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ABSTRACT 

I n d i a n a  o i l  s h a l e  d e p o s i t s  c o n t a i n  as much energy as I n d i a n a  c o a l .  New 
technologies make i t  poss ib le  f o r  developers t o  p rov ide  a f i n i shed  product a t  
p r i c e s  c o m p e t i t i v e  w i t h  n a t u r a l  p e t r o l e u m  p roduc ts .  The e n v i r o n m e n t a l  
consequences o f  producing o i l  shale d i f f e r  cons iderably  from t r a d i t i o n a l  o i l  
production. 

This paper discusses the p o t e n t i a l  impacts, a v a i l a b l e  data and necessary 
research f o r  d e v e l o p i n g  o i l  s h a l e  i n  Ind iana .  We r e v i e w  t h e  e x t e n t  o f  
po ten t i a l  o f  the resource, the in format ion a v a i l a b l e  about land, water, and a i r  
i n  the resource area and develop severa l  t e c h n o l o g i c a l l y  based scenarios o f  
impact. We then propose base1 i n e  and r e g u l a t o r y  moni tor ing programs as we1 1 as 
appl  i e d  r e s e a r c h  programs necessary t o  d e v e l o p  o i l  s h a l e  i n  I n d i a n a  i n  as 
env i ronmenta l ly  c lean  manner as poss ib le .  F i n a l l y ,  we w i l l  speculate on the 
p r o b a b i l i t y  t h a t  o i l  shale w i l l  be developed, and i f  so, under what condi t ions.  

I. INTRODUCTION 

This paper dea ls  w i th  technologies no t  y e t  formed i n  a wor ld  i n  which the 
economic and p o l i t i c a l l y  forces may vary considerably  i n  the f u t u r e  and which 
uncer ta in ty  about the environmental background in fo rma t ion  ru les .  We attempt 
to explore the  environmental aspects o f  a f u t u r e  development o f  Indiana O i l  
Shale. Thus, i t  more c l o s e l y  resemb les  a t e c h n o l o g y  assessment than  a 
s c i e n t i f i c  r e p o r t  o f  experiments a l ready completed. Yet, g i ven  the  l a g  time 
f o r  environmental programs i n  the United States, we t h i n k  our paper suggests a 
course o f  a c t i o n  which one s h o u l d  b e g i n  now t o  proceed i n  an o r d e r l y  and 
environmental l y  acceptable way. 

Usual ly ,  when we begin t o  develop a new resource, we have some no t ion  on 
how l a r g e  t h e  r e s e r v e s  o f  t h a t  r e s o u r c e  are. I n  th . i s  case we have  a good 
n o t i o n  o f  t h e  e x t e n t  o f  m i n e a b l e  o i l  s h a l e  f rom s t u d i e s  done by  t h e  I n d i a n a  
G e o l o g i c a l  Survey. The s i z e  o f  t h e  r e s e r v e s ,  on t h e  o t h e r  hand, depend upon 
the economics o f  o i l  and t h e  t e c h n o l o g y  o f  o i l  s h a l e  e x t r a c t i o n .  These, i n  
turn, depend upon an i n t e r a c t i v e  r e l a t i o n s h i p  w i t h  the p o l i t i c a l  cl imate, and 
w i t h  t h e  e n v i r o n m e n t a l  c o n s t r a i n t s  ( F i g u r e  1). Because t h e  economics, 
technology, p o l i t i c s  and environmental c o n s t r a i n t s  a1 1 a f f e c t  each and are thus 
a l l  interdependent, changes t o  any o f  these from outs ide s t i m u l i  or from each 
other  w i l l  change t h e  e s t i m a t e  o f  r e s e r v e .  S i m p l y  p u t ,  i f  f o r  some reason  
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imported o i l  becomes v e r y  expens ive  or ,  i f  f o r  some reason t h e  U.S. dec ides  t o  
d e v e l o p  d o m e s t i c  r e s e r v e s  o r ,  i f  f o r  some r e a s o n  someone d e v e l o p s  an u l t r a -  
cheap t e c h n o l o g y  w h i c h  does  n o t  p o l l u t e  t h e  e n v i r o n m e n t ,  t h e  s i z e  o f  t h e  
r e s e r v e s  w o u l d  g row immense ly .  So we v i e w  t h i s  as a dynamic  s e l f  a d j u s t i n g  
model p l a c i n g  these v a r i a b l e s  i n  pe rspec t i ve .  

2. THE NATURE OF THE EASTERN OIL SHALE 

F i g u r e  2 shows t h e  d i s t r i b u t i o n  o f  s h a l e  bea r ing  fo rmat ions  i n  t h e  Un i ted  
States. I n  t h e  west, we see t h e  s m a l l  area where most o i l  s h a l e  research  and 
development have taken p l a c e  i n  t h e  past.  I n  the  east,  t h e  map shows a l a r g e  
a r e a  o f  s h a l e  b e a r i n g  f o r m a t i o n s ,  much 1 i e s  t o o  deep f o r  f e a s i b l e  m i n i n g  a t  
p resent .  

I n  southeas tern  Ind iana,  o i l  s h a l e  ou tc rops  i n  beds 60 - 170 f e e t  t h i c k  i n  
an area t w i c e  t h e  s i z e  o f  t h e  s t a t e  o f  Deleware. However, t h e  r i c h e s t  and most 
a c c e s s i b l e  l i e s  i n  a band from I n d i a n a p o l i s  t o  L o u i s v i l l e .  Th is  s h a l e  occurs  
i n  beds  u p  t o  120  f e e t  t h i c k  w i t h  2 - 2 0  f e e t  o f  o v e r b u r d e n .  T h i s  s h a l e  has 
been known s ince  e a r l y  work i n  1837. The Ind iana  Geo log ica l  Survey and o the rs  
have desc r ibed  i t  i n  many pub1 i c a t i o n s  (Hassenmuel l e r  and Woodward, 1981). O i l  
s h a l e  i n  I n d i a n a ,  named t h e  New A l b a n y  s h a l e ,  o u t c r o p s  i n  t h e  s o u t h e a s t e r n  
p o r t i o n  o f  t h e  s t a t e  (F igu re  3). I t  then t h i c k e n s  and d i p s  i n  a sou thwes te r l y  
d i r e c t i o n  t o w a r d  I 1  l i n o i s .  I t  may b e  as much a s  337 f e e t  t h i c k  i n  s o u t h e r n  
Posey Coun ty  i n  s o u t h w e s t e r n  I n d i a n a .  However,  i t  i s  s e v e r a l  t housand  f e e t  
down. The New A lbany  s h a l e  i s  n e a r l y  impermeable except where f r a c t u r e s  occur. 
I t l i e s  i n  s e v e r a l  beds o f  which t h e  H e n r y v i l l e  bed, t h e  uppermost, con ta ins  
s e v e r a l  t r a c e  elements,  p a r t i c u l a r l y  z inc ,  cadmium, molebdinum, and vanadium, 
and t o  a l e s s e r  degree lead,  n i c k e l  and copper. D i r e c t l y  be low t h e  H e n r y v i l l e  
bed i s  t h e  F a l l i n g  Run bed which i s  h i g h e r  i n  uranium (as much as 100 p a r t s  per 
m i l  1 i on )  and presumably r a r e  ear ths .  The H e n r y v i l  l e  s h a l e  n a t u r a l  l y  ou tc rops  
i n  s e v e r a l  p l a c e s  and i n  Jackson  County ,  I n d i a n a ,  has  on o c c a s i o n  b u r n t  f r o m  
n a t u r a l  causes. 

E a s t e r n  s h a l  e d i f f e r s  i n  a number o f  i m p o r t a n t  ways f r o m  w e s t e r n  s h a l e s  
( T a b l e  1). O f  i m p o r t a n c e  t o  o u r  a n a l y s i s  a r e  s e v e r a l  c h a r a c t e r i s t i c s  o f  
eas tern  sha le ,  namely t h e  h i g h  l e v e l  o f  s u l f u r  con ten t ,  t h e  a c i d i c  l eacha te  and 
the  somewhat lower  y i e l d  o f  s y n t h e t i c  c rude per t o n  (acco rd ing  t o  t h e  F i sche r  
assay).  

I n d i a n a  O i l  S h a l e  d e p o s i t s  w h i c h  l i e  n e a r  t h e  s u r f a c e  c o n t a i n  as much 
energy as Ind iana  coa l .  I f  deve lopers  processed o n l y  25% o f  I nd iana  shale,  t h e  
p o t e n t i a l  w i l  1 exceed 110 b i l l i o n  b a r r e l s ,  app rox ima te l y  7 t imes t h e  Prudhoe 
Reserves .  S e v e r a l  d e v e l o p e r s  p r o p o s e  t e c h n o 1  o g i e s  f o r  t h e  e x t r a c t i o n  o f  
p r o d u c t  f r o m  o i l  s h a l e  t h a t  y i e l d  h i g h e r  t h a n  t h e  F i s c h e r  assay. I f  t h e s e  
techno log ies  p rove  f e a s i b l e ,  t h e  amount o f  energy a v a i l a b l e  i n  Ind iana  s h a l e  
w i l l  r i s e  co r respond ing ly .  Because o f  t he  d i f f e r e n t  n a t u r e  o f  eas te rn  s h a l e  
and t h e  much d i f f e r e n t  n a t u r e  o f  t h e  e n v i r o n m e n t  i n  I n d i a n a ,  we a n t i c i p a t e  
q u i t e  d i f f e r e n t  env i ronmen ta l  problems. 

I n  g e n e r a l ,  we h a v e  c o n s i d e r a b l e  i n f o r m a t i o n  abou t  t h e  n a t u r e  o f  t h e  
resource, s e v e r a l  o p t i o n a l  t e c h n o l o g i e s  have been suggested, and we l a c k  most 
o f  t h e  n e c e s s a r y  i n f o r m a t i o n  on t h e  e n v i r o n m e n t a l  background.  As a r e s u l t ,  
t h i s  paper w i l l  t a l k  p r i m a r i l y  about t h e  a v a i l a b i l i t y  o f  d a t a  ( F i g u r e  4). We 
shal  1 proceed t o  r e v i e w  t h e  p o t e n t i a l  consequences o f  a i r  po l  1 u tan ts ,  water use 
and water p o l  1 u tan ts ,  l a n d  use and t h e  socioeconomic e f f e c t s .  L a s t l y ,  iqe s h a l l  
comment on the  p o t e n t i a l  f o r  a c t u a l  development 
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EXPLANATION 
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Figu Ire 3 Map of Indiana showing distribution of the New Albany Shale and 
equivalent strata. 
Survey 1°x20 Regional Geologic Map Series. 
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Table 1. Differences Between Western and Eastern Oil Shale Resources 

Western Eastern 

Kerogenaceous marl stone True o i l  sha le  

High carbonate, low sulphur 
content 

Carbonates prod uce cement a teo us 
property in spent sha le  (low 
permeab i 1 i t y )  

Low carbonate, high sulphur 
( p y r i t e )  content 

Less cementateous property 

Produces a1 kal ine leachate  Produces ac id ic  leachate 

Arid climate and vegetation 

Lit t 1 e prec i p i  t a t  ion, high 
evapotranspirat ion 

Process wastewaters recycled 

Temporal, humid  cl imate and 
vegetation 

Moderate prec ip i ta t ion  and 
evapo t r  an spi ra t ion  

Process wastewaters possibly 
t rea ted  and discharged 

High hydrogen-carbon r a t i o  Low hydrogen-carbon r a t i o  

Natural y ie ld  of 25-35 gal lons 
per ton 

Natural yield of 10-15 gallons 
per ton,  before r e t o r t i n g  with 
hydrogen 

3. AIR 

Two problems confuse  our  p r e d i c t i o n s  about  a i r  pol l u t i o n  impact a s  a 
r e s u l t  of  a d e v e l o p i n g  Indiana  s h a l e  i n d u s t r y .  F i r s t ,  no one now p r o c e s s e s  
eastern o i l  s h a l e  on a comnercial l e v e l .  Stone and Webster Engineering Company 
( 1 )  have developed a process they propose using, b u t  t h e i r  experiments have a1 1 
been in t h e i r  Brazi l ian development and no reports  a r e  ye t  p u b l i c l y  a v a i l a b l e .  
Midwestern Energy Resources Corpora t ion  i s  exper iment ing  w i t h  a r o t a r y  k i l n  
technology from A 1  1 i s  Chalmers, b u t  again no commercial t e s t s  have been made. 
Thus ,  we have d i f f i c u l t y  es t imat ing emissions f ran  these technologies. Bates 
( 2 )  e s t i m a t e d  p o t e n t i a l  a i r  emiss ions  o f  c r i t e r i a  pol l u t a n t s  from t h e  
t e c h n o l o g i e s  then under experiment  ( T a b l e  2) .  He assumed a r e t o r t  of 50,000 
b a r r e l s  per day,  running a t  50% e f f i c i e n c y ,  wi th  an o i l  y i e l d  of about  10 
g a l l o n s  per  ton. T a b l e  2 d e s c r i b e s  some of  t h e  c a l c u l a t e d  a i r  emiss ions  of 
c r i t e r i a  p o l l u t a n t s  using wes tern  s h a l e  under t h e s e  c o n d i t i o n s .  We s u s p e c t  
t h a t  i t  w i l l  be some t ime b e f o r e  anyone b u i l d s  a f a c i l i t y  in t h e  e a s t  t o  
process  50,000 b a r r e l s  per day,  and when they  do i t  w i l l  be a d i f f e r e n t  
technology. S i m i l a r l y ,  the  technology suggested for  eastern sha le  w i l l  y i e l d  
considerably more than 10  g a l l o n s  per ton. Bates' numbers, taken from Western 
projects ,  probably exceed our expectat ions i n  t h e  e a s t  for  t h e  next f i v e  or six 
years. Table 3 g ives  the  poten t ia l  a i r  emissions from various extant  o i l  s h a l e  
t e c h n o l o g i e s  (3) The t a b l e  shows t h e  p o t e n t i a l  unabated emiss ion  r a t e s .  
Various a i r  pol 1 ution technologies  can reduce the s u l f u r  dioxide emissions and 
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perhaps the others as we1 1. Again, these technologies d i f f e r  cons iderably  from 
t h o s e  proposed f o r  e a s t e r n  sha le .  I n  summary, c o n s i d e r a b l e  e v i d e n c e  e x i s t s  
t h a t  a i r  emissions w i l l  conta in  both c r i t e r i a  p o l l u t a n t s  and others, no m a t t e r  
what t h e  r e t o r t  technology. 

Table 2. Po ten t i a l  A i r  Emissions o f  C r i t e r i a  Po l l u tan ts  
(Adapted from Bates 1981) 

Tons/Y ear 

Par t  i c  u l  a tes 2920-5840 
Su l fu r  Oxides 360 -2920 
Nitrogen Oxides 4380-7300 
Hydrocarbons 180-1 100 

Assumptions: 

1. 50,000 bbls lday 
2. 50% e f f i c i e n c y  
3. O i l  y i e l d  - 10 ga l /T  

Table 3. Po ten t i a l  A i r  Emissions from Extant Oil Shale Technologies 
(Adapted from Fruchler ,  J. S., g c. 1983) 

3Potent ia l  Unabated Rates 

Pro j ec t 2  S02( kg/bbl ) NH3( kg/bbl ) HC( kg/hr)  C02( kg lbb l  ) 

Occidental 11.1 - 101 415 
Rio Blanco 51.7 .68 52 5 
Geokinetics 7.5 - - - 
Paraho 2.1 .76 89 154 
Union B 2.8 .045 72 
TOSCO I1 6.4 2.8 316 49 

- 

- 

1 = Retor ts  vary w i t h i n  p r o j e c t  
2 = Other repor ted p o l l u t a n t s  inc lude PAH's, Hg, NO,, As 
3 = Some c o n t r o l s  are poss ib le  

Much o f  t h e  area near  and downwind o f  wes te rn  o i l  s h a l e  developments 
conta ins p r i s t i n e  a i r  p o l l u t i o n  condi t ions.  Such i s  n o t  the case i n  the east. 
S i m i l a r l y ,  t h e  r e g i o n  downwind o f  t h e  wes te rn  deve lopmen t  has few people. 
Again, t h i s  i s  n o t  the case i n  the east. Whi le  the o i l  shale reg ion  o f  Indiana 
i s  s p a r s e l y  popu la ted ,  i t  1 i e s  between t h r e e  m a j o r  c i t i e s :  I n d i a n a p o l i s ,  
C inc inna t i  and L o u i s v i l l e .  It a l s o  l i e s  downwind from a l a r g e  number o f  a i r  
p o l  1 u t i o n  sources, p a r t i c u l a r l y  those which produce s u l f u r  d i o x i d e  (F igure 5). 
Few r e g u l a r l y  maintained moni tor ing dev ices f o r  any p o l l u t a n t  occur i n  the o i l  
s h a l e  area. T a b l e  4 summarizes t h e  a v a i l a b l e  a i r  p o l l u t i o n  d a t a  f o r  t h e  
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s o u t h e r n  p o r t i o n  o f  I n d i a n a  f o r  t h e  S O 2 ,  NO;, 03, HC. No d i r e c t  measure o f  
ambient a i r  p o l l u t i o n  i n  t h e  o i l  shale area ex i s t s ,  nor do any meteoro log ica l  
s ta t i ons  which descr ibe the wind pa t te rns  occur i n  the region. Because the o i l  
s h a l e  r e g i o n  s t r e t c h e s  f r o m  t h e  Ohio R i v e r  Bas in  no r thward  and because wind 
condi t lons and p a r t i c u l a r l y  i n v e r s i o n  condi t ions vary throughout the region, 
l o c a l  meteoro log ica l  s ta t i ons  would improve t h e  data base considerably. I n  a 
recent  paper by Loucks (unpublished MS) says t h a t  s tud ies o f  t r e e  r i n g  data and 
growth data o f  vegetat ion i n d i c a t e  s i g n i f i c a n t  l e v e l s  o f  c r i t e r i a  p o l  1 utants  i n  
the region. Whi le  inadequate data e x i s t  t o  character ize the ambient p o l l u t a n t s  
i n  t h e  r e g i o n ,  i n d i r e c t  e v i d e n c e  r e i n f o r c e s  t h e  t h e o r y  t h a t  ambient a i r  
cond i t i ons  are h i g h l y  p o l  lu ted.  

Table 4. A v a i l a b i l i t y  o f  A i r  P o l l u t i o n  Mon i to r i ng  Data i n  t h e  
O i l  Shale Region o f  Ind iana 

1976- 1981 

Number o f  Number o f  Years, a1 1 s ta t i ons  Stat ions w i t h  2 Number 
Stat ions a t  EPA eva lua t i on  c r i t e r i a  o r  more years Violat ions 

so2 18 
Par t i cu la tes  18 
NO 2 3 
Ozone 1 
HC 0 

38 
42 

7 
2 
0 

1 = 24 hour primary 
2 = 15 Annual Average, 9 24 hour primary 
3 = 1 hour average 

4. WATER 

We must proceed s i m i l a r l y  i n  our d iscuss ion o f  p o t e n t i a l  e f f e c t s  t o  water 
i n  the  o i l  shale reg ion o f  t he  state. Here, however, the problem becomes more 
complex because o i l  shale development w i l l  a f f e c t  both water q u a n t i t y  and water 
q u a l i t y .  We can sumnarize water q u a l i t y  data by saying t h a t  few surface water 
s t a t i o n s  a r e  r e g u l a r l y  m o n i t o r e d  t h r o u g h o u t  t h e  r e g i o n  and none f o r  ground 
water q u a l i t y .  Bates and Thoem (5) suggest t h a t  development w i l l  a f f e c t  both 
sur face and ground water. 

Below we w i l l  discuss the a v a i l a b l e  evidence t h a t  o i l  shale development 
w i l l  p o l l u t e ;  second, t h a t  i t  w i l l  use t h e  a v a i l a b l e  wa te r  resources ;  and 
t h i r d ,  we w i l l  l ook  a t  the a v a i l a b l e  data i n  the region. Water p o l l u t i o n  may 
occur e i t h e r  as a r e s u l t  of discharges i n t o  the surface water o r  t he  l eak ing  o f  
leachate m a t e r i a l s  o f  the spent shale i n t o  the ground water. Table 5 adapts 
O'Shaughnessy e t  a1 (4) and Bates and Thoem (5) data on severa l  p o t e n t i a l  water 
p o l l u t a n t s  in-waxe water. Because o f  the va ry ing  technologies, both o f  o i l  
s h a l e  r e t o r t i n g  and o f  water  t r e a t m e n t ,  t h e  numbers v a r y  q u i t e  r a d i c a l l y  i n  
many cases. We expect lower pH from eastern shale and higher su l fa tes .  Note 
t h a t  t h i s  c h a r t  does n o t  d e s c r i b e  t r a c e  m e t a l s .  There w i l l ,  however, be 
p o t e n t i a l .  t r a n s f e r  o f  t r a c e  m e t a l s  e i t h e r  i n  t h e  waste wa te rs  o r  from the 
leachates, depending upon the  technology. These t race  me ta l s  i nc lude  oxides o f  
s u l f u r ,  c h l o r i d e s ,  ca rbona tes ,  a1 uminum, boron,  cadmium, f l u o r i n e ,  lead,  
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molybdenum, vanadium, and z inc .  R e t o r t i n g  the  H e n r y v i l  l e  and the  Fa1 1 i n g  Run 
s h a l e  w i l l  r e l e a s e  n i c k e l  , c o p p e r ,  z i n c ,  as we1 1 as uran ium.  U n t i l  we know 
more d e t a i l  about t h e  techno logy ,  we can o n l y  assume t h a t  these m a t e r i a l s  w i l l  
show up e i t h e r  as scrubber res idues  i n  waste water, waste p i l e s  o r  i n  l e a c h a t e  
systems from the  spent shale.  

Table 5. Wastewater C h a r a c t e r i s t i c s  o f  f i l t e r e d  R e t o r t  (0.4 mic ron )  Wastewater 
(Adapted from O'Shaughnessey _ _  e t  a1 1982 and Bates and Thoem 1980.) 

PH 
TDS 
TDC 
COD 
BOO 
Ammonia N 
Arsen ic  
Cyanide 
S u l f a t e  
S u l f i d e  

8.5-9.6 
6.197-15,900 
2.500-9.500 
6.200-10,840 

3300 
1,800-3.247 

0.4-6.875 
2.6-20.8 

1,600-1,715 
<O. 5-22? 

We know somewhat more  a b o u t  w a t e r  q u a n t i t y  p r o b l e m s .  A1 1 o f  t h e  known 
techno log ies  o f  o i l  s h a l e  r e t o r t i n g  use water t o  a g r e a t e r  o r  l e s s e r  ex ten t .  
Known o i l  s h a l e  p r o c e s s i n g  t e c h n o l o g i e s  use a p p r o x i m a t e l y  5 t o  1 5  m i l  l i o n  
g a l l o n s  per day f o r  a 50,000 b a r r e l  per  day f a c i l i t y .  New t e c h n o l o g i e s  may use 
less  water,  bu t  produce c o n s i d e r a b l e  waste water as we have d iscussed above. 
W h i l e  t h e  e a s t e r n  U n i t e d  S t a t e s  i s  g e n e r a l l y  more humid  t h a n  t h e  wes t ,  t h e  
p a r t i c u l a r  r e g i o n  o f  t h e  s t a t e ,  because  o f  t h e  u n d e r l y i n g  impermeab le  s h a l e  
becmes droughty  i n  sumner. The d a t a  on ground water ar; d e r i v e d  from v e r y  few 
records. The su r face  water f rom s t reamf low  s t a t i s t i c s  f o r  51 gauging s t a t i o n s ,  
few which have c u r r e n t  o r  comple te  data. 

The da ta  on ground water a re  d e r i v e d  from v e r y  few records .  L i t t l e  ground 
water e x i s t s  except i n  a l l u v i a l  f i e l d s  a long  t h e  major  waterways. On ou r  map, 
t h a t  would be the  eas t  f o r k  o f  t h e  White R i v e r ,  and o f  course, t h e  Ohio R ive r .  
There a re  no a v a i l a b l e  d a t a  about seasonal change i n  ground water. S i m i l a r l y ,  
t h e r e  a r e  no a v a i l a b l e  d a t a  a b o u t  g r o u n d  w a t e r  qua1 i t y .  T h e r e  a r e  s e v e r a l  
r e s e r v o i r s  th roughout  t h e  southern  p o r t i o n  o f  Indiana. These do no t  p r o v i d e  
enough excess water f o r  a l a r g e  o i l  s h a l e  development.  We can o n l y  conc lude 
t h a t  e i t h e r  i n d i v i d u a l  d e v e l o p e r s  o r  t h e  s t a t e  must p r o v i d e  an adequate water 
f a c i l i t y  f o r  such a d e v e l o p m e n t ,  p r o b a b l y  m o v i n g  w a t e r  f r o m  t h e  Oh io  R i v e r  
Basin i n t o  t h e  o i l  s h a l e  region. C u r r e n t l y  Ind iana s t a t e  l a w  f o r b i d s  i n t e r -  
basin t r a n s f e r s .  The Ohio R i v e r  does n o t  f l o w  s t r o n g l y  i n  sumner and drops t o  
minimun n a v i g a t i o n a l  l e v e l s .  Thus, 1 arge s c a l e  remova l  f o r  s h a l e  r e t o r t i n g  
c o n f l i c t s  w i t h  sh ipp ing  i n t e r e s t s  on the  R ive r .  
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5. LAND USE 

Land use problems f o r  eastern shale d i f f e r  from those o f  western shale fo r  
a v a r i e t y  o f  reasons. U n l i k e  t h e  west, I n d i a n a  i s  p r i m a r i l y  an a g r i c u l t u r e  
s t a t e .  Over 50% o f  t h e  farms i n  t h e  o i l  s h a l e  r e g i o n  a r e  r a t e d  as prime 
a g r i c u l t u r e  lands by the  U.S. S o i l  Conservation Service. I n  addi t ion,  a number 
o f  p u b l i c  l a n d  h o l d i n g s  used f o r  r e c r e a t i o n  and w i l d l i f e  occu r  w i t h i n  the 
reg ion .  Thus, we must c o n s i d e r  n o t  o n l y  t h e  p o t e n t i a l  acreage o f  l a n d  mined 
f o r  o i l  shale, bu t  t he  p r o b a b i l i t y  t h a t  rec lamat ion  w i l l  r e t u r n  t h a t  land t o  
i t s  former use. Johnson ( 1 )  d i s c u s s e d  r e c l a m a t i o n  exper imen ts  on Stone and 
Webster's Petrobas p r o j e c t  i n  B r a z i l .  The proposed an Indiana p r o j e c t  which 
wou ld  b u i l d  a 50,000 b a r r e l  p e r  day r e t o r {  w i t h  a y i e l d  o f  a p p r o x i m a t e l y  16 
g a l l o n s  per ton. Assuming they use the top  60 f e e t  o f  the shale bed and leave 
the  remainder as an impermeable seal t o  reduce ground water p o l l u t i o n  and tha t  
t h i s  60 f e e t  inc ludes 50 f e e t  o f  sha le  and 10 f e e t  o f  overburden, we c a l c u l a t e  
t h e y  w i l l  r e q u i r e  a p p r o x i m a t e l y  400 acres per year. T a b l e  6 g i v e s  the  
c a l c u l a t i o n s  f o r  a 50,000 b a r r e l  per day p r o j e c t  and compares those numbers t o  
a v a r i e t y  o f  o t h e r  acreage f i g u r e s .  Some d e v e l o p e r s  have  c a l c u l a t e d  t h a t  
I n d i a n a  o i l  s h a l e  c o u l d  e a s i l y  s u p p o r t  a t o t a l  i n d u s t r y  o f  a h a l f  m i l l i o n  
b a r r e l s  per day. I f  so, we s imply  m u l t i p l y  t h e  c a l c u l a t i o n s  on Table 6 by 10 
and c a l c u l a t e  4000 ac res  pe r  yea r  a f f e c t e d  by o i l  sha le .  The t a b l e  a l s o  
i n c l u d e s ,  f o r  comparison, t h e  c u r r e n t  l e a s e s  h e l d  by  p o t e n t i a l  o i l  sha le  
developers equal 1 i ng  45,000 acres, t he  amount o f  acreage occurr ing i n  Indiana 
s t r i p  mines are 90,000 acres. For those i n  t h e  midwest t h a t  h'ave sane f e e l i n g  
f o r  our land use, the Hoosier Nat ional  Forest, i s  approximately 200,000 acres. 
I n  southern Indiana the re  are c u r r e n t l y  150,000 acres i n  o i l  and gas leases as 
y e t  undeveloped. And a f t e r  10 years o f  hard s t ruggle,  env i ronmen ta l i s t s  set 
aside a 13,000 acre wi lderness area. I n  short, t he  area p o t e n t i a l l y  affected 
i s  a r e l a t i v e l y  s i g n i f i c a n t  p iece o f  the state. 

Table 6. Land Use Considerations 

Theor e t i c a1 1 y : 

A 50,000 bb l l day  r e t o r t  w i t h  a y i e l d  o f  16 gals /T (Petrobas) 

= 131,000 - 154,000 T/day = 48 - 56 X 106T/year 

= 400 Ac/year 60 f e e t  deep (10 '  overburden x 50' shale) 

Current Leases - = 45,000 Ac f o r  O i l  Shale Canpanies 

Indiana S t r i p  Mines - 90,000 Ac 

Hoosier National Forest - 200,000 Ac 

O i l  and Gas Leases i n  Southern Ind iana - 150,000 Ac 

Deam Wilderness - 13,000 Ac 
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No s t u d i e s  suggest t h a t  spent s h a l e  w i l  1 eve r  r e t u r n  t o  p r ime a g r i c u l t u r a l  
use. Most deve lope rs  p l a n  on b a c k f i l l i n g  t h e i r  process wastes i n t o  t h e  s u r f a c e  
mined area. These wastes i n c l u d e  overburden, waste l e a n  shales,  spent sha le ,  
raw f i n d s ,  f i n d s  and p r o c e s s e d  wastes.  These was tes  pose s e r i o u s  p r o b l e m s  
because o f  t h e i r :  ( 1 )  c h e m i c a l  c o m p o s i t i o n ;  ( 2 )  p h y s i c a l  p r o p e r t i e s ;  and ( 3 )  
vol  m e .  

S h a l e  was tes  c o n t a i n  o r g a n i c  ca rbon ,  v a r i o u s  c a t i o n s ,  a n i o n s  and t r a c e  
m e t a l s ,  s u c h  as a luminum,  b o r o n ,  cadmium, f l u o r i d e s ,  l e a d ,  molybdenum, 
vanadium, z i n c ,  i r o n ,  and uran ium.  I n d i a n a  s h a l e  wastes ,  d e p e n d i n g  upon t h e  
technology, may a l s o  c o n t a i n  c o n s i d e r a b l e  s u l f a t e .  

The Ind iana  Geo log ica l  Survey has proposed t h a t  d e v e l o p e r s  use o n l y  t h e  
top  h a l f  o f  t h e  seam. T h i s  n o t  o n l y  i n c l u d e s  t h e  r i c h e s t  o i l  shale,  b u t  l e a v e s  
t h e  b o t t o m  h a l f  50 o r  60 f e e t  i n  s i t u  as an i m p e r m e a b l e  l a y e r  r e d u c i n g  t h e  
p o t e n t i a l  f o r  g r o u n d  w a t e r  p o v u x n .  Thus, t h e  s t r i p p e d  a r e a s  n o t  o n l y  
p r o v i d e  a conven ien t  p l a c e  f o r  t h e  placement,  b u t  a r e l a t i v e  good sea l  f o r  t he  
p o l l u t a n t s  d e r i v e d  f r o m  t h e  l e a c h a t e s  o f  t h e s e  m a t e r i a l s .  We do  n o t  as y e t  
know how good. 

A prob lem deve lops  i n  t h a t  spent sha le ,  as a r e s u l t  o f  r e t o r t i n g ,  expands 
l i k e  popcorn. Depending on t h e  techno1 ogy, v a r i o u s  exper t s  p r e d i c t  anywhere 
from 20 t o  50% expansion by volume. Th is  means t h a t  spent s h a l e  w i l l  n o t  f i t  
e n t i r e l y  i n  t h e  h o l e s  from which i t  came. Some c o n s i d e r a b l e  m a t e r i a l  w i l l  be 
l e f t  s t a c k e d  a b o u t  t h e  l a n d s c a p e .  By t h e  same t o k e n ,  d e p e n d i n g  upon t h e  
t r a n s p o r t a t i o n  system, i t  may s i t  i n  p i l e s  f o r  p o t e n t i a l  secondary r e c o v e r y  o f  
some o f  t h e  m e t a l s  o r  f o r  o t h e r  pu rposes .  Under t h e s e  c o n d i t i o n s ,  t h e  s p e n t  
s h a l e  w i l l  l e a c h .  The l e a c h a t e s  c o n t a i n  a v a r i e t y  o f  m a t e r i a l s  as we h a v e  
discussed e a r l i e r .  F igu re  6 shows t h e  expansion o f  spent s h a l e  under va r ious  
c o n d i t i o n s .  F i g u r e  B shows t h e  e x p a n s i o n  i f  t h e  t o p  50 f e e t  i s  mined,  g i v i n g  
approx imate ly  a 20% expansion. G e n e r a l l y ,  t h i s  w i l  1 occupy t h e  space f o r m e r l y  
f i l l e d  by overburden. I f  t h e  expansion i s  as h i g h  as 50% and a l l  100 f e e t  o f  
the  s h a l e  were mined, i t  would extend 50 f e e t  h ighe r  than the  ground surface. 
The r e c l a i m e r  must  t h e n  c o v e r  t h i s  w i t h  s o i l .  L i t t l e  e x t r a  a v a i l a b l e  s o i l  
e x i s t s  i n  t h a t  r e g i o n  o f  I nd iana  t o  augment t h e  t h i n  overburden. 

We know o f  no c u r r e n t  r e s e a r c h  on r e c l a m a t i o n  o f  t h e s e  p i l e s  o f  e a s t e r n  
spen t  s h a l e .  Two p r i m a r y  e n v i r o n m e n t a l  concerns  i n c l u d e  the  degrada t ion  o f  
sur face  and ground water q u a l i t y  as a r e s u l t  o f  l e a c h i n g  th rough these wastes 
and p h y t o t o x i c i t y  and s t a b i l i t y  on the  r e c l a i m e d  area. The Petrobas p r o j e c t  
shows r e c l a m a t i o n  f r o m  B r a z i l .  T h i s  p r o j e c t  used,  a t  l e a s t  i n  p a r t ,  I n d i a n a  
s h a l e  upon w h i c h  t h e y  p l a n t e d  a v a r i e t y  o f  p l a n t s  w h i c h  g row i n  t r o p i c a l  
regions. O f  these, t hey  p l a n t e d  mimosa, euca lyp tus .  C a r o l i n a  p ine  and s e v e r a l  
other t r o p i c a l  t r e e  species. Some r e c l a m a t i o n  a t tempts  were made us ing  matte,  
a f o r m  o f  tea .  We p o i n t  o u t  t h a t  
B r a z i l  has somewhat d i f f e r e n t  c l i m a t e  and s o i l  c o n d i t i o n s  f rom those found i n  
Indiana. 

Johnson r e p o r t s  t h e  s u c c e s s  o f  t h i s  s tudy .  

6. SOCIOECONOMIC 

Ind iana  s h a l e  development would a f f e c t  l o c a l  socioeconomic p a t t e r n s  q u i t e  
d i f f e r e n t l y  than western deve lopments  a f f e c t e d  t h e i r  1 oca l  pa t te rns .  Because 
the Green R i v e r  area o f  Co lorado i s  d i s t a n t  f rom l a r  e l a b o r  markets,  t h e  area 
wou ld  r e c e i v e  a 1 a r g e  and sudden semi -permanent  in!l ux o f  w o r k e r s  and t h e i r  
f a m i l i e s .  The a r e a  has few  l a r g e  towns o r  s e r v i c e s  a v a i l a b l e .  The i n f l u x  
wou ld  cause a "boom town"  s i m i l a r  t o  t h o s e  a t  G i l l e t e ,  Wyoming and C o l s t r i p ,  
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Montana. I n  s o u t h e a s t e r n  I n d i a n a ,  a l a r g e  l a b o r  f o r c e  a l r e a d y  e x i s t s .  The 
sha le  r e g i o n  1 i e s  we1 1 w i t h i n  comnut ing range o f  I n d i a n a p o l i s ,  C i n c i n n a t i ,  and 
L o u i s v i l l e .  R e c e n t l y ,  t w o  n u c l e a r  power p l a n t  p r o j e c t s  ( M a r b l e  H i 1  1 i n  
Madison, I nd iana  and Zimner i n  C i n c i n n a t i )  have l a i d  o f f  c o n s t r u c t i o n  workers. 
Ind iana and Kentucky b o t h  c o n t a i n  many p r e s e n t l y  unemployed miners .  

The l a n d  use and water a v a i l a b i l i t y  c o n f l i c t s  from l a r g e  s c a l e  o i l  s h a l e  
development i n  Ind iana  w i l  1 resemble  those i n  Co lorado and i n  t h e  coa l  m in ing  
a reas  i n  Montana, Wyoming and Sou th  Dakota .  However,  because  o f  t h e  g r e a t e r  
p o p u l a t i o n  and p r e v a l e n c e  o f  farming, these c o n f l i c t s  may become more i n tense  
i n  Ind iana than i n  t h e  west. 

7. ECONOMIC POTENTIAL FOR DEVELOPMENT OF EASTERN OIL SHALE 

B e f o r e  t h e  d i s c o v e r y  o f  o i l  i n  1859, o i l  s h a l e  was a p r i m a r y  s o u r c e  o f  
pe t ro leum i n  the  U.S. Today, however, u n c e r t a i n t y  c l o u d s  economic f e a s i b i l i t y  
of  e x t r a c t i n g  o i l  f rom s h a l e  i n  t h e  U.S. The USSR and China today produce s h a l e  
o i l  c o m n e r c i a l l y ,  as w e l l  as B r a z i l  on a l i m i t e d  s c a l e  (6). Yet s h a l e  o i l  has 
not been an impor tan t  source o f  energy i n  marke t  economies. Indeed, engineers 
have viewed s h a l e  o i l  as "a lmost  f e a s i b l e "  f o r  a t  l e a s t  t h e  l a s t  t h i r t y  years  
(7) As r e c e n t l y  as 1973, exper t s  have pegged t h e  p r o j e c t e d  p r i c e  o f  o i l  from 
sha le  a t  as l i t t l e  as $5.50 pe r  b a r r e l ,  C u r r e n t l y ,  es t ima tes  range from $20 t o  
$30 p e r  b a r r e l .  t h a t  a 20 
percent r i s e  i n  the  w o r l d  p r i c e  o f  c rude would make s h a l e  o i l  f e a s i b l e .  Wor ld  
o i l  p r i c e s  h a v e  r i s e n  f a r  more t h a n  20  p e r c e n t  d u r i n g  t h e  l a s t  decade, b u t  
sha le  o i l  has f a i l e d  t o  become a ma jo r  source o f  petroleum. 

Compar i sons  o f  o i l  s h a l e  c o s t  w i t h  c u r r e n t  w o r l d  p r i c e s  f o r  o i l  can  
m i s l e a d .  The changes i n  t h e  w o r l d  m a r k e t  f o r  o i l  s i n c e  t h e  e a r l y  1970s t h a t  
p rov ide  o p p o r t u n i t i e s  f o r  s h a l e  o i l  a l s o  c o n t a i n  new sources o f  economic r i s k .  
To understand the  p o t e n t i a l  r o l e  o f  s h a l e  o i l ,  one must f i r s t  understand the  
bas ics  o f  t h e  w o r l d  market f o r  o i l .  

The Saudia Arabian and o the r  OPEC r e s e r v e s  dominate t h e  w o r l d  supp ly  o f  
petroleum. Saudia Arab ia  a lone  has 24.6 pe rcen t  o f  t h e  wor ld ' s  p roven rese rves  
o f  o i l  (8). Saudia Arab ia 's  i n t e r n a l  needs r e q u i r e  l i t t l e  o i l ,  making them a 
major f o r c e  i n  o i l  expor ts .  Wh i le  t h e  p r i c e s  t h e  Saudis charge f o r  t h e i r  o i l  
have r i s e n  d r a m a t i c a l  l y  s i n c e  1973, t h e i r  p r o d u c t i o n  c o s t s  r e m a i n  v e r y  l ow .  
Thus w h i l e  t h e  h i g h  OPEC p r i c e s  seem t o  s p u r  o i l  s h a l e  o p p o r t u n i t i e s ,  t h e s e  
o p p o r t u n i t i e s  a r e  il 1 usory  i n  t h a t  OPEC c o u l d  undercu t  these w i t h  ease. 

The f e a s i b i l i t y  o f  new energy t e c h n o l o g i e s  i s  based l e s s  on t h e  c u r r e n t  
h igh  p r i c e s  f o r  c rude o i l  than on t h e  u n c e r t a i n t y  sur round ing  f u t u r e  p r i c e  and 
a v a i l a b i l i t y .  The c a r t e l - l i k e  p r i c i n g  b e h a v i o r  o f  OPEC coup led  w i t h  p o l i t i c a l  
i n s t a b i l  i t y  i n  t h e  m i d d l e  eas t  have caused c o n s i d e r a b l e  con fus ion  about f u t u r e  
p r i ces  and supp l  ies. The s u p p l y  i n t e r r u p t i o n  f o l  l o w i n g  t h e  I r a n i a n  r e v o l u t i o n  
i n  1979 d r a m a t i c a l l y  showed the  impact o f  a s i n g l e  count ry 's  i n t e r n a l  even ts  on 
t h e  w o r l d w i d e  m a r k e t  f o r  o i l .  The c o n t i n u i n g  c o n c e r n  a b o u t  t h e  p o t e n t i a l  
impact o f  t h e  war between I r a n  and I r a q  on o i l  s u p p l i e s  o f f e r s  another example. 

Because o f  t hese  concerns, s h a l e  o i l  c o u l d  become a t t r a c t i v e  t o  d e v e l o p  
desp i te  i t s  h i g h  cos t  because o f  t h e  s t r a t e g i c  r o l e  o i l  s h a l e  migh t  p l a y  i n  the  
c o n t i n g e n c y  p l a n s  o f  t h e  U.S. g o v e r n m e n t  t o  i n s u r e  a m i n i m a l  d o m e s t i c  
p roduc t ion  c a p a b i l i t y  f o r  pe t ro leum produc ts .  O i l  f rom s h a l e  can be  r e f i n e d  
i n t o  1 i q u i d  f u e l s  s u c h  as g a s o l i n e  o r  j e t  f u e l  ( k e r o s e n e )  f o r  m o b i l e  use. 

A d v o c a t e s  h a v e  r e g u l a r l y  c l a i m e d  o v e r  t h e  y e a r s  
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n u s ,  we w i l l  compare Ind iana  o i l  s h a l e  t o  o t h e r  sources o f  l i q u i d  f u e l s  i n  the 
U.S. and Nor th  h e r i c a  r a t h e r  than  w i t h  o t h e r  sources o f  energy i n  t h e  wor ld,  

The economic f e a s i b i l i t y  o f  I n d i a n a  s h a l e  o i l  depends on t h e  cos t  o f  the  
s h a l e  o i l  i t s e l f  and on t h e  c o s t s  o f  p o s s i b l e  a l t e r n a t i v e s .  Few r e l i a b l e  
e s t i m a t e s  o f  s h a l e  o i l  c o s t s  e x i s t ,  w h i c h  i s  n o t  s u r p r i s i n g  g i v e n  t h e  e a r l y  
stages o f  development o f  t h e  i ndus t r y .  The cos ts  f o r  some a l t e r n a t e  sources 
v a r y  f rom we1 1 understood t o  s u b s t a n t i a l  u n c e r t a i n t y .  Should s h a l e  o i l  costs 
t u r n  o u t  r e l a t i v e l y  l o w  when compared t o  those  o f  t h e  o t h e r  a l t e r n a t i v e s  t u r n  
ou t  high, s h a l e  o i l  c o u l d  p r o v e  f e a s i b l e ,  and v i c e  versa. 

E s t i m a t i n g  t h e  c o s t  o f  o i l  f r o m  I n d i a n a  s h a l e  i n  p a r t  depends on t h e  
techno logy  chosen. One techno logy  thought  p romis ing  i s  based on t h e  Pe t ros i x  
P rocess  d e v e l o p e d  o v e r  t h e  l a s t  t h i r t y  y e a r s  b y  P e t r o b a s ,  t h e  n a t i o n a l  o i l  
company o f  B r a z i  1. The D e v o n i a n  s h a l e  f o u n d  i n  I n d i a n a  r e s e m b l e s  t h e  s h a l e  
f o u n d  i n  B r a z i l  and p r o c e s s e d  i n  t h e  P e t r o b a s  p i l o t  p l a n t .  Pe t robas  
a n t i c i p a t e s  e s t a b l i s h i n g  commercial s c a l e  o p e r a t i o n s  w i t h i n  the  n e x t  few years. 
A l l i s  Chalmers has deve loped another approach based on a r o l l e r  g r a t e  r e t o r t .  
They have t e s t e d  t h i s  process on Ind iana  s h a l e  i n  a s m a l l  process development 
u n i t  b u t  n o t  i n  a p i l o t  p l a n t  s tage.  Cos t  e s t i m a t e s  f o r  e i t h e r  p r o c e s s  w i l l  
remain v e r y  d i f f i c u l t  t o  d e v e l o p  b e f o r e  t e s t i n g  i n  p i l o t  p l a n t  ope ra t i ons  and 
even then t h e  es t ima tes  w i l l  no t  l i k e l y  be w i t h i n  l e s s  than  p l u s  o r  minus 30 
percen t  o f  e v e n t u a l  f u l l  s c a l e  commercial costs.  

The m i n i n g  o f  t h e  s h a l e  and t r a n s p o r t  t o  t h e  p r o c e s s  s i t e  a r e  a l s o  
impor tan t  cos t  e lements.  The m i n i n g  and t r a n s p o r t  c o s t s  w i l  1 n o t  s u b s t a n t i a l l y  
v a r y  w i t h  t h e  r e c o v e r y  t e c h n o l o g y  b u t  w i l l  v a r y  w i t h  t h e  d e t a i l s  o f  t h e  
s p e c i f i c  p r o j e c t .  U n l i k e  w i t h  western o i l  s h a l e  t e c h n o l o g i e s  which requ i red  
underground mining, Ind iana 's  o i l  s h a l e  l i e s  j u s t  beneath t h e  su r face  and can 
be  e x t r a c t e d  w i t h  c o n v e n t i o n a l  s u r f a c e  m i n i n g  techniques. 

E n v i r o n m e n t a l  c o s t s  a s s o c i a t e d  w i t h  b o t h  p r o c e s s i n g  and d i s p o s a l  o f  t h e  
spent s h a l e  w i l l  a l s o  a f f e c t  o i l  s h a l e  development.  Severa l  sec t i ons  above 
d i s c u s s  t h e  n a t u r e  o f  t h e s e  c o s t s .  They  may w e l l  p r o v i d e  a s o u r c e  o f  d i s -  
economies o f  sca le .  The waste d i s p o s a l  p rob lems c rea ted  by a v e r y  l a r g e  sca le  
f a c i l i t y  a r e  compounded by  b o t h  t h e  volume o f  t h e  waste and i t s  concent ra t ion  
i n  one l o c a t i o n .  A s e r i e s  o f  s m a l l  s c a l e  f a c i l i t i e s  s c a t t e r e d  th roughout  the 
s h a l e  reg ion ,  w h i l e  n o t  reduc ing  t h e  volume o f  waste, c o u l d  h e l p  spread i t  out 
and perhaps m in im ize  t h e  env i ronmen ta l  impact o f  d i s p o s a l .  Such an approach 
m igh t  a l s o  reduce t h e  c o s t s  o f  t r a n s p o r t i n g  s h a l e  t o  t h e  process f a c i l i t i e s  but 
c o n v e r s e l y  c o u l d  i nc rease  t r a n s p o r t a t i o n  c o s t s  o f  t h e  processed o i l .  

I n  a d d i t i o n  t o  t h e  p r o d u c t i o n  and env i ronmen ta l  c o s t s  o f  s h a l e  o i l ,  we add 
t h e  c o s t s  o f  t h e  i n f r a s t r u c t u r e  needed t o  suppor t  t h e  employment i n  the  shale 
o i l  and suppor t i ng  i n d u s t r i e s  and e x t e r n a l  o p p o r t u n i t y  c o s t s  o f  us ing  t h e  land 
f o r  s h a l e  o i l  development r a t h e r  than a l t e r n a t i v e  uses. S i m i l a r l y ,  we should 
cons ider  an o p p o r t u n i t y  c o s t  assoc ia ted  w i t h  u s i n g  water f o r  s h a l e  o i l  r a t h e r  
than f o r  competing uses. I f  such c o s t s  a r e  borne by  t h e  p u b l i c  s e c t o r  ra the r  
than  t h e  p r i v a t e  and we must s e p a r a t e l y  account f o r  t hese  costs.  

I nd iana  o i l  s h a l e  i s  n o t  t h e  o n l y  domest ic source  o f  l i q u i d  f u e l  nor  even 
n e c e s s a r i l y  t h e  l e a s t  c o s t l y .  One p o s s i b l e  a l t e r n a t i v e  i s  western o i l  shale, 
p r i m a r i l y  f r o m  C o l o r a d o ,  Utah ,  and Idaho .  I n  t h e  r e c e n t  p a s t ,  b o t h  l a r g e  
c o r p o r a t i o n s  and t h e  U.S. Department o f  Energy have shown c o n s i d e r a b l e  i n t e r e s t  
i n  western shale.  That  i n t e r e s t  has subsided somewhat r e c e n t l y  i n  t h e  face  o f  
concerns about water a v a i l a b i l i t y  and env i ronmen ta l  problems, n o t  t o  mention 
changes i n  w o r l d  o i l  p r i c e s .  Such i n t e r e s t  c o u l d  e a s i l y  r e v i v e ,  however, 
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should d e v e l o p e r s  improve i n  s i t u  p r o d u c t i o n  techno logy ,  which r e c o v e r s  t h e  o i l  
w i thou t  remov ing  t h e  s h a l e f r a m h e  ground. I n  p r i n c i p l e ,  i n  s i t u  p r o d u c t i o n  
promises t o  reduce the  water requ i rements  and the  s h a l e  d i s p o s a l p r o b l e m s  o f  
o ther  techno log ies ,  b u t  i t  has y e t  t o  p r o v e  f e a s i b l e  i n  a p p l i c a t i o n .  

Inc reased o i l  p r o d u c t i o n  f rom U.S. f i e l d s  e i t h e r  i n  A laska o r  i n  t h e  l ower  
48 s t a t e s  c o u l d  p r o v i d e  a n o t h e r  p o s s i b l e  s o u r c e  o f  l i q u i d  f u e l s .  The N o r t h  
Slope o f  A laska has proven r e s e r v e s  o f  9.6 b i l l i o n  b a r r e l s  w i t h  t h e  e x p e c t a t i o n  
t h a t  A laskan r e s e r v e s  c o u l d  e v e n t u a l l y  t o t a l  as much as 1 5  b i l l i o n  b a r r e l s  (9). 
Alaskan o i l ,  however, has h i g h  t r a n s p o r t a t i o n  c o s t  assoc ia ted  w i t h  b r i n g i n g  i t  
t o  marke t .  A d r o p  i n  t r a n s p o r t a t i o n  c o s t s  c o u l d  i n c r e a s e  i t s  r o l e ,  t o  t h e  
d e t r i m e n t  o f  t h e  p r o s p e c t s  f o r  s h a l e  o i l .  W i t h i n  t h e  l o w e r  4 8  s t a t e s ,  m a j o r  
new f inds ,  a l t hough  p o s s i b l e ,  a re  n o t  l i k e l y .  A g r e a t  dea l  o f  o i l  remains i n  
e x i s t i n g  f i e l d s ,  h o w e v e r ,  e v e n  a f t e r  p r i m a r y  r e c o v e r y  t e c h n i q u e s  no l o n g e r  
produce. Recent yea rs  have seen e x c e l l e n t  p rogress  i n  secondary and t e r t i a r y  
r e c o v e r y  t e c h n i q u e s  a p p l  i e d  t o  e x i s t i n g  f i e l d s .  F u r t h e r  t e c h n o l o g i c a l  
improvements c o u l d  s u b s t a n t i a l  l y  i nc rease  danes t i c  r e c o v e r a b l e  r e s e r v e s  even 
w i thout  new f i n d s .  

Inc reased o i l  p r o d u c t i o n  c o u l d  occur e l  sewhere i n  Nor th  America. Mexico 
has 8.5% o f  t h e  w o r l d ' s  p r o v e n  r e s e r v e s  ( a l m o s t  t w i c e  t h o s e  o f  t h e  U.S.) and 
a l t h o u g h  much o f  t h e i r  c u r r e n t  p r o d u c t i o n  goes  t o  t h e i r  c u r r e n t  needs, 
increased expor t s  t o  t h e  U.S. c o u l d  be p o s s i b l e  i n  t h e  f u t u r e  (8) Canada a l s o  
has t h e  p o t e n t i a l  f o r  inc reased o i l  p roduc t i on ,  p a r t i c u l a r l y  f rom t h e  Athabasca 
o i l  sands i n  A l b e r t a  (6)  U.S. has few s o u r c e s  o f  o i l  sands i n  C a l i f o r n i a ,  
Utah, and Kentucky. Improvements i n  r e c o v e r y  techno logy  f o r  o i l  sands migh t  
o f f e r  t h e  prospec ts  f o r  impor ts  f rom Canada o r  p r o d u c t i o n  from U.S. sources. 

T h e o r e t i c a l  l y ,  s y n t h e t i c  f u e l s  f rom coa l  another p o s s i b l e  source o f  1 i q u i d  
fue l .  Since t h e  e s t a b l i s h m e n t  o f  t h e  U.S. Syn the t i c  Fue ls  Corpo ra t i on  i n  1980 
the government has focused on the  p r o d u c t i o n  o f  s y n t h e t i c  f u e l s  d e r i v e d  from 
c o a l .  W h i l e  assessmen ts  o f  t h e  l i k e l y  s u c c e s s  o f  such p rog rams  v a r y  b o t h  b y  
source  and o v e r  t i m e ,  c o a l  o f f e r s  p r o m i s e  compared t o  s h a l e  i n  p a r t  because  
o n l y  one t h i r d  t h e  tonnage needs be  mined pe r  b a r r e l  o f  o i l  w i t h  coa l  as w i t h  
o i l  s h a l e  ( 1 0 ) .  As w i t h  o i l  s h a l e ,  t h e  economic  f e a s i b i l i t y  depends upon 
t e c h n o l o g i c a l  d e v e l o p m e n t s  and s o l u t i o n s  t o  t h e  emerg ing  e n v i r o n m e n t a l  
problems. 

The u n c e r t a i n t i e s  sur round ing  t h e  c o s t s  o f  s h a l e  o i l  and t h e  cos ts  o f  t e h  
major danes t i c  a l t e r n a t i v e s  pose se r ious  problems b o t h  f o r  p u b l i c  p o l i c y  and 
f o r  energy companies. O i l  s h a l e  d i f f e r s  from pe t ro leum g r e a t l y  i n  the  s o r t  o f  
u n c e r t a i n t i e s  d e v e l o p e r s  must accept. The major  r i s k  i n  pe t ro leum e x p l o r a t i o n  
i s  whether d e v e l o p e r s  can f i n d  o i l  o r  not .  But, o i l  s h a l e  abounds. The r i s k  
l i e s  i n  t e c h n o l o g i c a l  i nven t ion .  I n  any case, p u b l i c  and p r i v a t e  o f f i c i a l s  
faced w i t h  d e c i s i o n s  expend funds t o  p repare  f o r  p o t e n t i a l  r i s k  p r o d u c t i o n  must 
do so w i t h  u n c e r t a i n t i e s  i n  every  major  area except e x p l o r a t i o n .  

8. CONCLUSIONS ( F i g u r e  7 ) 

Our paper desc r ibes  t h e  abundant o i l  s h a l e  resource  a v a i l a b l e .  It a l s o  
d e s c r i b e s  an e n v i r o n m e n t  w i t h  c o n s i d e r a b l e  u n c e r t a i n t y  i n  r e l a t i o n  t o  
environmental  qua1 i t y .  We know t h e r e  i s  a i r  p o l  1 u t i on .  We know t h e r e  a r e  water 
quan t i t y  problems. We t h i n k  t h e r e  a re  water q u a l i t y  problems. The l a n d  use i n  
t h a t  area i s  q u i t e  p r o f i t a b l e  as an a g r i c u l t u r e  resource. We have shown t h a t  
there i s  cons ide rab le  u n c e r t a i n t y  about t h e  p o t e n t i a l  techno1 og ies  t h a t  ex i s t .  
A l l  o f  these, we b e l i e v e ,  a r e  s u s c e p t i b l e  t o  changes i n  economic and p o l i t i c a l  



118 

J 
F I G .  7. EQUATION TO SOLVE FOR F (= FUTURE) 

condi t ions f a r  removed from southern Indiana. We suggest t h a t  the Federal and 
S ta te  governments develop the  appropr ia te research and moni tor ing systems t o  
acqui re and understand the background data and p o t e n t i a l  impacts. They could 
t h e n  d e v e l o p  m i t i g a t i o n  systems, and a l l o w  r e v i e w  by t h e  s c i e n t i f i c  and 
r e g u l a t o r y  community. We note t h a t  the p u b l i c  agencies i n  the. s t a t e  o f  Indiana 
a r e  n o t  equipped t o  d e a l  w i t h  t h e  t e c h n o l o g i c a l  p rob lems  i n v o l v e d .  We note 
t h a t  t he re  i s  pressure t o  deve lop  syn the t i c  f u e l s  from coal and t o  increase the 
production o f  Indiana coal. Sadly, we suspect t h a t  t he  oppor tun i t y  t o  behave 
i n  a fa r - s igh ted  fashion w i l  1 s l  i p  from us and we w i l  1 again proceed i n  a catch 
up, f i x  up mode. For t h o s e  o f  us i n  t h e  e n v i r o n m e n t a l  s c i e n c e  bus iness ,  t h i s  
c o n s t i t u t e s  a tragedy. 
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