCA. I f  a chemi cal essenti al  for a DOE project i s  l i mi ted by EPA,  
the size or  product i v i ty of the p roject may be l i m ited . 

F F . 2  REGULATIONS IMPLEMENT I NG TSCA 

Al most  a l l the regu l at ions  ( 4 0  CFR  Pa rt 720 ) i mp l ementi ng TSCA a re i n  draft form at th i s  time . 2 
E PA estimates t hat most of i ts draft rul es and g u i del i nes wi l l  be fi nal i zed  soon . 2 Because TSCA 
i s  so compl ex ,  there a re numerous draft regu l ations  publ i s hed in the FederaZ Register ( FR ) . The 
regu l ations  may be d i v i ded i nto the fol l owi ng categori es : 

• premanufacturi ng noti f icat i on . 

• i nformat ion gather i ng/ i nventory reporti ng , and 

• test i ng . 

F F . 2 . 1  P remanufacture noti f ication  

The PMN p rogram o ffi c i a l l y  began J u l y  1 ,  1 979 . P roposed rul es and noti ce forms for the PMN 
program were publ i s hed i n  the January 1 0 , 1 979 FR .  A statement of i nterim  pol i cy on PMN req u i re
ments and rev i ew p rocedures was publ i s hed i n  the May 1 5 ,  1 979 FR .  Revi sed PMN forms were 
reproposed on October 1 6 , 1 979 ( 45-day comment peri od ) . I ndustries submi tti ng PMN forms at th i s  
t i me s houl d use t he form p ub l i s hed i n  the October 1 6 ,  1 979 FR .  

F F . 2 . 2  I n formation gatheri ng/i nventory reporti ng 

Regul ations  govern i ng t he reporti ng and comp i l at i on of  chemi cal substances , as req ui red by TSCA 
Secti on 8 ( b ) , were p romul gated i n  December 1 977 .  The offi c i al publ i cati on date for the i n i t i a l  
chemi cal i nventory was J une 1 ,  1 979 .  A s peci al  2l 0-day reporti ng period h a s  been added to the 
J une 1 deadl i n e  to permi t p rocessors to rev i ew and add to the i n ventory . 

EPA i s  deve l op i ng a comprehens i ve p l an for report i ng and recordkeep i ng on chemi cal producti on ,  
use , by-products , exposu re .  and d i sposal . These ru l es mus t fi rs t be coo rdi nated with  other 
EPA ru l es to a vo i d  dupl i cating  requ i rements ; they a re expected to be p ub l i s hed in draft form .  

I n  J u l y  1 978 , a secur i ty p rocedures manual was publ i shed s o  that contractors and federal agenc i es 
cou l d sumb i t  confi denti a l  i nformation  to EPA . 
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FF . 2 . 3  Te st ing 

Te sti ng standards wi l l  be d i rected at spec i fi c  character ist ics  and effects i nc l udi ng oncogen i c i ty ,  
teratogen i c i ty ,  mutagen i c i ty .  a s  we l l  a s  envi ronmenta l fate . pers i stence . and eco l ogi ca l  effects . 
EPA p l ans to make these cons i stent wi th standards be i ng estab l i shed under i ts pesti c i de program . 

The fi rst standards . oncogen i c i ty and other chron i c  effects , we re proposed i n  the May 9 .  1 979 FR .  
Add i t i onal  standards for  acute and  subchron i c  toxi c i ty .  mutagen i c i ty .  teratogen i c i ty .  reproducti ve 
effects . and metabo l i sm s tudi es were proposed on J u ly  26 . 1 979 . Addi tional  hea l th effects 
testi ng  standards , as we l l  as the fi rst env i ronmental te sti ng standards . were to be proposed i n  
early 1 980 . 

FF . 2 . 4  Summary 

Dur i ng 1 980 , a l l aspects of the TSCA program were to be i n  operati on , al though not at ful l 
capaci ty . 

I n i ti a l l y ,  more emphas i s wi l l  be p l aced on obta i n i ng and analyzing  i nformation  than on wri ti ng 
s peci fi c  regu l ati ons . Acti v i ties  i n  1 980 concentrated o n :  

• premanufactur ing  noti f i cat ion system , 

• devel opi ng testi ng standards and ru l e s ,  

• mak i ng i nformat ion systems operati ona l .  

• conducti ng ri s k  assessments . and 

• promu l gati ng reporti ng and recordkeep i n g  requ i rements . 

FF . 3  THE SRC PROCESS AND DOE TOX I C ITY STUD I ES 

FF . 3 . 1  SRC processes ( SRC- I and SRC- I I )  

Sol vent refi ned coal ( SRC )  p rocesses convert h i g h  s u l fur and ash  coal i nto c l eaner burn i ng 
ga seous . l i q u i d ,  and/or sol i d  fue l s by noncatalytic  hydrogenati on . Hydrogenation  i nvol ves 
d i rect convers ion  of coal to i mproved fue l s through the addi t ion of hydrogen to coal at e l evated 
temperatures  and pressure s .  w i th the amount of hydrogen determi n i ng the f ina l  form of the 
fuel - l i qu i d  ( SRC- I I )  or  sol i d  ( SRC- I ) .  SRC- I I  u ti l i zes  about  twi ce the amount of hydrogen as 
the SRC - I  p roce s s .  

SRC- I pr ima ri l y  p roduces a sol i d ,  coal - l i ke product of l ess  than 1 %  su l fur and 0 . 2% as h .  SRC- I I  
p r imari ly  produces a l ow-su l fu r  ( 0 . 2-0 . 5% by we i g ht )  fue l o i l and naphtha . Both SRC - I  and SRC- I I  
a l so p roduce s i gn i fi cant q uanti t ies  of gaseous hydrocarbons that are further processed to 
synthet ic  natura l  gas ( SNG ) and l i q uefied petro l eum gas ( LPG )  products . 

Except for the l ast  stages i n  production . the processes are essenti a l l y  the same . SRC - I  re l i es 
on sol vent recove ry and sol i d i f i cat ion functions to produce a sol i d  fue l ; SRC- I I  uses a fracti ona
t i on function to produce a l i q u i d  fue l . Because the �rocesses are very s im i l ar ,  most  of the 
potentia l  toxi cants and carci nogens shoul d be common .  The SRC- I I  products ( l i g h t ,  m iddl e .  and 
heavy d i st i l l ate)  a re s i m i l ar to the SRC - I  products of l i ght  o i l .  wash  sol ven t .  and process 
sol vent . 4 

At present .  there i s  a l ack  of def i n i t i ve data on the chemi cal consti tuents i n  synfuel products . 
i ncl u d i ng SRC . Se veral  known or  s u spected carci nogens a re present i n  products . by-products . 
and waste s treams of syntheti c fuel convers i on proces ses . These i ncl u de po l ynu c l ear  aromati c 
hydrocarbons ( PAH ) . naphtha l enes .  aromati c ami nes . and i norgan i c  trace e l ements ( se l eni um .  boron . 
cadmi um . l ead . and antimony ) . l  
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FF . 3 . 2  DOE tox i c  substances research on SRC materi a l s 

Pac i f i c  Northwest Laboratory publ i s hed a report ent i t l ed Biomedical Studies on Solvent Refined 
Coa l (SRC-II) Liquefaction Materials: A Status Report. 4 Th i s  report , publ i s hed i n  October 
1 979 , i s  the most compl ete and rel i ab l e  DOE source of i nformation  on toxi 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 st i l l ate ( H D ) , m i ddl e d i st i l l ate ( MD ) , and 
l i ght d i st i l l ate ( LD )  - i nd i cate that HD  i s  the most tox i c .  Of the SRC- I products , the process 
sol vent appears to be the most toxi c .  I n  general , resu l ts o f  a l l tests s how SRC products to 
have vari abl e tox i c i ty .  The resu l ts are s ummari zed be l ow .  

1 .  M i crob i a l  mutagen i c i ty appears to b e  caused primari l y  by  aromat ic  ami nes . HD i s  
mutagen i ca l l y  acti ve ; LD i s  not mutagen i c .  

2 .  Tox i c i ty stud i es o n  mon key k i dney cel l s  i nd i cate that both the H D  o f  S RC- I I  and the process  
so l vent of SRC- I are h i g h l y  tox i c  and  are s i mi l ar in  deg ree of tox i c i ty .  

3 .  M i ce were used for stud i es o f  epi dermal carci nogene s i s . HD and LD S RC- I I  products were 
compared . H i g h  doses [approximate ly  20 mg per appl i cation  ( 3  t imes per wee k ) ]  and med i um 
doses ( 2  mg per appl i cati on )  res u l ted i n  1 00% of the m i ce  treated w ith HD deve l op i ng 
tumors w ith i n several months .  A l i g ht dose of HD ( 0 . 2  mg per appl i cation ) res u l ted i n  
tumor growth i n  6 of 4 8  m i ce . H i g h and med i um doses of LD resu l ted i n  tumors i n  1 of  
44 and 1 of  46 m i ce  respect i ve ly .  L i g ht doses of LD  d i d  not  ca u se  tumor growth i n  any 
of 41  m i ce after 465  days . These dose studies  are conti n u i ng . The major ity of tumors 
were mal i gnant . 

4 .  I n i t i a l  oral tox i c i ty stud ie s  o n  rats i nd i cate that S RC- I  was h  sol vent i s  h i g h l y  tox i c , 
w ith  an LDs o* of 0 . 57 .  The other fracti ons o f  SRC- I and SRC- I I  had LD s o val ues  from 
2 . 30-3 . 7 5 .  ( To compare , LDs o o f  crude petro l eum i s  > 1 2 . )  

5 .  Deve l o pmenta l tox i c i ty stud i es i nd i cate that r i s k  for a fetus i s  o n ly  s l i g htl y greater 
than for the mother . 

Stud ie s  on the ecol ogy/transport effects of SRC materi a l s  i nd i cate that SRC water so l ub 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 
major tox i c  compounds of  u ntreated wastewater ; ammon i a  is the major tox i c  compound in treated 
wa stewater . s 

F F . 3 . 3  DOE tox i c i ty stud i es pl anned 

The fol l owing  are p l anned to more ful l y  def i ne the tox i c  nature of SRC mater i al s :  

1 .  cont inue  generation  of ana lytica l  characteri zation data for SRC l i quefact ion ; 

2 .  continue  compari sons of envi ronmenta l effects of l i q u i d  effl uents and sol i d  wastes ; 

3 .  continue b i omed i ca l  eva l uation  prog ram ; 

4 .  prov i de i n formation  on chemica l  methods for e l imi nat i ng the mutagen i c  hydrocarbons i n  
S RC product ;  

5 .  val i date carci nogen i c  acti v i ty o f  aromat i c  ami nes ; 

6 .  eval uate effect i veness of serum enzyme tests for earl y detect ion of hea l th effects i n  
workers ; and 

7 .  cont i n ue  i nhal ation  stud i e s  on an ima l s  to determine adverse hea l th effects i n  worker 
popu l at ions . 

* 
LDs o  i s  defi ned as the dose i n  grams per ki l ograms of body wei ght  requ i red to ki l l  50% 

of the an ima l s .  
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The studies  performed thus far by DOE are essenti a l  for maki ng the ri s k  assessment requ i red by 
TSCA. Because EPA has not yet pub l i s hed standards and ru l es for testi ng , the studies proposed 
by DOE shou l d be i n i t i ated or  conti nued . At the t ime EPA pub l i s hes standards , these standards 
shou l d be exami ned i n  l i ght of the s tud ies  a l ready done or anti c i pated by DOE . 

FF . 4  SPEC I F I C  REQU I REMENTS FOR SRC UNDER TSCA 

EPA ' s  Offi ce of Tox i c  Substances ( OTS)  has set up the Synfue l s/Tox i c  Work Group ,  a commi ttee 
compri sed of OTS representat ives and techn i cal  experts on synthet ic  fue l  processes . T h i s  com
mi ttee provi des a forum for the exchange and rev i ew of i n formati on duri ng the premanufacture 
notice devel opment process and wi l l  serve as a source of g u i dance for the synfuel i ndus try .  
The i ntent i s  t o  m i n im i ze the potent ia l  for unnecessary regu l atory cons tra i nts and de lays . 

EPA has determi ned that syntheti c fue l s are "new" chemical  s ubstances and are subject to the 
prov i s i ons of Section 5 of TSCA . The Synfue l s/Toxi c Work  Goup wi l l  work wi th synfue l  devel opers 
in deve l op i n g  the i r  p remanufacture not i ces . T h i s  i nteraction shoul d e l imi nate the uncertai nty 
TSCA i mposes on the syn fu e l  deve l oper .  

TSCA a l so  regu l ates waste p roducts , by-products , and  di sposa l of tox i c  substance s .  EPA real i zes 
that the potent ia l  for overl ap and confl i ct w i th other agency regu l at ions , part i c u l ar ly  RCRA , 
NPDES , and C l ean Ai r ,  i s  g reat.  The corrmi ttee d i scussed prev i ou s ly  may a l so provi de EPA with  
gu i dance on how TSCA s houl d regu l ate synfue l s throughout the  l i fe-cycl e of the materi a l s .  

I f  a PMN i s  requ i red , the SRC p roduct may be c l assed as a mi xture of vari abl e compos i t ion 
so that s peci fi c i denti ficat i on and analys i s  of each chemi ca l  component may not be necessary .  
DOE wou l d  be requ i red to s ubmi t resu l ts o f  a l l tests so that EPA cou l d  make a reasona b l e  r i s k  
a s sessment .  I t  i s  suggested that before DOE s ubmi ts a PMN , the project offi cer shou l d  wri te 
EPA a l etter setti ng forth the known facts of the SRC - I  process and present ing  some ana lys i s  
of tests of t h e  toxi c  nature o f  the product . EPA personnel coul d then s i t  down wi th the project 
offi cer and a member of  NAD to d i scuss spec i f i c  req u i rements of the PMN . 

FF . 5  CONCLUS IONS 

1 .  SRC l i q u i d  products a re genera l l y  tox i c ;  they a re defi n i te ly  more tox i c  than conventi onal 
fuel o i l s  as tes ted in m i crobi a l  and cel l u l ar systems . 

2 .  Speci fi c TSCA req u i rements for SRC l i q u i d  rema i n  unknown . EPA i ntends to resol ve the i ssue  
of  how synfue l s  s hou l d  be control l ed under  TSCA .  

3 .  Studies concerni ng the toxi c  nature of  SRC mater i a l s  s hou l d  cont i n ue so  that a reasonabl e 
ri s k  assessment may be made i f  a PMN i s  req u i red .  

4 .  No permi t i s  requ i red ; however , a fter revi ew of a PMN , EPA may l im i t  producti on or req u i re 
l abel i ng of the materi al s .  Rev i ew shou l d  be l i mi ted to 90 days . 

5 .  The  PMN rev i ew must be comp l eted before operati on beg i n s .  

6 .  P r i o r  to s ubmi tt i ng a PMN , DOE s hou l d  send a l etter desc r i b i ng the p roject and i ts tox i c  
natu re t o  EPA .  Arrangements shou l d be made t o  confer  wi th EPA so  that potent i a l  probl ems 
may be i dent i fi ed .  I n  addi t i on , a conference early i n  the p l ann i ng stages o f  a p roject 
wi l l  enab l e DOE and EPA to i denti fy the types of toxi c i ty studi es that s ho u l d  be i n i t i ated ,  
a n d  E PA  may be ab l e t o  assess the need for l i mi ti ng or  control l i ng  the materi al . I n  addi 
t i o n ,  a date for s ubmi ttal of a PMN may be establ i s hed at  th i s  t ime .  

7 .  Regard i ng the SRC- I Envi ronmenta l Compl i ance Schedul e ,  a time l i ne refl ecti ng compl i ance 
w i th TSCA need not be added at th i s  time because the re l ati onsh ip  of TSCA regu l ati ons to 
a l ternate fue l s i n  genera l has not yet been defi ned by EPA. Because  EPA can extend i ts 
rev i ew period by 90 days , a PMN s houl d be s ubmi tted at l east 6 months before operat ion 
beg i n s .  E PA regu l ati ons d o  state that ear ly  s ubmi s s i on o f  a PMN i s  acceptabl e i f  accom
pan i ed by a statement of the fact that commerc i a l  proces s i ng of the mater i a l  is a certa i nty .  
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PREL IM INARY EROS ION CONTROL PLAN 

GG . l I NTRODUCTION 

GG . l  . 1  P urpose 

The purpose of an  eros i on control pl an i n  l and-di sturbing  acti v i t ies  is to provi de s u i tabl e 
s i tes for bu i l di ngs  and roadways , improve surface drai nage , and control so i l  eros i on and sed i 
ment depos i t ion . Th i s  p l an wi l l  speci fy the requi rements a n d  procedures dur ing  the construct ion  
peri od that  wi l l  be  used  to  mi n i m i ze so i l  eros i on and to  prevent sedimentati on . 

GG . l . 2 Pl ann i ng cri teri a 

The p l ann i n g  cri ter ia  for an eros ion  control  p l a n  i ncl udes the fo l l owi n g :  

1 .  constructi on o f  sedimentati on bas i n s , 

2 .  con structi on o f  storm dra i nage channe l s and ve l oci ty protect ion , 

3 .  temporary sediment barri ers , 

4 .  removal and storage of  topsoi l ,  

5 .  temporary protecti on on areas that need immediate vegetati on , and 

6 .  permanent vegetation on di sturbed areas . 

The d i sturbed areas and the durat ion  of expos ure to eros i on e l ements wi l l  be mi n imi zed . 
Cl eari ng of  natura l  vegetati on wi l l  be l i mi ted to those areas of  the s i te to be devel oped at 
a g i ven time . Natural  vegetati on wi l l  be reta i ned , protected , and s uppl emented wi th  the 
schedul i ng of constructi on to l i mi t the durati on of so i l  exposure . Any maj or l and c l eari ng  
and grad i ng wi l l  be schedu l ed ,  where permi tted ,  dur ing  seasons of  l ow potenti al  runoff . 

The stabi l i zation  of  d i sturbed areas wi l l  be effected as soon a s  poss i b l e  a fter the l and  i s  
di sturbed . Th i s  stabi l i zat ion  wi l l  be accompl i s hed by permanent structures , temporary or 
permanent vegetati on ,  mul c h ,  or a comb i nati on o f  any o f  t hese measure s .  Temporary vegetation 
wi l l  be uti l i zed ( 1 )  i n  d i s turbed areas whe re permanent vegetati on i s  not practi cal to br ing  
an area to  f ina l  grade and  fi n i s h  so that  permanent seed i n g  and  protecti on wo rk can be performed 
wi thout subsequent serious  d i sturbance by addi ti onal  gradi n g ,  ( 2 )  when soi l ero s i on occurs or 
i s  cons i dered to be a potenti a l  probl em on construct i on areas that are temporari l y  suspended , 
or ( 3 )  when an immedi ate cover i s  requ i red to mi n i mi ze eros i on ,  s i l tati on , or pol l ution of 
any area . Permanent vegetation  wi l l  be uti l i zed on a l l d i s turbed areas as soon as f ina l  
grad ing  operations  are compl ete . 

Control of  runoff wi l l  be accompl i s hed by constructi on of  storm dra i n s  and stab l e waterways , 
such  as unpaved and paved di tches and p i pes ; by temporary di vers i on ;  or by other types of 
structures that wi l l  prevent runoff in areas of  erodi bl e soi l s  or decrease runoff vel oci ti es . 
The i nsta l l at ion  of  sedimentati on bas i ns wi l l  be constructed to prevent fl ood i ng , s i l tati on , 
and damage to downstream faci l i t i e s .  These faci l i ti e s  wi l l  be operational  as soon as poss i bl e  
after the start of construction . 

GG-3 



GG-4 

Sed iment wi l l  be contro l l ed by prov i d i ng sedi ment basi n s , temporary s i l t  fences and sed iment 
barri ers , and rel ated structu res . These sedi ment-retention  structu res wi l l  be pl anned to reta i n  
sed iment i n  conjunct ion wi th other ero s i on control methods menti oned prev i ou s l y .  

GG . 2  SED IMENTAT ION BAS INS  

GG . 2 . 1  Pu rpose 

Sed i mentat ion bas i n s  wi l l  be i nsta l l ed to prevent sed iment from l eav i ng the s i te or enteri ng 
natura l  or constructed dra i nageways or storm drai nage systems prior to permanent sta bi l i zation  
of the d i s tu rbed area . The bas i n s  wi l l  a l so  perm i t  the u s e  of more economi cal channel  i mprove
ment or stabi l i z i ng structures  in the channel downstream and reduce envi ronmenta l hazards and 
pol l uti on . The sedimentat i on bas i ns wi l l  be ut i l i zed on ly  during  the construction pha se .  

GG . 2 . 2  Des i gn cr iteria  

The  storage vol ume wi l l  be ba sed on  a 1 0-year ,  24-h  frequency ra i nfal l .  The  pea k rel ease rate 
wi l l  not exceed the pea k storm-water runoff rate from the area in i ts natural u ndevel oped state 
for a 1 0-year storm frequency . An emergency s p i l l way wi l l  be prov ided and des i gned to safel y 
convey runoff from storms of  greater than 1 0-year frequency wi thout damag i ng  the structure . 
Any structure that wi l l  have a water storage of 0 . 3 m ( 1  ft) deep or greater wi l l  be total l y  
s u rrounded by  a 1 . 8-m ( 6 -ft ) - h i g h ,  c h a i n  l i n k  secur i ty fence . The bas i n  wi l l  b e  des i gned for 
removal of o i l  and wi l l  i nc l ude such  devi ces as fi tted o i l brooms and i n verted p i pe dams or  
the ir  equ i va l ent .  

GG . 2 . 3  General requ i rements 

The temporary sed imentat ion bas i n  wi l l  be l ocated so that it wi l l  not i nterfere wi th construc
t i on operati ons . The structu re wi l l  be constructed on natural  ground su rface , excavated 
s urface , mac h i ne-compacted f i l l ,  or on a l l of the prev io u s ly  menti oned area s .  Any compacted 
fi l l  s l opes wi l l  have 3 : 1  m i n i mum s i de s l opes . Al l erod i bl e areas wi l l  rece ive  temporary 
seed i ng where vegetat ive cover i s  impos s i bl e  or impractica l  to establ i s h .  

GG . 3  STORM DRA I NAGE CHANNELS 

GG. 3 . 1  Pu rpose  

Storm dra i nage channe l s  wi l l  be constructed to  b e  nonero s i ve a nd  to prov ide adequate capac i t ies  
of proj ected pea k fl ows and vel oci t i es . 

GG . 3 . 2  Des i gn cr i ter ia  

Storm dra i nage channe l s wi l l  be des i gned w ith  a trapezo i da l  cros s  section and  a ml n l mum 2-ft 
fl at bottom . The grade , capac i t i es , and vel oc i t i es wi l l  be determ i ned by Mann i ng ' s  formu l a  
for open channel fl ow .  The n va l ues for u s e  i n  t h i s  formu l a  s ha l l  be estimated by u s i ng 
cu rrently accepted g u i des , a l ong with  knowl edge and experi ence regardi ng the cond i t i ons . The 
capac i t i es wi l l  be based on a 25-year ,  l - h  frequ ency ra i nfal l wi th a a val u e  of 0 . 5 a s  estab-
1 i s hed in the "Mechan i ca l  Des i gn Cr i ter ia "  prov i ded by the I nternat i onal Coa l Refi n i ng Company . 
The maximum a l l owabl e vel oc i ty for u npaved c hanne l s i s  1 . 5  m/ s ( 5  ft/ s ) .  Unl ess  the c hanne l s 
a re paved , a l l of them wi l l  be at a s l ope of 3 : 1 . 

Where channel vel oc i t i es exceed safe vel oc i ti e s  for vegetated l i n i ng because of i ncreased grade 
or a c hange in channel cross section  or where durabi l i ty of vegetat ive l i n i ng i s  adversely 
affected by seasonal change s ,  c hannel l i n i ng s  of roc k ,  concrete,  or other durab l e materia l  
wi l l  be u sed . Channe l s  may be stabi l i zed by the p l acement of rock ri prap l i n i ng or concrete 
l i n i ng .  Channel l i n i ng s  wi l l  a l so  be u ti l i zed at c hannel i ntersecti ons where two o r  more 
c hanne l s comb i ne to form one fl ow. 
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GG . 3 . 3  General regu i rements 

Weather permi tt i ng ,  a l l channel s wi l l  be seeded , ferti l i zed , or mu l ched i mmed iate ly  after 
construct i on . I f  weather cond i t i ons  cause a del ay i n  establ i s h i ng vegetation , the area wi l l  
be mu l ched . Construction  operations  wi l l  be carri ed out i n  such a manner that ero s i on and a i r  
and water pol l u t ion wi l l  be mi n i mi zed .  There wi l l  be compl i ance with  appl i cabl e l aws concern i ng 
pol l ut ion abatement . Seedi ng , ferti l i z i ng ,  and mu l ch i ng wi l l  conform to the standard for 
vegetat ive cover .  

GG . 4  STORM DRA IN  OUTLET PROTECT I ON 

GG . 4 . 1  Purpose 

Storm dra i n  outl et protect ion wi l l  be provi ded at any cu l vert drai nage p i pe that requ i res a 
reduction i n  the vel oci ty of fl ow to prevent eros i on and scou r i ng of downstream fac i l i t i e s  
dur ing  proj ected peak  fl ow d i scharges . The purpose of outl et protection i s  to convert p i pe 
fl ow to channel fl ow and reduce the vel oc i ty of the water cons i stent wi th the strength of the 
channel l i n i ng in order to convey the fl ow of water to a stabl e ex i st i ng downstream channel 
wi thout cau s i ng ero s i on . 

GG . 4 . 2  Des i g n  cr iteria  

Each  p i pe out l et s ha l l have a structura l l y  l i ned apron where the wate r can  change from p i pe 
fl ow to channel fl ow .  The structura l l y  l i ned apron wi l l  meet the fol l owi ng cri teri a :  

1 .  The bottom grade wi l l  be 0 . 0% .  

2 .  The s i de s l opes wi l l  b e  3 : 1  or fl atter . 

3 .  The top of the s i dewa l l wi l l  extend at l east one-foot above maximum ta i l water but no 
l ower than two-th i rds  of the vert ica l  condu i t  d imens ion  above the condu i t  cu l vert . 

4 .  The i nvert e l evat ion  at the end wi l l  be equal to , or l ower than , the l owest el evat ion  
on the  cross section  immed i atel y downstream from the  end  of the apron . 

5 .  The s i ze of ri prap a nd l ength of apron wi l l  be determi ned by acceptabl e methods .  

R i prap i s  a l ayer of l oose rock or aggregate pl aced over an erod i bl e  so i l  surface . The 
purpose of ri prap is to protect the soi l su rface from the eros i ve forces of water . R i prap 
is u sed where the soi l cond i t i ons , water turbul ence and vel oc i ty ,  expected vegetati ve cover , 
and groundwa ter cond i t i on s  are s uch that the so i l  may erode under the des i gn fl ow condi t ion s .  
The mi n i mum des i gn  d i scharge fo r channe l s  and d i tches wi l l  be the peak d i scharge from the 
des i gn storm . The toe of the ri prap wi l l  be entrenched in stab l e channel bottoms for a depth 
of 0 . 5  to 1 m ( 1 . 5  to 3 ft) , depend i ng on the s i z e  of the ri pra p .  I f  the channel bottom i s  
not stab l e ,  the des i gn wi l l  i ncorporate other requ i rements needed to stabi l i ze the ri prap 
toe . The channel s i de s l ope wi l l  be no steeper than 1 . 5 : 1 . A b l anket of fi l ter materi a l  wi l l  
be pl aced underneath the r i prap , except under the fol l owing  condi tions : 

1 .  The so i l  mater ia l  i n  the bank  has a P . I .  of at l east 1 0  or i s  a sand-gravel mi xture . 

2 .  The stream trans ports a fu l l  l oad of sed i ment at fl ood stage as evi denced by sand depos i ts 
on c hannel ban k s .  

The ri prap wi l l  extend u p  the bank to an e l evat ion where vegetation wi l l  prov i de adequate protec
tion . R i prap wi l l  be reasonab ly  wel l  g raded wi thi n the fol l ow i ng l i mi ts : 

Vel oci ty 

up to 1 . 8 m/ s ( 6  ft/ s )  
1 . 8-2 . 4  m ( 6-8 ft/ s )  
2 . 4-3  m ( 8- 1 0 ft/ s )  

Max imum-mi n i mum 
stone s i zes 

4 . 5- 22 . 7  kg ( 1 0-50 l b )  
9 . 1 -45 . 4  k g  ( 20-1 00 l b ) 
1 1 . 3- 1 1 3  kg ( 25-250 l b ) 
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Mater ia l  wi l l  be hard , durab l e roc k ;  concrete rubb l e ;  or s i mi l ar s ubstance wei gh i ng at l east 
2400 kg/m3 ( 1 50 l b/ft 3 ) .  F i l ter  mater ia l  can be e i ther a mi xture of hard , durabl e sand and 
gravel or a s i ng l e l ayer of p l ast ic  f i l ter cl oth manufactured for that express pu rpose . Max imum 
gravel  s i ze wi l l  be 3 . B  cm , 7 . 6  cm , and 1 1 . 4 cm ( 1 . 5  i n . , 3 i n . , and 4 . 5  i n . ) ,  respect i ve l y ,  
for each o f  t h e  above ri prap s i zes . The p l ast ic  fi l ter  c l oth wi l l  b e  woven o f  pol ypropyl ene 
monofi l ament yarn s .  

GG . 4 . 3  General regu i rements 

The c hannel s i de s l ope and the toe excavati on wi l l  be prepared to the requ i red l i nes and grades . 
The su bgrade for the ri prap or  f i l ter wi l l  be prepared to the requ i red l i nes and grades . Any 
fi l l  requ i red i n  the su bgrade wi l l  be compacted to a dens i ty that i s  approxi matel y that of the 
su rround i ng undi strubed mater i a l . The pl ast ic  fi l ter cl oth wi l l  be protected from punc h i ng , 
cutti n g ,  or  tear i ng . Any damage other than an occa s i onal  smal l hol e wi l l  be repai red by 
p l aci n g  another p i ece of c l oth over the damaged part or by compl ete l y  repl ac i ng the c l oth . 
Whether for repa i rs or  j o i n i ng two p i eces of c l oth , a l l overl aps wi l l  be a mi n i mum of 0 . 3  m 
( 1  ft ) .  The rock or gravel wi l l  conform to the grad i ng l imi ts when i n stal l ed ,  respect i ve l y ,  
i n  the ri prap or  fi l ter . 

The stone for the f i l ter and r i prap may be p l aced by equi pment . Both the f i l ter and ri prap 
wi l l  each be constructed to the ful l cou rse th i ckness in one operation  in a manner that wi l l  
avo i d  d i sp l acement of the under ly i ng  mater i al . The stone for f i l ter and ri prap wi l l  be 
del i vered and pl aced in a manner that wi l l  ensure that the f i l ter and ri prap each wi l l  be 
reasonab ly  homogenous wi th the smal ler stones and spal l s  f i l l i ng the voids  between the l arger 
stones . Ri prap wi l l  be p l aced i n  a manner that wi l l  prevent damage to the f i l ter b l an ket . 
Hand p l ac i n g  wi l l  be requ i red to the extent necessary to prevent damage to the permanent work .  

GG . 5  TEMPORARY SEDIMENT BARRI E RS 

GG. 5 . 1  P urpose 

Temporary sediment barr i ers a re u sed to  prevent sed iment from l eavi ng the s i te and  entering  
natural dra i n ageways or storm drai nage systems by s l owi ng storm-water runoff and  cau s i ng the  
depos i t i on of sediment at t he structure .  

GG . 5 . 2  General  regu i rements 

GG. 5 . 2 . 1  Temporary s i l t  fences 

A temporary s i l t  fence i s  cons tructed of woven wi re fenci ng w i th commerci a l  f i l ter fabr ic  
secu re l y  attached to  the  u pper face . T he  bottom edge of the  f i l ter fabr i c  shou l d  be  i nstal l ed 
i n  a trench 30 to 46 cm ( 1 2  to l B  i n . ) i n  dept h .  Fence posts o f  adequate strength and s pac i n g  
wi l l  be i nstal l ed t o  ens u re stab i l i ty under maxi mum l oad ing  cond i t i ons . Frequent i n s pections  
wi l l  be req u i red to  ens u re prompt repai r  or repl acement . Trapped sed iment wi l l  be c l eaned out  
and  d i s posed of when req u i red . 

GG. 5 . 2 . 2  Temporary straw ba l es 

A straw ba l e  d i ke i s  a temporary barr i er  con structed out  of straw bal es whi ch i s  i nstal l ed 
across  or  at the toe of a s l ope . These straw bal es i ntercept and deta i n  smal l amounts of 
sedi ment from unprotected a reas . Locations  for these barri ers are at a l l storm dra i n  i n l ets , 
across mi nor swal es and d i tches , and at other temporary structu res where structures a re tem
porary . The ba l es are p l aced in a s i ng l e row , l engthwi se , on the contour  and embedded in the 
soi l to a depth of 7 . 6  cm (3 i n . ) .  Ba l es must be securely anchored i n  p l ace by stakes or bars 
dri ven through  the ba l es or  by other acceptab l e  means to prevent d i sp l acement . I ns pections  
wi l l  be  frequent , and  repa i r  or repl acement wi l l  be made promptly a s  requ i red . 
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GG . 6  D I STURBED AREA STABI L I ZAT ION 

GG . 6 . 1  Purpose  

D i s turbed area stab i l i zation  i nvol ves the establ i sh i ng of vegetati ve cover on d i s turbed areas . 
Temporary vegetat ive cover provi des fast-growing  seed i ng s  on d i sturbed areas . D i sturbed area 
stab i l i zation reduces eros i on , sediment , and runoff damages to downstream resources and i mproves 
aes thet i c s , safety on road r i g hts -of-way , and wi l d l i fe ha b i ta t .  

GG . 6 . 2  Genera l  regu i rements 

GG . 6 . 2 . 1  D i stu rbed a rea stab i l i zation wi th temporary vegetation  

Temporary vegetat ion i s  ut i l i zed where permanent vegetation  i s  not  practi cal  or fi nal grade 
l i nes have not been establ i s hed . Thi s cond i t ion  i s  appl i cabl e where water runoff i s  con
trol l ed by d i tches , d i ke s , and d i vers ions . Areas to be temporari l y  seeded wi l l  requ i re the 
preparation  of a seedbed on l y  when the s urface of the soi l i s  hard and crusty .  The seedbed 
wi l l  not be requ i red when the soi l s u rface i s  i n  an acceptabl e cond i t i on from the normal 
grad i ng operat i on s .  The d i sturbed area wi l l  fi rst rece ive an appl i cation  of ferti l i ze r .  The 
method of appl i cati on can be e i ther conventi ona l or hydrau l i c .  The ferti l i zer  shou l d  be a 
1 0- 1 0- 1 0  ana l ys i s  and a pp l i ed at a rate of 5 . 4  kg/93 m2 ( 1 2  l b/ 1 000 ft2 ) .  On l y  rye gra i n  or 
annual ryegrass  seed wi l l  be u sed . Rye gra i n  wi l l  be sowed at the approximate rate of 1 1 . 3  kg/ 
93 m2 ( 2 5  l b/ 1 000 ft2 ) du r i ng the peri od of September 1 through November 3 0 .  Annual  ryegrass 
wi l l  be sowed at the approximate rate of 0 . 4  kg/93 m2 ( 0 . 8  l b/ 1 000 ft2 ) during the peri od of 
March 1 through August 31 . 

Al l seeded area s wi l l  be promptly protected w ith  a straw mu l c h  or an ero s i on control fabr i c . 
The straw mul c h  wi l l  be u n i formly appl i ed to the seeded areas at the approximate rate of 
2 t/acre and tacked down wi th approx imate ly  306 . 5  l i ters/ha ( 200 gal /acre ) of b i tuminous  
materi a l . The  eros ion  contro l  fabric  wi l l  be  i n s ta l l ed accord i ng to  the  manufacturer ' s  recom
mendati on s .  Areas requ i r i ng temporary eros i on contro l mea sures d ur i ng the period of December 
through February , when seed i n g  i s  not permi tted , wi l l  rece i ve on ly  an appl i cation  of straw 
mul c h  hel d i n  p l ace wi th b i tuminous  materi a l . The approxi mate rate of appl i cation  of the straw 
mul c h  wi l l  be 1 . 2 t/ha ( 3  t/acre ) , and the approximate rate of appl i cation  of the b i tuminous  
materi a l  wi l l  be  460  l i ters/ha ( 300 gal /acre ) for th i s  type of protecti on . 

GG . 6 . 2 . 2  D i s turbed area stab i l i zation with  permanent vegetati on 

Al l areas d i sturbed by construction  operat ions  wi l l  be promptly protected with  permanent 
vegetation . The d i s turbed areas wi l l  rece i ve a 1 0-cm ( 4 - i n . )  l ayer of topso i l  after grad i ng 
operat ions  are compl ete . I f  hydrau l i c  seed i ng and ferti l i z i ng equi pment i s  used , then seedbed 
preparat ion wi l l  be req u i red . Al l areas with  1 0-cm (4- i n . ) topso i l  wi l l  rece i ve a fert i l i zer 
( 1 5- 1 5- 1 5 )  ana l ys i s  that wi l l  be spread at a rate of 1 1 9  kg/ha ( 650 l b/ acre ) . Al so , agri c u l tura l  
l i mestone wi l l  be  spread at  a rate of 367 kg/ha ( 2000 l b/acre ) . After seedbed preparat ion 
and ferti l i zation  operat ions  a re comp l ete ,  these areas wi l l  be seeded . Seed wi l l  be sowed on ly  
at spec i f i ed t imes of t he yea r .  Norma l app l i cation  dates for seed are between Marc h 1 and 
May 3 1 , and between August 1 0  and September 30 . After seed ing  operations  are compl ete , the 
areas wi l l  be mul c hed . Mu l c h i n g  protection  wi l l  be e i ther a b i tumi nous-treated mul c h  or  an 
eros i on-contro l -mu l ch i ng fabri c .  The b i tuminous-treated mul ch wi l l  u n i forml y s pread from the 
jet nozz l es at the di scha rge s pout of the equ i pment that wi l l  b l ow or eject the mu l ch mater i a l  
u n i formly over the seeded area at  the rate of  383 l i ters/ha ( 250 gal /acre ) . The eros i on
contro l -mul c h i n g  fabri c  wi l l  be  appl i ed i n  accordance to  the  manufacturer ' s  recommendations . 
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GROUNDWATER CONTAMI NAT ION CONT I NGENCY PLAN 

HH . l  I NTRODUCTION 

Th i s Groundwater Conti ngency P l an is  for I n ternationa l  Coa l Ref i n i ng Company ' s  ( I CRC ) sol vent 
refi ned coal demonstrati on p l ant  ( SRC- I ) l ocated at  Newman , Ky . The p l ant s i te con s i sts of 
600 ha ( 1 484 acre s )  on the Green R i ver fl oodpl a i n .  The SRC- I  process  converts h i g h-su l fur coa l 
i n to a l ow-s u l fu r ,  l ow-a sh  sol i d  fuel p roduct, secondary gaseous and l i q u i d  products , and 
by-product e l ementa l s u l fur .  A p reconstructi on groundwater mon i toring p l an has been formul ated 
to detect contami nants or pol l utants that may have m i g rated i nto aqui fers or saturated zones 
before i n i t i at ion of act i ve coa l process i ng .  

T h i s p l an i s  wri tten i n  accordance w ith the prov i s i on s  of 40 CFR 265 . 93 ,  wh ich mandate that 
the owner or operator must prepare an outl i ne of a groundwater assessment program . 

Th i s  Groundwater Conti ngency P l an does not address  s p i l l s  that wou l d  be covered by a Spi l l  
Prevention  Control and Countermea sures ( SPCC)  Pl an .  

HH . l . l P u rpose of the pl an 

The objecti ve of thi s Groundwater Conti ngency P l an i s  to p rovi de i nformat ion  and gu i dance for 
remedi a l  acti on i n  the event that contami nants or pol l utants a re detected i n  e i ther saturated 
or unsaturated zones beneath the p l ant p roperty . Unsaturated zone mon i tor ing  i s  des i gned to 
detect l oca l so i l contami nation for each proces s ,  handl i n g ,  or  storage l ocat i on . Saturated 
zone or aqu i fer  mon i tori ng i s  desi gned to detect contami nati on from a l l s i te hol d i n g  ponds and 
l andfi l l s .  Lys i meters wi l l  be u sed for unsaturated zone mon i tori ng ; wel l s  wi l l  be used for 
saturated zone mon i tori ng . 

HH . l . 2 Groundwater conti ngency pl an management 

The Envi ronmenta l Manager i s  respon s i b l e  for i nterpreti ng unsaturated and saturated zone mon i tor
i ng data and for i n i t i ati ng correcti ve or  m it i gation meas ures i n  accordance with the prov i s i ons  
of th i s  p l an .  He wi l l  cons u l t  w i th appropr i ate p l ant  techn i ca l  and management personnel before 
i n i t i at i n g  these acti ons . 

HH . 2  MON ITOR I NG PLAN 

It i s  i mportant that background mon i tori ng data be recorded before i ntroduction  of any process  
materi a l s on t he  demons trat ion s i te .  Background mon i tori ng data wi l l  i ncl ude anal yses of 
samp l e s  ta ken from saturated and un saturated zones beneath the s i te over the l ongest poss ib l e 
per i od . Mon i tori ng we l l s  wi l l  be p l aced i n  l ocati ons d i ctated by s i te confi gurati on , un i t  
proces s l ocati ons , and aq u i fer water movement.  Lys i meters a re p l aced a s  near a s  practi cal to 
the l ocation where unsaturated zone contami nation  may occur .  

Tab l e  HH . l  s hows the  mon i tori ng program for  the  unsaturated zone . Tab l e  HH . 2  s hows the  mon i to r
i n g  program for the satu rated zone . Some of the p reconstruction  mon i tori ng wel l s  may be 
proper ly  l ocated for use i n  the Groundwater Conti ngency Mon i tori ng P rogram , thus reduc i n g  the 
number of new wel l s  requi red .  
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Lysimeter locations' 

Chromate salt storage 
and handl ing area 

Coal storage and handl ing area 

Sol id waste storage 
and handl ing area 

Process areas 

Product storage and 
h andl ing areas 

Ash pond and 
equali zation pond 

Metal sludge waste landfi l l  
and ash landfi l l  
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Table HH.1 . Groundwater contingency plan monitoring program 

for the unsaturated lone 

Lysimeter placement Sample type and number F requency 

Shallow, vertica l ,  One grab sample Quarterly 
in  local area 

Shal low, vertical, One grab sample Quarterly 
in local area 

Shal low, vertical, One grab sample Quarterly 
in  local area 

Shallow, vertical, One grab sample Quarterly 
in  local area 

Shal low, vertical, One grab sample Quarterly 
in local area 

Deep, at angle, One grab sample Quarterly 
around perimeter, 
under ponds 

Deep, at angle, One grab sample Quarterly 
around perimeter, 
under landfil l s  

' Some Iysimeter locations may be combined if plant layout precludes d ifferentiating between sources. 

Parameters 

Total chromium 

b 

b 

b 

b 

b 

b 

b Appropriate priority (toxic) pollutants from 40 CF R 401 . 1 5  and appropriate conventional pollutants from 40 CF R 
401 . 1 6. 

Table HH,2. Groundwater contingency plan monitoring program 

for the saturated lone 

Location Well placement Sample type 
F requency and number 

Equal ization pond a One grab Monthly 

Ash pond a One grab Monthly 

Metal sludge waste a One grab Monthly 
landfil l  

Parameters 

b 

b 

b 

' One upgradient of grou ndwater flow and three downgradient in accordance with 40 
CF R 265.9 1 .  

b priority (toxic) pollutants from 40 C F  R 401 . 1 5  and conventional pol lutants from 
40 CF R 40 1 . 1 6 .  
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HH . 3  GROUNDWATER CONTAMINAT ION CONTROL 

Mon i tor ing  wel l a nd l ys i meter water qual i ty samp l e s  wi l l  be taken month l y  as soon as pos s i b l e  
after constructi on o f  l andfi l l s ,  hol d i ng ponds , and  storage and process faci l i ti es .  Contami na
t i on determi nation and reporti ng wi l l  be in accordance wi th the prov i s i on s  of 40 CFR 265 . 93 and 
40 CFR 265 . 94 respect i ve ly .  T h i s  procedure i ncl udes use of the Student ' s  t-test at the 0 . 01 
l eve l of s i gn i f i cance to determ i ne vari ance from background data . I f  parameters s how i ncreases , 
add i t ional  samp l es wi l l  be taken to veri fy contami nati on . Reporti ng procedures i ncl ude noti 
fi cation of the U . S . Envi ronmenta l P rotection  Agency ( EPA ) Reg i onal  Admi n i s trator w it h i n  
7 d after contam i nat ion  veri f i cati on , s ubmi s s i on of the Groundwater Qual i ty Asses sment P rog ram 
w i t h i n  1 5  d ,  and  s ubmi s s i on of the report w ith i n 30 mo re d .  I f  contaminat ion i s  found i n  any 
unsaturated or saturated zone being mon i to red , remed ia l  or m it i gation measures s hou l d  be 
commenced immedi atel y .  

HH . 4  REMEDIAL MEASURES 

HH . 4 . 1 P roces s ,  storage , a nd handl i ng a reas 

Contam inat ion of the so i l s  beneath any one of the fol l owing  a reas wou l d  be detected by ana l yses  
of sha l l ow ly s imete r  samp l es l ocated in  that  a rea : 

1 .  c hromate sa l t storage and handl i ng a rea , 

2 .  coal was te storage and  handl i ng a rea , 

3 .  so l i d  waste storage and handl i ng a rea , 

4 .  process  a reas , and 

5 .  product sto rage and handl i ng a reas .  

The fi rst steps to be taken i f  contami nati on i s  confi rmed i n  any o f  these a reas a re to remove a l l 
v i s ua l l y  i denti f i abl e contami nated so i l  and to d i s pose of i t  i n  an ons i te l andfi l l . 

Then , sha l l ow borings  a re taken a nd retaken from adjacent a reas and analyzed 
shown in Tabl e HH . l  unti l the a real  and depth extent of  contami nation can be 
from the contami nated a rea i s  removed and d i sposed of i n  an on s i te l andfi l l . 
p l aced i n  the excavated a rea and compacted to g rade . 

HH . 4 . 2  Ho l d i ng pond 

for the parameters 
determi ned . So i l  
C l ean so i l  i s  

The fi rst step t o  be taken when contami nation  i s  found  i n  the saturated  or  unsaturated zones 
beneath a ho l d i ng pond i s  to construct a new ,  l i ned hol d i n g  pond adjacent to the l ea k i ng pond . 
Then , the o l d  pond i s  pumped i nto the new pond .  

T he  o l d  pond c a n  be  repa i red a nd reused i f  the extent of  contami nation i s  n ot  too extens i v e ;  
i n  th i s  case , t h e  l eac hate col l ection  system , o l d l i nes ,  and  contami nated so i l  a re removed and 
d i sposed of  in an ons i te l andfi l l . A new l eachate co l l ection system , l i ne r ,  l ys imete rs , and 
mon i tor i ng we l l s  a re then i ns tal l ed ,  and the pond is  aga i n  ready for use . 

I f  the pond i s  not to be reused , the o l d  l i nes , l eachate col l ection system , and  contami nated 
so i l  a re removed and d i sposed of i n  an ons i te l andfi l l .  Then , the o l d pond i s  fi l l ed and 
capped w i th s o i l  removed from the new pond .  The cap may cons i st of e i ther a thick  l aye r of 
compacted c l ay o r  a s u i tabl e membrane p rotected on both s i des  w ith l ayers of  s o i l  and sand . 
The top of  the cap i s  compacted and s l oped s u ffi c i ent ly  to cause a l l ra i nwater to dra i n off 
and mi n i mi ze i nf i l trat i o n .  S u i tabl e vegetati ve cover i s  then p l anted t o  mi n i mi ze e ros i on .  
I s o l at i on from bel ow may be ach ieved by c reat i ng a n  i mpermeable barr ier  i n  the unsaturated zone 
bel ow the a rea of contami nat ion .  The techn i que con s i sts of  d i stri but i ng  a l i q u i d  i nto the 
so i l by h i gh-pres s u re pump i ng .  A common mater ia l  u sed for th i s  p u rpose i s  sodi um s i l i cate 
catal yzed to p roduce a water- i n so l ubl e reaction  product. 
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If contaminat ion has  reached the saturated zone ,  it  may be des i rabl e to determi ne the extent 
of the groundwater contami nation p l ume and to i nst i tute a spec i a l pump i ng and mon i tori ng program . 
T h i s i s  accomp l i shed by bori ng a ser ies  of mon i tor ing  i ndi cato r wel l s  downgradi ent from the 
l ea k i ng l andfi l l .  After background anal yses a re obta i ned ,  the extent of the contami nated ground
water p l ume i s  estab l i s hed by drawi ng  a l i ne  on the s i te p l ot p l an connect i n g  the bori ngs . 

Then , pumpi ng and moni tor i ng wel l s  a re i nstal l ed i n  the contami nated zone between the i ndi cato r 
mon i tor ing  wel l s  and the l andfi l l , a s  c l o se a s  pos s i b l e  to the l andfi l l . Contaminated water 
i s  pumped from the pump i n g  wel l s ,  thus  drawing  i n  the contami nated groundwater p l ume . Al l 
contami nated water col l ected i s  pumped i nto a proces s  water hol d i n g  pond for treatment i n  the 
i ndustr i a l  wastewater treatment p l ant .  By samp l i ng the groundwater qua l i ty i n  the i ndi cator 
wel l s ,  the l ocation and w i t hdrawa l of the con tami nated water can be measured . 

HH . 4 . 3  Landfi l l s  

When unsaturated or  saturated zone contami nation i s  determi ned , the fi rst s teps to be taken are 
to d i sconti nue bur ia l  i n  the d i s posal  trench and to i so l ate the defecti ve portion  of the 
trench  from above and bel ow .  I so l at ion from above i s  accomp l i shed by concurrent construction 
of a barri er  wa l l  and cap a round and over the depo s i ted waste .  The barr i er  wal l wi l l  con s i st 
of compacted c l ay down to and i nter l ock i ng w i th the uppermost  trench l i ne . The cover may 
con s i s t  of e i ther a t h i c k  l ayer of compacted cl ay or a l ayer of su i tab l e  membrane protected 
on both s i des w i th l ayers of soi l and sand . The top of the cover wi l l  be compacted and wi l l  
have a s l ope s uffi c i ent  to permi t dra i nage of a l l rai nwater and mi n i mi ze i nfi l trati on . Su i tabl e 
vegetative cover i s  then p l anted to prevent eros i o n .  

I f  contami nation  has  reached the saturated zone , t h e  decontamination  procedu re descri bed i n  
Sec t .  HH . 4 . 2  may be fol l owed .  
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