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INTRODUCTION 

The o i l  s h a l e s  of Colorado, Utah, and Wyoming a r e  a p o t e n t i a l l y  impor tan t  energy 
r e source  f o r  t h e  U.S.. and a poss ib l e  s i g n i f i c a n t  c o n t r i b u t o r  t o  f u t u r e  n a t i o n a l  
energy independence. S ince  approximately 80 pe rcen t  of t hese  s h a l e  d e p o s i t s  a r e  on 
f e d e r a l  l ands ,  t h e  Government has a prime r e s p o n s i b i l i t y  t o  ensu re  t h e i r  e f f i c i e n t  
and envi ronmenta l ly  sound u t i l i z a t i o n .  

Primary e f f o r t s  t o  develop o i l  s h a l e  t o  d a t e  have emphasized a combination of 
mining and s u r f a c e  r e t o r t i n g .  An a l t e r n a t i v e  approach, i n  s i t u  ( i n  p l ace )  r e t o r t i n g ,  
has  no t  been ex tens ive ly  i n v e s t i g a t e d ,  
could be developed, however, i t  could i n c r e a s e  the  “ recove rab le  r e s e r v e s “  of  o i l  
s h a l e ,  reduce a s h a l e  o i l  i n d u s t r y ’ s  water  requi rements ,  and m i t i g a t e  t h e  environment- 
a l  impacts normally a s s o c i a t e d  wi th  mining and aboveground p rocess ing .  

I f  an  economically v i a b l e  i n  s i t u  technology 

An Accelera ted  Na t iona l  O i l  Sha le  I n  S i t u  Research Program was acco rd ing ly  formu- 
l a t e d  by a U.S. Government In te ragency  O i l  Sha le  Panel  (1) i n  March 1975. ’  A p r inc i -  
p a l  o b j e c t i v e  of t h e  r e s e a r c h  and development program i s  t o  a t tempt  t o  “advance t h e  
technology f o r  i n  s i t u  product ion  of s h a l e  o i l  t o  t h e  po in t  of  commercial f e a s i b i l i t y  
by t h e  e a r l y  1980’s.” wi th  a p p r o p r i a t e  accompanying environmental  s a fegua rds .  Both 
t r u e  i n  s i t u  and modified i n  s i t u  r e s e a r c h  p r o j e c t s  t o  produce s h a l e  o i l  a r e  inc luded  
i n  t h e  Acce lera ted  Program. 

ERDA assumed primary r e s p o n s i b i l i t y  f o r  implementing t h e  r e s e a r c h  and develop- 
ment po r t ion  of t h e  program, which c l o s e l y  r e l a t e s  o i l  s h a l e  l e a s i n g  a c t i v i t i e s  of 
t h e  U.S. Department of  t h e  I n t e r i o r  w i th  t h e  a c t i v i t i e s  of ERDA: The a c c e l e r a t e d  
program development p l an  inc ludes  two main and coord ina ted  phases .  The f i r s t  of 
t hese  i s  t h e  o f f e r i n g  f o r  s a l e  of two t r a c t s  of Fede ra l  o i l  s h a l e  l ands  l i m i t e d  t o  
development by i n  s i t u  methods. The second phase is the  r e s e a r c h  and development plan 
which is t o  be guided by t h e  results ( o r  l a c k  of r e s u l t s )  of t he  l e a s i n g  phase.’ 

Lack of i n d u s t r i a l  i n t e r e s t  i n  Wyoming o i l  s h a l e ,  which i s  t y p i c a l  of l e a n ,  thin- 
seam o i l  s h a l e  d e p o s i t s  throughout Wyoming, Colorado, and Utah, as i n d i c a t e d  by t h e  
absence of nominations,  makes i t  impera t ive  f o r  t h e  Government t o  assume a primary 
r o l e  i n  t h e  long-range, h igh- r i sk  r e s e a r c h  on t h e  s u b s t a n t i a l  thin-seam o i l  s h a l e  
r e source  va lues .  The p resen t  ERDA program on Wyoming o i l  s h a l e s  c o n s i s t s  of t h e  r e -  
s ea rch  on t r u e  i n  s i t u  process ing  now be ing  conducted by t h e  Laramie Energy Research 
Center .  

’ A j o i n t  announcement of t h e  program was made by t h e  Department of t he  I n t e r i o r  and 
ERDA a t  a Government lhdus t ry  Conference i n  Washington, D . C . ,  March 19 ,  1975. ’ Resu l t s  from t h e  Department of t h e  I n t e r i o r ‘ s  c a l l  f o r  nominations of i n  s i t u  
t r a c t s  i n  mid-1975 y ie lded  s i x  t r a c t s  nominated i n  Colorado and t h r e e  t r a c t s  nomi- 
na ted  i n  Utah. The  nominations w e r e  made by s i x  companies. No t r a c t s  were nomi- 
na ted  i n  Wyoming. A t r a c t  s e l e c t i o n s  committee s e l e c t e d  one t r a c t  i n  Colorado and 
one t r a c t  i n  Utah. Two a l t e r n a t e  t r a c t s ,  bo th  i n  Utah, w e r e  des igna ted  by t h e  
committee. 
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The proposed development p l a n  is concerned w i t h  h o r i z o n t a l  modified i n  s i t u  
r e s e a r c h ,  a s  d i s c u s s e d  i n  t h e  Acce lera ted  Program, and s p e c i f i c a l l y  w i t h  t h e  techni- 
c a l ,  economical,  and envi ronmenta l  f e a s i b i l i t y  of apply ing  a combined h o r i z o n t a l  
mining and r e t o r t i n g  technology t o  s h a l e  o i l  p roduct ion  from thin-seam o i l  s h a l e  
d e p o s i t s .  The i n i t i a l  experiments a r e  t o  be  conducted i n  t h e  30- t o  40-foot-thick 
s h a l e  s t ra ta  of e i t h e r  t h e  Laney o r  T i p t o n  members o f  t h e  Green River  Formation on 
White Mountain, 5 m i l e s  nor thwes t  of Rock S p r i n g s ,  Wyoming. 

The p r i n c i p a l  o b j e c t i v e s  of the proposed p r o j e c t  a r e  as f o l l o w s :  

1. 

2. 
3 .  

4 .  

5 .  

6.  

7. 

8. 

9.  - 
technology i n  thin-seam o i l  s h a l e  s t r a t a .  

BACKGROUND 

The Laramie Energy Research Center  i s  a p a r t  of t h e  na t ionwide  f a c i l i t i e s  of t h e  

a c o o p e r a t i v e  agreement  w i t h  t h e  Bureau of Mines and t h e  U n i v e r s i t y  of Wyoming. through I n i -  II Energy Research and Development Adminis t ra t ion .  

t i a l  work was d i r e c t e d  a t  developing pe t ro leum r e s o u r c e s  i n  t h e  Rocky Mountain region, 
and r e s e a r c h  w a s  focused  on  improving methods of r e f i n i n g  h i g h - s u l f u r ,  a s p h a l t -  

LERC w a s  opened i n  J u l y  1924, 

Develop modified i n  s i t u  recovery e n g i n e e r i n g  e x p e r t i s e  on l e a n ,  thin-seam o i l  
s h a l e  d e p o s i t s .  
Determine optimum underground s u p p o r t  d e s i g n  t o  minimize s u r f a c e  subs idence .  
Develop mining and e x p l o s i v e  b l a s t i n g  techniques  t o  ensure  d e s i r e d  v o i d  volume 
and t o  maximize r e s o u r c e  u t i l i z a t i o n .  
Design r e t o r t  c o n f i g u r a t i o n s  t o  maximize r e s o u r c e  recovery  wi th  minimum environ- 
mental  i m p a c t .  
I n v e s t i g a t e  h e a t  e f f e c t s  dur ing  r e t o r t i n g ,  i n c l u d i n g  tempera ture  g r a d i e n t s  of 
w a l l s  and s u r r o u n d i n g s .  
E s t a b l i s h  t h e  e f f e c t  of v e r t i c a l  v e r s u s  h o r i z o n t a l  sweep of t h e  o x i d i z i n g  o r  hot 
r e t o r t i n g  g a s e s .  
Examine t h e  e f f e c t s  o f  r e t o r t i n g  v a r i a b l e s  ( e . g .  s h a l e  g r a d e ,  p o r o s i t y ,  g a s  com- 

I f  p o s s i b l e ,  deve lop  technology f o r  s e n s i b l e  h e a t  and a d d i t i o n a l  hydrocarbon re- 
p o s i t i o n )  on s h a l e  o i l  y i e l d s  and s h a l e  o i l  q u a l i t y .  

covery from p r e v i o u s l y  r e t o r t e d  shales. 
Determine t h e  economic f e a s i b i l i t v  of modified i n  s i t u  h o r i z o n t a l  r e t o r t i n e  

@ 

P 
I, 

, 

.~ 

M bear ing  c rude  o i l s  of Wyoming. 

A s h i f t  of  emphasis a t  LERC t o  o i l  s h a l e  occurred  as a r e s u l t  o f  t h e  Synthe t ic  
Liquid F u e l s  A c t  enac ted  i n  1944, and s i n c e  t h a t  t i m e  a n  i n c r e a s i n g  f r a c t i o n  of the 
LERC r e s e a r c h  and development e f f o r t  h a s  been devoted t o  o i l  s h a l e .  S ince  t h e  e a r l y  
1960 ' s ,  LERC o i l  s h a l e  work h a s  been p r i m a r i l y  concerned wi th  i n  s i t u  r e t o r t i n g  
techniques .  LERC c u r r e n t l y  employs o v e r  245 e n g i n e e r s ,  s c i e n t i s t s ,  and supporting 
s t a f f ,  and i s  r e s p o n s i b l e  f o r  d i r e c t i n g  s e v e r a l  f i e l d  programs. 

F 
Since  t h e  e a r l y  1 9 6 0 ' s ,  work on o i l  s h a l e  a t  t h e  Laramie Energy Research Center 

The major e f f o r t  has  been c o n c e n t r a t e d  on development o f  i n  s i t u  r e t o r t i n g  methods. 
d i r e c t e d  a t  v e r t i c a l  r e t o r t i n g  has  been c a r r i e d  o u t  i n  a 10-ton p i l o t - s c a l e  batch 
r e t o r t  and a 150-ton semiworks batch r e t o r t .  
mental  program h a s  been  to  demonst ra te  t h e  f e a s i b i l i t y  of forward combustion r e t o r t -  
i n g  of randomly s i z e d ,  mine-run s h a l e ,  i . e .  t h e  type  of r e t o r t i n g  t h a t  would most 
l i k e l y  b e  employed i n  a v e r t i c a l ,  i n  s i t u  chimney r e t o r t .  

The o v e r a l l  o b j e c t i v e  of t h i s  experi-  

I n  t h e  O c c i d e n t a l  modified i n  s i t u  v e r t i c a l  p r o c e s s  approximately 1 5  percent  of 
t h e  s h a l e  is mined away and b l a s t i n g  expands t h e  remaining s h a l e  t o  c r e a t e  a chimney, 
c a l l e d  t h e  r e t o r t .  The  expanded, o r  r u b b l i z e d ,  s h a l e  i s  then  i g n i t e d  a t  t h e  top  and I 
v e r t i c a l  r e t o r t i n g  i s  employed € o r  o i l  p roduct ion .  A i r  is c a r e f u l l y  d i l u t e d  with re- 
c y c l e  g a s  t o  g i v e  t h e  d e s i r e d  oxygen c o n c e n t r a t i o n .  
approximate dimensions of 30 f e e t  x 30 f e e t  x 70 f e e t )  have been r e t o r t e d ;  a substan- 
t i a l l y  l a r g e r  f o u r t h  chimney (120 f e e t  x 120 f e e t  x 270 f e e t )  is c u r r e n t l y  being 
r e t o r t e d .  

To d a t e  t h r e e  ch imnies  (each wi th  

a 
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Tota l  investment by Occ iden ta l  was expected t o  reach  approximate ly  $38 MM by year  
end 1975. 

While ope ra t ing  d e t a i l s  of t h e  Occ iden ta l  p rocess  a r e  p r o p r i e t a r y ,  Occidenta l  
has  acknowledged t h e  importance of expe r i ence  ga ined  by LERC i n  guid ing  t h e i r  
development work. 
ob ta ined  i n  t h e  150-ton r e t o r t .  

I n i t i a l  exper iments  by Occ iden ta l  were based p r i m a r i l y  on r e s u l t s  

Occidenta l  has  r epor t ed  ( 2 )  approximate ly  70  pe rcen t  recovery  of  o i l  based on 
F ischer  a s say ,  wh i l e  t h e  n e t  energy e f f i c i e n c y  of t h i s  process  v a r i e s  from 55 t o  80 
Percent  f o r  o i l  s h a l e  of from 1 0  t o  40 g a l l o n s  per  t on  a s s a y .  The r a t i o  of energy 
Output t o  e n e r g y i n p u t  is from 1 0  t o  24 f o r  t h e s e  s h a l e s .  Occ iden ta l  has  s t a t e d  
t h a t  the  energy e f f i c i e n c y  could  be  inc reased  by opt imiz ing  t h e  p rocess .  
t h e  energy r equ i r ed  f o r  gas  compression was more than  50 pe rcen t  of t h e  t o t a l  energy 
i n p u t  and hence, should be  c a r e f u l l y  c o n t r o l l e d  f o r  e f f i c i e n t  o p e r a t i o n .  

For example, 

I n  a d d i t i o n  t o  t h e s e  ongoing s t u d i e s ,  numerous o t h e r  l a b o r a t o r y  and f i e l d  t e s t s  
have been proposed on v a r i a t i o n s  of  t h e  modified i n  s i t u  v e r t i c a l  r e t o r t i n g  p rocess .  
For example, Lawrence Livermore Labora tory  has  proposed a modified subleve l -caving  
mining method p r i o r  t o  i n  s i t u  r e t o r t i n g ,  i n  which i t  is claimed would, i f  i t  were 
success fu l ,  a l low $6 t o  $9 p e r  b a r r e l  s h a l e  o i l  (3 ) .  R e t o r t  s i z e s  of 100  x 100 x 
300 f e e t  and 250 x 250 x 1 ,000 f e e t  have been proposed; sma l l e r  r e t o r t s  of 50 x 50 x 
120 f e e t  have been termed "noncommercial r e t o r t s . "  

It should be noted t h a t  t h e  proposed RISE program i s  conceptua l  o n l y ,  and no 
such experiments have been conducted. I n  a d d i t i o n ,  the  proposed development e f f o r t  
fo l lows  very  c l o s e l y  t h e  work c u r r e n t l y  underway by Occidenta l .  
o t h e r  proposed techniques  a r e  a p p l i c a b l e  on ly  t o  t h e  very  t h i c k  s h a l e  beds of  Colo- 
rado; t he  t h i n n e r  s h a l e  beds of Wyoming and Utah a r e  no t  s u i t a b l e  f o r  l a r g e - s c a l e  
v e r t i c a l  r e t o r t i n g .  

F i n a l l y ,  t h i s  and 

During World War 11, underground p y r o l y s i s  of s h a l e  was a t tempted  on a semiworks 
b a s i s  ( 4 ) .  I n i t i a l  work was through p r i v a t e  e n t e r p r i s e ,  bu t  la ter  e f f o r t s  were sup- 
por ted  by t h e  German Navy. Under wartime p r e s s u r e ,  premature o p e r a t i o n  o n  a l a r g e r  
s c a l e  was a t tempted .  Hor i zon ta l  chambers, 197 f e e t  long ,  of  rubb l i zed  s h a l e  produced 
by b l a s t i n g  were i g n i t e d  a t  one end and gases  exhausted a t  t he  o t h e r  end. F i r s t ,  
c ros scu t s  6 .6  f e e t  wide and 7.2 f e e t  h igh  were d r i v e n .  The s i d e s  and r o o f s  were 
d r i l l e d  be fo re  r u b b l i z i n g  t o  a depth  of 4.9 f e e t ,  and one  pound of exp los ive  p e r  ton 
of s h a l e  was used .  S ince  30 t o  35 pe rcen t  of  t h e  s h a l e  was removed, vo ids  w e r e  30 to  
35 pe rcen t .  The d e p o s i t s  were about  28 .2  f e e t  t h i c k ,  t hus  r e t o r t i n g  t h e  f u l l  bed 
th i ckness  was no t  ach ieved  due t o  t h e  mining des ign .  Progress  of t h e  combustion f r o n t  
a long  the  top of t h e  rubb le  was f a s t e r  than  through t h e  bottom. Th i s  l e f t  un re to r t ed  
s h a l e  a t  t he  bottom and r e s u l t e d  i n  excess ive  l o s s  of o i l  by combustion, t hus  g iv ing  
a y i e l d  of on ly  30 p e r c e n t  of F i sche r  a s say .  Presumably,  gas  r e c y c l e  t o  reduce  t h e  
oxygen content  of t h e  f eed  gas  would have a l l e v i a t e d  t h i s ,  bu t  was not  t r i e d .  Modi- 
f i e d  i n  s i t u  h o r i z o n t a l  r e t o r t i n g  was t h u s  demonstrated to  be f e a s i b l e ,  bu t  because 
of poor mining and r e t o r t i n g  procedures  r e source  recovery  w a s  poor .  

Although no t  d i r e c t l y  a s s o c i a t e d  wi th  modified i n  s i t u  h o r i z o n t a l  r e t o r t i n g ,  
LERC has conducted f o r  s e v e r a l  y e a r s  a f i e l d  program d i r e c t e d  toward development of 
t r u e  i n  s i t u  h o r i z o n t a l  r e t o r t i n g .  Research on f r a c t u r i n g  o i l  s h a l e  i n  p l ace  by non- 
nuc lea r  means was i n i t i a t e d  i n  t h e  late 1960 ' s .  Three i n  s i t u  recovery  f i e l d  exper i -  
ments were des igned  and conducted by t h e  Bureau of Mines fo l lowing  t h e  f r a c t u r i n g  
s t u d i e s .  Each of t h e s e  exper iments  was based on t h e  concept of  i g n i t i n g  the  s h a l e  i n  
an i n j e c t i o n  w e l l  and f o r c i n g  ho t  gases  and l i q u i d s  h o r i z o n t a l l y  through f r a c t u r e s  to  
s e v e r a l  recovery  w e l l s  sur rounding  t h e  i n j e c t i o n  w e l l .  
by combustion wi th  compressed a i r  through t h e  i n j e c t i o n  we l l .  

The ho t  gases  were produced 
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PROPOSED OVERALL DEVELOPMENT PROGRAM 

It is proposed t h a t  t h e  o v e r a l l  development program f o r  modified h o r i z o n t a l  i n  
s i t u  r e t o r t i n g  be  d iv ided  i n t o  f i v e  consecu t ive  phases  ex tending  over  a t o t a l  of 5 
yea r s .  

- 

Phase I. P r e o p e r a t i o n a l  S tud ie s  (approximate ly  1 2  months),  i nc lud ing  ana lyses  
of corehole  and geo log ic  d a t a  and s e l e c t i o n  of  a f i e l d  s i t e ;  arrangements f o r  access  
road rights-of-way; c o n s t r u c t i o n  and maintenance of  access  roads ;  c o n s t r u c t i o n  of 
on - s i t e  suppor t  f a c i l i t i e s ;  arrangement f o r  power, water, and o t h e r  u t i l i t i e s ;  selec- 
t i o n  of subcon t rac to r s  and c o n s u l t a n t s ,  and conduct environmental  b a s e l i n e  s t u d i e s .  E 

Phase 11. P r e p a r a t i o n  o f  D e f i n i t i v e  Exper imenta l  Program (approximate ly  9 
months),  i nc lud ing  development of f i n a l  mining p l an ;  s e l e c t i o n  of f i n a l  r e t o r t  con- 
f i g u r a t i o n ( s ) ;  o v e r a l l  des ign  of exper imenta l  r u b b l i z i n g  and r e t o r t i n g  program, and 
a s soc ia t ed  o p e r a t i o n  and measurement t echn iques ;  p r e p a r a t i o n  of mathemat ica l  models 
of r e t o r t i n g  methods; c o n s t r u c t i o n  of s p e c i a l  l a b o r a t o r y  suppor t  f a c i l i t i e s ;  se lec-  
t i o n  of a s s o c i a t e d  envi ronmenta l  s t u d i e s .  w 

Phase 111. I n i t i a l  F i e l d  Pcogram (approximate ly  2 1  months),  i nc lud ing  develop- ' 

ment of h o r i z o n t a l  mine and i n i t i a l  exper imenta l  r e t o r t s ;  conduct of f i r s t  genera t ion  
rubb l i z ing  and r e t o r t i n g  experiiilents, us ing  d i r e c c  combustion and a l s o  hot  gas injec- 
t i o n ;  eva lua t ion  of d a t a  t o  i d e n t i f y  c r i t i c a l  parameters ;  performance of environmental  
r e sea rch  s t u d i e s  t o  q u a n t i f y  accompanying l a n d ,  water, and air impacts ;  completion 
of a s soc ia t ed  l a b o r a t o r y  a n a l y s e s .  

Phase I V .  Expanded F i e l d  Program and Suppor t ing  S t u d i e s  (approximate ly  18 
months),  i nc lud ing  m o d i f i c a t i o n  o f  i n i t i a l  r e t o r t  des igns ;  d e t a i l e d  eva lua t ion  of re- 
t o r t i n g  parameters ;  de t e rmina t ion  of d e f i n i t i v e  h e a t  and m a t e r i a l  ba l ances  and y i e lds ;  
c h a r a c t e r i z a t i o n  of product  o i l s ,  g a s e s ,  and s p e n t  s h a l e s ;  i d e n t i f i c a t i o n  and measure- 
ment of a i r  emis s ions ,  aqueous e f f l u e n t s ,  l e a c h a t e s ,  and s o l i d  was te s ;  assessment  of 
environmental  impacts on  a i r ,  water ,  and l a n d ;  d e s i g n  of s u i t a b l e  p o l l u t i o n  con t ro l  
methods f o r  f u t u r e  i n  s i t u  f i e l d  programs. I 

P Phase V.  Techn ica l ,  Environmental ,  and Economic Eva lua t ion  of Commercial 
Opera t ions  (approximate ly  12 months),  i nc lud ing  e s t ab l i shmen t  of des ign  parameters 
f o r  commercial-scale modi f ied  i n  s i t u  r e t o r t i n g ;  assessment  of t e c h n i c a l  f e a s i b i l i t y  
of commercial-scale i n  s i t u  p l a n t ;  a n a l y s i s  of  economics of f u l l - s c a l e  i n  s i t u  sha le  
o i l  p roduct ion;  e v a l u a t i o n  of environmental  impacts  of commercial-scale ope ra t ions ,  
and c o n t r o l  methods r e q u i r e d ;  recommendations r ega rd ing  i n d u s t r i a l  i n  s i t u  s h a l e  o i l  
p roduct ion  from t h i n  o i l  s h a l e  s t r a t a .  

SITE LOCATION STUDIES 

I, 

II 
E 

E 

LERC has  a l r eady  conducted p re l imina ry  s t u d i e s  t o  i d e n t i f y  p o t e n t i a l  f i e l d  s i t e s  
Three  primary c r i t e r i a  were used t o  e v a l u a t e  such f o r  t he  proposed r e s e a r c h  program. 

sites. F i r s t ,  t h e  s h a l e  d e p o s i t  should be r e p r e s e n t a t i v e  of t h e  r e source  base  which 
w i l l  be u l t i m a t e l y  a v a i l a b l e  f o r  commercial development by a combined h o r i z o n t a l  
mining and r e t o r t i n g  p rocess .  Based on  t h i s  requi rement ,  on ly  s h a l e  d e p o s i t s  of 15 
t o  25 gpt average  r i c h n e s s ,  w i th  a t h i c k n e s s  of approximate ly  50 f e e t  were considered. 
Second, t h e  s h a l e  d e p o s i t  should ou tc rop  i n  o rde r  t o  avoid  expens ive  i n i t i a l  under- 
ground mining and s i te  development.  T h i r d ,  l o c a t i o n  of t h e  d e p o s i t  should be  acces- 
s i b l e  and i n  r easonab le  proximi ty  to  a popu la t ion  c e n t e r ,  aga in  t o  minimize f i e l d  
development c o s t s  and ha rdsh ip  t o  f i e l d  workers.  

It should be  emphasized t h a t  t h e s e  c r i t e r i a  were s p e c i f i c a l l y  employed i n  evalua- 
t iOn of  p o t e n t i a l  sites f o r  t h i s  program's i n i t i a l  f i e l d  development work. However, 
r e s u l t s  from the  R & D program w i l l  b e  a p p l i c a b l e  to  a wide range  of thin-bed sha le s  
l o c a t e d  over  a wide geograph ica l  area. Other  f a c t o r s ,  of secondary importance,  Were 
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a l s o  considered and a r e  d i scussed  below. A number of p o s s i b l e  s i t e s  were i n v e s t i -  
ga ted  i n  Colorado, Utah, and Wyoming. Based on t h e  fo rego ing  t h r e e  c r i t e r i a ,  however, 
t he  most favorable  p o t e n t i a l  l o c a t i o n s  w e r e  determined t o  be i n  t h e  White Mountain 
r eg ion  of western Wyoming where two si tes have been nominated. 

White Mountain is an  u p l i f t  i n  which weather ing  has  exposed two members of t h e  
Green River o i l  s h a l e  Formation, v i z ,  t h e  Laney and t h e  T ip ton  ( i n  descending  o r d e r ) .  
The geology and geochemistry of o i l  s h a l e  fo rma t ion  f o r  t h i s  r eg ion  have been  des- 
c r ibed  elsewhere ( 5 ) .  The crest of  White Mountain runs  i n  a n o r t h e a s t e r l y  d i r e c t i o n ,  
and a t  its nea res t  po in t  i s  w i t h i n  approximate ly  4 miles of Rock Spr ings ,  Wyoming. 
Both t h e  Laney and the  T ip ton  members ou tc rop  i n  t h i s  r eg ion ,  and s h a l e s  of  s u i t a b l e  
r i c h n e s s  and th i ckness  occur  i n  these  members. Thus, a l l  primary c r i t e r i a  are m e t  by 
t h i s  r eg ion .  I n  a d d i t i o n ,  t h i s  r eg ion  i s  on ly  a few m i l e s  from LERC t r u e  i n  s i t u  
f i e l d  t e s t  s i t e s ,  and t h e r e f o r e  o f f e r s  a f a v o r a b l e  s t r a t e g i c  l o c a t i o n  f o r  f u t u r e  
p r o j e c t  management. 

I n  order  to p inpo in t  s p e c i f i c  s i tes s u i t a b l e  f o r  t h e  f i e l d  s t u d i e s ,  LERC i n i -  
t i a t e d  i n  1974 a co reho le  program t o  accumulate d a t a  on bo th  the  Laney and T ip ton  
members of t he  Green River o i l  s h a l e  Formation. Ex tens ive  co reho le  d a t a  has  been ob- 
t a ined  a t  two s e p a r a t e  sites. To d a t e  s i x  co reho les  have been d r i l l e d  and assayed  a t  
a t o t a l  c o s t  of approximate ly  $62,000, and f u r t h e r  work i s  planned. De ta i l ed  i n f o r -  
mation on t h e  White Mountain co reho le  program i s  conta ined  i n  LERC c o r e  a n a l y s i s  
f i l e s  (6 ) .  Loca t ion  of t h e  two s i t e s  i s  g iven  i n  f i g u r e  1. Although b o t h  of t h e  
sites a r e  cons idered  s u i t a b l e ,  s i t e  1 i n  t h e  Laney member is somewhat favored  and has  
been used i n  p re l imina ry  p l ann ing  and c o s t  e s t ima t ing .  
based on p repa ra t ion  of t h e  d e f i n i t i v e  exper imenta l  program. 

F i n a l  s i t e  s e l e c t i o n  w i l l  be 

I n  a d d i t i o n  t o  the  co reho le  program, envi ronmenta l  s t u d i e s  have been  i n i t i a t e d  
i n  t h e  White Mountain r e g i o n  and a r e p o r t  t i t l e d  "An Environmental  Reconnaissance 
Study f o r  Sweetwater County I n  S i t u  O i l  Sha le  Research" has  been completed ( 7 ) .  
purpose of t h e  r e p o r t  i s  to i d e n t i f y  t h e  r e g u l a t o r y  requi rements ,  agenc ie s ,  and en- 
v i ronmenta l  components of concern i n  t h e  r e s e a r c h  a rea .  These d a t a  w i l l  b e  used i n  
p repa r ing  t h e  Environmental  Assessment Repor t  (EAR) f o r  t h i s  p r o j e c t .  To d a t e  appro- 
x imate ly  $35,000 h a s  been inves t ed  i n  t h e  environmental  s t u d i e s .  These p re l imina ry  
s t u d i e s  r ep resen t  a s u b s t a n t i a l  e f f o r t  i n  b e t t e r  d e f i n i n g  t h e  modified i n  s i t u  
h o r i z o n t a l  r e t o r t i n g  program. 

The 

M I N I N G  PROGRAM 

Objec t ives  

The mining r e l a t e d  o b j e c t i v e s  of t h e  program a r e  as fo l lows:  

Develop b l a s t i n g  techniques  t o  op t imize  o i l  y i e l d  by ob ta in ing  a uni form f r ag -  
menta t ion  and void d i s t r i b u t i o n  wi th  t h e  r e t o r t  mass us ing  conven t iona l  mine 
b l a s t i n g  agen t s  and equipment.  
Confirm t h e o r e t i c a l  des ign  d a t a  r e l a t i n g  t o  h e a t  e f f e c t s  on mine p i l l a r s  and 
openings.  
Design r e t o r t  c o n f i g u r a t i o n  based on d a t a  from a and b. 
Design gene ra l  mine p l a n  based on c, wi th  adequate  mine s t r u c t u r a l  components t o  
minimize envi ronmenta l  impact.  

The f i r s t  o b j e c t i v e  of  de te rmining  t h e  c o r r e c t  b l a s t  h o l e  d r i l l i n g  and b l a s t i n g  

( a )  

(b) 

(c )  
(d) 

procedures  must be inco rpora t ed  wi th  r e t o r t i n g  technology t o  complete t h e  u n i t  r e t o r t  
con f igu ra t ion .  

I n  add i t ion ,  t h e  conf i rma t ion  of t h e  b l a s t i n g  method w i l l  d e f i n e  t h e  void  r a t i o  
which i n  t u r n  de te rmines  t h e  q u a n t i t y  of  mined m a t e r i a l  t o  be  handled and d isposed  
of on su r face .  
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Other mining c o s t s  such as t u n n e l l i n g ,  r a i s i n g ,  and b l a s t  ho le  d r i l l i n g  can be 
es t imated  with r e a s o n a b l e  r e l i a b i l i t y .  

The normal swell c h a r a c t e r i s t i c  o r  i n c r e a s e  i n  volume between a s o l i d  b lock  and 
i t s  b la s t ed  broken volume i s  53  pe rcen t  f o r  most o i l  s h a l e  fo rma t ions ;  t h i s  r e s u l t s  
i n  35-percent vo ids .  
granulometry of t h e  r u b b l e  can  be ob ta ined  by us ing  more exp los ives ,  and va ry ing  the 
sequence of  t he  d e t o n a t i o n  i n  o r d e r  t o  v i b r a t e  o r  c o n s o l i d a t e  t h e  broken mass t o  ob- 
t a i n  t h e  necessary  volume and void  r a t i o .  The de te rmina t ion  of t h e  pe rcen tages  of 
vo ids  can only be  a s c e r t a i n e d  by o n - s i t e  t e s t i n g  due t o  t h e  phys ica l  v a r i a t i o n s  i n  
a l l  rock format ions .  

In orde r  t o  r educe  t h e  void  r a t i o  below 35 p e r c e n t ,  a f i n e r  

Occidenta l  O i l  S h a l e ,  I n c . ,  o p e r a t o r s  of a l a r g e  i n  s i t u  demonst ra t ion  p r o j e c t  
i n  Colorado have i n d i c a t e d  t h a t  s u c c e s s f u l  r e t o r t i n g  has  been accomplished us ing  a 
15-percent void volume whi l e  a 10-percent vo id  volume r e s u l t e d  i n  poor o i l  r ecove r i e s .  
Therefore ,  t h e  r e s u l t s  o f  t h i s  r e sea rch  must de te rmine  t h e  p r a c t i c a l  l i m i t s  f o r  the 
void  volume. 

Assuming i d e a l  p a r t i c l e  s i z e  and void  d i s t r i b u t i o n ,  t h e  probably  void  volume 
would be 28 to  3 2  p e r c e n t .  T h i s  appea r s  t o  be  r e f l e c t e d  by t h e  German exper ience ,  
as d iscussed  i n  an  e a r l i e r  s e c t i o n ,  w i th  r ega rd  t o  exp los ives  consumption of 1 pound 
pe r  ton  of  s h a l e ,  which i s  double  t h e  q u a n t i t y  r equ i r ed  f o r  normal e f f i c i e n t  b l a s t -  
i ng  ope ra t ions  f o r  room-and-pillar mining of s h a l e .  It is  assumed t h e  o b j e c t i v e  of 
t h e  Germans was t o  o b t a i n  a l a r g e  percentage  of  sma l l - s i ze  fragments i n  t h e  t o t a l  
granulometry.  

P i l o t  Mining P l a n  

The p i l o t  mining p l an ,  as c u r r e n t l y  env i s ioned ,  w i l l  be t o  f i r s t  d r i v e  a double 
The e n t r y  a d i t s  o r  t unne l s  w i l l  be tunne l  access  i n t o  an  o f f s e t  r e t o r t  mining a r e a .  

approximately 1 0  f e e t  h igh  x 1 2  f e e t  wide and t h e  r e t o r t  area w i l l  b e  pos i t i oned  a s  
c l o s e  as p o s s i b l e  t o  t h e  tunne l  p o r t a l  a r e a ,  b u t  beyond any e f f e c t s  of s u r f a c e  
weather ing  and j o i n t i n g .  Th i s  is assumed t o  be  approximate ly  400 f e e t  from t h e  
p o r t a l .  A r e t o r t  a c c e s s  tunne l  w i l l  t hen  be d r i v e n  a s u f f i c i e n t  d i s t a n c e  t o  i n i t i a l l y  
permi t  l ay ing  o u t  of s e v e r a l  test a r e a s .  The l o c a t i o n  and d i r e c t i o n  of t h e  mine 
workings w i l l  b e  o r i e n t e d  t o  work up t h e  d i p  of  t h e  rock  format ion .  

The p o r t a l  bench w i l l  be l eve led  t o  p rov ide  space  f o r  a v e n t i l a t i n g  f a n ,  ad- 
m i n i s t r a t i v e  and change f a c i l i t i e s ,  material s t o r a g e  and warehousing, and r e t o r t  
suppor t  f a c i l i t i e s .  The l o c a t i o n  w i l l  t a k e  i n t o  c o n s i d e r a t i o n  p o t e n t i a l  f l ood ing ,  
was te  rock d i s p o s a l ,  a c c e s s i b i l i t y ,  and t h e  ho r i zon  t o  be mined. The bench s i z e  w i l l  
be approximately 100 f e e t  by 200 f e e t .  

A s  t h e  r e t o r t  a c c e s s  d r i f t  i s  s t a r t e d  from t h e  a d i t s  a t  t h e  f l o o r  l e v e l  of the  
r e t o r t  mine bed, a ramp a c c e s s  t o  t h e  top  l e v e l  of t h e  bed w i l l  be  excavated  and a 
top  l e v e l  r e t o r t  a c c e s s  d r i f t  w i l l  be d r i v e n  above t h e  one on t h e  main o r  f l o o r  l eve l .  

A wid th  of 35 f e e t  has  been assumed a s  t h e  th i ckness  f o r  t h e  p i l l a r  w a l l s .  It 
i s  f u r t h e r  assumed t h e  mining hor izon  w i l l  be 40 f e e t  t h i c k  and t h a t  t h e  overburden 
w i l l  be approximate ly  800 f e e t .  The 35-foot-wide p i l l a r s  w i l l  have t o  be  v e r i f i e d ,  
p a r t i c u l a r l y  wi th  r ega rd  t o  t h e  e f f e c t  of r e t o r t i n g  tempera ture .  The f i r s t  exper i -  
menta l  a r e a  w i l l  be set back 70 f e e t  from t h e  a x i s  of t h e  main a c c e s s  a d i t s  and 40 
f e e t  from the  r e t o r t  access d r i f t .  

The f i r s t  r e t o r t  s t o p e  area is sugges ted  t o  be  40 f e e t  x 40 f e e t  and opened a t  
t h e  bottom l e v e l  t o  b e g i n  t e s t i n g  d r i l l  ho le  and b l a s t i n g  methods. 
l e n g t h  of b l a s t  ho le  w i l l  be  20 f e e t ,  from which d a t a  can  be der ived  i n  s c a l i n g  up 
t o  longer  and l a r g e r  b l a s t s .  It w i l l  be  necessary  t o  excavate  t h e  r u b b l e  from t h i s  
a r e a  t o  de te rmine  granulometry ,  and t o  assess t h e  d r i l l  p a t t e r n  e f f i c i e n c y .  Th i s  

The minimum 
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H 
I 
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U 
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mined-out space  can then  be used f o r  r e t o r t i n g  experiments by r echa rg ing  rubb le  t o  
o b t a i n  r e s u l t s  from a known o r  predetermined base .  

The second r e t o r t  w i l l  then  be l a i d  o u t  t o  i n c o r p o r a t e  t h e  expe r i ence  of  t h e  
Area w i l l  a l s o  be allowed t o  d r i v e  a second p a r a l l e l  r e t o r t  access  d r i f t ,  f irst .  

if requ i red ,  on both  t h e  main and top  l e v e l s .  

The development headings  w i l l  be  v e n t i l a t e d  by exhaus t ing  through a v e n t  p i p e .  
The f a n s  w i l l  b e  mounted i n  s e r i e s  a s  t h e  d i s t a n c e  from t h e  p o r t a l  i n c r e a s e s .  A 
r a i s e  t o  the  s u r f a c e  w i l l  be bored f o r  improved v e n t i l a t i o n  when t h e  i n i t i a l  system 
reaches  i t s  l i m i t s  of e f f e c t i v e n e s s .  

The above-described p i l o t  mining p l an  i s  p resen ted  schemat i ca l ly  i n  f i g u r e  2 .  

Commercial P r o j e c t i o n  

A pre l iminary  concept  has  been p r o j e c t e d  f o r  a commercial, thin-seam, modified 
i n  s i t u  o i l  s h a l e  p r o j e c t .  Based on a v a i l a b l e  informat ion ,  it is be l i eved  t h a t  f o r  
a commercial p r o j e c t  t o  be v i a b l e ,  s u r f a c e  r e t o r t s  would have t o  be inc luded  t o  
supplement i n  s i t u  r e t o r t s .  The s u r f a c e  r e t o r t s  would process  t h a t  s h a l e  which has  
t o  be mined t o  provide  t h e  vo id  volume f o r  i n  s i t u  r e t o r t i n g .  

A t h e o r e t i c a l  mining p l an  f o r  a commercial i n  s i t u  p r o j e c t  has  been developed 
and i s  shown schemat i ca l ly  i n  f i g u r e  3.  The h o r i z o n t a l  r e t o r t  having t h e  dimensions 
of 40 f e e t  h igh  by 60 f e e t  wide by 500 f e e t  long  would be prepared .  
pane l  t he  f i r s t  s t e p  would be  t o  d r i v e  an  e n t r y  20 f e e t  h igh  by 40 f e e t  wide by 500 
f e e t  long  to  provide  a void volume of  about  30 pe rcen t .  
used t o  d r i l l  t h e  b l a s t  ho le s .  B l a s t i n g ,  o r  r u b b l i z i n g ,  would be accomplished i n  
20-foot s t e p s ,  wh i l e  backing up through t h e  e n t r y .  
s e c t i o n ,  a t r ench  would be bored i n  t h e  f l o o r  of  t h e  e n t r y  i n  which would be  p laced  
t h e  combustion a i r l i n e  and a pe r fo ra t ed  o i l  d r a i n l i n e .  The most economical,  s imp les t  
system must be  used f o r  provid ing  combustion a i r ,  o i l  d r a i n i n g ,  and f l u e  gas  removal. 

The b a s i s  of  t h e  commercial p r o j e c t i o n  is 50,000 bpd t o t a l  oil produc t ion ,  us ing  

I n  a s i n g l e  

A r a d i a l  jumbo would be 

Before b l a s t i n g  each  20-foot 

t h e  fo l lowing  assumptions: 

1. 50,000 tons /day  of o i l  s h a l e  w i l l  be  mined f o r  c r e a t i n g  t h e  void  volume; t h i s  

2 .  
3. The s h a l e  seam w i l l  be 40 f e e t  t h i c k  and w i l l  con ta in  20 g p t  by F i sche r  a s say .  
4. 
5. 
6. The combustion advance ra te  w i l l  be  1 f t / h r ,  which could be  accomplished on ly  

m a t e r i a l  w i l l  be s u r f a c e  r e t o r t e d .  
100,000 tons/day of o i l  s h a l e  w i l l  be  rubb l i zed  f o r  i n  s i t u  r e t o r t i n g .  

The o i l  recovery  f o r  t he  s u r f a c e  r e t o r t  w i l l  be 100 pe rcen t .  
The o i l  recovery  f o r  t he  i n  s i t u  r e t o r t  w i l l  be 50 pe rcen t .  

by f i n e  r u b b l i z i n g .  

For the  commercial o p e r a t i o n ,  1-2/3 pane l s  of t h e  40-foot by 60-foot by 500-foot 
pane l s  would have t o  be mined and rubb l i zed  each day .  
s i t u  o i l ,  33 of t he  pane l s  would s imul taneous ly  be i n  ope ra t ion .  

To g ive  some concept  of t h e  a e r i a l  e x t e n t  of t h e  o p e r a t i o n ,  t h e  advance of t h e  

To produce 25,000 bpd of i n  

mining ope ra t ion  would be  approximate ly  3 a c r e s  per  day. 
r equ i r ed  f o r  a 15-year o p e r a t i o n  would be around 20,000 a c r e s  or 30 squa re  m i l e s .  

The amount of s u r f a c e  a r e a  

The purpose of p i l o t  mining as desc r ibed  i n  t h e  preceding  subsec t ion ,  would be 
t o  provide  conf i rming  d a t a  f o r  t he  commercial o p e r a t i o n .  

RETORTING PROGRAM 

Re to r t ing  Parameters 
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Modified h o r i z o n t a l  r e t o r t i n g  refers b road ly  t o  t echn iques  f o r  recovery  o f  o i l  
from s h a l e  by: (1) H o r i z o n t a l  mining t o  c r e a t e  t h e  d e s i r e d  void  f r a c t i o n ,  (2) rub- 
b l i z a t i o n  through e x p l o s i v e  f r a c t u r i n g ,  and (3) r e t o r t i n g  of t h e  h o r i z o n t a l  bed by 
i n j e c t i o n  of oxygen o r  h o t  sweep gases .  
h o r i z o n t a l  sweep of t h e  o x i d i z i n g  o r  ho t  r e t o r t i n g  gas ,  by v e r t i c a l  sweep of t h e  
gases  v i a  a gas  d i s t r i b u t i o n  system, o r  by a combination of t h e  two. 
o b j e c t i v e  of t h e  proposed program i s  t o  e s t a b l i s h  t h e  e f f i c i e n c y  of t h e s e  p o s s i b l e  
r e t o r t i n g  techniques .  

The a c t u a l  r e t o r t i n g  process  may be through 

A p r i n c i p a l  

It is g e n e r a l l y  accep ted  t h a t  t h e r e  are f i v e  pr imary  v a r i a b l e s  which c o n t r o l  i n  
s i t u  r e t o r t i n g  techniques :  (1) Sha le  r i c h n e s s  ( g p t ) ,  (2)  void volume a s s o c i a t e d  w i t h  
t h e  s h a l e  rubb le ,  (3) oxygen con ten t  of t h e  r e t o r t i n g  g a s  medium, (4) c ros s - sec t iona l  
a r e a  of t h e  r e t o r t ,  and (5) h e i g h t  o r  l e n g t h  of  t h e  r e t o r t .  Secondary v a r i a b l e s  
a s s o c i a t e d  w i t h  each of t h e s e  primary v a r i a b l e s  inc lude  product  recovery  (gas  and o i l ) ,  
s u p e r f i c i a l  gas  v e l o c i t y ,  s w e l l  f a c t o r ,  burn  r a t e ,  r e t o r t  l i f e ,  r e t o r t  p roduct ion ,  
and many more. 

LERC has  conducted tests us ing  10- and 150-ton aboveground r e t o r t s  des igned  t o  
s imula t e  i n  s i t u  r e t o r t i n g  cond i t ions  s i n c e  1967. A g r e a t  d e a l  of t h e  in fo rma t ion  
from these  r e t o r t s  h a s  been  u t i l i z e d  by Garrett Research ,  Inc .  (now Occ iden ta l  O i l  
Sha le  Corp.) t o  deve lop  t h e i r  i n  s i t u  p rocess  c u r r e n t l y  be ing  t e s t e d  nea r  DeBeque, 
Colo. S ince  ve ry  l i t t l e  in fo rma t ion  is a v a i l a b l e  concern ing  t h e  Garrett p rocess  and 
i t s  p o s s i b l e  a p p l i c a t i o n  to thin-bed s h a l e s ,  optimum v a l u e s  f o r  t h e  v a r i o u s  r e t o r r i n g  
v a r i a b l e s  a r e  n o t  y e t  known. I n  order  t o  p rov ide  t h i s  i n fo rma t ion ,  and s p e c i f i c a l l y  
t o  deve lop  i n  s i t u  t echn iques  t o  recovery o i l  from thin-seamed o i l  s h a l e  d e p o s i t s ,  a 
series of  tests have been des igned  t o  provide  in fo rma t ion  concerning t h e  r e t o r t i n g  
v a r i a b l e s  p rev ious ly  mentioned. 

Based on r e s u l t s  from t h e  10- and 150-ton aboveground r e t o r t s ,  o i l  recovery  i s  
a f u n c t i o n  of t h e  s u p e r f i c i a l  g a s  v e l o c i t y  and oxygen con ten t  of t h e  r e t o r t i n g  gas 
stream. I n i t i a l  t e s t  c o n d i t i o n s  w i l l  be  s e l e c t e d  t o  c o i n c i d e  wi th  ranges  t h a t  have 
y i e lded  the  b e s t  r e s u l t s  i n  t h e  150-ton r e t o r t .  These c o n d i t i o n s  would have t h e  
fo l lowing  ranges .  

Re to r t ing  v a r i a b l e  Range 

void volume 15 - 40 p c t  
oxygen c o n t e n t  14  - 18  p c t  
a i r  r a t i o  12,000 s c f / t o n  
r e t o r t i n g  rate 0.1-2.0 f t / h r  
r e t o r t i n g  area (width,  l eng th )  40 x 40 - 60 x 500 f t  
r e t o r t  h e i g h t  25-40 f t  

Methods of Hea t ing  

The major t echn iqucs  f o r  r e t o r t i n g  t h e  rubb l i zed  s h a l e  produced i n  t h e  modified 
h o r i z o n t a l  i n  s i t u  program i n c l u d e  (1) d i r e c t  combustion of t h e  carbonaceous r e s i d u e  
on t h e  spen t  s h a l e ,  and (2) i n j e c t i o n  of h o t  gases  (e .g . ,  hot r e c y c l e  gases )  i n t o  
t h e  rubb le  bed. It is  a l s o  p o s s i b l e  t o  u s e  h o t  f l u i d s  i n j e c t i o n  ( e .g . ,  superhea ted  
s team) ,  bu t  t h i s  i s  n o t  i n i t i a l l y  contemplated f o r  t h e  White Mountain sites. 
b i l i t y  of  exper imenta l  d e s i g n  w i l l  a l low a p p l i c a t i o n  of a p p r o p r i a t e  techniques  a t  
s e l e c t e d  d e c i s i o n  p o i n t s .  

F lex i -  

Direct Combustion. T h i s  is t h e  convent iona l  method of i n  s i t u  r e t o r t i n g ,  which 
is e s s e n t i a l l y  a n  underground adap ta t ion  of  s u r f a c e  gas  combustion r e t o r t i n g .  
bed o f  rubb l i zed  s h a l e  i s  i g n i t e d  a t  t h e  top  wi th  a mix tu re  of  air  and gaseous 
f u e l .  As combustion p roceeds ,  a downward-moving h e a t  f r o n t  r e t o r t s  t h e  s h a l e  
benea th  i t .  
s h a l e  o i l  d r a i n s  t o  t h e  bottom and i s  pumped t o  t h e  s u r f a c e  from c o l l e c t i n g  t renches  

The 

The s h a l e  o i l  vapor s  condense on t h e  c o l d  s h a l e  below. The r e s u l t i n g  
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on the  f l o o r  of t h e  chimney. 
a r e  recyc led  t o  t h e  r u b b l e  bed and burned f o r  a d d i t i o n a l  hea t .  The remain ing  gas  
i s  withdrawn. 
F i sche r  assay .  

Approximately 45 percen t  of t h e  r e t o r t  gases  produced 

N e t  r ecovery  of o i l  i s  expected t o  be approximate ly  50 pe rcen t  of 

The major d i sadvantage  of t he  process  i s  t h e  p roduc t ion  of  l a r g e  q u a n t i t i e s  of 
low Btu gas (50 t o  150 Btu/cu f t )  a t  about  3 p s i g  p re s su re .  
d i r e c t l y  to  t h e  atmosphere.  
va lue  i t  w i l l  r e q u i r e  e i t h e r  c a t a l y t i c  fu rnaces  o r  supplementa l  f u e l  f o r  d i s p o s a l  by 
burning. I t  might conce ivably  be used f o r  power gene ra t ion  i n  s p e c i a l l y  des igned  
t u r b i n e s  used on si te,  bu t  t h i s  may n o t  be economical. 

Th i s  gas  cannot  be vented 
In a d d i t i o n ,  i f  i t  i s  l e s s  than 100  Btu /cu  f t  h e a t i n g  

I n j e c t i o n  of Hot Gases. I f  ho t  gases  are used f o r  h e a t i n g  i n s t e a d  of i n  s i t u  
combustion wi th  a i r ,  a r e t o r t  o f f g a s  o f  500 t o  800 Btu/cu f t  is  ob ta ined .  One 
method of producing t h e s e  h o t  gases  is t o  h e a t  r e c y c l e  r e t o r t  gases  t o  around 1200' F 
i n  an e x t e r n a l  fu rnace ,  us ing  approximate ly  5 percen t  of t h e  r e c y c l e  gas  i t s e l f  as a 
f u e l  i n  the  fu rnace .  The f u e l  gas p o r t i o n  of t h e  r e c y c l e  g a s ,  of cour se ,  would re- 
q u i r e  amine t rea tment  f o r  H1S removal p r i o r  t o  use  a s  e x t e r n a l  fu rnace  f u e l .  Hydro- 
gen s u l f i d e  removal would a l s o  be r equ i r ed  f o r  t h e  500 t o  800 Btu/cu f t  gas  removed 
from t h e  system f o r  u s e  i n  power gene ra t ion ,  etc., 

One a l t e r n a t i v e  t o  the  above method would be t o  u t i l i z e  a hea ted  gas o t h e r  than  
r e t o r t  r ecyc le  gases  as a h e a t i n g  medium. Hot methane (hot  n a t u r a l  gas )  has  been  
employed i n  t h e  pas t  f o r  t h i s  purpose.  

In order  t o  recover  t h e  h e a t  from the  f i n a l  bottom one- th i rd  of t h e  r u b b l e  bed 
i t  has  been sugges ted  t h a t ,  when e x i t  gas  t empera tu res  from t h e  bed reach  approxi -  
mately 200" F, t h e  r e s i d u a l  lower hot  zone be advanced by r e c y c l i n g  cooled  product  
gases  from an  a d j o i n i n g  v e r t i c a l  r e t o r t .  

Evalua t ion  of  R e t o r t i n g  Methods 

General.  The r e t o r t i n g  methods s e l e c t e d  from t h o s e  desc r ibed  above w i l l  be 
eva lua ted  on t h e  b a s i s  of o i l  y i e l d ,  o i l  q u a l i t y ,  gas  y i e l d ,  gas  q u a l i t y ,  s u r f a c e  sub- 
s idence ,  thermal p o l l u t i o n ,  a i r  p o l l u t i o n ,  subsu r face  p o l l u t i o n ,  and on-stream e f f i -  
c iency .  

ENVIRONMENTAL RESEARCH PROGRAM 

The environmental  d i s tu rbances  genera ted  by t h e  mining and i n  s i t u  r e t o r t i n g  
covered i n  t h i s  proposa l  w i l l  be addressed  by a concurren t  r e s e a r c h  program des igned  
t o  genera te  d a t a  on t h e s e  concerns .  
l and ,  water ,  and air  r e sources .  The o v e r a l l  environmental  r e s e a r c h  program w i l l  be 
designed to  accomplish the  fo l lowing:  (1) To c h a r a c t e r i z e  t h e  e x i s t i n g  environment 
be fo re  r e sea rch  commences i n  t h e  f i e l d ,  (2)  t o  moni tor ,  sample,  and comple te ly  ana- 
l y z e  t h e  e f f l u e n t s  from t h e  va r ious  p rocess  s t e p s ,  and ( 3 )  t o  con t inue  r e s i d u e  
s t u d i e s  and r e c o n s t i t u t e  t h e  a r e a  a f t e r  r e s e a r c h  work has  progressed  beyond t h e  oper- 
a t i o n a l  phase.  
i s  shown i n  f i g u r e  4 .  

The a r e a s  of r e s e a r c h  w i l l  i nvo lve  impacts  t o  

A phas ing  diagram showing schedu l ing  of  necessa ry  envi ronmenta l  work 

Close coord ina t ion  of t h e  r e sea rch  w i l l  be  main ta ined  wi th  a p p r o p r i a t e  S t a t e  of 
Wyoming departments and agenc ie s .  In a d d i t i o n ,  a s s i s t a n c e  of t h e  U n i v e r s i t y  of 
Wyoming w i l l  be i n t e g r a t e d  i n t o  the  program. A l s o ,  c l o s e  on - s i t e  s u p e r v i s i o n  of  t h e  
environmental  a s p e c t s  of t h e  experiment w i l l  be monitored by t h e  o f f i c e  of t h e  
Environmental and Conserva t ion  coord ina to r  of  LERC f o r  t h e  A s s i s t a n t  Admin i s t r a to r  of 
F o s s i l  Energy. 
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Program Costs  

A p r e l i m i n a r y  c o s t  e s t i m a t e  f o r  t h e  t o t a l  5 y e a r  program w a s  $30,400,000. This 
i n c l u d e s  $1,700,000 t o t a l  i n i t i a l  mining c a p i t a l  c o s t  and $2,900,000 p r o c e s s i n g  and 
i n s t r u m e n t a t i o n  c a p i t a l  c o s t .  

The t o t a l  p r o j e c t  c a p i t a l ,  o p e r a t i n g ,  l a b o r ,  and m a t e r i a l  c o s t s  f o r  t h e  5-year 
program are as f o l l o w s :  

F i s c a l  Year 
1977 1978 1979 1980 1981 

C a p i t a l  120 5,000 9,000 5,000 2,000 
Subcont rac ts  210 1 ,890  2,760 1,500 720 
M a t e r i a l s  and S u p p l i e s  300 500 700 500 200 

T o t a l  c o s t  $,OOO 630 7,390 12,460 7,000 2,920 
_ _ _ - - -  

T o t a l ,  5-year program $30,400,000 

CONCLUSIONS 

1 
a 

1. 

2 .  

3. 

4. 

5 .  

6. 

Approximately one- th i rd  of known r e s o u r c e s  of o i l  < h a l e  neem i n  d e p o s i t s  t h a t  
range  from 1 5  t o  25 g a l l o n s / t o n  i n  a seam t h i c k n e s s  up t o  50 f e e t  a t  v a r i a b l e  
depths  (100 t o  o v e r  2,000 f e e t ) .  
Much of t h e  l e a n ,  thin-seam o i l  s h a l e  d e p o s i t s  OCCUK on f e d e r a l  l a n d ,  pr imar i ly  
i n  Utah and Wyoming, t h u s  t h e  U.S. Government h a s  a very  s u b s t a n t i a l  investment 
i n  t h i s  a r e a .  
Economic recovery  o f  t h i s  r e s o u r c e ,  u s i n g  technology c u r r e n t l y  under development, 
i s  p r o b l e m a t i c a l .  T h i s  f a c t  was exempl i f ied  by i n d u s t r y  when no b i d s  were r e -  
ce ived  on t h e  Wyoming t r a c t s .  
Development of t r u e  i n  s i t u  h o r i z o n t a l  t echniques  t o  t h e  p o i n t  o f  commercializa- 
t i o n  r e q u i r e s  a t e c h n o l o g i c a l  breakthrough.  One promising a l t c r n a t i v e  for  de- 
velopment of thin-seam o i l  s h a l e  d e p o s i t s  i s  through modi f ied  h o r i z o n t a l  r e t o r t i n g .  
A modified h o r i z o n t a l  experiment h a s  been developed by t h e  LERC e n g i n e e r i n g  s t a f f  
which i n c l u d e s  two p r o s p e c t i v e  si tes w i t h  c o r e  a n a l y s i s  n e a r l y  complete,  i n i t i a l  
b a s e l i n e  envi ronmenta l  s t u d i e s  underway, a mining and r e t o r t i n g  p l a n  t h a t  indi-  
c a t e  commerc ia l iza t ion  p o s s i b i l i t i e s  bo th  from a n  economic and environmental  
s t a n d p o i n t ,  a s  w e l l  a s  an e x t e n s i v e  envi ronmenta l  moni tor ing  program. 
LERC h a s  a broad  background and e x p e r i e n c e  i n  c o l l e c t i o n  of d a t a  and d i r e c t i o n  
o f  f i e l d  programs i n v o l v i n g  i n  s i t u  o i l  s h a l e  development. This  background should 
prove i n v a l u a b l e  t o  ERDA i n  a p p l i c a t i o n  t o  f u t u r e  i n  s i t u  work. 

i 

a 

REFERENCES 

1. Accelera ted  O i l  S h a l e  I n  S i t u  Research--A N a t i o n a l  Program. In te ragency  Oil 
S h a l e  P l a n n i n g  P a n e l ,  March 1975. 

2 .  Cha, C .  Y . ,  and D.  E .  G a r r e t t .  Quar t .  Colo. School o f  Mines, v .  70, No. 3 ,  
1975, pp. 31-39. 

3.  Lewis, A. E . ,  and A.  J .  Rothman. Rubble I n  S i t u  E x t r a c t i o n  (RISE): A Proposed 
Program f o r  Recovery of O i l  from O i l  S h a l e .  March 5 ,  1975. 

4. Caldwell ,  J .  M . ,  and G .  H .  Smith. Wurttemberg S h a l e  F i e l d s .  B.I.O.S. T r i p  
No. 2409, October  1949. 

5. Smith,  J .  W. Geochemistry o f  Oil-Shale Genes is ,  Green River  Formation, Wyoming. 
Wyo. Geol. Assoc. Guidebook, 1967, pp! 185-190. 

132 



6. LERC F i l e s .  Available  upon request t o  A .  W .  Decora, Laramie Energy Research 
Center, Laramie, Wyo. 

7 .  Kerr, R. D.,  W. F. McTernan, et  a l .  An Environmental Reconnaissance Study for 
Sweetwater County In S i t u  O i l  Shale  Research. 
I n s t i t u t e ,  June 1 9 ,  1975.  

Wyoming Water Resources Research 

133 





I 

D I R E C T ~ O N  OF DIP , I 

FIGURE 2 .  - PILOT MINING PLAN 

PORTAL 

FIGURE 3 .  
ENTRY A D I T S  

COMMERCIAL MINING PLAN 
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