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PREFACE 

This  s tudy  was performed as a  p a r t  of t h e  Argonne ~ a t i o n a l  Laboratory 
Regional S t u d i e s  Program; which i s  sponsored by t h e  Department of Energy, 
A s s i s t a n t  Sec re t a ry  f o r  Environment, ~ i v i s i o n  of Technology overview. 

The purpose of t h e  Regional S tud ie s  Program is  t o  a s s e s s  t h e  impacts 
and consequences a s s o c i a t e d  w i t h  a l t e r n a t i v e  energy o p t i o n s  on a  reg iona l .  
b a s i s ,  and t o  i d e n t i f y  and ana lyze  a l t e r n a t i v e  m i t i g a t i o n  and s o l u t i o n  s t r a t e -  
g i e s  f o r  i nc reas ing  t h e  a c c e p t a b i l i t y  of t h e s e  opt ions .  Program l e a d e r s h i p  ' . 

is  provided by Argonnets Energy and Environmental Systems (EES) Div is ion .  The 
assessments  a r e  conducted p r i m a r i l y  by s t a f f  from t h r e e  ANL Divis ions :  EES, 
Environmental Impact S tud ie s  (EIS),  and B io log ica l  and Medical ,Research (BIM) 
Other r e s e a r c h  i n s t i t u t i o n s  and c o n s u l t a n t s  a l s o  c o n t r i b u t e .  

The Nat iona l  Coal U t i l i z a t i o n '  Assessment (NCUA) i s  being conducted as 
a  p a r t  of t h e  Regional S t u d i e s  Program. This  p a r t i c u l a r  s tudy  i s  focus ing  on 
impacts and c o n s t r a i n t s  on increased  c o a l  u t i l i z a t i o n . . '  I n  a d d i t i o n ,  a  maj.or 
f o c a l  p o i n t  f o r ' t h e  s tudy  is  t h e  i d e n t i f i c a t i o n  and a n a l y s i s  of a l t e r n a t i v e  , 

s o l u t i o n  s t r a t e g i e s  a p p l i c a b l e  t o  t h e s e  c o n s t r a i n t s  and problems. The cont r ibu-  
t o r s  and t h e i r  r e s p o n s i b i l i t i e s  f o r ' c o n d u c t i n g  t h i s  s tudy  a r e  des igna ted  on t h e  
fo l lowing  page. The s tudy  r e s u l t s  a r e  presented  i n  two volumes. Volume I 
con ta ins  t h e  Execut ive Summary and Major Findings.  Volume I1 con ta ins  d e t a i l e d  
informat ion  on 'Energy Supply and Demand, S i t i n g ,  and Impacts.  . 

L. John Hoover, D i rec to r  
~ e ~ i o n a l  S t u d i e s  Program 
Energy and Etiviromhental ~ ~ s t ' e m s  Div i s ion  
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1 .0  EXECUTIVE SUMMARY 

The o b j e c t i v e s  of t h e  Nat iona l  Coal U t i l i z a t i o n '  Assessment (NCUA) a r e  

t o :  (1)  provide  t h e  Department o f 'Ene rgy  (DOE) w i t h  t h e  impact .and impact- 

management informat ion 'needed  t o  ensure  t h a t  environmental .and s o c i a l  concerns 

r e c e i v e  a p p r o p r i a t e  emphasis i n  .DOE c o a l  R&D programs; ( 2 )  i d e n t i f y  and ana lyze  

' s t r a t e g i e s  t o  a l l e v i a t e  p o t e n t i a l  problems o r '  c o n s t r a i n t s  a s s o c i a t e d  w i t h  in-  

c r eased  c o a l  use ;  and (3)  work c l o s e l y  wi th  s t a t e  a n d r e g i o n a l  agenc ie s  and DOE 

t o  p r e s e n t  t h e  NCUA f i n d i n g s  i n  a u s e f u l  manner. 

This  r e p o r t  documents Argonne's examinat ion 'of :  

Technology c h a r a c t e r i s t i c s ;  

Energy supply and demand t r ends ;  

S i t i n g  c o n s t r a i n t s  on '  coa l - r e l a t ed  f a c i l i t i e s ;  

Impacts of increased  c o a l  u s e  o n ' w a t e r . a v a i l a b i l i t y ,  l and  use ,  
and c o a l  r e se rves ;  

Impacts on a i r  and w a t e r  q u a l i t y  and ecosystem;. 

E f f e c t s  of t race-element  emissions from c o a l  combu~tion/ .conversion;  

S o c i a l  and economic impacts;  and 

Heal th r i s k s .  

The assessment ,  which covered 14  s t a t e s * ,  placed s i g n i f i c a n t  emphasis on . i den t  i- 

fy ing  t h e  coa l - r e l a t ed  problems and r i s k s  t h a t  a r e  of p a r t i c u l a r  concern t o  

s t a t e  and r e g i o n a l  agenc ie s  and commissions. Th i s  was accomplished by meetings 

between Regional  S t u d i e s  Program s t a f f  and personnel  from governmental groups 

from a l l  14 s t a t e s , .  Problems found t o  b e  of gene ra l  concern included inc reased  

a i r  p o l l u t i o n ,  t h e  e f f e c t s  of Prevent ion  of S i g n i f i c a n t  D e t e r i o r a t i o n  (PSD) and 

o t h e r  a i r - q u a l i t y  r e g u l a t i o n s ,  p o t e n t i a l  water-use c o n f l i c t s ,  and a c i d  mine 

dra inage .  Other i s s u e s  included t h e  p r i c e  and a v a i l a b i l i t y  of a l t e r n a t i v e  energy 

sources ,  transportation c o n s t r a i n t s  on c o a l  use ,  and l a c k  of in format ion  on new 

coa l  technologies .  The t a b l e  on t h e  fo l lowing  page d e t a i l s  t h e  o v e r a l l ~ c o n c e r n s  

of r e g i o n a l  agencies .  

The energy- supply/demand and s i t i n g  ana lyses ,  described i n  d e t a i l  i n  Sec.. 

3, formed t h e  bases  f o r  t h e  impact assessments .  S i t i n g  p a t t e r n s  ( s e e  Sec. 5) 

which s p e c i f i e d  megawatts of power gene ra t ion  c a p a c i t y  pe r  county were developed 

*Arkansas, I l l i n o i s ,  Ind iana ,  Iowa, Kansas, Michigan, Minnesota, Missour i ,  
Nebraska, North Dakota, Ohio, Oklahoma, South Dakota, and Wisconsin. 



based  on: (1)  t h e  f o u r  s c e n a r i o s  descr ibed  i n  Sec .  2; (2)  c o n s i d e r a t i o n  of en- 

v i ronmenta l  r e s t r i c t i o n s ,  popu ia t ion  d e n s i t i e s ,  s e i smic  r i s k ,  and p u b l i c . l a n d s ;  

and (3) c h a r a c t e r i s t i c s .  o f ' t h e  technologies  involved. These s i t i n g  p a t t e r n s  
. . 

were then  used i n  t h e  i i p a c t .  assessments  p r e s e n t  i n  Secs.  7 ,  8, and 9.' 

The major f i n d i n g s  of t h e  Midwest assessment '  a r e  presented  on t h e  

fo l lowing  pages. B a s e d ' o n ' t h e  impacts and c o n s t r a i n t s  i d e n t i f i e d ,  t h e  program 

s t a f f  is  now'analyzing s o l u t i o n ' s t r a t e g i e s  t o  m i t i g a t e  adve r se  e f f e c t s .  P a r t i -  

c u l a r  a t t e n t i o n  i s  being g iven  t o  r e s o l v i n g  c o n f l i c t s  of c o a l  u s e  wi th  a i r  q u a l i -  

t y  and water a v a i l a b i l i t y  and t o  b n a g i n g  socioeconomic inpac t s .  

A i r  Qua l i t y  

T,he major a i r - q u a l i t y  c o n s t r a i n t s  on '  c o a l  u s e  a r e .  r e l a t e d  t o  t h e  sho r t -  

term Na t iona l  Ambient A i r  Qua l i t y  S tandards  (NMQS), h igh  e x i s t i n g  concen t r a t ions  * 

of p o l l u t a n t s ,  PSD s t anda rds ,  and exposure t o  s u l f a t e s .  

I n  gene ra l ,  t h e  increments  of p o l l u t a n t  concen t r a t ions  f o r  c o a l - u t i l i z a -  

t i o n  f a c i l i t i e s  a l o n e  are s i g n i f i c a n t l y  l e s s  t han  t h e  NAAQS. An except ion  i s  

t h e  24-hour s t anda rd  f o r  SO2, which w i l l  l i m i t  e l e c t r i c a l - g e n e r a t i o n  capac i ty  aL 

a s i n g l e  s i t e  t o  about  3000 MW i f  e x i s t i n g  New Source Performance Standards 

(NSPS) a r e  assumed. I f  i t  is assumed t h a t  t h e  24-hour s tandard  f o r  SO2 w i l l  be 

a l i m i t i n g  f a c t o r  i n  c o u n t i e s  w i t h  more than  3000 MW of coa l - f i r ed  capac i ty ,  then 

24.6% ( 3 6 , 6 0 0  MW) of t h e  r e g i o n ' s  c o a l - t i r e d  capac i ry  w i l l  be  affeclecl  111 2000. 

C e n t r a l  power s t a t i o n s  and coa l - conve r s ion 'p i an t s  a r e  cons t r a ined  i n  s i t i n g  

o p t i o n s  because of e x i s t i n g  o r  p ro j ec t ed  emissions f r o m ' o t h e r  sources ,  p a r t i c u l a r -  

l y  i f  t h o s e  emissions prevent  a t t a inmen t  of t h e  NAAYS. l f  c o n f l i c e s  occur i n  

a r e a s  of h igh  emission d e n s i t y ,  o r  where ambient s t a n d a r d s , a r e  now v i o l a t e d ,  then 

47% (70,000 MW) of r e g i o n a l  c o a l - f i r e d  c a p a c i t y  w i l l  b e  a f f e c t e d  by 2000. 

Implementation of t h e  mandatory Prevent ion  of S i g n i f i c a n t  . D e t e r i o r a t i o n  

(PSD) a r e a s  i d e n t i f i e d  i n  t h e  1977 amendments t o  t h e  Clean A i r  Act should n o t  be 

a  s i g n i f i c a n t  c o n s t r a i n t  on c o a l  u t i l i z a t i o n .  The key f a c t o r  i n  t h e  magnitude' 

of f u t u r e . c o n s t r a i n t s  imposed by PSU r e g u l a t i o n s  is how and where add i t i o r l a l  lion- 

mandatory Class I a r e a s  w i l l  be  des igna ted .  A t  t h e  extreme, i f  the-  C la s s  I a r e a s  

des igna ted  by e a r l i e r  v e r s i o n s  of t h e  Clean A i r  Act a r e  implemented, 31%, o r  

45,700 MW, of r e g i o n a l  coa l - f i r ed  c a p a c i t y  w i l l  b e  a f f e c t e d .  . 

A s i g n i f i c a n t  i n c r e a s e  i n  exposure t o  s u l f a t e s  i n  t h e  c e n t r a l  and e a s t e r n  

United S t a t e s ,  where l e v e l s  a r e  a l r eady  high,  i s  expected from increased  Midwestern 



c o a l  u s e  i f  NSPS s u l f u r  emission:  r a t e s  a r e  assumed. The magnitude of t h e s e  im- 

p a c t s  appears  t o  depend more on '  t o t a l  r e g i o n a l  emiss ions  t han  o n ' t h e  geograph ica l  . . 

d i s t r i b u t i o n  of emission sources .  . 

The p r i m a r y ' e f f e c t s  of i n c r e a s e d ' l e v e l s  o f ' c o a l  development a r e  exacer-  

b a t i o n s  of s i t i n g  c o n s t r a i n t s  r e l a t e d  t o  PSD a r e a s  and inc reased  popu la t i on  
' 

exposure t o  s u l f a t e s .  I n  gene ra l ,  s i t i n g  c o n s t r a i n t s  from e x i s t i n g  a i r - q u a l i t y  

problems are more p r e v a l e n t  i n  t h e  i n d u s t r i a l i z e d  e a s t e r n  p a r t  of t h e  r eg ion ;  

t h e  mandatory C la s s  I PSD a r e a s  and r e l a t e d  c o n s t r a i n t s  a r e  more numer0u.s i n  t h e  

wes te rn  s t a t e s .  

Water A v a i l a b i l i t y  

Although cumula t ive  water  s u p p l i e s  i n  t h e  1 4 - s t a t e  s tudy  r eg ion  a r e  

adequate  t o  s a t i s f y  f o r e s e e a b l e  energy requi rements ,  s i g l i i f i c a n t  water  s h o r t a g e s  

, t h a t  could c o n s t r a i n  energy s i t i n g  p a t t e r n s  o r '  development o f '  competing wa'ter 

u se s  a r e  l i k e l y  i n  l o c a l i z e d  a r e a s .  I n  2020, 1.4% (9300 MW) of  t h e  r e g i o n ' s  

~' - 
t o t a l  e l e c t r i c a l  gene ra t i ng  c a p a c i t y  i s  s i t e d  i n  a r e a s  in .Nebraska  and Kansas 

where water  problems could be s eve re ,  and measures such a s  r e ' a l l o c a t i o n  of water  

s u p p l i e s  o r  u s e  of d r y  coo l ing  may be  necessary .  I n  a d d i t i o n ,  14.. 2% (93;000 MW) 
- :< 

of t h e  t o t a l  r e g i o n a l  c a p a c i t y  is s i t e d  i n  a r e a s  t h a t  may r e q u i r e  development of 

r e s e r v o i r s .  and groundwater,  and o t h e r  measures t o  i n c r e a s e  water  supply. These 

a r e s  a r e  s c a t t e r e d  throughout  t h e  regzon,  being f u u n d . i n  a l l  t h e  s t a t e s  s t u d i e d  

except  North and s o u t h  Dakota, and Arkansas.  

The d i f f e r e n c e s  i n  water  consumption . for  a l t e r n a t i v e  coal-development 

o p t i o n s  a r e  r e l a t i v e l y  minor, because t h e  l a r g e s t  f r a c t i o n  (90%) of water  u s e  

i n  power g e n e r a t i o n  is  f o r  coo l ing  and t h u s  i s  l a r g e l y  independent  of s u b s t i t x -  

t i o n s  between nuc l ea r  and f o s s i l  f u e l s .  integration of r e g i o n a l  energy and 

water r e s o u r c e s  p lanning  w i l l  become unavoidable  a s  energy p roces se s  account  

f o r  a n  i nc reas ing  f r a c t i o n  of t o t a l  r e g i o n a l  water  demand; w a t e r  f o r  energy 

u s e  grows from 2%' of a l l  consumptive u s e s  i n  1975 to 18% i n  2020. 

Water Qua l i t y  

Water-qual i ty  impacts  a r e  p r i m a r i l y  r e s t r i c t e d  t o  a r e a s  wi th  i n s u f f i c i e n t  

water  r e sou rces .  Coal mining w i l l  con t inue  t o  have a s i g n f f i c a n t  e f f e c t  on 

water q u a l i t y  i n  sma.ller s t reams d r a i n i n g  t h e  major c o a l  r e g i o n s  u n l e s s  s t r i c t  . . 



c o n t r o l  p r a c t i c e s  are maintained.  coal-conversion p l a n t s  may cause  l o c a l i z e d .  

wa te r -qua l i t y  problems; however, t h e  e f f l u e n t  c h a r a c t e r i s t i c s  of t h e s e  p l a n t s  

are n o t  well-known. Other  u n c e r t a i n t i e s  r e s u l t  f rom 'ques t ions  of t h e  degree  

of t r ea tmen t  t o  be  a p p l i e d  t o  air and water  p o l l u t a n t s ,  and i n d i r e c t  e f f e c t s  

a s s o c i a t e d  w i t h  urban development i n  a r e a s  of i n t e n s i v e  coa l - r e l a t ed  a c t i v i t y .  

The l e v e l  o f ' w a t e r  p o l l u t i o n ~ w i l l  be  p r o p o r t i o n a l  t o  t h e  degree  of c o a l  develop- 

ment; 'major water -qua l i ty  impacts  appear  t o  be a s s o c i a t e d  wi th  c o a l  conversion 

p l a n t s  and a c i d  and a l k a l i n e  mine dra inage .  

The g r e a t e s t  r e l a t i v e  e f f e c t s  of c o a l  development appear  ra be  i n  the 

Missour i  River  Basin,  where s u f f i c i e n t  d i l u t i o n  water  may no t  be a v a i l a b l e  t o  

a s s i m i l a t e  mine d ra inage  and waste  water f rom eonvercion f a c i 3 i . t l e s .  Water- 

q u a l i t y  s t anda rds  f o r  i r o n ,  manganese, ammonia, s u l f a t e s ,  and t o t a l  d i s so lved  

s o l i d s  ( s a l i n i t y )  w i l l  probably be exceeded more f r e q u e n t l y  t han  they  a r e  now 
'i 

and i n  more l o c a t i o n s  i n  t h i s  bas in .  High s a l i n i t y  is  a l r e a d y  a  s i g n i f i c a n t  

problem i n  t h e  reg ion .  The Ohio River  Basin w i l l  have increased  problems wi th  , 
a c i d  mine d ra inage  i f  s t r i c t  adherence t o  f e d e r a l  g u i d e l i n e s  is  not  maintained;  

deep c o a l  mining i s  a n t i c i p a t e d  t o  i n c r e a s e  by 350% i n  t h i s  b a s i n  by 2020. 
! 

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

S o c i a l  and Economic I m ~ a c t s  

A. s i g n i f i c a n t  amount of the c o a l  development anticipated between 1375 

and 2020 occurs  i n  c o u n t i e s  s u s c e p t i b l e  t o  s eve re  l o c a l  s o c i a l  and economic, 

impacts ,  a s  shown below: 

Type of Development 

High-Btu G a s i f i c a t i o n  
Low-Btu G a s i f i c a t i o n  
T , , i  qtlef ac t i o n  
E l e c t r i c a l  Genera t ion  

Addit ions i n  High Impact Areas --- . -.. 
1975-1989 1985-2000 2UOU-2020 

The t iming ,  magnitude, and n a t u r e  of l o c a l  socioeconomic impacts depend upon 

t h e  c h a r a c t e r i s t i c s  of bo th  t h e  hos t  connilunity a ~ i d  t h e  c o a l  technology involved. 

T y p i c a l l y  t h e s e  impacts  w i l l  e n t a i l  inadequate  s e r v i c e s  due t o  i n s u f f i c i e n t  

government revenues; and d i s r u p t i o n  of s o c i a l  p a t t e r n s  caused by r a p i d  changes 

i n  t h e  s i z e  and demographic makeup of t h e  l o c a l  popula t ion .  T.he impacts a r e  

determined by t h e  a s s i m i l a t i v e  c a p a c i t y  of t h e  l o c a l i t y  a s  w e l l  as by t h e  r e l a t i v e  



employment and c a p i t a l  requirements  of t h e  technology. The l o c a l  area's economic 

and demographic c h a r a c t e r i s t i c s  govern i ts  a s s i m i l a t i v e  capac i ty ;  examples 
. . 

of t h e s e  t ra i t s  include:  

S i z e  and age l sex  composition o f ' t h e  popula t ion ,  

Popu la t ion  d e n s i t y  i n  t h e  impact a r e a  and a d j a c e n t  a r e a s  w i t h i n  
commuting d i s t a n c e ,  

P ropor t ion  of secondary ( r e t a i l ,  commercial, s e r v i c e )  employment 
to b a s i c  ( coa l - r e l a t ed )  employment i n  t h e  community, and 

S i z e  and l o c a t i o n  of r e g i o n a l  t r a d e  c e n t e r s .  

Socioeconomic impacts a r e  p r i m a r i l y  l o c a l  bu t  i n  .some a r e a s  they  a r e  

l i k e l y  t o  be seve re  because o f ' b o t h  economic and demographic cond i t i ons  and t h e  

p o t e n t i a l  f o r ' c o a l  development. These a r e a s  i nc lude  major p o r t i o n s  of North 

Dakota ( i n  t h e  For t  Union'Coal Basin) and l i m i t e d  a r e a s  i n  southern  I l l i n o i s ,  

Ind iana ,  and Ohio. ' I n  gene ra l ,  t h e s e  a r e  r u r a l  coun t i e s  w i th  abundant c o a l  

:, r e s e r v e s  and smal l  popula t ions  w i t h i n  r ea sonab le  commuting d i s t a n c e .  Increased 

' c o a l  development w i l l  i n c r e a s e  t h e  number o f ' c o u n t i e s  wi th  s e r i o u s  socioeconomic 

impacts.  Coal l i q u e f a c t i o i h a s  t h e  p o t e n t i a l  t o  cause  t h e  g r e a t e s t  impacts,  

followed by high-Btu g a s i f i c a t i o n ,  e l e c t r i c a l  gene ra t ion ,  low-Btu g a s i f i c a t i o n ,  

and mining. 
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A s  a p a r t  of the  National  Coal U t i l i z a t i o n  Assessment (NCUA), two types 

of s t u d i e s  are being undertaken -- (1) impacts and c o n s t r a i n t s ,  and (2) t h e  

s o l u t i o n s  t o  t h e s e  problems. This  s e c t i o n  d e l i n e a t e s  t h e  p r i n c i p a l  c o n s t r a i n t s  

and causa l  f a c t o r s  i d e n t i f i e d  i n  conducting t h i s  s tudy.  This  information i s  in- 

tended t o  b e  t h e  b a s i s  f o r  de tec t ing  p r a c t i c a l  s o l u t i o n  s t u d i e s  t h a t  need t o  be 

undertaken i n  t h e  region in the  f u t u r e .  The following s t u d i e s  a r e  p resen t ly  

under considerat ion:  

1. Resolution of Conf l i c t  between A i r  Quali ty and Coal Use 

This  s tudy would consider  both s i t i n g  and technology opt ions .  

The technology opt ions  inc lude  emerging DOE technologies  f o r  

coa l  u t i l i z a t i o n  and conversion ( i . e . ,  low-Btu g a s i f i c a t i o n ) ' ,  

add-on emission con t ro l s ,  v a r i a t i o n s  in s t a c k  height ,  i n t e r m i t t e n t  

o r  supplementary c o n t r o l  systems, and smaller u n i t  f a c i l i t i e s ,  

Evaluat ion of s i t i n g  a l t e r n a t i v e s  f o r  r e so lv ing  a i r - q u a l i t y  

c o n f l i c t s  w i l l  consider  t r a d e o f f s  from increased s i t i n g  i n  a reas  

with: low-population a r e a s ,  less s e n s i t i v e  ecosystems, p re fe rab le  

c l imate  ( e  .g . , reduced invers ion  frequency) ; and g rea te r  d i s t ances  

from PSD a r e a s .  

Resolution of Conf l i c t  between Water Resources and Coal Development 

Resolut ion of water shor tages  f o r  f u t u r e  energy development i n  

s p e c i f i c  a r e a s  need t o  be inves t iga ted  by using one o r  a combination 

of t h e  following options:  (a)  r egu la t ion  of stream flow by rese rvo i r s :  

(b) development of groundwater resources;  (c)  r e u s e  o f '  waste wa.ter 

from municipal,  i n d u s t r i a l ,  o r '  a g r i c u l t u r a l  sources ; (d) purchase of 

water r i g h t s  from competing use r s ;  (3) u s e  of less i n t e n s i v e  water- 

use  technologies,  e.g.,  d ry  cooling;  ( f )  i n t e r b a s i n  t r a n s f e r ;  (g) a l -  

t e r n a t i v e  s i t i n g ;  and (h) u s e  of advanced, more e f f i c i e n t  technology. 

3. Management of Socioeconomic Impacts 

Local socioeconomic impacts from c o a l  u t i l i z a t i o n  r e s u l t  from 

changes in employment, populat ion,  demographic c h a r a c t e r i s t i c s  

of populat ion,  and pressures  f o r  publ ic  and p r i v a t e  services' .  

I n  t h i s  a n a l y s i s  t h e  fol lowing op t ions  f o r  r e so lv ing  socioeconomic c o a l  

c o n f l i c t s  w i l l  be evaluated:  



Rate of development; 

Transport  of c o a l  vs. t r a n s p o r t  of conversion o r  combus'tion 

products;  and 

'S ize  of t h e  f a c i l i t y .  

I n  a d d i t i o n ,  f i n a n c i a l  management op t ions  f o r  mi t iga t ing  short-term 

growth problems w i l l  be  evaluated ,  Options, inc luding (a)  indust ry  assumption 

( i n t e r n a l i z a t i o n )  of s o c i a l  c o s t s ;  (b) prepayment o f t a x e s  by indust ry ;  (c)  

state bond banks; and (d) f e d e r a l  impact a s s i s t ance ,  w i l l  be evaluated f o r  t h e i r  

a b i l i t y  t o  enhance o r  m i t i g a t e  t h e  short-term b e n e f i c i a l  and adverse socio-  

economic impacts of c o a l  development. 

Also, an a n a l y s i s  w i l l  be  made of t h e  management opt ions  f o r  

moderating and d i r e c t i n g  changes i n  l o c a l  employment and populat ion a f t e r  

cons t ruc t ion  of f a c i l i t i e s ,  The a n a l y s i s  inc ludes ,  f o r  example, .company towns, 

i n d u s t r i a l  d i v e r s  i f  i c a t  ion ,  and reg iona l  development plans.  

W e  a l s o  hope t h a t  new i s sues  f o r  impact a n a l y s i s  can be i d e n t i f i e d  a s  

i n  a p a r t  of t h i s  assessment o r  by u s e r  i n t e r a c t i o n .  Spec i f i c  topics.  t h a t  

need f u t u r e  emphasis inc lude  t r a n s p o r t a t i o n  of c o a l  on t h e  Great Lakes and t h e  

impacts and consequences of sol id-waste d i sposa l .  

A s  a  p a r t  of t h e  NCUA, s i g n i f i c a n t  emphasis was placed o n ' i n t e r a c t i o n s  

wi th  state and reg iona l '  agencies  and groups t o  d i s c l o s e .  environmental coricerns 

they pe rce ive  a s  being assoc ia ted  wi th  increased coa l  use. Sect ion 2.2 s&marizes  

: t h e  r e s u l t s  of t h i s  i n t e r a c t i o n .  The information acquired was used t o  guide not  

o n l y  t h e  i n i t i a l  d i r e c t i o n  of t h e  NCUA but '  a l s o  s e l e c t i o n  of f u t u r e  s t u d i e s .  

s e c t i o n s  2.3 through 2.13 conta in  the.  p r i n c i p a l  f indings  of t h i s  assess-  
. . 

. m a t  in , regard  t o  'energy supply and demand p a t t e r n s ,  s i t i n g  p a t t e r n s  'and 
. . 

and impact a n a l y s i s .  ~ n e r ~ ~  Supply 'and Demand (Set. 2.3) i d e n t i f i e s  

t h e  p o t e n t i a l  p a t t e r n  . fo r  energy u t i l i i a t i o n  on .a s t a t e  b a s i s  a*d . i n d i c a t e s  the  

ro le .  of -  c o a l  i n  each o f .  t h e  ' s t a t e s  i n  t h e  region'. The s i t i n g  a n a l y s i s  summarized 

i n  ~ e c .  . . 2.4 prciSents t h e  r e s u l t i n g  s . i t ing  p a t t e r n s  and probl&s.  'For t h i s  

qhalysis ' ,  t h e  following c r ' i t e r i a  w e r e  used t o  i d e n t i f y  s i t i i g  p a t t e r n s :  

Generating c a p a c i t y  requirements; : 

' Load cen te r  d i s t r i b u t i o n ;  

Water a v a i l a b i l i t y  ; 

. ' A i r  qual i ty ;  
. . 

. Public lands ;  



Populat ion densi ty;  and 

Seismic' r i s k .  

The subsequent subsections of ' ~ e c .  2 present  t h e  major f indings  i n  regard 
. . 

t o  p o t e n t i a l  impacts and cons t ra in t s .  ~ n f o r m a t i o n  is presented on: 

. Water availability/co,mpetition with  o the r  use r s ,  

Coal r.esources a v a i l a b i l i t y ;  production and dep le t ion  of reserves .  of coa l ;  

Land use; 

Air-quali ty levels f o r  regula ted  po l lu tan t s ;  regula tory  c o n s t r a i n t s  

and long-range t r anspor t  of s u l f a t e s ;  

Impacts on water q u a l i t y  of mining, combustion, and conversion; 

Releases of t r a c e  elements and t h e  p o t e n t i a l  impacts on ecosystems 

and hea l th  ; 

Ecosystem impacts Including aqua t i c  arid t e r r e s t r i a l  e f f e c t s  and 

e f f e c t s  of gaseous p o l l u t a n t s  on a g r i c u l t u r a l  product iv i ty ;  

Soc ia l  and economic e f f e c t s ;  and 

Health e f f e c t s ,  including publ ic  and occupational  impacts of mining, 

t r a n s p o r t ,  combustion, and conversion. 
1 

The major f indings  i n  each of t h e  impact a r e a s  a r e  discussed i n  a b r i e f ,  

capsulized overview of s i g n i f i c a n t  p o t e n t i a l  c o n s t r a i n t s  t o  coa l  use. This is  

followed by (1) a de l inea t ion  of t h e  p r i n c i p a l  d i f fe rences  between t h e  var ious  

- c o a l  development opt ions  (scenar ios  analyzed), (2) information on t h e  contr ibut ion 

of t h e  va r ious  elements of t h e  c o a l  f u e l  cycle  t o  t h e  impact category, and (3) an 

overview of t h e  implicat ions wi th in  t h e  region. 
. . 



2.1 PURPOSE OF THE NCUA 

The purposes of t h e  NCUA a re :  

To provide DOE wi th  t h e  necessary information on impacts and 

management s o  t h a t  environmental and s o c i a l  concerns rece ive  

the  necessary emphasis i n  s t r u c t u r e  and p r i o r i t y  i n  t h e  DOE Coal 

RD&D (Research, Development and  emo on strati on) programs. 

To i d e n t i f y  and analyze mi t iga t ion  s t r a t e g i e s  t o  dea l  with p o t e n t i a l  

problems o r  c o n s t r a i n t s  t o  c l a r i f y  t h e  a v a i l a b l e  options on c o a l  use  

and t h e i r  r e s u l t a n t  e f f e c t s .  

* To work c l o s e l y  with s t a t e  and regional  agencies and with the  

RD&D and planning programs wi th in  DOE t o  present  t h e  d a t a  and 

opt ions  i n  4 manner 'd i rec t ly  a p p l i c a b l e  t o  t h e  decis ions  t h a t  

W i l l  be,  made. 

P o s s i b l e  s t r a t e g i e s  t o  be considered include:  t h e  present  RD&D and new 

resea rch ,  s i t i n g  p a t t e r n s ,  interagency coordinations,  planning guidel ines ,  

r egu la to ry  programs, monitoring opt ions ,  and f inancial /growth management 

opt ions .  These s t r a t e g i e s  need t o  be es tabl ished e a r l y  t o  avoid delays i n  t h e  

s i t i n g  of c o a l  f a c i l i t i e s  because of unanticipated problems and c o n s t r a i n t s .  

A L t ~ r n a t i v e  ranges of coal  oupply and use  f o r  1375-2020 have been analyzed. 

Tills per iod  is divfded i n t o  three terms: 

near-term (1975 t o  1985), 

. mid-term (1985 t o  2000), and 

far-term (2000 t o  2020) . 
The range w i l l  be es tab l i shed  by using scenar ios  based on t h e  following cases:  

' Case 1 -- Simple ex t rapo la t ion  of recent  t rends  (hase C.ASP.). a 

Case 2 ,  -- Expanded use  of coal-derived e l e c t r i c  energy fn.  the  

. : mid and f a r  terms. 
. , .  

Case 3 -- Expanded use  of coal-derived o i l  and gas (synfuels)  

f o r  t h e  mid and f a r  terms. 

Case 4 -- Comb%ned high-coal e l e c t r i c  and high synfuels .  



Following i s  a genera l  desc r ip t ion  of each scenar io .  Economic growth 

and demographic p a t t e r n s  a r e  assumed t o  - t a k e  on "best-estimate1' va lues  f o r  

Recent Trends and a l l  o t h e r  scenar ios .  

Recent Trends 

The concept of t h i s  scenar io  is s t ra ight forward .  It represen t s  an 

estimate of f u t u r e  p a t t e r n s  of c o a l  u t i l i z a t i o n  based on recen t  t rends .  It is  
11 surprise-free" i n  t h e  sense  t h a t  no major changes i n  governmental r egu la to ry  

po l i cy  o r  s o c i a l  i n s t i t u t i o n s  a r e  assumed. 

This scenar io  i s  t h e  benchmark aga ins t  which a l l  o t h e r  c o a l  scenar ios  

i n  t h i s  s tudy can be  compared. I n  genera l ,  t h e  base scenar io  is predica ted  

on many of t h e  n a t i o n a l  and reg iona l  assumptions used f o r  t h e  FEA re fe rence  

case .  An e f f o r t  was a l s o  made t o  ensure methodological cons is tency.wi th  t h e  

cu r ren t  scenar io  work being done f o r  ERDA. 

High Coal E l e c t r i c  
t 

The p r i n c i p a l  d i f f e r e n c e  between t h i s  case  and t h e  R.ecent Trends Scenario 
4 

is  i n  t h e  increased use  of coa l  f o r  e l e c t r i c i t y  generat ion ( i . e . ,  s u b s t i t u t i o n  
: 

f o r  nuc lea r ) .  The 1985 m i x  o f ' c o a l  and nuclear  is l e f t  a t  t h e  Recent Trends 

l e v e l  because u t i l i t y  expansion p lans  a r e  f a i r l y  w e l l  e s t ab l i shed  t o  t h a t  t i m e ,  

By varying only t h e  coa l  f u e l  m i x ,  one s e t s  t h e  p o t e n t i a l  f o r  a comparison a t  

'~" some f u t u r e  d a t e  wi th  a "low nuclear  e l e c t r i c 1 '  s cenar io ,  I n  1985, coa l  con t r ibu tes  

59%. I t ' g r o w s  t o  62% i n  2000 and decreases t o  50% i n  2020. I n  the  Recent Trends 

Scenario,  coal  provides 50% i n  2000 and 38% i n  2020. 

. Accelerated Synfuels 

This scenar io  is f i r  a major ' growth 'of ' conversion of ' coa l  to. synthet  f c 

f u e l s .  The d i f f e r e n c e  between t h i s  acce le ra ted  case  and Recent Trends is 

n e g l i g i b l e  u n t i l  a f t e r  1985. ,By 2000, t h e  accelera ted  synfuels  output  is  

almost 6 quads g r e a t e r  than t h e  2.74 quads i n  t h e  Recent Trends case  . for  t h a t  

year .  

Although many f a c t o r s  can be pos tu la ted  f o r  accelera ted  production of 

synfuels  , t h i s  inc rease  f s assumed t o  be due mainly t o  technolqgical  advances, 

Improvements i n  the .  e f f i c i e n c y  and r e l i a b i l i t y  and reduct ion  i n  c o s t s  of coa l  

conversion processes a r e  assumed t o  make synfuels  more competi t ive with ni i tural  

gas and o i l .  



From prel iminary c o s t  analyses,  it is assumed' that  high-Btu s y n t h e t i c  

gases  w i l l  be t h e  major product of these  conversion p l a n t s ,  p a r t i c u l a r l y  ik  

t h e  n e a r  to- in termedia te  t e r m .    ow ever , product ion of low-B t u  gas from coa l  . 

f o r  power p l a n t s  i s  considered t o  be a po l lu t ion  c o n t r o l  method and not  syn- 

f u e l  conversion. 

Accelerated Coal E l e c t r i c  Synfuels 

This scenar io  i s  developed around a simultaneous expansion of uses  of 

c o a l  f o r  e l e c t r i c  power genera.tion and f o r  t h e  production of s y n t h e t i c  o i l  and 

gas .  It represenrs  t h e  maximum l e v e l  of c o a l  e x t r a c t i o n  considered 'in t h e  NCUA. 

It. is assumed t o  be due t o  t h e  same new technology advances t h a t  produced t h e  

o t h e r  two acce le ra ted  c o a l  scenar ios .  

Synfuel conversion and d i r e c t  combustion in indust ry  a r e  lowered mar- 

g i n a l l y  i n  t h i s  scenar io  under t h e  assumption t h a t  t h e  higher e x t r a c t i o n  c o s t s  

implied by t h i s  l e v e l  o f  concentrated development would e l imina te  some o f  t h e  . 

niarginal use r s .  The mix of synfuel  products  and reg iona l  market d i s t r i b u t i o n  f o r  

s y n f u e l s  is genera l ly  s i m i l a r  t o  t h e  acce le ra ted  synfuels  case. 



2.2 COAL-RELATED ISSUES IDENTIFIED BY STATE AND REGIONAL GROUPS 

A s  a key element of . t h e  NCUA*, "major emphasis w i l l ' b e  placed on an 

i d e n t i f i c a t i o n  and understanding of tlie problems and r i s k s  associa ted  wi th  

coa l  u t i l i z a t i o n . "  The assessment presented here  accomplishes t h a t  ob jec t ive ,  

in p a r t ,  by analyzing t h e  impacts of a l t e r n a t i v e  c o a l  development plans.  How- 

ever ,  an extens ive  e f f o r t  was a l s o  undertaken t o  i d e n t i f y  those  problems and 

r i s k s  a s soc ia ted  wi th  c o a l  development t h a t  a r e  of p a r t i c u l a r  concern t o  s t a t e  

and reg iona l  groups and commissions t o  ensure t h a t  both t h e  cu r ren t  a n a l y s i s  

and f u t u r e  s t u d i e s  a r e  of p r a c t i c a l  use. From t h e  i s s u e s  i d e n t i f i e d  by t h e  

s t a t e  and reg iona l  e n t i t i e s ,  an agenda** of f u t u r e  and ongoing a n a l y s i s  is  

being prepared. This  r e p o r t  w i l l  i d e n t i f y  s t u d i e s  a s  ongoing, t o  be  undertaken, 

o r  unfunded, a s  w e l l  a s  t h e  audience i n t e r e s t e d  in t h e  study. , 

Iden t i fy ing  s t a t e  and regional  problems requi red  s e v e r a l  s t eps .  F i r s t ,  

a f i l e  of energy and environmental agencies,  groups, and .commis'sions was de- 

" veloped. Then, a s tandard in t roductory  le t ter  descr ib ing t h e  Natfonal. Coal : 

U t i l i z a t i o n  Assessment and t h e  need f o r  i n t e r a c t i o n s  wi th  s t a t e  knd reg iona l  

groups was s e n t  t o  appropr ia t e  individuals  In each agency o r  commission. This 

le t ter ,  which is  shown in t h e  Appendix (Coal Related I s sue  I d e n t i f i c q t i o n ) ,  

presented four  major quest ions and requested t h a t  a meeting be held t o  d i scuss  

t h e  quest ions in person. The quest ions were: 

What a r c  t h e  important environmental problems and i s sues  
surrounding the  use  of c o a l  i n  your s t a t e l r e g i o n ?  

What f a c t o r s  'my cons t ra in  t h e  use  of coa l  technologies? 

What management opt ions  a r e  under cons idera t ion  t o  c o n t r o l  
problems and inf luence  c o a l  use? 

What is t h e . s t a t e  i n f r a s t r u c t u r e  r e l a t e d  t o  energy plan- 
ning,  development, and regu la t ion?  What 'is t h e  s t r u c t u r e  
of t h e  commission and how does i t  funct ion  r e l a t i v e  t o  
o t h e r  environmental, r egu la to ry ,  and planning' groups i n  
t h e .  region? 

A few weeks a f t e r  t h e  letter was received,  s t a f f  members of t h e  Regional 

Studies  Program t rave led  t o  t h e  appropr ia t e  o f f i c e  t o  d i scuss  these  quest ions.  

*Project P k n  1977-1979,  att tonal Coat Uti l izat ion Assessment , WA a r c h  1977). 
**Agenda for AnaZysisl,, Assessment and Research , in ~ u b l i c a t i o n ,  Argome National 

Laboratory C19.77) 



A l i s t i n g  of t h e  d a t e s ,  l o c a t i o n s ,  and a t tendees  a t  each of t h e  meetings is  

included i n  the  Appendix. From d e t a i l e d  no tes  taken during t h e  discussicins, 

a d r a f t  letter r e p o r t  t o  be s e n t  t o  ERDA's Division of Technology Overview in 

Washington was prepared. Next, , t h i s  d r a f t  was s e n t  t o . e a c h  agency o r  commis- 

s i o n  r e p r e s e n t a t i v e  f o r  h i s  o r  her  commerits. F i n a l l y ,  t h e  comments were 

incorpora ted  i n t o  a f h a 1  l e t t e r .  addressed to. D r .  Ray Cooper, Acting Ass i s t an t  

Di rec to r  of t h e  In tegra ted  Assessment Program a t  ERDA ( s e e  Appendix).* 

Through t h i s  series of meetings, t h r e e  major ca tegor ies  of problems 

and i s s u e s  were i d e n t i f i e d .  ** These ca tegor ies ,  summarized i n  ~ a b i e  2.2.1, 

a r e :  problems of genera l  concern, problems o r  i s sues  i d e n t i f i e d  by s e v e r a l  

s t a t e s  o r  regions ,  and i s s u e s  i d e n t i f i e d  by only a few groups. 

2.2.1 Problems of General Concern 

Coal-related problems of genera l  concern include:  increased a i r  pol- 

l u t i o n ;  e f f e c t s  of Prevention of S i g n i f i c a n t  De te r io ra t ion  and o the r  . f ede ra l  

a i r  q u a l i t y  r egu la t ions ;  po ' tent ia l  water-use c o n f l i c t s ,  ac id  mine drainage,  

and o the r  problems r e l a t e d  t o  reclamation of "orphan" lands ;  p r i c e  and ava i l -  

a b i l i t y  of a l t e r n a t i v e  energy sources;  t r anspor ta t ion  c o n s t r a i n t s ;  .and 

l a c k  of information on new c o a l  technologies.  These a r e  summarized i n ' t h e  

fol lowing paragraphs. 

Increased A i r  ~ o l l u t i o n  

Perhaps t h e  most important problem s t r e s s e d  i n  t h e  interviews was t h e  

i n c r e a s e  i n  a i r  p o l l u t i o n  t h a t  w i l l  r e s u l t  from increased coa l  u s e , u n l e s s  

advanced emission-control technologies a r e  used. This i s s u e  is  ,of 

importance t o  s t a t e s  i n  t h e  eas te rn  hal f  of t h e  region.  Here t h e  increased 

u s e  o r  l o c a l  high-sulfur coa l s  could a i d  t h e  economy of coal-producing s t a t e s  

such a s  Ohio and I l l i n o i s  but  would r e s u l t  i n  higher s u l f u r  d ioxide  emissions. 

U s e  of systems t o  c o n t r o l  s u l f u r  emiss.ions t o  e l imina te  t h i s  problem o f t e n  ' 

r e s u l t s  i n  secondary environmental impacts. O f f i c i a l s  i n  many s t a t e s  a r e  a l s o  

concerned about t h e  inc rease  i n  p a r t i c u l a t e  l e v e l s  due t o  increased use  of 

e i t h e r  e a s t e r n  o r  western coa l .  Increases  i n  hydrocarbon emissions, washout 

of trace a i r  p o l l u t a n t s  and t h e i r  d i spe r s ion  through aqua t i c  and t e r r e s t r i a l  

*These l e t t e r  r e p o r t s  have been complied i n t o  Coal Re luted Issues Ident i f ied 
by  State  and Regional Gkoups i n  pub l i ca t ion  (1977) .  . 

 h his a c t i v i t y  is continuing.  



Table 2.1.1. Overview of I s sues  I d e n t i f i e d  by S t a t e  and Regional Groups 
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ecosystems, and. e f f e c t s  of increased carbon'monoxlde l e v e l s  on g loba l  weather 

p a t t e r n s  were a l s o  i d e n t i f i e d  a s  important problems by some s t a t e  and. r eg iona l  

planners.  

Environmental Regulatory Const ra in ts  

While t h e r e  is a genera l  concern over t h e  impacts of increased a i r  

p o l l u t i o n ,  a  r e l a t e d  problem is  t h a t  of meeting fede ra1 , s t andards  designed t o  

c o n t r o l  po l lu t ion .  Mariy s t a t e s  a r e  having d i f f i c u l t y  in 'meet ing  National  

Ambient A i r  Q u a l i t y  Standards f o r  s u l f u r  dioxide; and in Nebraska and Kansas, 

where drought has increased n a t u r a l l y  h igh dus t  l e v e l s ,  p a r t i c u l a t e  levels ' 

a r e  increased- by n a t u r a l  sources .  Federal  Prevention of S i g n i f i c a n t  Deterior-  

a t i o n  regu la t ions ,  i f  enforced could p o t e n t i a l l y  l i m i t  s i t i n g  of new coa l  f a c i l -  

i t ies .  O f f i c i a l s  i n  almost every s t a t e ,  along with t h e  Ozarks Regional Com- ' 

miss ion,  be l i eve  t h a t  t h e  incremental p o l l u t a n t  l e v e l s  allowed under t h e  

r egu la t ions  combined wi th  t h e  c r e a t i o n  of "buf £ e r  zories" around pub1 i c  lands 

would almost completely e l imina te  cons t ruc t ion 'o f ' new coal - f i red  generat ing 

p l a n t s  o r  o t h e r  f a c i l i t i e s  i n  r u r a l  a r e a s  where a i r  q u a l i t y  i s  now high.  

Water-Use Conf l i c t s  

C o n t l i c t s  over water  u s e  r e l a t e d  t o  coa l  development a r e  expected t o  

i n c r e a s e  throughout t h e  region. While both coal - f i red  generat ing p l a n t s  and 

g a s i f i c a t i o n  p l a n t s  r e q u i r e  much water ,  water  demands f o r  municipal and in- 

d u s t r i a l  supply, a g r i c u l t u r e ,  and r e c r e a t i o n  a r e  a l s o  increas ing.  Water is  

r e l a t i v e l y  p l e n t i f u l  i n  t h e  e a s t e r n  p a r t  of t h e  region,  but  t h i s  a r e a  is a l s o  

more i n d u s t r i a l  and populous. Indust ry  and u t i l i t y  p l a n t s  a l ready occupy many 

p o t e n t i a l  s i t e s  f o r  f u t u r e  c o a l  f a c i l i t i e s  along t h e  Great Lakes and the  Ohio 

River. I n  t h e  western s t a t e s ,  i n d u s t r i a l  and municipal demands a r e  l e s s ,  but  

r o t a 1  water supp l i e s  a r e  a l s o  l e s s  and a g r i c u l t u r e  consumes l a r g e  amounts. 

Impacts of Extrac t ion  on Water Quali ty 

Coal e x t r a c t i o n  a s  w e l l  a s  use  can have' p o t e n t i a l l y  negat ive  impacts on 
. . 

t h e  water  resources in t h e  Midwest. Although every s t a t e  with a c t i v e  coa l  

mining now has laws r e g u l a t i n g  m i n e  opera t ion  and land reclamation,  t h e  problem 

of recovering orphan lands  mined ou t  before  passage of t h e  laws remains. 



Representat ives of environmental and reclamation agencies i n  t h e  mining s t a t e s  

a r e  concerned about t h e  high a c i d i t y  of water d ra in ing  from these  orphan lands .  

Acid dra inage  can have d e l e t e r i o u s  e f f , ec t s  on a q u a t i c  and terrestrial ecosys- 

t e m s  a n d . u l t i m a t e l y  on h d n  heal th .  

Disposal of Sludge and Fly Ash 

Disposal of s o l i d  and l i q u i d  wastes from emission-control systeins is a . 

concern expressed by many Midwestern s t a t e s . . '  The f l y  ash  removed by e l e c t r o -  . 

s t a t i c  p r e c i p i t a t o r s  o f t e n  conta ins  p o t e n t i a l l y  , t o x i c  elements, such a s  mercury 

and boron, a s  w e l l  a s  r ad ioac t ive  elements, whi le  "scrubbers" produce a s ludge 

containing environmentally noxious calcium s u l f i t e .  U t i l i t i e s  and environmental 

planners i n  many states have a need t o  f i n d  s u i t a b l e  l a n d f i l l  s i t e s  f o r  d i sposa l  

of these  ma te r i a l s .  I n  Wisconsin, where s o i l s  a r e  sandy and p r e c i p i t a t i o n  f requent ,  

s t a t e  agency represen ta t ives  a r e  confronted wi th  t h e  problkm o f ' l e a c h i n g ' o f  
!;. 

noxious substances from d i sposa l  sites f o r  f l y  ash. Some s t a t e s ,  such a s  &a, 

' have c l a y  s o i l s ,  which would minimize seepage o r  leaching from l a n d f i l l s .  How- 
I 

' ever ,  t h e s e  s o i l s  u n d e r l i e  prime a g r i c u l t u r a l  land and agency o f f i c i a l s  be i i eve  

t h a t  they would encounter l o c a l  opposi t ion  t o  l o c a t i n g  d i sposa l  sites. 

P r i c e  and ~ v a i l ' a b i l i t ~  of ' A l t e r n a t i v e  Fuels  

S t a t e  and reg iona l  o f f i c i a l s  must a l s o  consider  t h e  cos t  of coal  devel- 

opment compared with those of o the r  energy sources. One concern expressed i s  

t h e  high c o s t  of i n s t a l l i n g  and opera t ing  pol lu t ion-contro l  devices ,  such a s  

. scrubbers and p r e c i p i t a t o r s ,  on new and e x i s t i n g  conventional  coal-f i r e d  power 

p l a n t s .  O f f i c i a l s  i n  t h e  e a s t e r n  coal-bearing s t a t e s  b e l i e v e  t h a t  t h e  cos ts '  

of t h e s e  su l fu r -con t ro l  systems combined wi th  t h e  a v a i l a b i l i t y  of low-sulfur 
' 

western coa l  may prevent  continued o r  increased u s e  of t h e  reserves  in t h e i r  

s t a t e s .  I n  both  the  energy-consuming and -producing s t a t e s ,  agency represent -  

, a t i v e s  noted t h a t  unce r t a in ty  about t h e  p r i c e  and a v a i l a b i l i t y  of both f o s s i l  

f u e l s  and o t h e r  energy sources (such a s  s o l a r  power, peat  g a s i f i c a t i o n ,  and 

biomass conversion) made long-range planning f o r  c o a l  u s e  extremely d i f f i c u l t  . 



Transpor ta t ion  Const ra in ts  

Transpor ta t ion  problems map a l s o  slow development'of c o a l  in t h e  Mid- 

w e s t .  O f f i c i a l s  i n  states as d i v e r s e  a s  Ohio, ' Wisconsin, and ~el&aska ,  and the  

Ozarks Regional Commission, b e l i e v e  t h a t  e x i s t i n g  ra i l  networks, c a r s ,  and 

engines ,  could n o t  hau l  t h e  amount of low-sulfur c o a l  t h a t  could b e ' r e q u i r e d  i n  

t h e  nex t  20 years .  Many of t h e  o f f i c i a l s  mentioned t h a t  secondary r a i l  l i n e s  

in r u r a l  areas,  are being inc reas  ing lg  abandoned ; t h i s  change could 

conversion t o  c o a 1 . b ~  indus t ry  and u t i l i t i e s  a s  w e l l  a s  cons t ruc t ion  of new c o a l  

f a c i l i t i e s .  In  t h e  Great Lakes s t a t e s ,  planners s a i d  t h a t  t h e  barge and s h i p '  

f l e e t  along wi th  t h e  r a i l  network may be inadequate i f  t h e  nor theas te rn  s t a t e s  

'begin t o  import western c o a l .  I n t e r s t a t e  coa l  haulage was most co.mmonly re- 

garded as a p o s s i b l e  problem a rea ,  but  Missouri o f f i c i a l s  expressed concern 

about t h e  capac i ty  of t h e  ra i l  network f o r  hauling l o c a l  c o a l  t o  in - s t a t e , con-  , 
suers .  4 

Need f o r  Technology Assessments 

Another concern throughout t h e  region is t h e  l a c k  of information on new - 1 

c o a l  technology. Many energy planners a r e  uncer t a in  about t h e  c o s t s ,  t echn ica l  ;: , 

f e a s i b i l i t y ,  and environmental impacts of both emission c o n t r o l  systems and ciC 

advanced technologies.  Some sa id  t h a t  flue-gas d e s u l f u r i z a t i o n  i s  an e f f i c i en t  

method of s u l f u r  c o n t r o l ,  and o t h e r s  s a i d  t h a t  the  h igh c o s t s ,  s ludge d i sposa l  

problems, and opera t ing  d i f f i c u l t i e s  make t h e s e  systems impract ica l .  S t i l l  l e s s  

is known about g a s i f i c a t i o n ,  l i q u e f a c t i o n ,  so lvent  r e f i n i n g  , and o t h e r  newer 

technologies.  

2.2.2 Problems I d e n t i f i e d  by Several  Groups 

Other coal - re la ted  problems were mentioned a t  s e v e r a l  meetings but  were 

n o t  a s  common a s  those  d iscussed above. They inc lude  t h e  h igh c a p i t a l  c o s t s  

and t e c h n i c a l  problems both of convert ing i n d u s t r i a l  p l a n t s  from o t h e r  f u e l s  t o  

c o a l  and of cons t ruct ing  new coal  conversion p l a n t s  ( s u c h ' a s  f o r  g a s i f i c a t i o n  

o r  so lven t  r e f i n i n g ) ;  f e a s i b i l i t y  of co-location of coa l - f i r ed  e l e c t r i c  gen- 

e r a t i n g  o r  g a s i f i c a t i o n  f a c i l i t i e s  wi th  indust ry ;  and t h e  impacts of increased 

r a i l  t r a n s p o r t  of coa l .  Representat'ives of t h e  s t a t e s  and regions  mentioned 

f u g i t i v e  d u s t ,  se ismic  impacts, increased accidents ,  and d i s r u p t i o n  of com- 

munity s e r v i c e s  as problems assoc ia ted  with increased coa l  hauling by r a i l .  



Other problems of interest t o  several agencies and comm~ssions inc lude  

c o n f l i c t s  between a g r i c u l t u r e  and coa l  d w e l o ~ e n t ;  d l s p e r s i o n ' o f  p o t e n t i a l l y  

tox ic  t r a c e  elements from' c o a l  combustion' o r '  from' t h e  waste products  o f '  

emissionkontrol'spstems; sudden changes i n  employment and populat ion.with 

c o n s t r u c t i o n ' o f  new coa l  o r  coal-related f a c i l i t i e s ;  and t h e  impacts of 

e l e c t r i c  t ransmission wires  from coal-f i r e d  generat ing '  p l an t s .  . 

2.2.3 Problems of Selected I n t e r e s t '  

F i n a l l y ,  only a few of t h e  persons wi th  whom w e  m e t  i d e n t i f i e d  t h e  

fol lowing as important problems o r ' i s s u e s  a s soc ia ted  wi th  increased c o a l  use  

in t h e i r  regions :  changing f e d e r a l  energy and environmental p o l i c i e s ;  c o n f l i c t s  

between c o a i  development and a g r i c u l t u r a l  l i f e s t y l e s ,  land and water use;  l o s s  

of indus t ry  due t o  decreased coa l  mining, f e d e r a l l y  enforced f u e l  conversions,  

o r  environmental regula t ions ;  c o n f l i c t s  between r e c r e a t i o n  and f i s h e r i e s  and 

coa l  development; environmental t r a d e o f f s  between a l t e r n a t i v e  coa l  technologies;  

l o c a l  p o l i t i c a l  con t rovers i e s  over coa l  f a c i l i t y  s i t i n g ;  high e l e c t r i c i t y  c o s t s  

. d u e  t o  c o s t s  of coa l  conversion and environmental con t ro l s ;  d i f f i c u l t i e s  in 

. .providing e l e c t r i c i t y  t o  d i spe r sed  consumers in r u r a l  a r e a s ;  and environmental 

and economic t r a d e o f f s  between t r anspor t ing  t h e  c o a l  vs.  the  product (e.g.,  

e l e c t r i c i t y ) .  9 

. :  I 



2.3 IMPLICATIONS OF ENERGY SUPPLY AND DEMAND* 

The growth ra te  of  energy demand for the region has slowed dramaticatly 

i n  recent years. The ~ e s u l t e  presented here are premised on a continued lawer 

growth ra te  (2.38% 3n 1975-1985, 2.,77% i n  2985-2000,. . . gnd 1.52% i n  2000-2020). 

Total energy demand w 3 Z Z  double about evezy 35 years. Growth rates  i n  the las t  

25 years have been 3.25%. 

Dif fe rences  i n  t h e  Coal Development Options 

The contribution of coal i n  fuZf3lZing . regional . energy demand will grow 

steadi ly  (from 26% i n  1975 t o  34% i n  2020) but ' w i ' l ~  increase substuntialLy if 
coal use for e l ec t r i c  u t i l i t i e s  and synthetic fuels i s  accezerated ( c o a l  supply- 

ing 43% i n  2020 for the Accelerated ~ y n f u e ~ s  and High Coal EZectfic sceiarios) .  

F i g u r e  2.3.1 shows t h a t ,  in 1975, c o a l  suppl ied  about  26% of t h e  r e g i o n ' s  

requi rement .  Th i s  pe rcen tage  r e p r e s e n t s  an  end p o i n t  i n  s e v e r a l  decades of 

d e c l i n e  i n  c o a l  u t i l i z a t i o n .  Under t h e  Recent Trends Scenar io ,  c o a l  would 

c a p t u r e  a 34% s h a r e  by 2020 and 43%'under  t h e  Acce lera ted  Synfuels  and High 

Coal E l e c t r i c  Scenar ios .  

The l a r g e s t  end u s e r  o.f c o a l  is l i k e l y  t o  remain e l e c t r i c  u t i l i t i e s ,  

fo l lowed by i n d u s t r i a l  u s e r s  and s y n t h e t i c  f u e l s .  F igure  2.3.2 shows t h a t  

u t i l i t y  and i n d u s t r i a l  u s e r s  account  f o r  v i r t u a l l y  a l l  of c u r r e n t  demand. The 

rate of growth in e l e c t r i c  u t i l i t y  demand is slowed by a reduced demand growth 

f o r  e l e c t r i c a l  energy (6% h i s t o r i c a l l y ,  4.7% f o r  1975-1985, and 4% f o r  2000- 

2020).  Perhaps more than  in any o t h e r  r eg ion ,  n u c l e a r  energy and c o a l  a r e  

in c l o s e  compet i t ion  fo=  t h e  tiellfey marker i n  the c e n t r a l  Regloli. Tli i is ,  any 

i n c r e a s e s  i n  n u c l e a r  c a p a c i t y  w i l l  come a t  t h e  expense of coa l .  The Recent 

Trends Scenar io  a l l ows  f 0 r . a  modest growth in n u c l e a r  power, which d i s p l a c e s '  

c o a l  base load  gene ra t ion .  Under t h e  High Coal E l e c t r i c  Scenar io ,  t h e  r a t e  of 

n u c l e a r  growth is assumed t o  slow d r a s t i c a l l y  between 1985-2000; consequent ly 

t h e  demand f o r  c o a l  grows a t  about  t h e  same r a t e  as demand f o r  e l e c t r i c a l  

energy.  The a b s o l u t e  l e v e l s  of u t i l i t y  s t e a m  c o a l  used i n  t h e  reg ion  a r e  very  

s i g n i f i c a n t ,  a s  h igh  as 372 m i l l i o n  tons  per  yea r  (mtpy) by 2000 and 623 mtpy 

i n  2020 in Recent Trends, compared t o  459 mtpy i n  2000 and 820 mtpy by 2020 f o r  . . 

*The f i n d i n g s  p re sen ted  h e r e ,  wh t l e  based on a n a l y s i s  and h i s t o r i c a l  p a t t e r n s  
and e s t i m a t e s  o f . f u t u r e  energy anh economic parameters ,  are s t r o n g l y  i n f l u -  
enced by t h e  i n i t i a l  s c e n a r i o s  chosen f o r ' a n a l y s i s .  
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Fig. 2.3.2 Shares of Coal Demand by Ena Use (Recent Trends scenario) 



,- t h e  High Coal E l e c t r i c  Scenario. The l e v e l  of u t i l i t y  c o a l  use now is "178 

. mil l ion  tons.  I n  t h e  long term, t h e  s y n t h e t i c  f u e l s  indust ry  could begin t o  

surpass i n d u s t r i a l  coa l  use  ( see  Fig. 2.3.2), e spec ia l ly  with accelera ted  

synfuels  development. Individual  synfuels  p l a n t s  consume l a r g e  amounts of 

c o a l  (5-10 m i l l i o n  tons lyear  f o r  a f a c i l i t y ,  depending on s i z e  and c o a l  heat  

content ) .  Under t h e  ~ e c e n t  Trends Scenario, synfuels  r equ i re  90 mtpy i n  2000 

and 207 mtpy i n  2020. I n  comparison, f o r  t h e  Accelerated Synfuels, t h e ' r e -  ' 

qulrements a r e  217 and 442 mtpy. 

U t i l i t y  Coal Use 

Growth rates of electrici ty  forecast for a l l  states are between 3.7 and 

5.7%, while historical growth rates generally are 6-8%. CoaZ c a p d t y  grows 

*om 85 GWe i n  1975 to  150 GWe i n  2000; but as a percentage of total generation, 

it declines from 67% i n  1975 to about 60% i n  2000, even for the ~ i ~ h  CoaZ 

Electric Scenario. f ie greatest concentration of direct coaZ,combustion i n  

the region i s ,  and wi l l  l ike ly  continue t o  be, i n  the industrialized states 

i n  the east, which rndntain 66% of the region's coal capacity. 

Total  capaci ty  f o r  t h e  region ( see  Fig.  2.3.3 f o r  Recent Trends) grows 

t o  296 GWe i n  2000 and t o . 6 5 3  (;We i n  2020. The region roughly maintains i t s  

e x i s t i n g  f r a c t i o n  of t h e  na t ion ' s  t o t a l  capaci ty  (25%). I n  most states, t h e  

percentage of generat ion from c o a l  increases between 1975 and 1985. I n  four  

s t a t e s  (Ohio, Indiana, I l l i n o i s ,  and Michigan), t h e  r a t i o  of c o a l  generat ion 

decl ines  due t o  an increase  i n  nuclear  power. The Recent Trends Scenario shows 

a gradual  .decl ine  i n  t h e  r a t i o  of c o a l  generat ion a f t e r  1985, while t h e  coa l  

generat ion r a t i o  f o r  t h e  High Coal E l e c t r i c  grows through 2000 and then declines.  

Table 2.3.1 shows t h e  concentrat ion of d i r e c t  coa l  combustion i n  t h e  

eas te rn  por t ion  of t h e  region. Ohio is t h e  region 's  leading user  of coa l ,  while 

Indiana, I l l i n o i s . ,  and Michigan a l s o  use  l a r g e  quan t i t i e s .  I n  t o t a l ,  these  

four  s t a r e s  maintain 66% of t h e  reg ion ' s  capacity.  The l a r g e s t  coal-capacity 

add i t ions  f o r  2000 occur i n  Ohio, Indiana, Kansas, and Oklahoma. Although coal '  

use'grows s i g n i f i c a n t l y  i n  t h e  western por t ion of t h e  region,  these  s t a t e s  a r e  

t h i n l y  populated and have lower absolute  demands f o r  e l e c t r i c i t y  than indus- 

t r i a l i z e d  s t a t e s ,  A key ' d i f fe rence  between t h e  ~ e c e n t  Trends and High Coal 

I& 
E l e c t r i c  Scenarios is t h e  degree of increased coal  use i n  Ohio, Indiana,  and 

I l l i n o i s  compared.with o t h e r  s t a t e s .  The increments of coa l  use  in these  . 



Y E A R S  

Fig. 2 . 3 . 3  Growth i n  Regional E l e c t r i c  U t i l i t y  Capacity 



Table  2 .3 .1  Capac i ty  Growth, 1975-2020: Recent Trends S c e n a r i o  ( i n  GWe) 
. . 

1 9 7 5 ~  1 9 8 5 ~  2 0 0 0 ~  2020b . , 

T o t a l  Coal  T o t a l  Coal To.tal  Coal  T o t a l  Coa l  
S t a t e s  C a p a c i t y  Capac i ty  Capac' i ty Capac i ty  Capac i ty  C a p a c i t y  C a p a c i t y  C a p a c i t y  

Ohio 25.2 22.4 36.0 27.5 59.5 41.2 127.8  6 1  .,1 

I n d i a n a  13.4  12 .4  20.6 16.4 34.4 20.7 76.4 39.9 

I l l i n o i s  25.5 15.7. 38.1  16.7  54.6 1 9 . 5  123 .0  40 .1  

Michigan 18.9  11.6 23.3  1 2 . 1  33.6 1 5 . 9  66.3  32.7 

Wisconsin  8.9 5 .4  11.7 . 6 .1  15 .8  6 . 3  33.8 9.7 

Minnesota 

Iowa 

M i s s o u r i  

North  Dakota 

South Dakota 

Nebraska 

Kansas 

Arkansas  

Oklahoma 

Regiona l  T o t a l  140.7 84.7 192.7 107.8 295.7 148.5 653.1  266.3 

U.S. T o t a l  505.7 227.4 770.0 308.0 1316.0 408.0 2780.0 556.0 

a Source:  F e d e r a l  Power Commission, "FPC News", 9 (43) : 27' (Oct . 22, 1976) .  

b ~ s t  imated 



s t a t e s  f o r  t h e  y e a r  2000 a r e  13.7,  4.30, and 2.80 GWe i n  t h e ' R e c e n t  Trends 

Scena r io  and 18.5,  13.2, and 11.2 G W e  i n  t h e  High Coal E l e c t r i c  Scenar io .  

Addi t ions  f o r  o t h e r  s t a t e s  t o t a l  19.9 GWe f o r  Recent   rends and 25.6 G W e  f o r  

High Coal E l e c t r i c .  

O i l ,  Gas, and S y n t h e t i c  F u e l s  

Even a greatly expanded use of  coal does not necessarily reduce the 

dependency o f  the region on o i l  imports; however, synfuels can s igni f icant ly  

contribute to supply ing the  region ' s  gas needs. 

The region now produces only  about.  24% of i t s  011 ~ E ~ u l r e n ~ e n t s ,  w i th  

most of t h i s  product ion  concen t r a t ed  i n  Oklahoma. Synfue ls  would supply only  

10% of t h e  r e g i o n ' s  requi rements  i n  2020 under t h e  ~ t c e l e r a i t l r l  Synfuels  Sccnsrio.  

T o t a l  gas  demand f o r  t h e  r eg ion  is  f o r e c a s t  t o  drop from i ts  p r e s e n t  6.73 quads 

t o  4 .6  quads by 2020. I n .  t h i s  pe r iod ,  c o a l  could supply 50-80% of t h e  r eg ion t  s 

gas  requirements .  

Coal Product ion  and Flows 

Major coaZ production i n  the regzon w i l l  be concentrated i n  a fm ' s t d t e s  . 
I l l i n o i s  and North Dakota together wiil produce 58% of the region's to ta  1 pro- 

duction under the Recent Trends Scenario. While production within the reg?:on 

grows substantially,  imports t o  the regCon w i Z Z  cont.irzue t o  g r m  ao a psrcdn,P.cyge 

o f  total coal use.  Speci f ical ly ,  imports to .the region from the Northern Great 

Plains w i l l  grow from 20% to 50% of regional requirements i n  2000. 

Current, t r e n d s  i n d i c a t e  ehar: the suurces  of c o a l  t o  oupply hi.gher demands 

f o r  i t  w i l l  be  i n c r e a s i n g l y  i n  t h e  w e s t .  Coal imports from t h e  Northern Great 

P l a i n s *  are l i k e l y  t o  be  a growing ' share  of t o t a l  r e g i o n a l  c o a l  s u p p l i e s  ( s e e  

F ig .  2.3.4).  The s h a r e  of l o c a l  product ion  from t h e  I n t e r i o r  Province s l i g h t l y  

d e c l i n e s .  The s t r e n g t h  of  t h i s  s h i f t  t o  r h e  w e s t  may be diminfshcd by h s t i -  

t u t i o n a l  and p h y s i c a l  c o n s t r a i n t s  on the a v a i l a b i l i t y  of  western c o a l .  Yet ,  

t h e  shee r  abundance of s t r i p p a b l e  c o a l  r e s e r v e s  in t h e  Northern Great  P l a i n s  

seems t o  make it a major sou rce  of supply i n  t h e  long term. The effect of a 

b e s t - a v a i l a b l e  control- technology p rov i s ion  r e q u i r i n g  t h e  use  of FGD with  low- 

s u l f u r  c o a l  i s  as. y e t  unknown, b u t  i t  could p o t e n t i a l l y  a l t e r  t h i s  p a t t e r n  of 

c o a l  use.  

* Impl ica t ions  of development of e a s t e r n  vs .  wes te rn  c o a l  resources  w i l l  b e  
analyzed i n  t h e  nea r  f u t u r e .  Analyses of t h e  t r a d e o f f s  between a l t e r n a t i v e  
l e v e l s  of development w i l l  b e  conducted. 
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Fig. 2 . 3 . 4  Sources o f  Steam Coal for Electr ic  U t i l i t i e s  and 
Industrial Users i n  Recent Trends Scenario 



Within t h e  region,  major c o a l  production w i l l  be concentrated in a 

handful of s t a t e s  -- I l l i n o i s  (38%),  Indiana (8%),  Ohio (18%), Missouri ( 4 % ) ,  

and 'North Dakota (28%), account f o r  96% of production under Recent T.rends, with 

leks production i n  Iowa, Kansas, Oklahoma, and Arkansas ' ( s e e  ~ i g  . 2.3.5) . I n  

terms of t h e  r a t e  of development, production fn North Dakota, ~ i s s b u r i ,  arid . . 

Oklahoma may grow f a i r l y  rap id ly .  
. . 



CURRENT COAL PRODUCTION 

45 MILLION TONS/YEAR OR MORE 
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2.5- 19 MILLION TONS/ YEAR 

Fig. 2.3.5 Coal Production Trends 



2.4 SITING OF COMBUSTION AND CONVERSION FACILITIES 

2.4.1 Combustion F a c i l i t i e s  

significant constraints were encountered i n  determining s i t e s  for 

required capacity for most of the s ta tes  i n  the region."e s i t ing  patterns 

that have traditionaZZy deveZoped cannot persis t  much Zonger. The merage 

tmnsmission distance for three exumpze areas I A Z Z  increase by 88% by the year 

2000. !The exponential growth of capacity requirements (even with conservation) 

cnupZsd d t h  g r ~ k f $ n q  resource searciQ and enviromentuZ constraints are forcing 

certain sh i f t s  i n  s i t ing  patterns for csntraZ power ptavrts: 

r A n n v ~ m ~ n t  nf sites may f r ~ m  the lcrad centers:  Figure 2.4.1 
i l l u s t r a t e s  t he  increase in average transmission distance 
from s i t i n g  a reas  t o  load center f o r  1975 and 2000. Most 
addi t ions  occurred outs ide load centers.  

Concentrated s i t i n g  near major water resources: 55% of the  
capacity addi t ions  f o r  the  year 2000 occur on major water- 
ways (Great Lakes and the  Ohio, Mississippi, and Missouri 
Rivers). Capacity addit ions on the  I l l i n o i s ,  Arkansas, and 
Muskingum Rivers increaae the percentage t o  70% of the region 
addit ions.  

Increased water conservation and storage: water consumption 
due t o  evaporative cooling losses  reached 20% of the  7-day/ 
10-year low flow on nearly a l l  t r i b u t a r i e s  (excluding the  
Ohio, Mississippi,  and Missouri Rivers) i n  t he  region. 
Signif icant  water shortages w e r e  encountered in Oklahoma 
and Kansas. By the  year 2000, 60% of the  s i t ed  capacity i n  
Oklahoma requires  supplemental water sources, and by 2020, 
70% of the  water requirements a r e  unaccounted f o r  in surface 
water supplies.  Keservoirs arid ground water were viewed as  
po ten t ia l  sources t o  a l l e v i a t e  t h i s  resource constraint .  
However, more d r a s t i c  conservation measures may be required i f  
these sources prove inadequate. The s i t i n g  pat tern i n  Kansas 
requires supplemental sources f o r  27% of the capacity f o r  the 
y e w  2020. Other states have enough surface water fo r  t hc  
cooling requirements, although the  d i s t r ibu t ion  of these 
supplies of ten does not coincide with load-center locations.  

-- 
* The analysis  conducted here a id  not indicate  these constra ints  a s  

insurmountable; however, s tud ies  a r e  required t o  define and develop 
solutions.  The r e s u l t s  obtafned here a r e  influenced by the s i t i n g  
c r i t e r i a  used (see Sec. 5.0) and do not include the  constra ints  
i den t i f i ed  a s  a r e s u l t  of the  impact analysis  and reported in  Secs. 
6-9. The feedback of these impact r e s u l t s  t o  the  s i t i n g  is being 
ca r r i ed  out. 
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Differences i n  Coal Development Options 

i3it.in.g patterns for eZectricaZ generating faoiZities do not d i f f e r  sig- 

nificantty among the coat deveZopment op tiom. 

The High Coal E l e c t r i c  Scenario is  t h e  only one t h a t  a f f e c t s  combustion 

f a c i l i t i e s .  Total  generating capacity remains t he  same as f o r  t he  Recent Trends 

Scenario, but  a s h i f t  from nuclear t o  coal  capacity occurs. The l a rges t  increases  

i n  coa l  capacity (see  Fig. 2.4.2) occur i n  Ohio, Indiana, and I l l i n o i s .  I n  

Indiana, f o r  t he  year 2020, coal-f ired capacity increases  from 56% to  88% of the  

t o t a l  generating capacity. North Dakota shows an increase  from 38% t o  64%. 

S t a t e s  such a s  Michigan, Wisconsin, Minnesota, Kansas, and Arkansas show little 

o r  no change. 

Regional Overview 

Coat-fired capacity land t o t a Z  capacity requirements) i s  concentmted 

i n  the eastern portion of the reg.ion. 

The s t a t e s  of Ohio, Indiana, I l l i n o i s ,  and Michigan account f o r  66% 

of t h e  coal-f ired capacity s i t e d  by t he  year 2000. Ohio has t h e  l a rge s t  

share ,  which amounts t o  28% of t h e  regional  t o t a l .  Indiana requires  14%, 

I l l i n o i s  has 13%, and Michigan requ i res  11%. 

A t  thc r i vcr  baoin ZoucZ, tho Groat Lkzloc~, Ohw, Uppar Miocricoippi, 

and Mi8sowi basens account for 94% of the coat-fired capacity by the year 2000. 

The individual  proportions a re :  

- Ohio Ftiver - 31% 
Great Lakes - 29% 
Upper Miss iss ippi  River - 20% 
Missouri River - 14% 
Arkansas River - 6% 

The following f i gu re s  ind ica te  r e l a t i v e  percentage of capacity s i t e d  on 

t h e  main stem and on t r i b u t a r i e s  wi thin  these  basins. 

B a s  i n  Main stem 

Ohio 36 
Great Lakes 54 
Upper M i s s  iss ipp i 2 5 
Missouri 57 
Arkansas 2 6 

Tr ibu ta r ies  

6 4 
46 
75 
43 
7 4 

The r e l a t i v e l y  high percentage of coal-f ired capacity s i t e d  on t r ibu-  

taries in  t h e  Ohio and Miss iss ippi  River bas ins  r e s u l t  from in t e rp re t a t i ons  
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of t h e  cons t r a in t s  on water coasumption. Because of (1) t he  seasonal nature  of 

low flow condit ions,  (2) t h e  blmodal d i s t r i bu t i on  of e l e c t r i c i t y  demands, and 

(3) t h e  operating c h a r a c t e r i s t i c s  of nuclear  and coal-fired p lan t s ,  an attempt 

was  made t o  s i te  a dispropor t ionate  amount of coa l  capacity along t r i b u t a r i e s  

( see  Sec. 5.2.3 f o r  f u r the r  discussion).  

The following WRC Subareas show t h e  g r ea t e s t  concentrations of s i t e d  

capaci ty  and account f o r  40% of the  cumulative regional  coal-f ired capacity 

by t h e  year  2000. They are ranked according t o  t h e i r  percentages of regional  

Water Resource 
Gounc+l Subarea 
a A- 

% of Regional Coal % of Cumulative Regional 
Additions by 2000 . --- coa l  Capacity .by-,2p& 

504 Muskingum 7.1 
410 Western Lake ~ r i e  6.5 
411 Southern Lake Erie 6.0 
1023 Missouri-Sioux City- 

Oklahoma 5.8 
1027 Kansas 5.5 
713 Lower I l l i n o i s  4.3 
509 Cincinnat i -Li t t le  Miami- 

Uhio 4.0 
404 Southwestern Lake Michigan 1 .3  
714 Mississippi-Kaskaskia- 

St .  Louis 0 

Figure 2.4.3 shows locat ions  of subareas with t he  l a r g e s t  concentrat ions 

of reg iona l  capacity. 

I n  terms of added capacity,  t h e  following f igures  show percentage addi- 

t i o n s  through the  year 2080 by major drainage basin; 

Ohio River - 27 
Great Lakes - 23 
Upper Miss iss ippi  River - 16 
PE";issouri River - 22 
Arkansas River - 12 

Figure 2.4.4 shows locat ions  of coal-fired addi t ions  through the  year 

2000. S i t i ng  pa t te rns  a r e  shown i n  Figs. 2.4.5 and 2.4,6. 

The percentages of these  addi t ions  t h a t  occur on t r i b u t a r i e s  vs.  mainstems 

are shown below: 



Fig. 2.4.3 Water Resource Council Subareas with Largest 
Concentrations of Electrical Generating Ca~acitv 
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Fig. 2.4.4 Coal-f ired Addttions Through 2000 



F i g .  2.4.5.  - S i t i n g  Pattern. __  for 1975 
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Bas in Main Stem 

Ohio River  35. 
Great Lakes 9 9 
Upper M i s s i s s i p p i  River  22 
Missouri  River 8 6 
Arkansas River 13 

The most apparent potential s i t ing  c o n f Z i c ~ s  a A s e  i n  Ohio, I l l i n o i s ,  

and Oklahwna. 

Ohio -- t h e  capac i ty  requirements  of Ohio- a r e  more than a f o u r t h  of 

t h e  t o t a l  r e g i o n a l  demands, bu t  t h e  s i t i n g  criteria based on a i r  q u a l i t y  are 

more r e s t r i c t i v e  i n  t h i s  s t a t e  than  any o t h e r  i n  t h e  reg ion .  Populat ion 

d e n s i t y  and t h e  a i r - q u a l i t y  c o n s t r a i n t  l i m i t  s i t i n g  nea r  Lake E r i e  i n  t h e  

. n o r t h .  A l t e r n a t i v e  water  supp l i e s  are p r imar i ly  a v a i l a b l e  i n  t h e  south  a long 

t h e  Ohio main s t e m ,  away from t h e  major no r theas t e rn  load c e n t e r s .  

1 i l i n o i s  -- Problems a r i s e  i n  s i t i n g  capac i ty  near  t h e  load c e n t e r s .  

The Chicago a r e a  r e q u i r e s  60% of t h e  t o t a l  s t a t e  capaci ty .  However, a i r  ' 

q u a l i t y  and popula t ion  dens i ty  prevent  s i t i n g  in t h e  met ropol i tan  a r e a  and 

. prevent  t h e  use  of Lake ~ i c h i ~ a n  a s  a  water .  source.  The I l l i n o i s  River is 

used heavi ly  t o  site a d d i t i o n a l  capac i ty ,  a s  f a r  t o  t h e  no r theas t  a s  poss ib l e .  

Oklahoma -- Although a i r - q u a l i t y  problems cause some s i t i n g  l i m i t a t i o n s ,  

d i f f i c u l t i e s  in s i t i n g  a r e  almost e n t i r e l y  due t o  l i m i t e d  water supply. 

S imi l a r  prob1,ems arise t o  some e x t e n t  i n  a l l  p a r t s  of t h e  reg ion .  I n  

gene ra l ,  t h e  problems a r e  n o t  as seve re  a s  i n  t h e s e  t h r e e  s t a t e s .  

2.4.2 CONVERSION FACILITIES 

Significant constraints were encountered i n  s i t i ng  synfuel pZants i n  

the region. 

S i t e s  f o r  c o a l  conversion p l a n t s  were r e s t r i c t e d  t o  a r e a s  having both 

c o a l  and water .  Because such a r e a s  are sca rce ,  development i s  f a i r l y  con- 

c e n t r a t e d .  

Only f i v e  s t a t e s  i n  t h e  reg ion  (North Dakota, Missouri ,  
Indiana ,  Ohio, and I l l i n o i s )  were determined t o  have 
adequate mineable c o a l  r e se rves  i n  l o c a l i z e d  are,as  t o  

t h e  l i f e t i m e  requirements  f o r  conversion.  



. , . , 
within  each of these  states, t h e  co inc idence  of water 

. .. 
-: . 

resources  and c o a l  reserves leaves l i t t l e  margin f o r  . 
. . . . a l t e r n a t i v e  s i t i n g  pa t t e rns .  

Differences i n ,  Coal Development' 0 p t i o . n ~  

The Accelerated-Synfuel Scenario shows more than a doubling'.of conversion 

fac i l i t i b s  from Recentwends levels by the year 2020. $ .  . 

A t o t a l  of 64 p 1 a n . t ~  a r e  located  by 2020 i n  the '  acce le ra ted '  case;  ' there 

a r e  29 p l a n t s  f o r  Recent Trends. Figures 2 .4 .7  and 2 . 4 . 8  show t h a t  development 

i n  t h e  accelera ted  case  fol low t h e  same p a t t e r n s  shown by t h e  Recent Trends 

Scenario. The primary d i f fe rence  i s  a g r e a t e r  concentrat ion f o r  t h e  accelera ted  

casp.  

Reg i o n a l  Overview 
--..- -. . . 

Conversion f a c i l i t y  sites are l imi ted  t o  North Dakota, Missouri, I l l f u u l s ,  

Indiana,  and Ohio. I l l i n o i s  and North Dakota have t h e  l a r g e s t  share  of p lan t s ,  

each having 31% of t h e  Recent Trends t o t a l  f o r  t h e  year 2020.  Missouri has t h e  , 

smal les t  number, with two p l a n t s  in 2020 ,  and a supplemental water source is 

required  f o r  one of these .  

The Ohio, I l l i n o i s ,  and Missouri Rivers provide t h e  water needed f o r  

a l l  of*the synfuel  p l a n t s ,  except f o r  one p l a n t  in Miss6uri t h a t  requires  a 

rese rvo i r .  The Ohio and Missouri Rivers each have t en  conversion f a c i l i t i e s  ' - . . 

s i t e d  by t h e  year  2020 .  The I l l i n o i s  River has e i g h t .  

The most r e s t r i c t i v e  c o n s t r a i n t s  on s i t i n g  synfuel  p l a n t s  a r e  i n  Iowa 

and Kansas, where l a r g e  c o a l  reserves  e x i s t  but  water resources a r e  not  near.  

A s  a r e s u l t ,  no conversion f a c i l i t i e s  a r e  s i t e d  in these  s t a t e s .  Other s t a t e s ,  

such a s  South Dakota, Nebraska, Oklahoma, Minnesota, Arkansas, Wisconsin, and 

Michigan, do 'not  have enough mineable coa l  roserve.R t o  support the  30-gear 

l i f e t i m e  requirements f o r  conversion. 
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Fig. 2.4.7. Synfuel Plant Sit ing Pat.tern for the 
year 2020 -- Recent Trends Scenario 

Fig.' 2.4.8. Synfuel Plant S i t ing  Pattern for the Year 
2020 --, Accelerated Synfuel Scenario 



Although nmruZative water suppZ$es are adequate i n  the region t o  satisfy 

foreseeable enepgy requir&ents, significant w t e r  shortages that oou M constrain 

energy development patterns or developnent of competing w t e r  uses are l ikely to 

occur i n  various localized areas or subregions within the region. In the year 

2020 1.4% (or 9300 MW) of the regionaZ electrical generation capacity . 
. 

i s  sited 

i n  areas i n  which tJater problems could be severe, ,and strong mitigation measures 

such as reallocation of water supptiqs., or use of dry cooling maij"be necessary 

for si t ing energy faci l i t ies .  Zn addition 14.2% (or 93,000 MW) o f  the regiomz 

capacity i s  sited Cn areas wh2ch mu3 require dmglopncnt of reoer~*oirs ,  ground- . 

water, - and/or other measures for water-supp t y  enhancement. ' The integration of  

regional energy and water reearroes planning oil2 becoma u~mvaidabto as onargy 

processes absorb an increasing fraction of total  regional water demand. 

SpecificaZZy, water for energy grows from 2% of a l l  consumptive uses t o  28% 

i n  the year  2020. 

Differences  i n  Coal Development Options 

The differences i n  m t e r  consumption for coal deveZopment options are 
less  than 5% (see Fig. 2.5.2). Water resource probZems are not affected by 

the options. 

The l a r g e s t  f r a c t i o n  of water use  I n  e l e c t r i c a l  generat ion is  f o r  

cool ing .  The amount is l a r g e l y  independent of s u b s t i t u t i o n s  between nuclear  

and foss.51 f u e l  c a p a c i t i e s ,  where t o t a l  generat ion remains constant .  Compared 

t o  t h e  Recent.    rends Scenario, t h e  High-Coal E l e c t r i c  Scenario CQnSUmeS 4% 

less,,wa,ter i n  2020 because of t h e  s l i g h t l y  increased e f f i c i ency  o f .  f o s s f l  

f a c i l i t i e s .  For t h e  Accelerated Synfuel Scenario, water consumption Inci'&SeS 

by 5% as imported l i q u i d  and gaseous f u e l s  a r e  replaced by synfuels .  Large 

amouilts of water  a r e  c o n s u e d  in producing these. fuels. 

Impact of Coal Fuel Cycle Components 

The largest water consumption i s  i n  evaporation (90% of conswnptioJ 

dur ing cooling i n  electrical generation and synfuels Large variations " 

i n  m t e r  consmptwn for coal u t i l i zat ion are due mainly to differences i n  s i tes ,  

processes, and mter-conservation For exumple , dry coo ling can reduce 
conswnption by as  rmuh as a factor of 80 be2ow thut with cooling ponds. 
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  able 2.5.1 l i s ts  the  water requirements as.sumed i n  the  study and 

t h e  est imated minimum based on e n v i r o h e n t a l  condit ions e x i s t i n g  i n  the  more 
, 

a r i d  western s t a t e s .  These es t imates  assume use  of evaporat ive cooling because 

of t h e  cur ren t  EPA guidelines*,  which s t a t e  t h a t  closed-cycle cooling ponds and . 

cool ing towers a r e  t o  be used a t  new u n i t s ;  a l l  o ther  cooling systems, such a s  

once-through and cooling l a k e s ,  a r e  prohibi ted  unless  an exemption i s  obtained.  

I n  t h e  study region,  t h e  Great Lakes, and t h e  Ohio, Miss iss ippi ,  Missouri,  and . 

Arkansas Rivers and t h e i r  major t r i b u t a r i e s  might support once-through cooling 

f o r  many power p l a n t s .  This use  would reduce water consumption of thes'e , 

f a c i l i t i e s  by about 50%. . For.some o the r  a reas ,  such a s  t h e  Omaha and Kansas 

Ci ty  .a reas  'on t h e  Missouri and t h e  Twin C i t i e s  on t h e  uppet Misuisoippi ,  once- 

through cnnllrlg could, on a l imi ted  b a s i s ,  a l s o  be  used i f  appropr ia te '  c r i t e r i a  

f o r  site spacing a r e  observed. 

Thc water requirements f o r  c o a l  ex t rac t ion  and cleaning a r e  s i g n i f i c a n t l y .  

less than t h a t  f o r  coa l  combustion (2%) o r  conversion ('4%) unlocs a long-term 

commitment is  made t o  i r r i g a t i n g  crops i n  reclaimed a r e a s .  An i n d i r e c t  impact 

of e x t r a c t i o n  on water  resources is  t h e  d i s rup t ion  of aqu i fe r s ,  but  t h e  ex ten t  

of t h i s  i s  unknown. Process water requirements f o r  c o a l  conversion, flue-gas 

desu l fu r iza t ion ,  and wasLe diaposal  are a l s o  secondary t o  cooling requirements. 

Regional Overviow 

In the study area the major basins of the Mississippi, Ohio, ~ s s o u r 2 ,  

and Arkansas Rivers, and the Great Lakes together have enough fresh water t o  

ezceed the demands of energy f ac i l i t i e s  (see Table 2.5.2). In  aggregate, 

energy w i l l  require at- most 15% of tho monthly flows a t  95% exceedance Zettel. 

flowever, 2ow-flm r?~ndi t i om (q g . , 7-day/1O-year Zm flows), seasonal var- 
ia t ions ,  or demands by competing water users w i Z Z  cause potentiaZ t l u 2 e ~  d l~ur fugos  

fn localincd arenn  (see F<*. 2.5.2). These areas i n  t o t a l  account for 102,000 ~ h r ,  
or  25.6% o f  the regional capacity. 

When o the r  s i t i n g  f a c t o r s ,  such as dis,tance from load cen te r s  and land 

use  are considered, about 84.42 of t h e  regional  capacity (or  550,000 MW) f o r  

*U .S . ~nvi ronmenta l  P ro tec t  ion Agency, Effluent Guide l ines and Standards, 
S t e m  Electr ic  Power. Cenemting Point Source Categoqj, Federal Register  
39(196):36186-36207 (Oct. 8 ,  1974) 
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. . . . . . ~ a b i e  2.5.1. Water Requirements f o r  ~ o a i  u t i i i z a t i 0 , n  
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. . . . , . Water Consumption 

. . 
. . 

. .  . 'unit- . F a c i l i t y  
. . . . 

Mining and 
standard Case . . Conservation  as ea ~ e c l a m a t  iona, 

Acre-ft /y r  Acre-ft/yr % Cooling % otherb  Acre-ft/yr 

E l e c t r i c a l  Generation 3000 W e  cap. @ 35% e f f . ;  31,300 23,400 92 8 4.50 
70% load f a c t o r  

High Btu Gasif ica t ion 250x10~ scf /day cap. ; 12,400 7,300 70 30' 350 
( s yn'thane) 90% load f a c t o r  

Liquefaction 100,000 bbl/day cap. ; 12,400 9,400 93 7 690 
(Synthoil) 90% load fac to r  

a a s e d  07 condit ions in Beulah, N. D. , EPA-60017-77 Water Requirements f o r  Steam-Electric Power Generation and 
SynthetLc Fuel Plants  i n  the  Western United S t a t e s ;  Feb. 1977, by H. Gold, e t  a l .  

b Water requirements i n  process, .  f l u e  .gas desul fur iza t ion,  waste d isposal  ,' pond evaporation, and o the rs  



Table 2.5.2. Surface Water Discharges from Fajor   as ins and 
Water Reqcirements fo r  Energy Development' 

Discharge (cf s) 
Mean Annual 95% Monthly Exced. 

a 
Energy Requirements 

c f s % of 95% Exceed. 
. . 

.70,8.00 13,400 . Missouri . 1,938 . . 14.5% 
.J 

Arkansas-White-Red ' 92,900 7,700 1 ,036  13.5% 

- Upper Mississippi  

Ohio 276,000 

' Lakes 
b 

r : ,  ' 

Lower Mississippi  615 ;OOO 150,000 

a Steam e l e c t r i c  po"er and ~ y n f ~ e l s ' ~ 1 a n t s  f o r  %cent Trends Scenario . in . . .  2Cl20; we- cooling towers assumed , . 

- f o r  cbolink. 1nclGdes dnly energy f a c i l i t i e s '  in t h e  study region. 
. 

. . 

b ~ a s e d  on outflow of Lake Er ie  i n to  t h e  Niagara River; 

C Minimum monthly flow. 



Fig. 2.5.2.  Areas with Potential  
1Jater Shortage Problems 
by 2020. 



t h e  Recent Trends Scenario i n  2020 can be  s i t e d  on o r  near these  major water 

resources  without c rea t ing  major water shor tages  f o r  competing utsers. About 

14.2% of t h e  regional  capaci ty  (or  93,000 MW) f o r  t h i s  scenar io  would r e q u i r e  

development of rese rvo i r s ,  ground water, o r  o the r  enhancement of water supply 

i n  water-short regions  (see Fig. 2.5.2). I n  l imi ted  areas ;  containing 1.4% 

of energy genera t ion capaci ty  f o r  2020 (or 9300 MW), t h e  p a t e n t i a l  water short-  

ages a r e  so  severe  a s  t o  p r o h i b i t  s i t i n g  energy f a c i l i t i e s  o r  t o  r e q u i r e  o t h e r  

equal ly  d r a s t i c  measures, such a s  i n t e r b a s i n  t ranspor t ,  l i m i t i n g  a l l o c a t i o n  t o  

o t h e r  competing use r s ,  o r  u s e  of dry cooling. 

Although water needed f o r  e n a g y  production now is only a small fracLion 

of t o t a l  water consumed i n  t h e  region, i t  increases  from 2% of a l i  consumption 

i n  1975 t o  near ly  18% i n  2020 f o r  t h e  Recent Trends Scenario (see Fig. 245.3). 

The s u r f a c e  water resources must alcro be mainLaiud to s a t i s f y  demande f o r  . 

non-consumptive i n s  tream uses,  including hydroe lec t r i c  power generat ion,  navi- 

ga t ion,  water-oriented recreat ion,  f i s h  and w i l d l i f e  maintenance, and water 

q u a l i t y  control .  I d e n t i f i c a t i o n  of a d d i t i o n a l  water-use c o n f l i c t s  can be 

expected a s  these  instream requirements are f u r t h e r  defined. 

Some r i v e r s  i n  t h e  study region, most of them i n  t h e  western states 

( see  Fig. 2-5-41 , have h igh  s a l i n i t y ,  which could l i m i t  use a s  a water  supply 

f o r  energy generat ion.  I n  t h e  year 2020, 2700 Me, or  less than 1% of regional  

capaci ty ,  would b e  s i t e d  i n  these  areas. High salt concentrat ions i n  water 

c i r c u l a t i n g  i n  cooling and conversion process systems could cause sca l ing ,  foul- 

ing,  and corrosion.  Expensive water treatment would be  required f o r  energy 

f a c i l i t i e s  on these  r i v e r s .  Further evaporat ive water l o s s  could inc rease  

s a l i n i t y .  
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Fig. 2.5.3. Total Water Requirements far All Regional 

Consumptions (Recent Trends Scenario) 



Figure 2.5.4. Areas with Potential Limitations to Enera Development due to High Salinity 
in Surface Waters (greater than 1000 ppm total diesolved solids) 



2.6 COAL RESOURCES 

The regionaZ share of to ta l  U.S. coal production decZines sZightZy 

from the present 23%, but production increases i n  absolute terns from 140 

miZZion tons/year ( m t p y )  to 300 miZZion tona/year i n  2000. Constmints on coat 

production are not l ike ly  t o  impede coal production under the Recent Trends 

Scenario. However, prob Zems may arise under more acce Zerated coal deve Zopnent. 

The var ious  scenar ios  r equ i re  t h e  l a r g e s t  coa l  production s i n c e  t h e  

immediate postwar e r a ,  r equ i r ing  f a i r l y  modest t o  r a p i d l y  acce le ra ted  coa l  out- 

put .  The region is expected t o  play a very important r o l e  in meeting t h e s e  

pos tu la ted  inc reases .  Production is expected t o  approach 200 mi l l ion  tons lyear  

by 1985, an inc rease  of about 50 mi l l ion  tons  over 1975 l e v e l s  and about 19% 

of expected U.S. production in 1985. This  production is a s l i g h t  decrease  from 

the  cu r ren t  propor t ion  of U.S. coa l  output  (23%). The region 's  sha re  of t o t a l  

U.S. coa l  production is  expected t o  continue t o  d e c l i n e  gradually a f t e r  1985. 

This sha re  dec l ines  pr imar i ly  because t h e  genera l ly  high s u l f u r  content  of 

r eg iona l  c o a l  puts  i t  a t  a  competi t ive disadvantage r e l a t i v e  t o  ~ o n t a n a / ~ y o m i n g  

coa l  and some Appalachian coa l .  Af ter  1985, dep le t ion  i n  t h e  region (except 

i n  North Dakota) can be expected t o  increase  mining c o s t s  r e l a t i v e  t o  those 

i n  the  Montana/Wyoming a r e a .  

There a r e  s e v e r a l  p o t e n t i a l l y  se r ious  c o n s t r a i n t s  on meeting t h e  re- 

quired l eve l i  of c o a l  production in the  region: 

~ ~ r i c u l t u r a l '  competition f o r  inputs .  

Transportat ion system capaci ty .  

Recla imabi l i ty  and c o s t  a s soc ia ted  with reclaiming mined land.  

I n s t i t u t i o n a l  c o n s t r a i n t s  on opening new mines. 

P o t e n t i a l l y  high c o s t  a s soc ia ted  wi th  mining deep reserves  
and low-sulfur coal .  

These c o n s t r a i n t s  probably w i l l  no t  prevent  at tainment of t h e  'production 

l e v e l s  pos tu la ted  i n  t h e  Recent Trends Scenario but  may, however, impact l o c a l  

a r e a s  o r  subsect ions  of t h e  r eg ion , severe ly .  Accelerated c o a l  development,under 

t h e  High Coal ' ~ l e c t r i c  and High Synfuel Scenario increases  t h e  p r o b a b i l i t y  t h a t  

t h e s e  c o n s t r a i n t s ,  e s p e c i a l l y  capaci ty  of t r a n s p o r t a t i o n  systems, w i l l  l i m i t  

f u t u r e  production. 



Level of Reserve . U t i l i z a t i o n  

Coal production i n  a t  l s tates  of the region  except 'kansaa'and North 

Dakota w i l l  become i n c r e a ~ & ~ l y  dependent on deep mining so th'at, by 2020, 45%. 

of  regional output w i l l  be supplied by deep mines i n  the Recent Trends Scenario. 

Thie i s  a sizable increase over 32% n a ~  supplied by deep mining. Ezcept for 

OkZuhoma, the levels  of coal production considered h e r e w i l l  n o t  consume more 

than 36%.  of  any s ta t e  ' s  reserves. 

Table 2.6.1 compares poss ib le  deep- and s.trip-mined production under 

t h e  Recent Trends Scenario with a c t u a l  1974 f i g u r e s .  I n  t h e  region,  s t r i p  mining 

p resen t ly  outproduces deep mining by a r a t i o  of about 2 : l . '  However, by 2020:. 

t h i s  r a t i o  decreases t o  about 1.2:l.O. The decrease i n  importance of s t r i p  

mining would be even more pronounced i f  North ~ a k o t a ' s  share  of regional  coa l  

production did n o t  increase  so  much over t h e  period. Except f o r  North Dakota 

and Kansas, a l l  s t a t e s  in t h e  region become much more dependent on deep mining. 

Levels o f . c o a 1  production increase  most s i g n i f i c a n t l y  i n  I l l i n o i s  and North Dakota, 

from t h e  cur ren t  60 and 70 mtpy t o  115 and 130 mtpy i n  2020. 

In  s p i t e  of t h i s  increas ing deep mining, production by s t r i p  mining 

would.consume more than 50% of t h e  s t r i p p a b l e  reserve  base i n  Ohio, Indiana, and 

Oklahoma under demand i n  Recent Trends. Y e t ,  deep reserves  a r e  s o  abundant t h a t  

' o v e r a l l  reserves  a r e  no t  excessively consumed. Even under t h e  Accelerated Syu- 

f u e l s  and High Coal E l e c t r i c  Scenario, deep and s t r i p  production in each s t a t e  

is less than two-thirds of t h e  s t a t e ' s  reserves.  I n  a l l  s t a t e s  except Oklahoma, 

percentage consumption of reserves  is 36% o r  less i n  t h i s  scenario.  Table 2.6.2 

and Fig. 2.6.1 i l l u s t r a t e  t h e  t o t a l  consumption of reserves in each s t a t e  under 

t h e  Accelerated synfuels  and High Coal E l e c t r i c  Scenario. 

Differences i n  t h e  Coal Development Options 

CO&Z production i n  n l i n o i s  and North Dakota changes most dramatical Zy 

from the ~ e c e n t  fiends t o  .the Accelerated SynfueZs and High Coal Electric 

Scenario., Output i n  Indiana and M i s s o d  also increases greatly under acceZ- 

erated coal development,' bu t  production i n  the other s tates  i n  the region 

. . chunge r e k t i v e l y  l i t t l e . ,  Regional coal production i n  2000 increases to 450 

. .mtpy for .the Accelerated Scenario and t o '  300 mtpy for the Recent fiends Scenario. 



6 Table 2.6.1. Coal Production by S t a t e  and Mining Method (10 tonslyear)  

19 74 1985 2000 2020 
S t r t p  Deep Total  S t r i p  Deep Total  S t r i p  Deep Total  S t r i p  Deep Tota l  

- -- - 

Ohio 31.0 14.4 45.4 26.5 24.5 51.0 34.6 35.9 70.5 35.9 45.1 81.0 

Indiana 23.6 0.1 23.7 23.4 1.0 24.4 21.0 . 7.0 28.-0 18.9 , 16.1 35.0 

I l l i n o i s  27.0 31.3' 5 8 . 3 .  24.9 48.3 73.2 32.5 75.5 108.0 . 43.7 131.3 175.0 

Missouri 4.6 - 4.6 7 .O -- 7.0 9.9 .2.0:  11.9 11,0. 7.0 18.0. . 

Iowa, 0.2 0.4 0.6 -- 0.8 0.8 -- 1.1 1.1 -- 2.0 2.0 

Kansas 0.7. - 0.8 1.0 - -- 1.0 1.0 -- 1.0 1.0 -- 1.0 
. ,N. 

Arkansas 0.5 - 0.5 1.0 -- 1.0 1.5 . 0.5 . 2.0 3.0 1.0 4.0 I.. 
C.. 
.;j 

Oklahoma 2.4 -- 2.4 5 .O' 2.0 7.0 6.5 3.5 10.0 9.1 4.9 14.0 

North Dakota 7.5 -- 7.5 26.0 -- 26.0 62 .O -- 62.0 128.6' -- 12.8.6 



Table 2 . 6 . 2 .  State Production, 1975-2020, 
Relative to Reserves ( lo6 tons) 

. . 

. . 
Accelerated synfuels Percentage 

. . and High Coal Reserves Depletion 
Eiec t r i c  ~ r o d u c  tion . ~ v a i l a b l e ~  . ' of Reserves 

Ohio ' 

Indiana : 2,108 5,814 , ' 36 

I l l i n o i s  

PIissouri 

Iowa 90 1,442 6 

Kansas 76 . 1,110 7 

Arkansas J38 , s 454 30 

Xorth Dakota 3,948 12,802 31 . 

Regional Total 18,637 , '  76,302 24 

a 
Assumes s tr ippable ,reserves  are'80X recoverable and deep reserves are 502 
recoverable. 



. . . .  . Fig. 2.6.1. Percenta~e Depletion of ~eserves 



Figure 2.6.2 shows t h a t  t h e  divergence between regional  production i n  

t h e  Recent Trends and t h e  Accelerated Synfuels and High Coal E l e c t r i c  Scenarios 

inc reases  over t i m e .  This increased divergence is  due t o  t h e  increas ing impor- 

tance  of coal-based syn the t i c  f u e l s  a s  s u b s t i t u t e s  f o r  gas and o i l  (under ac- 

c e l e r a t e d  development of synfuels.) Table 2.6.3 i l l u s t r a t e s  s t a t e  changes.. 

The two leading s t a t e  synfuel  producers under.Recent Trends cond i t ions -  - 
I l l i n o i s  and North Dakota - -  remain t h e  leaaers  under accelera ted  condit ions.  

Production in North Dakota increases  much less than i n  I l l i n o i s  on a percentage 

b a s i s  over the  Recent Trends base l ine  because of. i ts  smaller  reserve  base and 

t h e  l ike l lhood  of adverse reac t ion  t o  t h e  ' environmental e f f e c t s  of accelera ted  

coa1,production.  Ohio, Indiana,  and Missouri follow i n  t h a t  order by 2020 as 

coal producers in both s c m a r i o s .  Under accelera ted  development t h e  d i f fe rences  
' - i n  production ainong these  t h r e e  states narrow because synfuel  prndiictioa'  addo 

l a r g e  increments of output  t o  t h e  t o t a l s  in Indiana and ~ i s s o u r i ,  while output  

i n  Ohio grows less rapidly .    he p r o d d ~ c i o ~ ~ '  levelo  of t h e  o t h e r  states ' i n  t h e  ' 

reg ion  change i i t t l e  from t h e  ~ e e c n t  Trends ts t h e  Accelerated synfuels  and 

High Coal E l e c t r i c  Scenarios. 

Regional Ov erviaw 

Within the region tuo areas, north Dakota and I l l i no i s ,  'increase 

prjoduct.ion aigni fioant7.y. These two meas 'aecoun L for 60 % of production i n  

2000. * 
North Dakota and I l l i n o i s  w i l l  have t h e  l a r g e s t  growth i n  abso lu te  

terms in  coa l  production under Recent Trends r.nnditions. One reason f o r  t h i s  

s u b s t a n t i a l  inc rease  is that both s t a t e s  conta in  abundant c o a l  reserves  t h a t  

can be mined r e l a t i v e l y  c l ~ s a p l y  and hsve adequate water resources nearby s o  t h a t  

they bcoome prime sites f o r  synfuel  conversion. Percentage growth in Arkansas and 

Oklalioma 1s rapid  hecause of moderate i n t e r e s t  by m e t a l l u ~ g i c a l  induotr ips  and 

e l e c t r i c  u t i l i t i e s .  Coal production i n  t h e  o the r  s t a t e s  in t h e  region Incroa.ssa 

less i n  percentage under t h e  Recent Trends Scenario than i n  these  four  s t a t e s .  

because of poor coincidence between c o a l  and water resources,  t h e  c o s t  of mining 

t h e  c o a l ,  o r  competi t ion by o the r  supply a reas .  
. . 

*Other scenar ios ,  which consider a l t e r n a t i v e  l e v e l s  of production f o r  these  
a r e a s ,  w t l l  be considered later. 
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Table 2.6.3. Production i n  the Region Relative t o  N a t i ~ n a l  Totals (116 tons p e r  year) 

1975 1985 2000 2020 
Acce1,erat ed Accelerated . Accelerated 

. . 
His to r i ca l  Recent Synfuels 6 High Recent Synfuels & High Recent Synfuels '& High 

Coal E l e c t r i c  Data Trends Coal E l e c t r i c  Trends CoaL E l e c t r i c  Trends 

Ohio 

Indian a 

I l l i n o i s  

Missouri 

10'wa 

Kansas 

Arkansas . 

'Oklahoma 

North Dakota 

Regional Tota l  ,148.7 191.4 208.8 294.5 453.1 ' 458.6 736.5 

U.S. Tota l  , 640,. 0 1,1125-0 .1;092 .O 1,559.0 2 i290.0 2,745.0 3,944.0 

Regional 
Percentage of 
U.S. Tota l  23 19' 13 19 2 0 . . ,  fi. 19 





2.8 .AIR Q U A L I f l  

fie major issues reZated t o  regional a i r  quality *acts and the oon- 

s t ra in ts  t o  coaZ u t i l i za t ion  may be. swmnczrized as j-'oZZms: 

- National Ambient A i r  Quality ~tandards' (NAAQS) (Table 2.8.1) .' 

In general, the increments i n  pollutant concentrations f m m  coaZ 

u t i l i za t ion  fac i l i t i e s  alone are significantly Zess than the 

NAAQS. An exception i s  the 24-'hr standard for sul fur .  dioxide, 

which w i l l  l imi t  e lectr ical  generation capacity a t  a single 

site t o  ahout 3000 MW i f  existing New Source Performance 

Standards (NSPS) m e  assumed. I f  one mswrtes khat 6hi.s 

s6undurc-i' may be impartant i n  counties with more than 2000 MW . 

of coal-fired capacJty, a i%tuZ of 36,600 W e ,  or 24.6% nf 

r e g i o d  coal-fired capacity, w i l l  be affected i n  theyear  200.0. 

- ~&kground concentration (Pigwe 2.8.1) 

Siting o f  central station genemtion and synfuets 'conversion faci Z- 

i t i e s  i s  constrained because of existing or projected emissions from 

other souroes, particiclarly i f  these sources are large enough to  

prevent meeting tho NAAG. I f  oonflict  occurs i n  areas of high 

emissen  density or where ambient standards are .now viozated, 70,000 MW, 

om4 47.0% of regional ooal-fired cccpacity, wi.I.2 be affected by the 

year 2000. 

- Prevention of Significant ~ e t e r i o r a t i o n  (PSD) (Table '2.8.2 and 
P i g .  2, .8 .2)  

Ths impnot o f  the mandatory Class I 'areas des,ignated i n  *he C l a n  

A i r  Act Arnendhenb of 2.977 sho7~7.d be miniind. &so than 7.% of 

regi.om2 capacity w i l l  be withirr GO RpiZoo of these areas i n  the 

year 2000. However, i f  expanded CZuns I due.i.grwtions are accepted 

i n  the future, the current aZZowable increment i n  24-hour sul fur  

dioxide Zevels i n  these areas would severely w n s t m i n  deployment 

of coal u t i z i za t ion  technoloyico. d f  n 30-mile buf fer  wne i s  

required, 45,7000 MW or .30.8% of regional ca-a& ty w i  Z Z be affected 

i n  the year 2000. * . . 

*Based on location of Class I areas according to mandatory designations i n  
the September 1975 U . S .  Senate draft amendments to the Clean Air Act. 



- Sulfate and Long-Range Transport (Figwe 2,B.a) 

A significant increase i n  exposure, to  sulfates i n  the central 

m d  easterniU.S., where levels are alreudy high, i s t o  be 

expebted from increased use of coal i n  the Central Region i f .  .. 

NSPS sulfur emission rates are aeswned. 



Table '2.8-.1 N4AW and Estimated M a x i m    on cent rations from Coal U t i l i z a t i o n .  

HYGAs a Midwest Recent 
Gasi f ica t ion.  Trend Scenario 

Po l lu tan t  Tyrs of standard ' NAAQS 3000 FW 250 x  l o 6  scf  /day (2020) 

b 365 250-450 21-25 --- Sul fu r  Primary 24 h r  Annual Max. 
dioxide 1 y r  Arith.  Mean 80 2.4 0.2. 5.9 

P a r t i c u l a t e  ,Seconday 25 h r  h u a l  Max. 150 2.1-41 ,: 1..8-2.1 --- 
matter  1 y r  Geam. MeanC 60 0.2 10.02 0.5 

Nitrogen Secondary 1 y r  Arith.  Mean -100 1.4  
oxide 

Carbon Primary 1 h r  Annual Max. 40,000 15-30 1.3-1.5 
monoxide Secondary 8 h r  Annual Max. 10,000 10-211 0.8-1.0 

a Ranges "for  short-term c m c e n t r ~ t i o n  r e f l e c t  a l t e r n a t e  windspeed and load fac to r s .  F o r ' t h e . g a s i f i c a t i o n  
a l t e r n a t e  windspeeds a r e  used with a constant  load fac to r .  

b ~ n n u a l  maximums a r e  values  tiot t o  be exceeded m c r e  than once per  ,year .  . . 

C 
A s  a guide t o  be used i n  assess ing implementation plans f o r  ackieving. the  annual maximum 24-hour standard.  
' ~ 6 q u t e d  concentrat ions f o r  f a c i l i t i e s  a r e  arPthmetic mean. 
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Fig.  2.8.1. County C l a s s i f i c a t i o n s  Based on Ex i s t i ng  and 
P ro j ec t ed  Emissions and A i r  Qual I ty  



Table 2.8.2 Proximity of S i t e d  Coal F a c i l i t i e s  :to. 
Mandatory Class I Areas and hcpanded' 
Class I Areas (2000) 

a Expanded ' Class I Areas 

Distance cumulative Capacity wi th in  Given Distance . MJ. 
Class I Area 

Miles Recent Trends High 'Coal E l e c t r i c  : ' . 

10 14,272 17,314 ' . 

2 0 34,665 39,431 

Tota l  Regional 
Coal Capacity 

nf .s t p n r  e C11rn1il.a f i v e  C 3 p r . i  ty w i . t h i n  Cf ven lltatancc, WC 
Class 1 Area 

Miles. . . . .  'Recen t .Trends . ,  . , . . . H i &  Coal E l e c t r i c  

Total  Regional 
Coal Capacity 148,501 176,236 

a 
Includes I n t e r n a t i o n a l  Parks, National Parks, National Wilderness Areas, 
National W i l d l i f e  Refuges, National Monuments, National Recreational  
Areas, Wild and Scenic Rivers,  and National Lakeshores and Seashores. 

Includes I n t e r n a t i o n a l  Parks, National Parks, National Wilderness Areas, 
and t i o n a l  ~ e m o r i a l  Parks. 



Fig.  2 . 8 . 2 .  40-Mile Buffer Zone around Class I Areas Superimposed 
on S i t e s  of Coal-Ffred Generating ~ a c i l i t i e s  abo;e 500 MW 
(Recent. Trends,. 2020) 
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. . .  

Figure 2 e 8 * 3  Annual Regional Sulfate Concentration Resulting from 
~ e & n t  Trends and Accelerated Coal Scenarioe' ('2020) 



The r e l a t i v e  f l a t n e s s  of t h e  a r e a  and favorable  atmospheric condi t ions  

reduce p o l l u t i o n  from coa l  f a c i l i t i e s .  This f l a t n e s s  prevents  impact of 
' 

plumes wi th  high-level land,  which l eads  t o  loca l i zed  maximum l e v e l s  of 

p o l l u t a n t s .  Addi t ional ly ,  t h e  region has ,  . i n  genera l ,  good meteorological  

condi t ions  f o r  d i spe r s ion  of p o l l u t a n t s .  Good v e n t i l a t i o n  occurs throughout 

the  region and s tagnat ion  condi t ions  are r a t h e r  inf requent .  

Ex i s t ing  a i r  q u a l i t y  throughout t h e  region l a r g e l y  depends -on l o c a l i t y  

and t h e  proximity t o  major sources. The a i r  q u a l i t y  i n  some a r e a s  may cons t ra in  

t h e  cons t ruct ion  of new c o a l  u t i l i z a t i o n  f a c i l i t i e s  because high e x i s t i n g  con- 

c e n t r a t i o n  l e v e l s  reduce how much more po l lu t ion  w i l l  r e s u l t  in s tandards  being 

.exceeded. I n  genera l ,  l e v e l s  of t o t a l  suspended p a r t i c u l a t e s  (TSP) a r e  very 

high throughout t h e  region. Whether t h i s  cons t ra ins  coa l  development, t o . a n y  

l a r g e  e x t e n t ,  is uncer ta in ,  s i n c e  c o a l  u t i l i z a t i o n  f a c i l i t i e s  add l i t t l e  t o  t h e  

r eg iona l  l e v e l s  of TSP. 
I , 

Sulfur  emission is t h e  major a i r  p o l l u t a n t  t h a t  could l i m i t  f u t u r e  c o a l  

u t i l i z a t i o n .  The inc rease  in annual s u l f u r  d ioxide  l e v e l s  due t o  new f a c i l i t i e s  

w i l l  probably no t  be  s u f f i c i e n t  t o  v i o l a t e  t h e  National Ambient A i r  Quali ty 

Standards (NAAQS). However, t h e  24-hr SO2 s tandard may be exceeded near  

l a r g e  coal - f i red  power p lan t s .  I n  add i t ion ,  proposed Prevention of S i g n i f i c a n t  

De te r io ra t ion  (PSD) regu la t ions  could p lace  major limits on s i t i n g .  The reg- 

u l a t i o n s  on SO2 appear t o  be those  most r e s t r i c t i v e  t o  f u t u r e  c o a l  'development. 

Another r eg iona l  a i r  q u a l i t y  i s s u e  i s  t h e  con t r ibu t ion  of s u l f u r  emissions 

t o  s u l f a t e  l e v e l s  in the  midwest and i n  t h e  e a s t ,  where l e v e l s  a r e  a l ready high. 

U s e  of a r eg iona l  model f o r  s u l f u r  t r anspor t  and transformacion'suggests  t h a t  

incremental  increases  of s e v e r a l  vg/m9 can occur 'due. t o  f u t u r e  c o a l  u t i l i z a t i o n  

i n  t h e  region.  The magnitude of t h e  impacts of s u l f a t e s  from emissions appears 

t o  depend more on the  t o t a l  emissions of s u l f u r  in t h e  region than on how these  

emissions o r e  d i s t r i b u t e d  throughout t h e  region. 

A l l  f u t u r e  a i r  q u a l i t y  impacts and c o n s t r a i n t s  on coa l  u t i l i z a t i o n  can- 

n o t  be  predic ted .  Future impacts w i l l  depend t o  a l a r g e  ex ten t  on new reg- 

u l a t i o n s  on ambient a i r  q u a l i t y  and emission&, which depend on f u t u r e  technologies 



and t h e  demand f o r  coal - f i red  generat ing capacity versus the  demand f o r  main- 

tenance of good a i r  qua l i ty .  However, applying present  regula t ions  t o  f u t u r e  

impacts of c o a l  use ind ica tes  t h a t  a i r -qua l i ty  c o n s t r a i n t s  may arise and must 

be d e a l t  with. . . 

Differences i n  Coal Development Options' 

The p z v h i w y  e f f e c t s  of increased coal deveZ6pment m e  an exacerbation 

of  s i t i n g  constraints r e l a t i v e  to PSD areas and an inmeased exposure of  the 

popuht ion to su l fa tes .  For t h e  High Coal E l e c t r i c  Scenario, 95,000 MW of coal- 

f i r e d  genera t ion capacity is  s i t e d  wi th in  30 miles of expanded m a n d a t ~ a  CSasa X 

areas* i n  2820 compared t o  83,000 MW f o r  t h e  Recent Trends Scenario. Simi lar ly ,  

i l a r l y ,  t h e  populat ion exposure t o  s u l f a t e s  in t h e  c e n t r a l  and easteh'U-S. 

increases by 2 2 % - i n  t h e  High Coal E l e c t r i c  Scenario. The maximum increment 

i n  annual average concentrat ion f o r  s u l f u r  dioxide is less than 7.1 pg/mf , 
(8.9% of t h e  NAAQS) f o r  t h e  High Coal E l e c t t i c  Scenario 'and 6.7 pg'/ms 'for the. 

Recent Trends. The c o n s t r a i n t s  due t o  24-hour NAAQS f o r  s u l f u r  dioxide r e l a t e  

t o  impacts from individual  sources,  and thus a r e  only i n d i r e c t  in r e l a t e d  t o t a l  

r eg iona l  coal.development. 

Impact of CoB1 Fuel 'Cycle Components 

The largest  impact of  the couZ fuel qa7-a on c~noontratione of poZZuiw~& 

currentzy reguZated i s  assoc$ate4 &th d?:ran.f; cottlb~totion for cZce6n.i.caZ gdiiwmuk 

t i on .  For t h i s  primary emission source, because of limits for'maximum .24-hour' 

. s u l f u r  dioxide concentrat ion,  a minimum d i s tance  of 30 m i l e s  w i l l  be required 

between Class I PSD a r e a s  and f a c a l i t y  sites of '1000 MW a t  NSPS %mlssIon~ r a t e s .  

NAAQS f o r  24-hour s u l f u r  d ioxide  levelk  a l s o  e i t h e r  l i m i t  e l e c t r i c a l  genera t ion '  

by c o a l  combustion a t  a s i n g l e  l o c a t i o d ' t o  2000 - 3000 M o r  r e q u i r e  advanced 

emission c o n t r o l  hclow NSPS (see Table 2.8.1). The l a r g e s t  f r a c t i o n  of c r i t e r i a  

p o l l u t a n t  emissions from synfuels  conversion is a l s o  from d i r e c t  combust ion t o  

product process energy; however, these  energy requirements from combustion a r e  

t y p i c a l l y  about 20% of those  f o r  e l e c t r i c a l  genera t ion  per  ton of coal  consumed. 

The p o t e n t i a l  f o r  emlssion of hazardous hydrocarbons from'synfuels  conversion 

r e q u i r e s  f u r t h e r  evaluat ion.  Emissions in t h e  coa l  f u e l  cycle  a l s o  r e s u l t  from 

e x t r a c t i o n ,  processing, and t r a n s p o r t a t i o n ' o f ' c o a l .  However, these  emissions . 

t o t a l  only a few percent  of those  from d i r e c t  coa l  u t i l i z a t i o n  and cause ap- 

p r e c i a b l e  air  q u a l i t y  problems only i n  loca l i zed  'areas.  

*Based on September 1975 U.S. Senate d r a f t  amendments t o  the  Clean A i r  Act. 



Regional Overview 

In. generat, the s i t i n g  constraints due to e d s  t ing air-qua'tity prob terns 

are more preoaZent i n  the indmt2TiaZized eaatern part of  the regi.on. The 

e x i s t i n g  a i r  q u a l i t y  problems i n  t h e  e a s t  a r e  i n  many cases  r e l a t e d  t o  high 

p a r t i c u l a t e - l e v e l s  and photochemical ox idan t s ,  which, i n  comparison t o  s u l f u r  

d ioxide ,  may have a more l i m i t e d  ' e f f e c t  on c o a l  development upon c l o s e r  exam- 

i n a t i o n .  

Because of  proximity t o  major p a p u l a t b n .  c e n t e r s , .  t h e  r e q u l t a n t  expo- 

s u r e  t o  s u l f a t e s  i s  g r e a t e r  f o r  f a c f l L t i e s - ' l o c a t e d ' i n  t l ie  ea s t e rn .  p a r t  of ~EIE 

region.  For example, the '  popula t ion  exposure t o '  s u l f a t e s  from a u n i t  emLssLon 

i n  Ohio is  approximately double. the populati 'on exposure from a . s i m i l a r  emission 

i n  North. Dakota. 



2.9 WATER QUALITY 

The impact of coal devetopnent on water quality i s  cZoseZy t ied to the 

water avaiZabiZity, with inpacts prinaariZy restr3cted t o  areas with insuf- 

f i c i en t  water. CoaZ mining tr i l l  continue ' t o  have a s igni f icant  impact on 

water quaZity i n  smaZZer s t~eams dmining the mQjor coal regions. unless s t r i c t  

contpoZ ' is maintahed. Coal conversion p k n t s  may cause ZocaZized pot Zution; . . 
however, characteristics of e f f  Zuents @om these pZrmts. are not we22 known. 

 if f er-ences i n  Coal Development Options 

Tho waterquazi fy probtems wCZZ be proport&mat t o  .ZeveZo. of coaZ 

devehpnent i n  the region, with more probtems Z5keZy with the AcceZerated 

Synfue Z S c e n u ~ o  than with the High toat  ~ Z e c t & c  Scenario. This difference 

i s  due t o  the d5fference between estimated' effZuen5s from coat-oonvercion pZants 

and those for eZectric power p h t s .  The High, Coal Electric and 'AcceZeratsd . 

SynfZleZ Scenario i n  2020 may yield 20 t o  50% greater increases i n  water pol- 

Zution than .the ~ e c e n t  Trend Scenario. 

Impact of Coal Fuel Cycle Components 

The major impacts on water patity appear t o  be from acid or alkaline 
A. 

m5ne drainage and coa 2- conversion p Zants . Major uncertnint7:as reszc1.t from 

incomp t e t e  data on coa Z-conversion e f f i-uenh, ~ I L R S ~ ~ A ~ R  of d~gxwu of troa-tmcqo~ 

applied to  a i r  and water potlutants, and indirect  e f f ec t s  associated with urban 

deveZopment i n  an area of high coal production or conversion. 

Waste streams from coal-cnnvetsion processes d i f f c r  wide1.y Cn p~terrLLul. 

water p o l l u t a n t s  and p o l l u t a n t  concentrat ions.  IJncertainty remains so t o  t h e  

c h a r a c t e r i s t i c s  o f . t h e  t r e a t e d  e f f l u e n t  from t h e s e  conversion processes,  

Including chose now under experimentation. Figure 2.9.1 shows t h e  a s s i m i l a t i v e  

capac i ty  of s e v e r a l  r i v e r s  i n  the  region t o  support a number of coa l  g a s i f i -  

c a t i o n  p l a n t s .  The d a t a  a r e  based on a prel iminary es t imate  of ' the con t ro l l ed  

d i scharge  from t h e s e  p lan t s .  Manganese, ammonia, selenium', cyanide, and phenols 

appear t o  be  Khe l i m i t i n g  parameters f o r  water q u a l i t y ,  al though severa l  exo t i c  

o rgan ic  and inorganic  compounds, such a s  thiocyanate,  may eventual ly  prove . t o  

be  more l imi t ing .  Mercury, al though no t  shown in the  f i g u r e ,  may exceed 

s t andards  f o r  water q u a l i t y  and be t h e  most l i m i t i n g  t r a c e  element. I f  complete 



MUSKINGUM RIVER.  @ 'WASHINGTON COUNTY, OHIO 

- 
KANKAKEE RIVER @ WILL COUNTY, IL.  - - - -  
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NUMBER OF STANDARD GASIFICATION PLANTS (250 MSCFD ) 

CONVERSION FACTOR: I c f s  x 2.832 r = lm3 /s  

Fig. 2.9.1 T.l.ml.tation on the'   umber of Coal Gasification 
' 

Plants Based on Low-Flow Conditions and Water- 
Quality Standards 
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c o n t r o l  of e f f l u e n t s  is  a t t a i n e d  through zero discharge,  t h e  problems w i l l  be 

those  of d i s p o s a l  of s o l i d  wastes, p o t e n t i a l  runoff ,  o r  groundwater po l lu t ion .  

Power p , lants  c r e a t e  unce r t a in ty  because of quest ions '  on t h e  degree of 

, p o l l u t i o n  con t ro l  t h a t  w i l l  be used. I f  closed-cycle cooling is used, t h e r p a l  

p o l l u t i o n  w i l l  b e  minimized, but  cooling tower blowdowns may c r e a t e  l o c a l i z e d  

problems. Air-pollut ion c o n t r o l  through flue-gas desu l fu r i za t ion  would' .create 

problems. in so l id -was te  handling, which could r e s u l t  h l oca l i zed  water-quali ty 

problems. Deposition of a i r  p o l l u t a n t s ,  on t h e  o t h e r  hand, through dry, o r  wet 

f a l l o u t  can inc rease  concentra t ions  of t r a c e  elements i n  rece iv ing waters .  .If 

t h e  New Source. Performance standards a r e  m e t ,  d i r e c t  discharge of water pol- . . 

l u t a n t s  from power p l a n t s  w i l l ,  under most condi t ions ,  be i n s i g n i f i c a n t  i f  t h e  

planLs are s i t e d  on t h e  l a r g e r  streams i n  the  region.  

Ef fec t s  of coa l  mining w i l l  b e  l imi ted  pr imar i ly  t o  smaller streams drain-  

ing  t h e  major c o a l  f i e l d s .  The study reg ion ' a l r eady  has a r e a s  of s i g n i f i c a n t  

. a c i d  m i n e  dra inage  i n  t h e  east and a l k a l i n e  m i n e  drainage .in t h e  western s t a t e s .  

These a c i d  and a l k a l i n e  condi t ions  depend more on t h e  chemical composition of 

t h e  dra inage  than on t h e  type of mining (surface  o r  deep). Acid mine drainage 

is high i n  i ron ,  s u l f a t e s ,  manganese, and dissolved mate r i a l s .  ' F e r r i c  hydroxide 

d e p o s i t s  c r e a t e  t h e  most s i g n i f i c a n t  e f f e c t s  on smaller  streams. Alkal ine  m i n e  

,dra inage  bas lower i r o n  concentrat ions and w i l l ,  have i t s  m ~ s t  e i g n i f i c n n t  impact 

in inc reas ing  t h e  s a l i n i t y  (d issolved s o l i d s )  of some waters.  

A major unce r t a in ty  f o r  m i n e  drainage,  and p a r t i c u l a r l y  ac id  mine drainage,  

is whether the  New Source Performance Standards fo'r coa l  mining can be m e t . f o r  
. . 

a l l  f u t u r e  mining. Control  of abandoned mines has been espec ia l ly  d i f f i c u l t .  

Table 2.9.1 shows t h e  wide range of p o l l u t a n t  loadings poss ib le  f o r  t h e  Muskingum 

River Basin in Ohio; t h e  amounts depend on'whether c o n t r o l  t o  achieve the   standard^ 
. . 

is a t t a k e d .  Standards have been promulgated f o r  pH, i r o n ,  manganese, and t o t a l  

suspended s o l i d s  on t h e  assumption t h a t  o t h e r  parameters w i l l  decrease, propor- 

t i o n a l l y  i f  these  s tandards  a r e  maintained. 

The i n d i r e c t  e f f e c t s  of urban development in a r e a s  of high c o a l  a c t i v i t y  

a r e  n o t  w e l l  understood. The development, however, can be expected t o  increase  

l e v e l s  of var ious  p o l l u t a n t s  such a s  n u t r i e n t s ,  d issolved and t o t a l  s o l i d s ,  and 

organic  wastes. This  e f f e c t  might be t h e  most sign&£ i c a n t  water-quali ty impact 

of coa l  development; more s t u d i e s  are needed .* .. 

*Analysis of urban o r  conjunct ive  development w i l l  be i n i t i a t e d  i n  t h e  near  fu tu re .  



Table 2.9.1 Estimated Loadings of I ron ,  Manganese, and To ta l  Suspended S o l i d s  f o r t h e  
Muskingun River Basin i n  Ohio Based o n  Control led and Uncontrolled ~ f f l u e n t s ~ '  . 

. . 

. . 
Ef f luen t  Concentrations, mg/1 $ . Loading, lbxlO'/dayb 

' C  
uncontrol led controlledd' 1985 2000 2020 

deep n ines  sur face  mines uncontrol led .cont ro l led  uncont ro l led  con t ro l l ed  uncont ro l led  con t ro l l ed  

I ron  35 2 52 3.0 10.8 0.43 19.2 0.72 25.2 0 .91 .  

Mangaaese 7.3 45.1 2.0 6.0 0.28 10.0 0.48 12.4 ' 

Suspended So l i d s  . 

0.60 

228 549 . 25.0 74 5.0 . 125 8.4 156. 11 

. . 

a based on C~mbined ~ i g h  Cqal Electr ic-Accelerated Synfuel  Scenario 

b ~ o n v e r s i o n  f a c t o r :  10' l b iday  = 5.25 kg:s 
C . E P A  estimate (See Ref. 1 i n  Sec t ion  7.2) 

'~ew Source Performance Standard 



Reg i o n a l  Overview 

Within t h e  region,  g rea t .  d i f f e rences  ejrist i n  t h e  l o c a t i o n  and q u a l i t y  

of c o a l  r e se rves  and i n  t h e  a v a i l a b i l i t y  o'f water resources t o  a s s i m i l a t e  

wastes. A n  o v e r a l l  indexing system based on t h e  d i l u t i o n  capaci ty  of t h e  water- 

shed and t h e  planned c o a l  a c t i v i t y  in 2020 is presented in Table 2.9.2. The 

. g r e a t e s t  r e l a t i v e  e f f e c t s  of coal  development appears t o  be  i n  t h e  Missouri 

River Basin, where s u f f i c i e n t  d i l u t i o n  water may no t  be a v a i l a b l e  f o r  assimi- 

l a t i o n  of waste water  from c o a l  conversion f a c i l i t i e s  and m i p e  drainage. The 

' s tandards  f o r  i ron ,  manganese, ammonia, s u l f a t e s ,  and t o t a l  d issolved s o l i d s  

( s a l i n i t y )  w i l l  probably be exceeded more than now and in more l o c a t i o n s  in 

t h i s  r i v e r  basin. High s a l i n i t y  is a l ready a s igni f icant .problern  i n  t h i s  

region.  . (See Water A v a i l a b i l i t y  in Sec. 2.5) . 
The Ohio River Basin w i l l  have increased problems, pr imar i ly  wi th  ac id  

m i n e  drainage,  i f  s t r i c t  adherence t o  f e d e r a l  guidel ines  f o r  f u t u r e  development 

is n o t  maintained. Deep c o a l  mining i s  expected t o  inc rease  by 350% by 2020 

i n , t h i s  bas in .  For t h e  I l l i n o i s  River wi th in  t h e  Upper Miss i s s ipp i  River 

Basin,  c o a l  a c t i v i t y  w i l l  s i g n i f i c a n t l y  increase .  A c a s e , s t u d y  in t h e  region 

showed t h a t  s tandards  f o r  ammonia, s u l f a t e ,  mercury, copper, and manganese w i l l  

be  exceeded more o f t e n  than now. The same condi t ions  t h a t  inf luence  water 

A v a i l a b i l i t y ,  low-flow .condit ions,  seasonable v a r i a b i l i t y ,  and increas ing de- 

mands by competing water  u s e r s ,  w i l l  diminish t h e  r a p c f t y  of stranmo t o  u ~ s i m i i a ~ ~  

t h e s e  wastes.  

A l a r g e  inc rease ,  from 210 MW to ahout 17,000 MW, by 2020 is expected f o r  the 

Arkansas-White-~ed River Basins. However, these  'plar?tc w i l l  prohahl. y !:le LuP1 L . 
on t h e  main stems of t h e  major r i v e r s ;  thus  t h e  impacts on water q u a l i t y  w i l l  be 

minimal. Some impact of coa l  mining i n  t h i s  a r e a  is a l s o  expected. L i t t l e  

impact on water q u a l i t y  is expected i n  t h e  Lower Miss i s s ipp i ,  Red-Souris- 

Rainy, and Great Lakes River Basins. ' ~ a r ~ e  add i t ions  of power-plant capaci ty  

are expected i n  t h e  Great Lakes Basin, but  most of t h a t  w i l l  u se  t h e  d i l u t i o n  

capac i ty  of t h e  G r e a t  ' ~ a k e s .  Thus, impacts on water q u a l i t y  should be loca l i zed .  



Table 2.9.2 Ra t io s  of Impacts f o r .  Coal Power p l a n t s  and , . 
. . Coal G a s i f i c a t i o n  i n  Major River  Basins  

t o  t h e  Year 2020a 

~. . 7-day, 10-yr Power P l a n t  Coal Conversion 
Low Flow Impact Index Impact Index 

R ive r  Bas in  (cf s )  (MW/cf s j  (un i t s /1000  c i s )  

Ohio 44,820 3. 4od 0 . 6 6 ~  

Upper M i s s i s s i p p i  47,810 
. . 1.38 

Lower M i s s i s s i p p i  1 2 , 1 4 5 ~  .. 0. 24d 

10,225 Missour i  4.36 1.76 

Arkansas-White-Red 5,570' 2.99 -. 

a . . 
Based on inc remen ta l  changes, t o  y e a r  2020 and maximum c o a l  devel.opment. 

b ~ n f l o w s  f r o n  o t h e r  r i v e r  bas  i n s  were s u b t r a c t e d .  
C I n c l u d e s  t h e  sum of  Arkansas,  White, and Red Rivers. 

, . 
d ~ a l u e s  doubled because  c o a l  development cons idered  t o  b e  equa l  on the 

' 

o t h e r  s i d e  of  Ohio and Lower M i s s b s i p p i  Rivers .  . .. 
.i 1 



2.10 ECOSYS.TEM IMPACTS AND CONSTRAINTS . . . . . ., 
. . 

The major issues due t o  impacts. on terres tr ia l  or aquatic systems that  

may r e s t r i c t  coal use i n  the region are SO fwnigation, important rec~&at ional  
2 

and endangered species,  sequential s i t i n g  along .a waterr& edge, and maintenance 

. . .. 
0 Sulfur  'dioxide is  t h e  only primary e f f l u e n t ,  l i k e l y  t o  r,eaeh 

concentra t ions  t h a t  could cause acu te  v i s i b l e  i n j u r y  t o  t e r r e s t r i a l  
. . 

b i o t a .  P o t e n t i a l  24-hr dose SO2 l e v e l s  from a 3000-MW p l a n t  a r e  

wi th in  the a c u t e  i u j u ~ y  rauge for sens1e '~ve  vegeta t ion  and approach 

t h e  thre.khold i n j u r y ,  l e v e l  f o r  of in termedia te  s e n s i t i v i t y  

(Fig. 2.10. . J 1 . . Snyh~qris ,  Brain; vogotnblco , and pasture a i l  ' 1rsi°igu 

crops,  which a r e  s e n s i t i v e  t o  SO a r e  grown i n  t h e  region.  The 
2 ' 

t o t a l  a r e a  i n  which v i s i b l e  SO2 i n j u r y  t o  s e n s i t i v e  vegeta t ion  may 

occur from a  c l u s t e r  of 12 model p l a n t s  ( t h r e e  p l a n t s  on each 

'corner  of a  township) exceeds 22,000 acres .  The frequency.. of . occur- 

rence of meteorological  condi t ions  leading t o  these  condi t ions  i s  

being computed. 

Direc t  o r  i n d i r e c t  h p a c t s  from cons t ruc t ion  and opera t ion  of ~ o w e r  

. . p l a n t s  t o  lake-run salmon and t r o u t  in t h e  Great Lakes Drainage 

Basin o r  endangered aquat ic  LiuLa (Table 2.10.1) may Z e s t r i c t  coa l  

development i n  a r e a s  defined a s  e i t h e r  spawning h a b i t a t  f o r  t h e  

salmon o r  c r i t i c a l  h a b i t a t  f o r  t h e  endangered species .  Severa l  Great 

Lake s t a t e s  have been a c t i v e l y  s tocking and managing salmonid popu- 

l a t i o n s  s i u c e   he f i s h  were f i r s t  introduced t o  the  Lakes. These 

s t a t e s  w i l l  be s e n s i t i v e  t o  p o t e n t i a l  impacts from t h e  cons t ruc t ion  

and opera t ion  of power p l a n t s  on Great Lakes bas in  t r i b u t a r y  r i v e r s .  

Any a c t i v i t i e s  t h a t  could a f f e c t  f e d e r a l l y  endangered n p c a i ~ a  or  t h e i r  

c r i t i c a l  h a b i t a t  would be prohibi ted .  

Two o t h e r  f a c t o r s  r e s u l t i n g  from power p l a n t  opera t ion ,  sequen t i a l  

s i t i n g  along a r i v e r  o r  l a k e  and t h e  minimum stream flow necessary 

t o  maintain stream l i f e ,  may cons t ra in  coa l  development. The com- 

bined e f f e c t s  of sequen t i a l  power p l a n t  s i t i n g s  is  no t  w e l l  under- . . 

stood (e.g. A r e  t h e  e f f e c t s  . independent o r  s y n e r g i s t i c ? ) '  The d i s -  
'(. 

tance necessary between. power p l a n t s  t o  a l low mobile a q u a t i c ,  organisms , . 
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: . . :  Fig.  2.10.1.. SO2 Dose-Injury Curves for  Sensi t ive  Plant Species , . .  , . 
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Table 2.10 .l. , Endangered ~ ~ u a t i c  Spec ies  and t h e i r  l o c a t i o n  w i t h i n  t h e  ~ e g i b n  " . 

'. . 

S I Z C C ~ C S  . 3  ' 

a 
Locat ion . 

. . . . . . 

C u r t i s t  Pea r ly  l<ussel . . Black RPrcr,  X i s s o u r i '  

:.llll. t e  Rivcr  , hrltansas 
. . .  

3 c . I:rallc i.s Il.ivcr, Ar:cntis;ls and Missouri 

1 l igg in t s  Eyc Pc.3rly Mussel I l i s s i s s i p p i  Il iver , Pilnncsota and Wisconsin 
.. . : Ilcraii~ec R ive r ,  Pl issouri  * . 

> 
. . S t  . C r o i s  Kivcr , klinnesota- and l J i scons in  

Sampsont s P e a r l y  Elussel Wabash River ,  Ind iana  and I l l i n o i s  

Tuberculated-Blossom pear l )  .Mussel Lover Ohio R i \ r , r ,  I l l i n o i s  ., 

K l r i  t c  Cu t ' s  l'nw ~ l u s s c l  Dctroi t River ,  F l ic l i i~nn  

+ .  
S t  . Joscpll l t iver ,  bli.clrigan, Ohio, and Indiana 

I'ink Fhlcket Pcorly Musscl Muslcingum River ,  O l l i c r  

;I 1:edcral R e g i s t e r  Vol'. 41 ,  No. 115, p. 2406L, . ~ u n . i  14,. 1976 .  



t o  recover  from t h e  impacts of impingement, entrainment ,  and e f f l u e n t  

d i scha rges  may r e s t r a i n  s i t i n g  a long  a w a t e r ' s  edge t o  reduce impacts  

t o  a n  accep tab le  l e v e l .  Changes in t h e  flow regime of a r i v e r  may 
. . 

a f f e c t  c r i t i c a l  components i n  t h e  s t r u c t u r e  and func t ion  of t h e  

ecosystem. Such a change could reduce t h e  amount of d r i f t i n g  in-  

v e r t e b r a t e s ,  which could reduce t h e  food supply t o  a f i s h  community. 

This  r educ t ion  could u l t i m a t e l y  reduce i n  number t h e  high-order con- 

sumers by ' in te r -  and i n t r a s p e c i f  i c  competi t ion f o r  food. 

Di f fe rences  i n  Coal Developnent Options 

The major issues of aquatic impact remain the same for di f ferent  coal 

development options but the probability of SO2 fumigation increases with the 

High Coal Electric Scenario. 

The major i s s u e s  of a q u a t i c  impact remain about  t h e  same because s i t i n g  

p a t t e r n s  f o r  e l e c t r i c a l  gene ra t ing  f a c i l i t i e s  and water  consumption change 

very  l i t t l e  w i t h  t h e  coal-development opt ions .  The High Coal E l e c t r i c  

Scenario r e s u l t s  i n  a s h i f t  from n u c l e a r  power t o  c o a l ,  e . g . ,  from no SO 2 
emission t o  a p o i n t . s o u r c e  of SO The inc rease  i n  SO and consequent rise 

2 ' 2 
.in p o t e n t i a l  of impacts t o  v e g e t a t i o n  depend on t h e  presence  o r  absence of 

SO2-sensitive s p e c i e s  and t h e  p r o b a b i l i t y  and frequency of a dose s u f f i c i e n t  

t o  r e s u l t  i n  p l a n t  i n j u r y ;  bo th  of  t h e s e  cond i t i ons  are site- and a r e a - s p e c i f i c .  

Two o t h e r  a q u a t i c  i s s u e s ,  a c i d  mine dra inage  (AMD) and a c i d i c  p rec ip i -  

t a t i o n  could  i n c r e a s e  under a High Coal E l e c t r i c  Scenario.  Increased  mining 

of some Midwestern c o a l  d e p o s i t s ,  p a r t i c u l a r l y  in  Ohio, I l l i n o i s ,  and Missouri ,  

which con ta in  acid-forming p y r i t e s ,  can r e s u l t  i n  t h e  formation of AMD, w i t h  

a consequent i n c r e a s e  i n  a c i d i t y  i n  r e c e i v i n g  w a t e r s .  Although water- t reatment  

p l a n t s  may c o n t r o l  AMD, t he .  chemical  n e u t r a l i z a t i o n  r e s u l t s  i n  an  i n c r e a s e  ' i n  

the total  d i s so lved  ion  i n  r ece iv ing  streams. The SO and NO from coal-f i r e d  
X X 

e l e c t r i c a l  gene ra t ing  f a c i l i t i e s  have enhanced a c i d i c  p r e c i p i t a t i o n  i n  t h e  

Nor theas te rn  U.S. and 'Canada, and d a t a  e x i s t s  on r a i n  of below normal pH (c5.6) 

f a l l i n g  on most o f  t h e  U.S. e a s t  of t h e  M i s s i s s i p p i  River .  

Regional Overview 

The r e g i o n a l  a n a l y s i s  on t h e  p o t e n t i a l  e f f e c t s  of s u l f u r  d iox ide  on 

a g r i c u l t u r a l  c rops  and a q u a t i c  ecosys tehs ,  a long  wi th  r e s u l t a n t  c o n s t r a i n t s ,  



continues. Figure 2.10.2 shows the  se lec ted  r i v e r  a reas  and watersheds i n  the  

region being assessed f o r  f u t u r e  coal  arid power development.  he: d i s t r  i b ~ t  ion  

of SO - s e n s i t i v e  a g r i c u l t u r a l  species , ,  expressed a s  a percentage of t h e  t o t a l  
2 

county, is being graphical ly  displayed. Overlaying these  maps with i sop le ths  

showing short-term high concentrat ions,  and p robab i l i ty  and frequency of oc- 

currence,  w i l l  show a reas  within t h e  region where impacts on a g r i c u l t u r a l  

s p e c i e s  are poss ib le ;  t h i s  .analys is  is being conducted. . 



. . 
F i g .  2.10.2. Selec ted  River  Areas and Watersheds i n  t h e  Region 

. . 



2.11 TRACE ELEMENTS 

Trace element' emissions from conventional coal combuetibn have been' 
, 

stud!ed suff iciently to allow emission rates t o  be calcukted; however, data 

on these emissions .from coal gasification are inadequate. In general, because 

coal u t i l i zat ion contributes small amounts of trace elements for the cases 

.eaxunined, r e h t i v e  t o  background, problems. are expected i n  areas with high 

e;cisting levels. Conservative asswnptions on projected trace element con- 

centrations from the Recent Trends Scenario option i n  the' I l l inois  River 

have resulted. i n  concentrations exceeding I l l inois  ~rinkin.9 Water standards 

for arsenic, cahiwn, copper, iron, Zead, mercury, and manganese. Projections 

of a ir  quality resul t  i n  violations of  suggested acceptable l eve l s  for, Zead 

.andmanganese. Arsenic emisszons might ciduersely e f f ec t  vegetation with a 

low tolerance, e .g . , soybeans, and cahiwn and se Zeniwn emissions' might 

adversely a f fec t  animazs. Impacts on aquutic systems, may occur i n  smaZZer, 

dminage basins, such as the B i g  Muddy and Kaskaskia, which lack s~ f f&ien t .  

di lut ion t o  prevent measurable increases i n  trace elements. 

D i r e c t  'Combus t i o n  

The inc reased  trace-element ' concent ra t ions  on submicron p a r t i c l e s  

du r ing  d i r e c t  combustion is a problem because c o n t r o l  dev ices  f o r  t o t a l  sus- 

pended p a r t i c u l a t e s  are least e f f i c i e n t  f o r  p a r t i c l e s  l e s s  than  one micron. 

A 1000-MW c o a l  p l a n t  o p e r a t i n g  a t  100% c a p a c i t y  and equipped w i t h  an  e l e c t r o -  

s t a t i c  p r e c i p i t a t o r  having a c o l l e c t i o n  e f f i c i e n c y  of 99.5% w i l l  e m i t  1.9 

tons /day  of f l y  a s h  us ing  I l l i n o i s  No. 5 c o a l  o r  3.0 tons lday  us ing  Wyoming coa l .  

About 3% of t h e  1 .9  tons lday  is composed of a r s e n i c ,  barium., cadmium, chromium, 

c o b a l t ,  lead, manganese, mercury, selenium, vanadium, and z inc .  

Gaslf i c a t i o n  F n c i l i t i c o  

The only  d a t a  on emission of t r a c e  elements from g a s i f i c a t i o n  f a c i l i t i e s  ' . 

w e r e  ob ta ined  from a l imi ted-ba tch  process  r a t h e r  than  a cont inuous s t eady- s t a t e  

o p e r a t i o n .  Data obta ined  from t h e  Synthane g a s i f i e r  i n d i c a t e  t h a t  trace elements 

are concen t r a t ed  i n  t h e  r e s i d u a l  cha r .  Burning t h i s  cha r  i n  t h e  u t i l i t y  p l a n t  

b o i l e r  might r e l e a s e  t r a c e  elements  t o  t h e  atmosphere i n  concen t r a t ions  a f a c t o r  

of 4-5 t imes  over  what would normally be  r e l e a s e d  from a b o i l e r  of t h a t  s i z e .  

I 



The waste w a t e r ' f r o n  an SNG p l a n t  conta ins  t r a c e  elements t h a t  would . . 

: r equ i re '  removal. To da te ,  only i r o n ,  copper, z inc ,  and chromium concen- 

t r a t i o n s  a r e  con t ro l l ed  i n  wastewater  streams by e l e c t r i c  u t i l i t i e s .  

Ex t raa t  ion 

The l e v e l  of t r a c e  element inputs  t o  r i v e r  systems from e x t r a c t i o n  

depends upon: (1) e f f l u e n t  limits s p e c i f i e d  i n  t h e  discharge permits  issued 

t o  mining companies; (2)  a v a i l a b i l i t y  of water in t h e  rece iv ing body t o  

d i l u t e  t h e s e  e f f l u e n t s ;  and (3) compliance by mining companies wi th  d ischarge  

permits .  Water leached from c o l l e c t e d  f l y  ash,  bottom ash  and FGD. sludge 
. . 

ponds can have concentra t ions  o£ t r a c e  elements t h a t  could v i o l a t e  q u a l i t y  

s tandards.  

KEG IONAE OVERVIEW 

I The assessment of trace elements i s  a continuing special study of the 
.: drainage basin o f  the I l l i n o i s  River. Therefore, projections throughout the 

region have not been made. The amounts the hwnan body would take up for 

eqosure to trace elements i n  the atmosphere and' i n  surface water are much 

Zesa than' i n  the d i e t .  . . 

, . 



. . . . ,  
2.12 SOCIAL AND ' ECONOMIC IMPACTS 

A large aniount o f  the. coal d e v e ~ o ~ e n t  i n  1975-2020 occurs in z?ount'ies 
- I  .. . . . ... 

with suscept ib i t i ty  for much lorn2 socioemnmic impact. The amount of  

e t ec t r i ca l  generation from coat burning and the deveZopment of synthetic'  
. .. . . . .. fuels i n  high-impact counties &e shorn betow: 

High-Impact Areas 19 75-1985 
. . 

37.7% o f  power addition, or 5,100 MW . . 

100% o f  high-Btu 9asif;ication additions 
... ' 

~igh-lmpact  Areas 29 85-2000, .. . 

31.6% of power addition, or 12,800 MW 
1 bUC4 7o3-Fht gas i f i ca t ion  crddi,ti.ons 
85.8% high-Btu gasif ication additions 
100% Ziquefaction addi twns 

~ i y h - ~ m p a c t  Areas 2000-2020 

45.2% of power addition, or 53,000 MW 
66.7% of  Zow-Btu gasi f icat ion additions 
88.9% of  high-Btu gasif ication additions 
83.3% of liquefactio'n addi twns 

The timing and magnitude of such l o c a l  impacts, and whether they w i l l  

prove b e n e f i c i a l  o r  de t r imen ta l ,  depend on both the  hos t  community and t h e  

c o a l  technology t o  be s i t e d  the re .  The combination of t h e  a s s i m i l a t i v e  capaci ty  

( i t s  a b i l i t y  t o  absorb major development) of t h e  l o c a l  a r e a  and t h e  r e l a t i v e  

employment and c a p i t a l  requirements of t h e  technology uniquely determine these  

impacts. Economic and demographic c h a r a c t e r i s t i c s  of t h e  l o c a l  a r e a  govern 

i ts  a s s i m i l a t i v e  capaci ty .  Examples of these  c h a r a c t e r i s t i c s  include:  

t h e  s i z e  and age/sex composition of t h e  community o r  
county populat ion;  . - 

t h e  d e n s i t y . o f  se t t lement  i n  the  impact county and 
ad jacen t  a r e a s  wi th in  commuting d i s t ance ;  

t h e  amount of secondary ( i . e . ,  r e t a i l ,  commercial, and 
se rv ice )  euiployment r e l a t i v e  t o  bas ic  employment i n  t h e  
county; and 

t h e  s i z e  and l o c a t i o n  of nearby reg iona l  t r a d e  cen te r s .  

While t h e s e  impacts a r e  pr imar i ly  l o c a l ,  i n  some a r e a s  i n  t h e  region 

they a r e  l i k e l y  t o  be  severe, because of economic and demographic condi t ions  

and t h e  p o t e n t i a l  f o r  coal.development, For example, l o c a l i z e d  adverse 
. . 



impacts a r e  l i k e l y  i n  t h e  For t  Union Coal  asi in of North Dakota. Adverse im- 

pac t s  a r e  f a r  less l i k e l y  in t h e  southern por t ion  of t h e  region.  However, our 

a n a l y s i s  i n d i c a t e s  t h a t  wi th in  any subregion (e.g.,  t h e  Northern Great P l a i n s ) ,  

d i f f e r e n t  count ies  and communitie's w i l l  vary in t h e i r  s u s c e p t i b i l i t i e s  t o  ad- 

v e r s e  impacts because of d i f f e rences  in t h e i r  economic and demographic charac- ' 

t e r i s t i c s .  

Differences i n  Coal Development Options 

Maw more counties w i Z Z  undergo a high degree of impact from the High 

Coal Electric and AcceZerated SynfueZs s c e n d o s  than from .the Recent mends 

scenario. The areas genervrZZy experiencing high impact do not d i f f e r  sig- 

n i  ficant Zy be ween the Recent Trends and the High Coal Electric . and Acce Z- 

e w t e d  scenarios. 

During 1985-2000, about 40 count ies  w i l l  be  newly a f f e c t e d  by coa l  

conversion o r  combustion f a c i l i t i e s  under t h e  Recent Trends scenario.  Of 

. t hese  40 count ies ,  15  a r e  projec ted  t o  experience adverse impacts. For t h e  

High Coal E l e c t r i c  and Accelerated Synfuels scenar ios ,  t h e  number of count ies  

a f f e c t e d  approaches 60, and t h e  number experiencing adverse e f f e c t s  is 30. 

This  l a r g e  inc rease  and t h e  r e l a t i v e  number of count ies  adversely a f f e c t e d  
' suggest  t h e  p o t e n t i a l  s e v e r i t y  of l o c a l  socioeconomic problems l i k e l y  under 

' t h i s  scenar io .  Figure 2.12.lshows t h e  a r e a s  of adverse impacts f o r  1985-2000 

under t h e  Recent Trends scenar io  and t h e  High Coal E l e c t r i c  and Accelerated 

Synfuels scenar ios .  Although adversely impacted a r e a s  a r e  fewer and smaller 

under t h e  Recent Trends scenar io ,  these  a r e a s  seem t o  be concentrated along 

t h e  I l l i n o i s ,  Missouri ,  and Ohio Rivers and in t h e  For t  Union Coal Basin. One 

exception is t h e  a d d i t i o n  of such a r e a s  along the  Miss i s s ipp i  River f o r  t h e  . 

~ i ~ h  Coal E l e c t r i c  and Accelerated Synfuels scenar io .  

Impact of A c t i v i t i e s  i n  Coal Fuel Cycle 

Dramatic differences i n  the impacts from coal development are observed 

among mining, combustion, and conversion and among counties having di f fering 

characteris t i c s .  The potentiaZ for impacts imposed by each. technoZogy from 

.. lowest 'to highest i s :  
' 



Fig.. 2.12.1. Comparison of  Areas of. Adverse Impact. 



Low B t u  gasification (2500 Mcfd) 
- 800-MW e lec tr ical  generation 
- 1600-MW e ZectricaZ generation 

High-Btu gasification (250 Mcfd) 

Coal l iquefaction (50,000 bbl/day) . ' . % 

- 2500-MW e lec tr ical  generation. 

Figure 2.12.2 shows t h e  impacts a s soc ia ted  with a l t e r n a t i v e  c o a l  technologies.  

I t  g ives  information on t h e  percentage change in l o c a l  populat ion and t h e  

number of jobs f i l l e d  l o c a l l y  f o r  mining, e l e c t r i c a l  generat ion,  an'd g a s i f i -  

ca t ion .  

The f a c t o r s  responsib le  f o r  t h e  d i f fe rences  wi th in  a given county from 

t h e  v a r i o d  technologies a r e  l a r g e l y  accounted f o r  by t h e  annual d i r e c t .  

employment requirements of each technology ( see  Table 2.12.1) . 
Dramatic d i f f e r e n c e s  a l s o  dccur in t h e  s u s c e p t i b i l i t y  of var ious  count ies  . . 

t o  l o c a l  growth. Counties wi th in  t h e  region a r e  grouped i n t o  four  c a t e g o r i e s  

according t o  the i r .  a s s i m i l a t i v e  capaci ty  f o r  energy development: 

Extremely high s u s c e p t i b i l i t y  t o  adverse impacts from new 
development (example, Dunn County, North Dakota). 

High s u s c e p t i b i l i t y  t o  adverse impacts (example, Morgan County, Ohio), 

  ode rate s u s c e p t i b i l i t y  t o  adverse impacts (example, Morrison County, 
Minnesota) , 

Low s u s c e p t i b i l i t y  t o  adverse  impacts (example, Muskegon County, Ohio). 

I n  Fig. 2.12.3 t h e  a s s i m i l a t i v e  capaci ty  'of each *'of these  groups of count ies  

is p lo t t ed .  This f i g u r e  p resen t s  information on t h e  maximum percentage change 

in populat ion r e s u l t i n g  from in-migration required t o  f i l l  t h e  new d i r e c t  and 

i n d i r e c t  jobs crea ted  by a l t e r n a t i v e  l e v e l s  and types  of. c o a l  development. As. , 

is evidenced by t h i s  f i g u r e ,  ranges of development a r e  requi red  in t h e  count ies  

of every category t o  cause adverse socioeconomic impacts. Table 2.12.2 p resen t s ,  

by county . type ,  t h e  ranges of c o a l  development requi red  t o  cause adverse l o c a l  
. . 

soc~ioeconomic impacts. 
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Fig. 2.12.2. Impacts ~ssociated with Alternative Coal 
Technologies (Dunn County, North Dakota) 



  able 2.12.1. Annual Employment Requirements by Technology 

Mining Coal Gasif icat ion Coal 
S t r i p  Deep Coal-Fired E lec t r i c  Generation Hi-Btu Lo-Bt u Liquefaction 

Year 2 MM 4 MM 6 MM 2 MM 6 MM 400 MW 800 MW 1600 MW 2400 MW 250 MMCF/D 2500 MMCF/D 50.000 BBLS/D 

8* 100 150 180 425 1260 55 110 220 330 585 181 638 

sources: Basic Es t im ted  Capital ~noestment  and Opemting Costs for Underground BitLainous Mines, U.S. Department of the  
In t e r io r ,  .Bureau of Mines, Information Cir.:ulars 8661 (1975) and ,86828 (1976). 

Basdc Estimated Capital Imestment and Ope-wting Costs for Coal S t r i p  Mines, U.S. Department of the  In t e r io r ,  Bureau of Mines, 
Information Circulars  8661 (1975) and 8703 (1976). 
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Table 2.12.2. Levels of Coal Development Creating Adverse 
Local ~ r o w t h  Impacts by Coui-~ty Type 

County Type 
Ext remelv 

Technology Type High High Medium Low 

High-Btu Gasif icat ion 
(No. of f a c i l i t i e s )  1 1 2 4 

LOW-~td  Gasif icat ion 
(No. of f a c i l i t i e s )  2-3 >4 

~ i q u e f  a c t  ion 
(No. of f a c i l i t i e s )  , 

Coal Electric Faci l i t ies  
1600-2400 ' >3200 ' ' (No. of Megawatts) 800. '.800-1600 

' 6 'METTIY Strip.Mines 
(NO'. of mines) 5-6 10-11 . . . -- -- 



Regional Overview 

Some specific areas of intense coal development within the region w i l t  
r i sk  potentially adverse socioeconomic impacts. Coal resource counties i n  . 

muat areas with only small populations within accessible wrrunuting distances 

are particular Zy susceptible. These areas include major portions of North . % ,  

* .  
6 ,_ 

Dakota and limited areas i n  southern IZZinois, Indiana, and Ohh. Figure 

2.12.4 i n d i c a t e s  t h e  a r e a s  of t h e  region where adverse socioeconomic impacts 

a r e  expected from t h e  Recent Trends scenar io .  

From now t o  1985,. only s i x  count ies  in t h e  region a r e  l i k e l y  t o  

exper ience  adverse growth fmpacts. No d i sce rnab le  r eg iona l  p a t t e r n  is detec-  

a b l e ,  wi th  t h e  p o s s i b l e  exception of North Dakota. 

Between 1985 and 2000, 12 count ies  in t h e  region may undergo adverse 

impact. The only d isce l j lable  p a t t e r n  he re  is  t h a t  t h e  high-impact a r e a s  a r e  

along t h e  p r i n c i p a l  waterways of t h e  region corresponding t o  where most new 

f a c i l i t i e s  a r e  expected t o  be s i t e d  -- along t h e  Missouri, Ohio, and I l l i n o i s  

Rivers.  T h e  percentage of adverse ly  impac tedareas  is high'  in North Dakota 

and Nebraska, and low in I l l i n o i s ,  Indiana,  Michigan' and Ohio. The major 

industrial s t a t e s  of  the  region conta in  few adversely impacted count ies .  

r e l a t i v e  t o  t h e  growth of c o a l  development expected i n  t h e s e  s t a t e s .  This 

s c a t u s ,  however, is  expected given t h e  g r e a t e r  a s s i m i l a t i v e  capacity of t h e  

coun t i e s  in t hese  s t a t e s .  

F i n a l l y ,  between 2000 and 2020, 26 count ies  wi th in  t h e  region w i l l  be 

p o t e n t i a l l y  adversely a f f e c t e d  by new c o a l  developments. The impact on t h e  

North Dakota For t  Union Coal Basin is  expected t o  be  severe.. I n  every North 

Dakota county s e l e c t e d  f o r  development during t h i s  period,  adverse impacts a r e  

f o r e c a s t .  These impacts r e f l e c t  both t h e  low 'ass imi la t ive  capaci ty  of these  

s p a r s e l y  populated, less developed count ies  and t h e  increased coa l  development 

in t h i s  region.  A s  wi th  t h e  e a r l i e r  per iods ,  adverse impacts a r e  a l s o  expected 

t o  be s c a t t e r e d  along t h e  Ohio, I l l i n o i s ,  Missouri,  and' ~ i s s i s s i ~ ~ i  Rivers. I n  

Ohio, 1 3  count ies  can expect  c o a i  development a c t i v i t i e s  during t h i s  period;  

S will b e  adversely impacted. S u f l a r l y ,  13 Indiana count ies  w i l l  b e  sites 

of c o a l  f a c i l i t i e s ,  wi th  only 4 being adv'ersely ef fec ted .  Only t h r e e  of the  

t e n  Ohio count ies  scheduled f o r ' c o a l  development a r e  expected t o  be  adversely 
. . 

e f f e c t e d ,  and only one i n  e i g h t  w i l l  experience probl&ms in Michigan. 



Fig .  2 . 1 2 . 4  High Impact Areas (Recent Trends Scenario) 



Apart from the rather obvious broad distinctions between the industri- 

a l ized and nonindustrialized areas of the region, only the Fort Union Basin 

appears as  a well-defined subregion, in which the impacts of coal development 

w i l l  be consistently severe unless mitigation measures are taken. 



2.13 Heal th and Sa fe ty  Risks 

.. Although precise quantif ication i s  not now possible, indications are 

that s igni f icant  public and occupational health r i sks  could occur from in-  

creased coal u t i l i za t ion .  On the, order of 30-60 deaths per year are e s t i -  

nmted t o  be related t o  the components of the coal fuel cycle for a 3000-MW 

.' electr ical  generation capacity, although the uncertainty i n  the estimate i s  

a factor o f  10 t o  100. The nry'or component i n  t h i s  e s t i m t e  i s  public exposure 

from a i r  pollutants; railroad aceidents related t o  coal transport are the 

second largest e f f ec t ,  i n  particular i f  long transport distance for Western 

coal i s  required. Coa Z s ynfue l conversion reduces the atmospheric emissions 

comiderab l~ ,  but the leve l o f  occupational disease resulting from e f f ec t s  
retated t o  escape of the hazardous chemical constituents of the process stream 

. i s  unknown. 

. .  . . 

, Differences  i n  Coal  Development Options 

The cukrently quantifiable health and safety r i sks  lTabZe 2.13.1) are 
' 

greater by a factor o f  5 or more for coal per uni t  energy produced for e l ec t r i -  

cal generation (extraction through conversion) than for, high-Btu gas. The 

es t i m t e d  impacts from 3000 MW-e Zectrical generation are greatest for exposure 

t o  atmospheric poZZutants (20 deaths/year), followed i n  order by r a i l  trans- 

port (12 deaths/year for 500-mile haulage), underground extraction ,(5-24 . 

deaths/year) or surface extraction I1 death/yearl, and coal processing 

(0.2 deatwyear) . 
The g r e a t e r  impacts of e l e c t r i c a l  genera t ion  a r e  p r imar i ly  due t o  t h e  

h igher  l e b e l . o f  s u l f u r  emissions and t h e  h igh  va lue  f o r  c u r r e n t l y  a v a i l a b l e  

' e s t i m a t e s  f o r  e f f e c t s  of s u l f a t e s  t r anspor t ed  over  long d i s t ances .  However, 
. . 

d e f i n i t i v e  e s t ima tes  of h e a l t h  e f f e c t s  from a i r  p o l l u t a n t s  a r e  l ack ing  a s  

i l l u s t r a t e d  by t h e  broad range i n  t h e  80% confidence l i m i t ,  which r a n g e s  from 

zero  t o  4.6 t imes t h e  expected va lue .  A f u r t h e r  . l i m i t a t i o n . t o  t h e s e  e s t ima tes  

is  t h e  u n a v a i l a b i l i t y  of v a l i d a t e d  long-range models f o r  a i r  p o l l u t a n t s .  In  

s p i t e  of t h e  ' l a c k '  of  good q u a n t i t a t i v e  e s t ima tes ,  t h e  o v e r a l l  q u a l i t a t i v e  

conclus ion  remains t h a t  a i r - p o l l u t a n t  e f f e c t s  a r e  a p o t e n t i a l l y  s e r i o u s  problem 

needing. f u r t h e r  i n t e n s i v e  s tudy.  

. . 



Table  2.13.1 Est iniates  of Unit  Coal Heal th and Sa fe ty  W f e c t s a  

Annual E f f e c t s  e r  Conversion 
Fat-ility ( ~ 2 .  5x10P1 Btulday ou tpu t )  

. b C .  E1ec.t-r i c a l  _Gen; .:  asi if i = a t i o n  

d 
Sur face  Mining . 

Occupat ional  Accidents  . . 

Deaths 
Disabl ing .  I n j u r i e s  

11 Underground Mining 
.Occupat ional  Accidents  

Deaths 
D i sab l ing  ZnjuricS 

Occupat ional  Disease 
npa ths 1-20 . 0 . 5 - i l  

Coal ,Workers Pneumoconiosis Cases 2 . I , ,  
. . 

Coal Process ing  P l a n t s  : 

Occupat ional  Accidents  
~ e a t h s  
D i sab l ing  I n j u r i e s  

Rai l -Transport  P u b l i c  Accidents  
I n t e r i o r  Coal t o  Midwest (500 mi.) 

Deaths 12 -- 
Disab l ing  I n j u r i e s  59 -- 

Western Coal t o  Midwest (1500 mi.) 
Deaths 37 
Di sab l ing  I n j u r i e s  176 

Western Coal t o  Eas t  (2000 mi) . , 

49. Deaths - - 
. . Disab l ing  I n j u r i e s  ,235 -- . . . 

Conversion P l a n t s  
P u b l i c  Exposure t o  S u l I a t e s  . . . . . . . . . . . 

~ e a t h s ~  20(0-92) 4 '(0-16) 

a Adapted from. Brookhaven Nat iona l  Laboratory d a t a  

b3000 MWe a t  100% load ;  36.7% e f f i c i e n c y ;  26,800 tons/d& a t  25x10' ~ k u / t o n ;  
33,500 l b l h r  SO, emiss ions  (NSPS) 

L 
C . 

2 5 x 1 0 ~  scf /day  Synthane SNG; 1000 ~ t u l s c f ;  66.7% e f f i c i e n c y ,  15,000 tons lday  
a t  25x10' Btu l ton ;  6,100 l b l h r  SO2 emissions.  Mine-vicinity s i t i n g .  

d ~ s t  imates of impacts  of s u r f a c e  and underground mining assume a l l  c o a l  t o  
supply  f a c i l i t y  is obta ined  from s u r f a c e  and deep mines, r e s p e c t i v e l y  . , 

e 
Adapted from Table  9.1. Numbers i n  parentheses  are 80% conf idence  l i m i t s .  



Addi t iona l  in format ion  on h e a l t h  e f f e c t s  due t o  occupat iona l  exposure 

from synfue l s  by-products,  waste-water e f f l u e n t s ,  and' end use may a l t e r  t h e  

r e l a t i v e  e f f e c t s  of syn fue l s  vs.  e l e c t r i c a l  genera t ion .  The process  s t reams 

of syn fue l  processes  c o n t a i n  subs tances  known t o  be. t o x i c ,  carc inogenic ,  and 

mutagenic, bu t  l a c k  of knowledge of c o n t r o l  e f f e c t i v e n e s s  p reven t s  quant i -  

f i c a t i o n  of t h e  l e v e l  o f '  impacts.  . 

I n  a d d i t i o n  t o  having reduced s u l f u r  emissions,  syn fue l s  product ion  

a l s o  r e s u l t s  i n  fewer t r a n s p o r t a t i o n - r e l a t e d  a c c i d e n t s  than  e l e c t r i c a l  

gene ra t ion  s i n c e  most conversion p l a n t s  a r e  expected t o  be l o c a t e d  a t  o r  

near  t h e  c o a l  mines. For a  given energy ou tpu t  from t h e  p l a n t ,  syn fue l s  

conversion r e q u i r e s  less c o a l  than  does e l e c t r i c a l  gene ra t ion  and thus  

e x t r a c t i o n  h e a l t h  and s a f e t y  impacts a t t r i b u t a l  t o  t h e s e  f a c i l i t i e s  a r e  

sma l l e r .  S t a t i s t i c a l  r eco rds  provide  r e l a t i v e l y  good e s t i m a t e s  of occupa- 

t i o n a l  hazards  from p a s t  c o a l  e x t r a c t i o n  a c t i v i t i e s ;  however, t h e  u n c e r t a i n t y  

i n  t h e  impact of r e c e n t  r e g u l a t l o n s  a f f e c t i n g  mine c o n d i t i o n s  p reven t s  pre-  

c i s e  p r o j e c t i o n s  of f u t u r e  r i s k s .  

The cumulat ive h e a l t h  and s a f e t y  impacts in t h e  yea r  2000 from c o a l  
1 

u t i l i z a t i o n  i n  t h e  Midwest are i l l u s t r a t e d  in Table 2.13.2 f o r  t h e  Recent Trends 

and Accelerated Coal E l e c t r i c  Scenar ios .  Because of t h e  l i n e a r i t y  of r i s k  

f a c t o r s ,  e s t i m a t e s  of cumulat ive e f f e c t s  f o r ' t h e  Accelerated Coal Scenario 

gene ra l ly  r e f l e c t  t h e  20% i n c r e a s e  in coal-derived energy genera t ion .  

Regional Overview 

Based on the avai lab Ze e s t im te s ,  location of e Zectrical generation 

m d  synfueZs conversion near sources of Western' Zow-sulfur coal w i l l  potenti- 

aZZy reduce cwmtative health and safety r isks  of increased coal ut i l izat ion.  

Estimation of  impacts on publXc h e a l t h  f r o m ' a  g iven  l e v e l  of atmos- 

p h e r i c  emissions i n  a l t e r n a t i v e  l o c a t i o n s ,  a s  expected,  shows t h a t  t h e  f u r t h e r  

west t h e  c o a l  is  burned, and hence t h e  f a r t h e r  is  the source from t he  

l a r g e  concen t r a t ions  of popula t ion  on t h e  e a s t e r n  seaboard,  t h e  less w i l l  be  

t h e  t o t a l  impact. An except ion  is noted ,  however, as a consequence of t h e  

combination of  t h e  l o c a t i o n  of t h e  Chicago area and t h e  gene ra l  tendency f o r  

impacts t o  concen t r a t e  t o  t h e  east of t h e  source:  moving t h e  source  from 

I l l i n o i s  th rough '  Indiana and Ohio dec reases  the t o t a l  impact.  The impact on 



Table 2.13.2 Cumulative Health and Safety Ef fec t s  of 
Regional Coal Development Options i n  t h e  
year 2000. 

Recent -.Trends High Coal 
Scenar io  . . ~ ~ e c t r i c .  Scenar io  

Mining 

Occupational Acc.idents 
Deaths 
DLsaLlil~g I n j u r i e s  

Occupational Disease 
Dea Lhs 17-350 20-400 
Coal Workers Pneumoconiosis Cases 35 40 

Coal Processing P lan t  
Occuyationai Accidents 

Deaths 1 .  2 
Disabling I n j u r i e s  84 98 

Coal R a i l  Transport 
Public Accidents 

Deaths 
Disabling I n j u r i e s  

A i r  Po l lu tan t  Exposure 
Annual Dcath Rslte 

a 1ncrcooa/&0~ Peroone ' ' (0-657) a , (0-809) 

a Based on population-weighted average inc rease  in exposure i n  30 nor theas te rn  
s t a t e s  . Numbers i n  parenthes is  ind Acate 80% con£ tdence range. 



t he  Chicago area , .which  i s  t o  t h e  w e s t  of these  a r e a s ,  drops. ,off  f a r  more 

rap id ly  than t h e  impact t o  . the e a s t  rises. In  f a c t ,  concent ra t ing  combustion 

i n  I l l i n o i s  maximizes' t he  t o t a l  impact, wi th  t h e  r e l a t i v e  population-weighted 

exposure l e v e l s  from a source in t h i s  state being g r e a t e r  by a f a c t o r  of two 

than exposure from a source i n  North Dakota and 9% g r e a t e r  than t h e  exposure 

from a s i m i l a r  source i n  Ohio. ' lower su l fu f  l e v e l s  i n  many Western c o a l  

resources could f u r t h e r  lower t h e  impact per  u n i t  of energy production. 

. Western coa l  a l s o  has less occupa t ion i l  hazar'd f o r  e x t r a c t i o n  s i n c e  

these  c o a l s  a r e  pr imar i ly  strip-mined. Transpor ta t ion  impacts could be 

minimized by use of I n t e r i o r  Province c o a l  wi th in  t h e  region,  but  t h i s  reduced 

risk is a t  l e a s t  p a r t i a l l y  o f f s e t  by h igher  s u l f u r  content  of the  coal .  




