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A B S T R A C T  

T h i s  volume p r e s e n t s  a t e c h n i c a l  d e s c r i p t i o n  and e v a l -  
u a t i o n  of r e t o r t i n g  ne thods  and sca le -up  s c e n a r i o s  of  f o u r  
r e p r e s e n t a t i v e  methods. The methods descr ibed  and e v a l u a t e d  
i n c l u d e  t h e  p rocesses  developed by t h e  Bureau of Mines ( B O M ) ,  
t h e  Union O i l  Company "B,'! P e t r o s i x ,  Paraho,  TOSCO 11, and 
t h e  S u p e r i o r  O i l  Company. For a f u t u r e  economic a n a l y s i s . ,  
sca le -up  ( r a n g i n 9  from 5 5 , 0 0 0 -  t o  58,000-bbl/day produc- 
t i o n  r a t e )  s c e n a r i o s  are  p r e s e n t e d  f o r  BOM's G a s  Combus- 
t i o n  r e to r t  (GCR) , Union " B , "  Paraho,  and TOSCO I1 r e t o r t -  
i n g  p r o c e s s e s .  I n  g e n e r a l ,  t h e  s i x  aboveground p r o c e s s e s  
s e l e c t e d  are i n  an advanced s t a g e  of  development as  c o m -  
pared  t o  i n  s i t u  p r o c e s s e s  and s e v e r a l  of them are  ready  
f o r  commercial-scale demonst ra t ion .  There a r e ,  however, a 
f e w  areas t h a t  s t i l l  need f u r t h e r  r e s e a r c h  and development 
b e f o r e  demonst ra t ion  can be under taken .  S p e c i f i c  a r e a s  of  
research cannot  be d e f i n e d  a t  t h i s  t ipe  because p r c c e s s  
in fo rma t ion  needed t o  i d e n t i f y  these areas i s  most ly  pro- 
p r i e t a r y .  

T h e  t e c h n i c a l  e v a l u a t i o n  r e v e a l s  t h a t  t h e  aboveground 
r e t o r t i n g  p r o c e s s e s  a r e  v i a b l e  w i t h  h igh  s h a l e  o i l  recovery  
y i e l d s .  The p r o c e s s e s ,  however, have been tes ted on ly  a t  
t h e  p i l o t  o r  semiworks s c a l e  and need  t o  be demonstrated 
on f u l l - s c a l e  modules. The sca le -up  s c e n a r i o s  of t h e  
r e p r e s e n t a t i v e  p r o c e s s e s  r e v e a l  t h a t  t h e  l o g i s t i c s  of t h e  
mining-to-processing o p e r a t i o n  w i l l  be a major problem a t  
h igh  p roduc t ion  r a t e s .  For example, a nominal c rude  shale  
o i l  p roduc t ion  r a t e  of  about  5 0 , 0 0 0  bbl/day w i l l  r e q u i r e  
mining a t  a r a t e  exceeding  p r e s e n t  l a r q e - s c a l e  mining 
ra tes .  The TOSCO I1 r e t o r t i n g  process i s  t h e  most energy  
i n t e n s i v e  among Paraho,  Union ' IB,"  and BOM's  GCR because 
of i t s  complexi ty ,  which annu l s  t h e  q e n e f i t  of  less mining. 
The TOSCO I1 p r o c e s s ,  however, i s  s t i l l  an a t t r a c t i v e  proc- 
ess,  p r o v i d i n g  t h e  t echn ique  i s  used wi th  ano the r  t echn ique  
t o  enhance r e s o u r c e  u t i l i z a t i o n .  
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I N T R O D U C T I O N  

Research and development i n v e s t i g a t i o n s  of s u r f a c e  o r  
aboveground r e t o r t i n g  methods f o r  r e c o v e r i n g  c rude  o i l  
from shale  have been  conducted s i n c e  1 9 4 5 .  A t  t h a t  t i m e ,  
t h e  Bureau of  Mines (BOM) began development of  a gas  com- 
b u s t i o n  r e t o r t  (GCR) a t  Anvil  P o i n t s  i n  R i f l e ,  Colorado. 
I n  t h e  1 9 5 0 ' s  and 1960's, t h e  O i l  Sha le  Company (TOSCO) and 
t h e  Union O i l  Company i n v e s t i g a t e d  aboveground p r o c e s s e s  
f o r  o i l  s h a l e .  A six-company i n d u s t r y  group modernized 
t h e  BOM GCR and then  conducted e x t e n s i v e  demons t r a t ion  
o p e r a t i o n s .  Development Engineers ,  Inco rpora t ed  (DEI), 
commenced development o f  t h e  Paraho p rocess  i n  t h e  e a r l y  
s e v e n t i e s .  During t h i s  same p e r i o d ,  TOSCO and Union re- 
f i n e d  and updated t h e i r  p r o c e s s e s ,  and S u p e r i o r  O i l  Company 
in t roduced  i t s  Multi-Mineral  O i l  Sha le  p r o c e s s  f o r  commer- 
c i a l  c o n s i d e r a t i o n .  

S e v e r a l  methods f o r  aboveground r e t o r t i n g  have reached  
t h e  s t a q e  of  i n d u s t r i a l  i n t e r e s t  i n  t h e  United States .  
These methods may be c l a s s i f i e d  by t h e  way h e a t  i s  s u p p l i e d  
t o  t h e  r e t o r t i n g  p r o c e s s .  One c l a s s i f i c a t i o n  i n v o l v e s  
methods having  a combustion zone w i t h i n  t h e  r e to r t ,  and 
a n o t h e r  i n v o l v e s  methods us ing  an aboveground f u e l - f i r e d  
fu rnace  t o  g e n e r a t e  h o t  g a s e s  or  r e c y c l e  h o t  s o l i d s .  
Chapter  1 of t h i s  volume of  t h e  r e p o r t  d e s c r i b e s  s i x  
methods f o r  aboveground r e t o r t i n g .  Chapter  2 e v a l u a t e s  
t h e  e n g i n e e r i n g  a s p e c t s  of these methods, f o c u s i n g  on 
parameters  t h a t  a f f e c t  recovery  of hydrocarbons f r o m  s h a l e .  
The t e c h n i c a l  parameters  addres sed  and e v a l u a t e d  i n c l u d e  
v a r i o u s  system d e s i g n  and o p e r a t i o n  r equ i r emen t s ,  o i l  and 
gas recovery y i e l d s ,  shale bed t h i c k n e s s  and grade,  p a r t i c l e  
s ize ,  and mechanical  complexi ty  o r  c o n s t r a i n t s .  These 
f a c t o r s  and c o n d i t i o n s  are based on t h e  a v a i l a b l e  informa- 
t i o n  from pub l i shed  l i t e r a t u r e  and are  s u b j e c t  t o  change 
as more p r o p r i e t a r y  data  become a v a i l a b l e .  

Chapter  3 p r e s e n t s  sca le -up  s c e n a r i o s  f o r  t h e  f o u r  
p r o c e s s e s  s e l e c t e d  as  r e p r e s e n t a t i v e  of  t h e  aboveground 
technology f o r  e x t r a c t i n g  shale o i l .  T h e  s c e n a r i o s  may 
n o t  ref lect  an a c c u r a t e  p i c t u r e  of  what i n d u s t r y  env i s ions ,  
s i n c e  some in fo rma t ion  i s  n o t  ob ta inable  and b e s t  estimates 
are used. Although some o f  t h e  p r o j e c t i o n s  are most ly  
s p e c u l a t i v e ,  t h e  purpose of  t h e  sca le -up  i s  t o  p rov ide  a 
uniform o r  comnon cos t  b a s i s  f o r  f u t u r e  economic eva lua-  
t i o n s .  

1 



P r i n c i p a l  f i n d i n g s  and conclus ions  de r ived  dur ing  t h e  
conduct  of t h i s  s tudy  are documented i n  Chapter  4 t o  provide 
a d d i t i o n a l  in format ion  on t h e  s t a t e - o f - t h e - a r t  of  above- 
ground technology.  The c h a p t e r  a l s o  p r e s e n t s  RD&D needs 
and d e f i n e s  data gaps t o  assist i n  p lanning  f u t u r e  expe r i -  
ments o r  r e d i r e c t i n g  e x i s t i n g  experiments .  
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CHAPTER 1 

OF ABOVEGROUND PROCESSES 
DESCRIPTION AND STATE-OF-THE-ART 

E f f o r t s  t o  develop o i l  s h a l e  t echno log ie s  i n  t he  p a s t  
33 y e a r s  have been d i r e c t e d  most ly  toward aboveground re- 
t o r t i n g .  This  method of p rocess ing  o i l  s h a l e ,  t h e r e f o r e ,  
i s  i n  an advanced s t a g e  of development,  and s e v e r a l  proc-  
esses a r e  ready f o r  commercial-scale  demonst ra t ion .  There 
a r e ,  however, some a r e a s  t h a t  s t i l l  need f u r t h e r  r e s e a r c h  
b e f o r e  demonstrat ion can be undertaken.  S p e c i f i c  a r e a s  
of r e s e a r c h  cannot  be de f ined  a t  t h i s  t i m e  because p rocess  
informat ion  needed t o  i d e n t i f y  t h e s e  a r e a s  i s  most ly  pro- 
p r i e t a r y .  This  c h a p t e r  p r e s e n t s  an overview of t h e  proc-  
ess s t e p s  and a d e t a i l e d  d e s c r i p t i o n  of s i x  r e t o r t i n g  
methods a s s o c i a t e d  wi th  aboveground o i l  s h a l e .  The proc-  
ess s t e p s  are desc r ibed  b r i e f l y  i n  t h e  fo l lowing  s e c t i o n  
and inc lude  mining,  s h a l e  c rush ing  and s i z i n g ,  r e t o r t i n g ,  
and product  recovery.  The methods s e l e c t e d  and d e s c r i b e d  
i n c l u d e  t h e  ones being developed by t h e  fo l lowing  companies 
o r  government agencies :  

e Bureau of Mines ( G a s  Combustion r e t o r t )  

0 Union O i l  Company ( " A , "  "B," and s team gas re- 
c i r c u l a t i o n )  

e Pe t rob ras  of B r a z i l  ( P e t r o s i x )  

0 Paraho 

0 TOSCO I1 

e Super io r  o i l '  Company (Multi-bfineral)  . 
For each of  t h e  s e l e c t e d  p r o c e s s e s ,  a p p r o p r i a t e  o p e r a t -  

i n g  d a t a  a r e  provided i n  t h e  d i s c u s s i o n .  T h e s e - d a t a  w e r e  
ob ta ined  from i n t e r v i e w s  wi th  i n d u s t r y  and government oil 
s h a l e  e x p e r t s  a s  . w e 1 1  as from t h e  a v a i l a b l e  publ i shed  re- 
p o r t s .  I n  a r e a s  where o p e r a t i n g  d a t a  could n o t  be ob ta ined  
f o r  p r o p r i e t a r y  r easons ,  b e s t  e s t i m a t e s . a r e  used. 
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1.1  OVERVIEW OF PROCESS STEPS 

Aboveground o i l  shale p rocess ing  c o n s i s t s  of fou r  b a s i c  
s t e p s .  These s t e p s  precede t h e  f i n a l  upgrading and r e f i n i n g  
of t h e  product  a s  w e l l  a s  handl ing  of t h e  r e t o r t e d  s h a l e :  

0 Shale  i s  mined and t r a n s p o r t e d  t o  t h e  p rocess ing  
f a c i l i t y  . 

a Shale i s  crushed and s i z e d  t o  i n c r e a s e  combus- 
t i o n  e f f i c i e n c y .  

a The crushed and s i z e d  s h a l e  i s  i g n i t e d ,  and 
combustion i s  s u s t a i n e d  t o  produce t h e  d e s i r e d  
hydrocarbons.  ' 

e The p roduc t s  are then s e p a r a t e d  from t h e  by- 
p roduc t s  and recovered f o r  subsequent  upgrading 
ant! r e f i n i n q .  

The r e t o r t e d  shale handl ing  s t e p  invo lves  d i s p o s a l  of t h e  
material i n  an envi ronmenta l ly  accep*table manner. These 
s t e p s  a r e  schemat i ca l ly  shown i n  F igu re  1, and t h e i r  
g e n e r a l  s p e c i f i c a t i o n s  are desc r ibed  b r i e f l y  i n  t h e  
fo l lowing  s e c t i o n s .  

1 . 1 . 1  M i n i n g  a n d  H a n d l i n g  

O i l  s h a l e  may be mined by e i t h e r  t h e  open p i t  ( s u r f a c e ) -  
or room-and-pi l lar  (underground) method. Open p i t  mining 
r e q u i r e s  removal and d i s p o s a l  of whatever  overburden is  
p r e s e n t ,  fol lowed by mining of t h e  under ly ing  o i l  s h a l e  
i n  a q u a r r y - l i k e  ope ra t ion .  The room-and-pillar method 
r e q u i r e s  t h e  mining of 60- f t  square  rooms w i t h  roof  sup- 
p o r t i n g  p i l l a r s  between t h e  rooms. The rooms and p i l l a r s  
are 60-f t  square  w i t h  a 60- f t  h igh  roo f .  Seventy-f ive 
p e r c e n t  of t h e  o i l  s h a l e  can be mined by t h i s  method. 

Although room-and-pillar mining i s  t h e  on ly  method 
t h a t  has  been t e s t e d  on o i l  s h a l e s  (Green River  Format ion) ,  
open p i t  mining may a l s o  be a p r a c t i c a l  method. 
p i t  method developed f o r  o r e s  and m i n e r a l s  may be a p p l i c a b l e  
t o  o i l  s h a l e s  i n  c e r t a i n  a r e a s .  The  key f a c t o r s  i n  d e t e r -  
mining whether t o  apply t h i s  technique  t o  an area are over-  
burden s t o r a g e  a v a i l a b i l i t y ,  overburden-to-minable shale 
r a t i o ,  and environmental  c o n s t r a i n t s .  T ranspor t  of t h e  
s h a l e  t o  t h e  c rush ing  ar,d s i z i n g / r e t o r t  f a c i l i t y  would most 
l i k e l y  be achieved by t r u c k  o r  b e l t  haulage from t h e  mine. 

T h e  open 
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1 . 1 . 2  C r u s h i n g  a n d  S i z i n g  

O i l  s h a l e  c o n s i s t s  o f  a mixture  of  s o l i d  o r g a n i c  
m a t e r i a l s  (kerogen)  and mine ra l s .  The o r g a n i c  c o n s t i t u e n t s  
are on ly  s l i g h t l y  s o l u b l e  a t  l o w  t empera tu re  i n  common 
s o l v e n t s ,  and m o s t  o f  t h e  o i l  s h a l e  mined would r e q u i r e  
c r u s h i n g  and s i z i n g  p r i o r  t o  r e t o r t i n g .  
s i z i n g  equipment i s  d e s i p e d  t o  form p a r t i c l e s  ranging  
from 1 / 2  t o  3 i n .  i n  d i ame te r  ( a v e r a g e ) .  Crushed and 
s i z e d  s h a l e  i s  subsequent ly  t r a n s f e r r e d  t o  aboveground re- 
t o r t s  by u s e  of con t inuous ly  moving b e l t s .  

1 . 1 . 3  R e t o r t i n g  

The c r u s h i n g  and 

A f t e r  t h e  mining,  c rush inq ,and  s i z i n g  o p e r a t i o n s  have 
been completed,  t h e  s h a l e  i s  conveyed too a r e t o r t o a n d  
h e a t e d  t o  t empera tu res  r ang ing  from 800 t o  1 , 0 0 0  F a t  
which t h e  kerogen i n  t h e  s h a l e  i s  conve r t ed  t o  gas  and 

. o i l  vapors .  Many aboveground r e t o r t i n g  p r o c e s s e s  f o r  o i l  
s h a l e  have been p a t e n t e d  i n  t h e  l a s t  h i i f  c e n t u r y ,  and 
new p a t e n t s  con t inue  t o  be i s s u e d .  Only a few p r o c e s s e s ,  
however,  are g e n e r a l l y  cons ide red  t o  be p r i m e  c a n d i d a t e s  
f o r  e a r l y  commercial use  i n  f i r s t - g e n e r a t i o n  r e t o r t i n q  
plants. All r e t o r t i n g  p r o c e s s e s  have one fundamental  
c h a r a c t e r i s t i c  i n  common; namely, h e a t i n g  t h e  s h a l e  t o  
a t  least  t h e  p y r o l y s i s  tempera ture .  T h i s  i s  t h e  o n l y  
p r a c t i c a l  means known f o r  producing s h a l e  o i l .  
t h e  major p y r o l y s i s  p roduc t  i s  o i l ,  b o t h  gas  and carbona- 
ceous r e s i z u e  a l s o  are formed. 

Although 

1 . 1 . 4  P r o d u c t  R e c o v e r y  . 

Aboveground r e t o r t i n g  p r o c e s s e s  r e q u i r e  p r o v i s i o n  f o r  
e f f e c t i v e  recovery  and s e p a r a t i o n  of  t h e  o i l  and gas  
p roduc t s .  T y p i c a l l y ,  t h i s  procedure  i n v o l v e s  t r a n s p o r t  
of  a p roduc t  mixture  t o  a system o f  a v a i l a b l e  equipment 
such as impingement-type s e p a r a t o r s ,  c e n t r i f u g a l  s e p a r a t o r s ,  
and e lec t ros ta t ic  p r e c i p i t a t o r s .  Absorbers  and s imi la r  
recovery  equipment o f t e n  used i n  pe t ro leum r e f i n e r i e s  a l so  
may be used f o r  p roduc t  recovery .  
a c t u a l  components used i n  t h e  recovery  sys tem,  t h e  p r i n c i p a l  
f u n c t i o n  t o  be s e r v e d  by t h e  system i s  s e p a r a t i o n  and re- 
covery of  o i l  and gaseous p roduc t s  i n  r e l a t i v e l y  c l e a n  
states.  Other  p r o d u c t s ,  such as water produced i n  t h e  
r e t o r t i n g  p r o c e s s  and any p a r t i c u l a t e s  t h a t  may c a r r y  over 
from t h e  re tor t s ,  are t r a p p e d  i n  t h e  p roduc t  recovery  system. 

Regard less  o f  t h e  

6 



1 . 1 . 5  R e t o r t e d  S h a l e  H a n d l i n g  

Depending on t h e  grade of  s h a l e  be ing  p rocessed ,  t h e  
weight  of  r e t o r t e d  s h a l e  i s  g e n e r a l l y  about  80 t o  85 pe r -  
c e n t  of t h a t  of t h e  o r i g i n a l l y  mined o i l  shale.  The 
remainder of t h e  o r i g i n a l  s h a l e  weight  i s  accounted f o r  by 
t h e  o i l  and gas  p roduc t s  evolved  d u r i n g  r e t o r t i n g .  The 
volume of  r e t o r t e d  m a t e r i a l ,  even a f t e r  naximum compaction, 
i s  expec ted  t o  be a t  least  1 2  p e r c e n t  g r e a t e r  t han  i t s  i n -  
p l a c e  volume. Th i s  i s  due t o  void  spaces  i n  t h e  m a s s  o f  
c rushed  and re tor ted  mater ia l  which are n o t  p r e s e n t  i n  t h e  
s h a l e  p r i o r  t o  mining. I n  p r a c t i c e ,  f i n a l  d e n s i t i e s  would 
va ry  c o n s i d e r a b l y  depending upon t h e  compaction t echn ique  
employed and t h e  p h y s i c a l  c h a r a c t e r i s t i c s  of  t h e  r e t o r t e d  
material  ( e . g . ,  p a r t i c l e  s i z e  d i s t r i b u t i o n ) .  

@ 

Some b u t  n o t  a l l  of t h e  r e t o r t e d  shale can be used 
as b a c k f i l l .  Consequent ly ,  s u r f a c e  ' d i s p o s a l  w i l l  m o s t  
l i k e l y  be r e q u i r e d .  The r e t o r t e d  material  may v a r y  i n  
p a r t i c l e  s i z e  from a f i n e  powder t o  about  10-in.  d i ame te r  
and cou ld  be  d i scha rged  from t h e  r e to r t  a s  d r y  material .  

1.2 BUREAU OF MINES GAS COMBUSTION RETORT 

The Bureau of  Mines Gas Combustion r e t o r t  i s  a 
r e f r a c t o r y  l i n e d  v e r t i c a l  k i l n  i n  which o i l  shale f lows  by 
g r a v i t y  from t o p  t o  bottom. This  r e t o r t  may be c h a r a c t e r i z e d  
as an i n t e r n a l  corrbustion r e t o r t  i n  which r e c y c l e d  p roduc t  
g a s  and carbonaceous r e s i d u e  remaining on r e t o r t e d  shale  
are burned i n s i d e  t h e  re tor t ,  as shown i n  F igu re  2 .  The 
r e s u l t i n g  h o t  gases  flow upward, c o u n t e r c u r r e n t  t o  t h e  
flow of s h a l e ,  and h e a t  t h e  c rushed  s h a l e  f ragments  t o  
t h e  p y r o l y s i s  tempera ture  range.  T h e  o i l y  vapors  are 
c a r r i e d  o u t  by t h e  gas  stream n e a r  t h e  t o p  of  t h e  re tor t .  
Product  recovery  i s  accomplished by s e p a r a t i n g  t h e  o i l  f r o m  
t h e  p roduc t  gas ,  a p a r t  of which i s  r e c y c l e d  t o  t h e  combus- 
t i o n  zone f o r  con t inued  bu rn ing  (1). 

The U . S .  Bureau of Mines developed t h e  G a s  Combustion 
re tor t  d u r i n g  an e x t e n s i v e  r e s e a r c h  program i n  t h e  l a t e  
1 9 4 0 ' s  and e a r l y  1950 ' s  ( 2 ) .  Three expe r imen ta l  p l a n t s  
w e r e  b u i l t  and o p e r a t e d  a t  t h e  Anvi l  P o i n t s  Experimental  
S t a t i o n  n e a r  R i f l e ,  Colorado,  u n t i l  1955. The l a r g e s t  
re tor t  had a 150-ton/day c a p a c i t y .  

.. 

A second comprehensive R&D program for  i n v e s t i g a t i n g  
G a s  Combustion r e t o r t i n g  w a s  i n i t i a t e d  by a consor t ium of  
s i x  energy  companies (Mobil ,  H u m b l e ,  Pan American, S i n c l a i r ,  
Conoco, and P h i l l i p s ) ,  whicn l e a s e d  t h e  Anvi l  P o i n t s  F a c i l i t y  

7 



ISTRIBUTOR 

DUST AND 
OIL MIST 
REMOVAL 

- PRODUCT - 
GAS 

SHALE PREHEATING 
WALE OIL ZONE 

- - -- --- 
SHALE RETORTING 

ZONE ------ 
COMBUSTION 

- \ 7  

ZONE - - - - - - -  

RETORTED SHALE 
COOLING ZONE 

RECYCLE 
GAS BLOWER 

DISCHARGE -- - - - --- 
GRATE I 

COOL RECYCLE GAS 

RETORTED SHALE SOLIDS 

TYPICAL TEMPERATURE PROFILE . . . . . . . . . . . . . . .  

DISTRIBUTOR . . . . . . . . . . . . . .  
. . . . . . . .  . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . . .  'J . . . . . . . . . . . .  

500 1000 
---A 

TEMPERATURE OF SHALE OF 

. . 
1500 

FIGURE 2 .  THE BUREAU OF MINES GAS COMBUSTION RETORT 



f r o m  t h e  Bureau of Mines from 1 9 6 4  t o  1 9 6 7  w i t h  t h e  Colorado 
School o f  Mines Research I n s t i t u t e  a s  o p e r a t o r .  The group 
nodern ized  t h e  150-ton r e t o r t  (w i th  a r e s u l t a n t  i n c r e a s e  
i n  i t s  c a p a c i t y  t o  360 t o n s / d a y ) ,  i n s t a l l e d  h i g h e r  c a p a c i t y  
a u x i l i a r y  equipment,  and conducted p i l o t - s c a l e  o p e r a t i o n s .  
The e x i s t i n g  s t a t e  of  development i s  close t o  what i s  
u l t i m a t e l y  r e q u i r e d  i n  p r o c e s s  equipment. However, some 
o p e r a t i n p  problems a s s o c i a t e d  wi th  sca le -up  a r e  s t i l l  unre- 
s o l v e d ,  such a s  t h e  even f low o f  s h a l e  i n  l a rge -d iame te r  
r e t o r t s  and t h e  p r e v e n t i o n  o f  c h a n n e l i z a t i o n  of r i s i n g  
gases  ( 3 ) .  Also, t h e  G a s  Combustion r e t o r t  s u f f e r s  from 
r e l a t i v e l y  l o w  o i l  recovery  e f f i c i e n c i e s  as  compared t o  
o t h e r  s u r f a c e  p rocesses .  
8 5  p e r c e n t .  

T h i s  recovery  i s  on t h e  o r d e r  of 

N e v e r t h e l e s s ,  t h e  G a s  Combustion re tor t  i s  t h e  most 
advanced Government-sponsored o i l  s h a l e  r e t o r t i n g  p r o c e s s ,  
w i t h  many y e a r s  of p r o c e s s  development and r e f inemen t .  I n  
s u p p o r t  of p o s s i b l e  commercial development, t h e  Bureau of 
Mines r e c e n t l y  conducted economic ‘ana lyses  of p r o j e c t e d  
sca le -ups  o f  t h e  Gas Combustion r e t o r t i n g  p r o c e s s  t o  
50,000- and 100,000-bbl/day f a c i l i t i e s  ( 4 , 5 ) .  A t  p r e s e n t ,  
no known p r i v a t e  f i rms are c o n s i d e r i n g  t h i s  p r o c e s s  f o r  
development. However, there i s  g r e a t  i n t e r e s t  i n  t h e  Paraho 
R e t o r t  and t h e ’ P e t r o s i x  Retort ,  which are m o d i f i c a t i o n s  of 
t he  G a s  Combustion re tor t .  

1.2 .1  M i n i n g  a n d  H a n d l i n g  

a b l y  be e x t r a c t e d  from an  underground room-and-pillar mine 
(as  d e s c r i b e d  i n  Chapter  3 o f  Volume I ) .  

The o i l  s h a l e  f o r  t h e  G a s  Combustion r e to r t  w i l l  prob- 

1.2.2 C r u s h i n g  a n d  S i z i n g  

Run-of-mine o i l  s h a l e  i s  t r a n s p o r t e d  by conveyor b e l t  
t o  r e c e i v i n g  hoppers  a t  t h e  c r u s h i n g  p l a n t .  
c rushed  t o  a s i z e  o f  less t h a n  3-in.  d iameter .  T h i s  
c rushed  s h a l e  i s  passed  through s c r e e n s  t h a t  remove 
p a r t i c l e s  smal le r  than  3/16-in. d i ame te r  f o r  b r i q u e t t i n g .  
Pa r t i c l e s  between 3/16- and 3-in. d i ame te r  are conveyed 
t o  s u r g e  b i n s  b e f o r e  r e t o r t i n g  ( 4 ) .  I t  i s  r e p o r t e d  t h a t  
1 . 3  p e r c e n t  o f  t h e  shale  handled  d u r i n g  c r u s h i n g  and 
s c r e e n i n g  i s  l o s t  -as d u s t ,  w i t h  h a l f  t h e  loss o c c u r r i n g  
d u r i n g  c r u s h i n g  and t r a n s p o r t i n g  and t h e  o t h e r  h a l f  d u r i n g  
s c r e e n i n g  and s i z i n g  ( 6 ) .  

There it i s  
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1 . 2 . 3  R e t o r t i n g  a n d  P r o d u c t  R e c o v e r y  

As d e p i c t e d  i n  F igu re  2 ,  t h e  r e t o r t  i s  equipped wi th  
s h a l e  charg ing  and d i scha rg ing  dev ices  and gas  flow d i s -  
t r i b u t o r s .  Crushed o i l  s h a l e  enters t h e  t o p  of t h e  r e t o r t  
and f lows downward by g r a v i t y  a long  t h e  r e t o r t  a x i s .  The 
s h a l e  f low ra te  i s  c o n t r o l l e d  by a g r a t e  d i s c h a r g e  mechanism 
l o c a t e d  i n  t h e  lower p a r t  of t h e  re tor t .  As t h e  bed of 
s h a l e  moves downward, it p a s s e s  through f o u r  zones: 

0 Prehea t ing  Zone - Crushed and s i z e d  s h a l e  i n t r o -  
duced i n t o  t h e  t o p  of t h e  re tor t  i s  i n i t i a l l y  
i g n i t e d  us ing  an o u t s i d e  energy source .  Sha le  
i n t r o d u c t e d  a f te r  i g n i t i o n  i s  prehea ted  by h o t  
gases  r i s i n g  from t h e  combustion zone. 

0 R e t o r t i n g  Zone - Shale  i s  hea ted  t o  a p y r o l y s i s  
l e v e l  of about  4500 t o  500OC (850° t o  9500F). 
A t  t h i s  tempera ture ,  kerogen decomposes t o  o i l y  
vapor  and g a s ,  l e a v i n g  a carbonaceous r e s i d u e  
i n  t h e  o i l  s h a l e  ma t r ix .  When a predetermined 
amount of s h a l e  has  been r e t o r t e d ,  t h e  o u t s i d e  
energy source  is s h u t  off and combustion is 
maintained by i n j e c t i n g  a i r  i n t o  t h e  r e t o r t .  
Combustion gas  l e a v i n g  t h e  r e t o r t  may be r ecyc led  
t o  c o n t r o l  t h e  oxygen of t h e  i n l e t  gas .  

0 Combustion Zone - A i r  and r ecyc led  product  qas 
are in t roduced  t o  burn t h e  carbonaceous r e s i d u e  
a t  approximately 14000F. Thus, h e a t  i s  t r a n s -  
f e r r e d  t o  t h e  r i s i n g  stream of gas f o r  cont inued 
p y r o l y s i s .  

e Cooling Zone - Recycled product  gas  may be i n -  
j e c t e d  i n t o  t h i s  zone. I f  t h i s  i s  done, t h e  
g a s  f lows upward from t h e  bottom of t h e  r e t o r t ,  
t h u s  h e a t i n g  t h e  gas  and coo l ing  t h e  s h a l e .  A t  
about  380°F, t h e  r e t o r t e d  s h a l e  i s  mechanical ly  
d ischarged  from t h e  r e t o r t ,  mo i s tu r i zed  and cooled ,  
and c a r r i e d  by b e l t  conveyor t o  d i s p o s a l .  

Product  recovery may be accomplished b,y s e p a r a t i n g  
e n t r a i n e d  hydrocarbon vapors  from t h e  produced gas  stream. 
The gas  can be d i r e c t e d  through a c e n t r i f u g a l  s e p a r a t o r  
(Rotoclone) and an e l e c t r o s t a t i c  p r e c i p i t a t o r .  The o i l  
coa le sces  i n  t h e  s e p a r a t o r s  and i s  c o l l e c t e d  and s e n t  t o  
s t o r a g e .  
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T h e  o v e r a l l  o i l  recovery  y i e l d s  from t h e  Bureau of 
Mines Anvil  P o i n t s  p l a n t s  w e r e  as f o l l o w s  ( 3 )  : 

0 9 5  p e r c e n t  of t h e  a v a i l a b l e  shale o i l  was 
e x t r a c t e d  i n  ' t h e  s m a l l  ( 6  tons /day)  p i l o t  p l a n t  

0 8 7  p e r c e n t  of  t h e  a v a i l a b l e  s h a l e  o i l  w a s  
recovered  i n  t h e  demonst ra t ion  ( 1 5 0  tons /day)  
p l a n t  

85 p e r c e n t  of  t h e  a v a i l a b l e  s h a l e  o i l  w a s  
recovered i n  t h e  360-ton/day p l a n t .  

I f  t h i s  y i e l d  r e l a t i o n s h i p  i s  e x t r a p o l a t e d  t o  com- 
mercial scale ( 5 0 , 0 0 0  b b l / d a y ) ,  a f u r t h e r  drop  t o  78  pe r -  
c e n t  of F i s c h e r  a s s a y  i s  i n d i c a t e d .  

P r o p e r t i e s  of t h e  c rude  s h a l e  o i l  produced a t  t h e  
modernized 360-ton/day G a s  Combustion r e t o r t  a t  Anvil  
P o i n t s  are as  fo l lows  ( 7 )  : 

Grav i ty  ( O A P I )  19 .7  
S u l f u r  ( w t  p c t )  0 .74  
Ni t roqen  ( w t  p c t )  2 . 1 8  
Pour P o i n t  (OF) 8 0  
V i s c o s i t y  (SUS a t  1OOoF) 2 5 6  

By petroleum s t a n d a r d s ,  t h e  raw s h a l e  o i l  i s  a l o w -  
g rav i ty ;h igh -n i t rogen ,  modera te -su l fur  c rude  oil. I t  
can be f u r t h e r  r e f i n e d  (upgraded)  by s t a n d a r d  c rude  re- 
f i n i n g  procedures .  Upgrading i s  accomplished through 
d i s t i l l i n g ,  de layed  coking ,  anc! hydrogenat ing.  

R e t o r t  gases  produced by t h e  G a s  Combustion r e t o r t  
c o n t a i n  h igh  c o n c e n t r a t i o n s  of n i t r o g e n  and carbon d i o x i d e ,  
t y p i c a l  of i n t e r n a l  combustion retorts. Re to r t  gas  proper -  
t i es  are as  fo l lows  ( 7 ) :  

Ni t rogen  ( v o l  p c t )  6 2 . 1  
Carbon Konoxide (vol  p c t )  2.3 
Carbon Dioxide (vol p c t )  . 24.5 
Hydrogen S u l f i d e  (vol p c t )  0 . 1  
Hydrogen ( v o l  p c t )  5.7 
Hydrocarbons ( v o l  p c t )  5 . 3  

Yie ld  ( s c f / b b l  of  o i l )  1 0 , 9 0 0  

Gross Heat ing  Value (B tu / sc f )  1 0 0  
Molecular Weight 30 

Opera t ing  c o n d i t i o n s  and.performance d a t a  of t h e  mod- 
e r n i z e d  (360 tons/day)  G a s  Combustion r e t o r t  a t  Anvi l  P o i n t s  
a r e  p r e s e n t e d  i n  Table  1. 
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TABLE 1 

PERFORMANCE DATA OF THE MODERNIZED 360-TON/DAY GAS COMBUSTION 
RETORT AT ANVIL POINTS IN APRIL 1967 (8) 

I Operating Parameters ' Average of Nine Runs I 
Shale Feed Properties 

Average Fischer assay (gal/ton) 
Size range (in.) 

Operating Conditions 

Bed height ( f t ) 
Feed rate (lb/hr) 
Mass feed rate (lb/hr-ft2) 
Air rate ( scf / ton)  
Air static pressure (in. H20) 
Air temperature (OF) 
Recycle gas rate (scf/ton) 
Recycle gas temperature (OF) 
Retort off-gas pressure (in. H20) 
Retort off-gas temperature (OF) 
Vent gas rate (sef/ton) 
Vent gas temperature (OF) 
Spent shale temperature (OF) 
Retort top pressure (in. )H20) 
Retort bottom pressure (in. H2O) 
Blower outlet pressure (in. H20) 

Oil Recovery (water free) 

Shale feed (gal/ton) 
Fischer assay (wt pct) 

Product Oil Properties 

12 

25.6 
1 to 2 1/2 

12.5 
27,561 
500 
4 , 7 2 8  
120 
142 
12,722 
230 
-0.03 
139 
7,243 
236 
380 
-0.03 
10.2 
69 

21.4 
85.4 

5.6 
19.7 

21.4 
85.4 

5.6 
19.7 
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T h i s  low-Btu qas  can be used as power p l a n t  f u e l  by 
combining it w i t h  f u e l  gas  g e n e r a t e d  i n  t h e  o i l  upgrading 
s e c t i o n s  ( g a s  s t r eam from hydrogenat ion and de layed  cok inc  
u n i t s )  . 
1 . 2 . 4  R e t o r t e d  S h a l e  H a n d l i n g  

The G a s  Combustion r e t o r t  y i e l d s  a c o a r s e  r e t o r t e d  
s h a l e  p roduc t  c o n t a i n i n g  fragments  measuring several i n c h e s  
i n  s i z e .  R e l a t i v e l y  f e w  f i n e s  are con ta ined  i n  t h e  s h a l e ,  
and sone f u s i n g  of  f ragments  may be observed.  R e l a t i v e l y  
l i t t l e  o r g a n i c  carbon r e s i d u e  remains i n  r e t o r t e d  s h a l e  
p a r t i c l e s  ( 9 ) .  

The t e n p e r a t u r e  o f  t h e  r e t o r t e d  s h a l e  may be as h i g h  
a s  3SOoF. A s  it i s  d i scha rged  through t h e  c o n t r o l  g r a t e  
a t  t h e  botton? of  t h e  r e t o r t ,  t h e  r e t o r t e d  s h a l e  i s  f e d  
i n t o  a r o t a r y  m o i s t u r i z i n g  drum cooler f o r  d u s t  c o n t r o l  
and tempera ture  r e d u c t i o n ,  t h e n  t r a n s p o r t e d  by b e l t  conveyor 
t o  one of  t w o  disposa.1 s i tes :  

The mined-out a reas '  'of an underground mine 
development ( f o r  . b a c k f i l l i n g )  

A large l a n d  d i s p o s a l  s i t e  such as  a nearby 
canyon o r  open p i t .  

Two d i s p o s a l  s i tes  are necessa ry  because 

The volume of  t h e  r e t o r t e d  s h a l e  i s  about  
t w i c e  t h e  volume of t h e  shale  i n  p l a c e  and 
canno t  be e n t i r e l y  b a c k f i l l e d  i n t o  t h e  mine. 

0 The d i s p o s a l  o f  r e t o r t e d  s h a l e  on l and  i s  
envi ronmenta l ly  d isadvantageous  and shou ld  
be minimized. 

T ranspor t  t o  t h e s e  d i s p o s a l  areas may be accomplished 
by a comple te ly  e n c l o s e d  (hooded) b e l t  conveyor. D i s t r i b u -  
t i o n  on t h e  l a n d  d i s p o s a l  s i te  can be accomplished by 
l a r g e  c a p a c i t y  ( 1 5 0  t o n s )  b o t t o n  dump t r u c k s .  Compaction 
t o  about  1 0 0  lb /cu  f t  can be done by a d i e s e l  ca t  p u l l i n g  
a s h e e p ' s  f0o.t r o l l e r .  About 1 0  t o  15  w t  p c t  wa te r - i s  added 
t o  reduce d u s t i n g  and a i d  i n  t h e  c o n s o l i d a t i o n  of d i s p o s a l  
p i l e s .  A r e t a i n i n g  dam t o  p r e v e n t  d i r e c t  w a t e r  r unof f  i n t o  
t h e  loca l  watershed  w i l l  be b u i l t  ( 4 ) .  Other  c o n t r o l s  t o  
p r e v e n t  l e a c h i n g  o f  t he .  p i l e  may a l s o  be r e q u i r e d .  

B a c k f i l l i n g  can beg in  2 s  soon as  a l a r g e  s e c t i o n  of  t h e  
mine can be i s o l a t e d  from a c t i v e  mining, which may n o t  be 
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r e a l i z e d  u n t i l  5 t o  1 0  y e a r s  l a t e r .  However, experiments  
t o  prove t h e  f e a s i b i l i t y  of underground d i s p o s a l  have n o t  
been completed. 

1.3 UNION OIL COMPANY 

The Union O i l  Company has  developed t h r e e  r e t o r t s :  

0 The f i r s t  i s  t h e  Union O i l  " A , "  an i n t e r n a l -  
combustion r e t o r t  i n  which h o t  g a s e s ,  produced 
by combustion of r e s i d u a l  carbon on t h e  r e t o r t e d  
s h a l e ,  a r e  used t o  h e a t  t h e  raw s h a l e  d i r e c t l y .  

0 The second re tor t  i s  t h e  Union O i l  "B," which uses  
f lowing g a s  as a h e a t - t r a n s f e r  medium a s  does 
However, ''B'' is  a qas- recyc le  r e t o r t  i n  which h o t  
gases  are e x t e r n a l l y  heated b e f o r e  they  are in -  
j e c t e d  i n t o  t h e  k i l n  t o  h e a t  t h e  r a w  s h a l e  d i -  
r e c t l y .  

" A . "  

4 The t h i r d  re tor t  i s  t h e  Union O i l  steam gas  
r e c i r c u l a t i o n  (SGR) system. The SGR system uses 
t h e  "B" r e to r t  d e s i g n  as i t s  c e n t e r ,  b u t  it i n -  
c l u d e s  a s e p a r a t e  g a s i f i c a t i o n  v e s s e l  i n  which 
oxygen and steam are passed through t h e  r e t o r t e d  
s h a l e  t o  g a s i f y  t h e  r e s i d u a l  carbon.  The h o t  
r e c y c l e  s y n t h e s i s  g a s  i s  t h e n  i n j e c t e d  i n t o  t h e  
retort  f o r  p y r o l y s i s  o f  incoming s h a l e .  

A l l  three r e t o r t i n g  processes  employ a v e r t i c a l  coni -  
c a l l y  shaped k i l n ,  a l though "A" i s  open t o  t h e  atmosphere 
a t  t h e  t o p  and "B" and SCXR are n o t .  I n  a l l  t h r e e  re tor ts ,  
c o a r s e l y  crushed s h a l e  i s  fed  up from t h e  bottom of t h e  
r e to r t  by a rock pump. Shale  i s  hea ted  i n  t h e  upper zone, 
p y r o l y s i s  occur s  i n  t h e  middle  zone, and o i l  and gas  are  
recovered a t  t h e  bottom. Retor ted  s h a l e  i s  removed a t  t h e  
top .  

The Union "A" des ign  w a s  developed i n  t h e  l a t e  1 9 4 0 ' s  
and w a s  f i r s t  demonstrated w i t h  a 2-ton/day p l a n t  i n  C a l i -  
f o r n i a ,  fol lowed by a 50-ton/day p i l o t  p l a n t .  The company 
c o n s t r u c t e d  a 350-ton/day semiworks u n i t  i n  Parachute  Creek 
Canyon, Colorado,  i n  1 9 5 4  and ope ra t ed  it u n t i l  1958. Dur- 
i n g  t h e s e  y e a r s  t h e  semiworks p l a n t  w a s  f u r t h e r  developed;  
it achieved o p e r a t i o n  a t  1 , 2 0 0  tons/day f o r  cont inuous  
p e r i o d s  up t o  6 weeks. I t  has  been d ismant led ,  and no 
r e c e n t  development of  t h e  Union O i l  "A" process  has  been 
r e p o r t e d .  However, Union O i l  i s  s a t i s f i e d  t h a t  it has t h e  
technology t o  des ign  and o p e r a t e  a s i n q l e  1,700-ton/day 
r e t o r t ,  which can be fol lowed by a 3,000-ton/day r e t o r t .  
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S i n c e  a commercial-s ize  p l a n t  should have a lO,OOO-ton/day 
o r  more r e t o r t , t h e  Union O i l  technology demonstrated i s  
about  one - s ix th  of commercial scale (3). 

The Union O i l  "A" process  has  good p o t e n t i a l  f o r  com-  
mercial e x p l o i t a t i o n .  
a c a p a c i t y  f o u r  t i m e s  t h a t  of t h e  G a s  Combustion p r o c e s s  
over  extended p e r i o d s  of  cont inuous  o p e r a t i o n .  Scale-up 
problems might  occur ,  b u t  it should be p o s s i b l e  t o  e s t a b l i s h  
an  e f f i c i e n t  commercial-scale f a c i l i t y  i n  a r e a s o n a b l e  
amount of t i m e .  

The 1,200-ton/day r e t o r t  demonstrated 

The Union O i l  "B" r e t o r t  was tested i n  a p i l o t  p l a n t  i n  
C a l i f o r n i a .  
Union O i l  i s  c u r r e n t l y  c o n s i d e r i n g  c o n s t r u c t i o n  of a 
lO,OOO-ton/day I'B" r e t o r t  i n  Pa rachu te  Creek Canyon, 
Colorado. The p l a n t  s i t e  (bench)  wouid be located a t  t h e  
mouth o f  a room-and-pillar mine 1 , 5 0 0  f t  above t h e  v a l l e y  
f l o o r .  Before  Union O i l  p roceeds ,  it needs F e d e r a l  s u p p o r t  
t o  e n s u r e  t h a t  c o u r t  a c t i o n  d e l a y s  w i l l  be  avoided and 
economic i n c e n t i v e s  provided (10) . 

I t  has  n o t  been f i e l d  t e s t e d  on a l a r g e  scale. 

Union O i l  has  ope ra t ed  a 3-ton/day S G R  system p i l o t  
p l a n t  i n  C a l i f o r n i a  s i n c e  October 1 9 7 3  (1). T h i s  p l a n t  
e x t r a c t s  1 0 0  p e r c e n t  of t h e  F i s c h e r  assayed  v a l u e  of o i l  
from s h a l e ,  c o n v e r t s  abou t  8 2  p e r c e n t  of t h e  s h a l e ' s  t h e r -  
m a l  energy t o  s h a l e  o i l  and f u e l  g a s ,  and can  produce e i t h e r  
low- o r  high-Btu g a s  (11) fo r  e l e c t r i c a l  power g e n e r a t i o n  or  
a u x i l i a r y  f u e l .  

I n  summary, Union "A" i s  a r e l a t i v e l y  s imple  r e to r t .  

The r e t o r t  g a s e s  are g r o s s l y  d i l u t e d  w i t h  
O i l  y i e l d s  are r e l a t i v e l y  l o w ,  a t  about  8 5  p e r c e n t  o f  
F i s c h e r  a s s a y .  
a tmospher ic  n i t r o g e n  and carbon d i o x i d e ,  and t h e  p roduc t  
gas has  a v e r y  l o w  h e a t i n g  v a l u e .  Union "Brl  i s  a m o r e  com- 
p l e x  r e to r t  because of ' t he  e x t e r n a l  h e a t e r  and a d d i t i o n a l  
h e a t  t r a n s f e r  equipment,  b u t  it has h i g h e r  o i l  y i e l d s  and 
i t s  p roduc t  g a s  has  a h igh  h e a t i n g  v a l u e .  However, i n  
Union "B" t h e  r e s i d u a l  carbon on t h e  retorted s h a l e  i s  n o t  
r ecove red .  SGR,  based on "E," has  t h e  hiqh-energy re- 
covery  of  "A,* '  s i n c e  it does  g a s i f y  t h e  r e s i d u a l  carbon 
an-d has  t h e  h igh  o i l  y i e l d  o f  "B." 
f r o m  t h e  SGR g a s i f i e r  is  u s e f u l  f o r  upgrading shale  o i l ,  
and s u r p l u s  p roduc t  g a s  can  be conver ted  t o  s y n t h e t i c  
n a t u r a l  g a s  and s o l d .  However, eng inee r ing  and cost  
s t u d i e s  i n d i c a t e d  margina l  economi'cs f o r  t h e  SGR system; 
t h e r e f o r e ,  f u r t h e r  work  on t h i s  p r o c e s s  has  been she lved .  

Su rp lus  s y n t h e s i s  g a s  
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1 . 3 . 1  M i n i n g  a n d  H a n d l i n g  

O i l  s h a l e  f o r  t h e  Union O i l  Company p rocesses  can be 
e x t r a c t e d  from s u r f a c e  mines o r  from room-and-pillar mines 
as desc r ibed  i n  Chapter  3 ,  Volume I .  Union O i l  has  pro- 
posed t h a t  i t s  modular 7,000-bbl/day "B" r e t o r t  be l o c a t e d  
on a minemouth bench s i t e  of a room-and-pillar mine on t h e  
east  f o r k  of Parachute  Creek, Colorado (12). The room-and- 
p i l l a r  mine should produce a lO,OOO-ton/day feed  of 30  t o  
35 q a l / t o n  s h a l e .  

1 . 3 . 2  C r u s h i n g  a n d  S i z i n g  

The r a w  s h a l e  i s  crushed by primary and secondary 
c r u s h e r s  and s i z e d  and screened t o  a maximum s i z e  of 2 i n .  
and a minimum s i z e  of 1 /8  i n . ( 3 ) .  All t h r e e  Union O i l  
r e t o r t s  must u se  a c a r e f u l l y  c o n t r o l l e d  p a r t i c l e  s i z e  d i s -  
t r i b u t i o n .  Par t ic les  l a r g e r  t han  2 i n .  may n o t  be com- 
p l e t e l y  r e t o r t e d  as they  p a s s  through t h e  k i l n ,  and f i n e  
s h a l e  p a r t i c l e s  ( s m a l l e r  than  1 /8  i n . )  may s e t t l e  i n  spaces  
between %he c o a r s e r  p a r t i c l e s  and c r e a t e  s e v e r e  gas  f low 
and s o l i d s  flow problems. Par t ic les  smaller than  1 /8  i n .  
can be compressed i n t o  b r i q u e t t e s  and d isposed  of w i t h  
t h e  r e t o r t e d  s h a l e  o r  s t o c k p i l e d  i n  t h e  mine. 

1 . 3 . 3  R e t o r t i n g  a n d  P r o d u c t  R e c o v e r y  

I n  a l l  t h r e e  r e t o r t s ,  t h e  c o a r s e l y  crushed s h a l e  is  
conveyed t o  t h e  f eed  c h u t e  of  an o s c i l l a t i n g  rock pump 
worked by t w o  h y d r a u l i c  c y l i n d e r s  a t  t h e  bottom of t h e  re- 
t o r t ,  as shown i n  F igu re  3 .  The rock pump pushes t h e  s h a l e  
up i n t o  t h e  v e r t i c a l ,  r e f r a c t o r y  l i n e d ,  c o n i c a l l y  shaped 
k i l n .  

F igu re  4 shows t h e  Union "A" r e t o r t .  The t o p  zone of 
t h e  r e t o r t  i s  open t o  t h e  atmosphere.  Incoming a i r  i s  
hea ted  i n  t h i s  zone by c o n t a c t  wi th  h o t  r e t o r t e d  s h a l e  (1). 
A i r  i s  f u r t h e r  heated i n  t h e  nex t  lower zone where  oxygen 
i n  t h e  a i r  i g n i t e s  r e s i d u a l  carbon on t h e  r e to r&ed  shale, 
producing f l u e  gas  wi th  a tempera ture  nea r  2000  F. Suc t ion  
blowers  draw t h e s e  ho t  combustion g a s e s  down t o  t h e  raw 
s h a l e  i n  t h e  nex t  lower zone. P y r o l y s i s  occur s ,  and prod- 
u c t  o i l  vapors  and gas  are gene ra t ed .  I n  t h e  bottom zone, 
feed s h a l e  i s  prehea ted  by t h e  s h a l e  o i l  vapors  and t h e  
f l u e  g a s e s  t h a t  are produced by r e t o r t i n g .  These g a s e s  
t r a n s f e r  t h e i r  h e a t  t o  t h e  incoming s h a l e  a s  t hey  are 
l eav ing  t h e  r e t o r t  n e a r  t h e  bottom, and e x i t  a s  cooled 
gases  and conden'sed o i l  t o  t h e  recovery  equipment. Sha le  
a sh  i s  scraped from t h e  t o p  of t h e  r e t o r t  i n t o  a c h u t e  
d i scha rg ing  t o  a conveyor b e l t .  The e n t i r e  h e a t  r e q u i r e -  
ment i n  t h e  Union "A" process  i s  obta ined  from combustion 
of r e s i d u a l  carbon on t h e  r e t o r t e d  s h a l e .  
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17 



ASH ZONE IN 
WHICH AIR IS 

RESIDUAL CARBON 
BURNING ZONE 

ZONE IN WHICH HOT 
GASES HEAT SHALE TO 

CONVERT KEROGEN TO OIL 

SHALE PREHEAT ZONE 

CRUSHED OIL SHALE 
FED IN BY CONVEYOR 

GAS TO 
SUCTION - 
BLOWERS 

FEED HOPPER 

OIL MIXTURE TO 
RECOVERY EQU IPMENT 

OSCILLATING "ROCK PUMP" -pr 
PUSHES OIL SHALE UP 

THROUGH RETORT 

F I G U R E  4 .  UNION O I L  COMPANY "A" RETORT (1) 

18 



The Union I'B" r e t o r t  and t h e  SGR system a r e  s i m i l a r  t o  
t h o s e  o f  ' ' A , "  b u t  employ e x t e r n a l  h e a t i n g  and r e c y c l i n g  o f  
p roduc t  gas .  A s  s t a t e d  p r e v i o u s l y ,  t h e  Union "B" r e t o r t  i s  
t h e  center  of t h e  SGR system (see F igure  5 ) .  I n  bo th  r e t o r t s ,  
t h e  c rushed  s h a l e  i s  f e d  i n t o  a rock pump and pushed up 
through t h e  r e t o r t .  

I n  t h e  Union I'B" r e t o r t ,  gas  i s  h e a t e d  i n  a r e c y c l e  
gas  h e a t e r  and i n j e c t e d  i n t o  t h e  t o p  of  t h e  r e t o r t  fo r  s h a l e  
p y r o l y s i s  a t  a c o n t r o l l e d  tempera ture  of  930° t o  9 7 0 0 ~ .  
The r e t o r t e d  shale  i s  d i scha rged  f r o m ' t h e  t o p  of t h e  r e to r t  
and conveyed t o  a d i s p o s a l  s i t e .  I n  t h e  SGR system, however, 
t h e  h o t  r e t o r t e d  s h a l e  i s  conveyed i n t o  a s e p a r a t e  g a s i f i e r  
(shown i n  F igu re  5 ) .  Here i s  a p r o c e s s  unique among American 
r e t o r t s :  t h e  gaseous heat carr ier  i s  g e n e r a t e d  by g a s i f i c a -  
t i o n  o f  r e s i d u a l  carbon i n  t h e  r e t o r t e d  s h a l e  w i t h  r e c y c l e  
g a s ,  steam, and oxygen o r  a i r .  P a r t  of t h e  h o t  s y n t h e s i s  
g a s ,  which i s  r i c h  i n  carbon monoxide and hydrogen, i s  
r e t u r n e d  t o  t h e  r e t o r t  f o r  o i l  shale.. p y r o l y s i s .  S u r p l u s  
s y n t h e s i s  g a s  from t h e  g a s i f i e r  and s u r p l u s  p roduc t  gas  
f r o n  t h e  r e t o r t  can be t r e a t e d  and used a s  p l a n t  f u e l  o r  
conve r t ed  t o  s y n t h e t i c  n a t u r a l  gas  and s o l d .  

I n  t h e  Union "A" p r o c e s s ,  t h e  o i l  d r a i n s  from t h e  r e t o r t  
t o  t h e  bottom of a Rotoclone co l lec tor .  The gaseous p roduc t s  
o f  r e t o r t i n g  a l s o  p a s s  through t h e  c o l l e c t o r ,  and l a r g e  drop- 
l e t s  of e n t r a i n e d  o i l  a r e  s e p a r a t e d .  Smal l e r  o i l  m i s t  pa r -  
t i c l e s  are cooled, agglomerated,  and s e p a r a t e d  f r o m  t h e  
gases  i n  a m i s t  s e p a r a t o r .  The recovered  o i l  d r a i n s  i n t o  
t h e  Rotoclone b a s i n  and mixes w i t h  t h e  l i q u i d  o i l  f r o m  t he  
re tor t .  A s ludge  e j ec to r  removes s h a l e  f i n e s  and sediment  
t h a t  s e t t l e  from t h e  p roduc t  o i l .  T h e  p roduc t  o i l  d r a i n s  
from t h e  c o l l e c t i o n  b a s i n  t o  an i n s p e c t i o n  tank  from which 
it i s  pumped t o  s t o r a g e  ( 9 ) .  

Oil produced i n  t h e  "B" and SGR v e r s i o n s  is c o l l e c t e d  
as  a l i q u i d  n e a r  t h e  base  of t h e  re tor t  and t r e a t e d  t o  
remove so l ids  and a r s e n i c .  So l ids  removal i s  accomplished 
by t w o  s t a g e s  o f  water washing. The s h a l e  f i n e s  are 
collected i n  t h e  water  phase and a,re then  r e c y c l e d  t o  t h e  
p rocessed  s h a l e  quench v e s s e l  (12). 

The crude  s h a l e  o i l  c o n t a i n s  50 ppm o f  chemica l ly  com- 
b ined  a r s e n i c ,  which w i l l  be reduced t o  about  2 ppm i n  a 
p r o p r i e t a r y  Union p r o c e s s .  The o i l  i s  r e a c t e d  w i t h  an 
abso rben t  t h a t  p i c k s  up a r s e n i c  t o  abou t  80 p e r c e n t  of  i t s  
weight .  The o i l  i s  t h e n  s e n t  t o  upgrading and s o l d  as 
s y n t h e t i c  c rude .  

19 
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O i l  p a r t i c l e s  e n t r a i n e d  i n  t h e  gas  stream e x i t i n g  
from t h e  re tor t  a r e  s e p a r a t e d  by a Ven tu r i  s c r u b b e r  t h a t  
c l e a n s  and c o o l s  t h e  gas  s t ream.  Agglomerated m i s t  p l u s  
l i g h t  ends and water produced by c o o l i n g  are s e n t  t o  an 
o i l - w a t e r  s e p a r a t o r .  The o i l  i s  r e t u r n e d  t o  t h e  r e t o r t  
through t h e  raw s h a l e  f eed  l i n e .  Thus , t h e  f e e d i n g  
mechanism i s  f i l l e d  w i t h  o i l ,  p rov id ing  a l i q u i d  s ea l  
t h a t  p r e v e n t s  a i r  b e i n g  drawn i n t o  t h e  k i l n  through t h e  
s h a l e  f e e d e r  ( 9 ) .  A f t e r  t h e  o i l  i s  f e d  i n t o  t h e  r e t o r t  
w i t h  t h e  raw s h a l e ,  i t  i s  ready t o  be drawn o f f  w i t h  l i q u i d  
o i l  produced d u r i n g  r e t o r t i n g .  Water from t h e  o i l - w a t e r  
s e p a r a t o r  i s  s t r i p p e d  t o  remove ammonia and r e c y c l e d  t o  
t h e  p rocessed  s h a l e  quench v e s s e l .  

2.0.70 

T h e  t y p i c a l  p r o p e r t i e s  o f  Colorado s h a l e  oil produced 
by the  Union " A , " S G R ,  and 'IB" r e t o r t  p rocesses  a r e  g iven  
i n  Table  2 .  

17.45 

TABLE 2 

PROPERTIES O F  CRUDE SHALE O I L  PRODUCED 
BY UNION RETORTING PROCESSES ( 1 , 3 , 9  , 13)  

P rope r ty  

I 
G r a v i t y  (OAPI) 

Pour P o i n t  (OF) 

V i s c o s i t y  

(SUS a t  100°Fj 

(SUS a t  122OF) 

Nit rogen  ( w t  p c t )  

I S u l f u r  ( w t  p c t )  

R e  t o r t  Type 

Union "A" 

90'1 . 85' 

223 

2.01 

0 .-77 

690 

-_ 
2.20 

0.80 

-- 
20.70 

90 

- 
.113 

1.90 

0.81 

Jnion SGR 

21.50 

70 

- 
- 

1.80 

0.70 

Union "B" 

22.7 

60 

98.2 

- 
1.74 

0.81 

Retor t  gases from t h e  Union "A" p r o c e s s  are d i l u t e d  
w i t h  combustion p roduc t s  (carbon o x i d e s ,  i n e r t  a i r  com- 
ponents )  and c o n t a i n  a l o w  h e a t i n g  va lue  o f  abou t  80 B tu / sc f .  
C h a r a c t e r i s t i c s  and y i e l d s  o f  . re tor t  q a s e s -  from Union "A" 

are t y p i c a l  of  i n t e r n a l  combustion r e t o r t s  o p e r a t e d  a t  h igh  
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t empera ture .  
and c o n t a i n  h i g h e r  h e a t i n g  v a l u e s .  
of t h e  Union "A" and I'B" p rocesses  a r e  given i n  T a b l e  3 .  

Union " B "  and SGR r e t o r t  gases  are  u n d i l u t e d  
R e t o r t  gas  p r o p e r t i e s  

TABLE 3 

GAS PROPERTIES OF THE UNION "A" AND 'IB" RETORTS ( 1 , 3 , 9 )  

P r o p e r t y  

N.itrogen ( v o l  p c t )  

Carbon Monoxide (vol  p c t )  

Carbon Dioxide ( v o l  p c t )  

Hydrogen S u l f i d e  ( v o l  p c t )  

Hydrogen (vol  p c t )  

Hydrocarbons ( v o l  p c t )  

Gross Heat ing Value (B tu / sc f )  

Molecular  Weight 

Yie ld  ( s c f / b b l  of o i l )  

Retor t  Type 

Union "A" 

60 .1  56.9 

4.7 4.6 

29.7 30 .3  

0 . 1  0 . 1  

2 . 2  2 . 2  

3.2 3.0 

83.0 80 .8  

32.0 - 
20,560 - 

0 

7.28 

1 6 . 4 8  

0.96 

18 .20  

57.09 

800 

Retor t  gases  from t h e  "B" p r o c e s s  are scrubbed i n  a 
Ventur i  s c r u b b e r  and d i v i d e d  i n t o  a make-stream and a re- 
c y c l e  stream. The r e c y c l e  stream i s  compressed and h e a t e d  
p r i o r  t o  i n j e c t i o n  i n t o  t h e  t o p  o f  t h e  re tor t .  T h e  make- 
gas  i s  compressed and scrubbed t o  remove heavy ends and 
H2S. ( O i l  i s  used t o  s c r u b  o u t  t h e  heavy hydrocarbons and 
S t r e t f o r d  s o l u t i o n  i s  used t o  remove H2S.) 
make-gas i s  about  850 Btu/scf and i s  used a s  p l a n t  f u e l .  
Excess amounts can be conver ted  t o  s y n t h e t i c  gas  and s o l d .  

The sweetened 

1 . 3 . 4  R e t o r t e d  S h a l e  H a n d l i n g  

Reto r t ed  shale from t h e  Union "A" r e t o r t  and t h e  SGR 
system has  on ly  a n e g l i g i b l e  q u a n t i t y  of  r e s i d u a l  carbon. 
I n  t h e  Union ''B," t h e  r e s i d u a l  carbon remains.  The chemical 
and p h y s i c a l  p r o p e r t i e s  of Union Oil r e t o r t e d  s h a l e  a r e  
given i n  Tables  4 and 5 ,  r e s p e c t i v e l y .  

2 2  



TABLE 4 

CHEMICAL PROPERTIES O F  U N I O N  O I L  RETORTED SHALE ( 1 4 )  

Conponen t s  

S i 0 2  

C a O  

MgO 

A1203 
Fe203 
N a 2 0  

K2° 

s03 
'2'5 
M i n e r a l  C 0 2  

O r g a n i c  C 

T r a c e  E l e m e n t s  
Nitrogen,  Kje ldahl  

T o t a l  

I g n i t i o n  loss at 

95OoC ( w t  p c t )  

Free S i l i c a -  
q u a r t z  (wt pct) 

p H  of S l u r r y  

R e  t o  r t 
S h a l e  A s h  

'I A I' 

3 5 . 3  
27 .2  

9 .0  
8 . 5  
7 . 3  
5 . 5  

2 .8  
0 . 1  
2 . 2  

1 . 6  
0 . 5  

< 0 . 5  
- 

100.0 

2 .1  

< 2  

1 2 . 5  t o  1 3  
(est.). 

SGR Retort  
D e c a r b o n i z e d  

S h a l e  

39 .2  
2 7 . 3  

8 . 2  

8 .9  
3 . 8  

3 .7  
2 . 7  
1 . 4  

0 . 5  

3 . 1  
0 . 3  
0 . 9  
- 

100.0 

3.4  

2-5 

1 2 . 5  

'Analyses determined by heating sample to 95OoC. 

*Analyses by Union Research Department. 
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R e  t o r t  'I B 'I 
Retor ted  

S h a l e  

31 .5  
1 9 . 6  

5 . 7  
6 . 9  
2 . 8  

2 .2  
1 . 6  
1 . 9  
0 .4  

22 .9  
4 . 3  

0 .5  
0 . 2  

J.oo.0 

26 .9  

8 . 0  

8 . 7  



TABLE 5 

P H Y S I C A L  P R O P E R T I E S  OF UNION O I L  RETORTED SHALE (14) 

1 
Property 

P a r t i c l e  S i z e  

Percent Cobble (1-6 in . )  
Percent  Gravel (4.76 mm-1 in.)  
Percent Sand (0.074-4.76 mm) 
Percent  S i l t  (0.005-0.074 mm) 
Percent  Clay ( -  0.005 nun) 

S o i l  Grouping (U.S.C. System) 

Texture 

Color 

Solids Density ( g / C U  cm) 

Dry Bulk Density ( l b / C U  f t )  

Unconfined Compressive S t r eng th  
( p s i  a f t e r  2 8  days cu re  a t  
125'F) 

F i e l d  Moisture ( w t  pct  of dry  
s o l i d s )  

Retor t  'B" 
Retorted Shale 

Fresh 

I n i t i a l  

- 
74 
16  

9 
1 

GF-GM 

S i l t y  
g rave l  

Black 

2.59 

61 

- 

16 

Af te r  
Compact ion 
a t  12,375 
ft-lb/cu f i  

- 
37 
39 
17 

7 

- 
- 

- 
- 

90.4 

1 3  

21-23 

SGR R e t o r t  

Fresh 
Decarbonized Shale 

I n i t i a l  

- 
75 
16 

5 
4 

GM 

S i l t y  
g r a v e l  

Buff 

2.69 

- 

- 

- 

A f t e r  
C o m p a c t  i on  
a t  12,375 
ft-lb/CU ft 

- 
53 
14  

t 3 3  

- 

- 

- 
68.5 

361 

- 

R e t o r t  "A" 
Shale Ash 

16 Years O l d  

Composite 
Sample 

I n  P lace  

8-28 
43-57 
15-23 

} 8-13 

GW-GM 

Graded g rave l  t o  
s i l t y  g rave l  

Light  brown 

2.36 

60.3-90.5 

12.1-45.0 

'Analyses by Woodward-Clyde Consultants. 



R e t o r t e d  shale  l e a v i n q  t h e  r e t o r t  o r  qas i f i e r  goes 
t o  a quenching v e s s e l ,  which c o o l s  t h e  s h a l e  and adds 
pbout  2 0  w t  p c t  w a t e r .  Re to r t ed  shale  i s  then  conveyed 
t o  a p rocessed  s h a l e  d i s p o s a l  s i t e  f o r  d i s t r i b u t i o n  and 
compaction t o  a d e n s i t y  of  about  9 0  lb /cu  f t  ( d r y  b a s i s )  
w i t h  an e q u i l i b r i u m  mois ture  c o n t e n t  of about  1 9  p e r c e n t  ( 1 2 ) .  

1.4 PETROSIX 

The P e t r o s i x  o i l  s h a l e  r e t o r t i n g  p r o c e s s ,  developed 
by P e t r o b r a s  ( B r a z i l ' s  N a t i o n a l  O i l  Company), i s  one o f  
t h e  more advanced aboveground r e t o r t i n g  p r o c e s s e s .  
conceived f o r  t r e a t i n g  B r a z i l i a n  o i l  s h a l e ,  t h e  p r o c e s s  i s  
s i m i l a r  i n  concept  t o  i t s  p r e d e c e s s o r ,  t h e  U.S. Bureau of 
Mines Gas Combustion p r o c e s s ,  e x c e p t  f o r  t h e  mode of  h e a t  
supply .  I n  t h e  G a s  Cornbustion p r a c e s s ,  heat  f o r  t h e  shale 
p y r o l y s i s  i s  s u p p l i e d  by t h e  con-bustion r e a c t i o n s  o c c u r r i n g  
i n  t h e  r e t o r t  as a r e s u l t  o f  a i r  i n j e c t i o n .  The P e t r o s i x  
r e to r t ,  however, does n o t  use a i r  i n j e c t i o n  t o  o b t a i n  t h e  
n e c e s s a r y  h e a t .  I n  t h i s  system, p r o c e s s  h e a t  i s  o b t a i n e d  
by e x t e r n a l l y  h e a t i n g  r e c y c l e  gas  b e f o r e  i.t i s  i n j e c t e d  
i n t o  t h e  middle o f  t h e  r e t o r t  (3). 

The p r o c e s s  i s  c h a r a c t e r i z e d  by cont inuous  q r a v i t y  
flow of s h a l e  wi th  c o u n t e r c u r r e n t  f low o f  g a s e s ,  and by 
d i r e c t  gas  t o  s o l i d  h e a t  t r a n s f e r .  The o i l  produced by 
s h a l e  p y r o l y s i s  l e a v e s  a t  t h e  t o p  o f  t h e  r e t o r t  as an 
e n t r a i n e d  mist, a long  w i t h  t h e  gaseous s t r e a m .  T h e  o i l  i s  
condensed i n  e l e c t r o s t a t i c  p r e c i p i t a t o r s  and p a r t  of t h e  
r e s u l t i n g  noncondensible  gas  i s  recyc led  back i n t o  t h e  
re tor t .  The p o r t i o n  n o t  r e c y c l e d  i s  p rocessed  f o r  s u l f u r  
removal b e f o r e  recovery  as a high-Btu gaseous p roduc t .  
R e t o r t e d  s h a l e  d i s c h a r g e s  through a g r a t e  mechanism a t  
t h e  bottom o f  t h e  re tor t  and i s  pumped i n  s l u r r y  form t o  
a d i s p o s a l  s i te .  A flow diagram of t he  p r o c e s s  i s  shown 
i n  F igu re  6 .  

O r i g i n a l l y  

I n t e r e s t  i n  t h e  development o f  an o i l  s h a l e  i n d u s t r y  i n  
B r a z i l  can be  t r a c e d  back t o  1950, when a B r a z i l i a n  govern- 
ment commission was appo in ted  t o  s t u d y  t h e ' o i l  s h a l e  d e p o s i t s  
i n  B r a z i l .  A p i l o t  p l a n t  w a s  c o n s t r u c t e d  a f e w  y e a r s  l a t e r  
and o p e r a t e d  f o r  several years: The d e c i s i o n  t o . p r o c e e d  
w i t h  a demonst ra t ion  p l a n t  w a s  made i n  ' t he  e a r l y  1 9 6 0 ' s ,  b u t  
it w a s  almost 1 0  y e a r s  b e f o r e  an o p e r a t i n g  u n i t  w a s  ava i l -  
able (12). 

T h e  p i l o t  p l a n t  h a s  been d i sman t l ed ,  and t h e  demonstra- 
t i o n  p l a n t  has  been o p e r a t i n g  s i n c e  mid-1972. Both p l a n t s  
are l o c a t e d  i n  t h e  same v i c i n i t y ,  i n  t h e  s o u t h e r n  B r a z i l i a n  

2 5  
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FIGURE 6. PETROSIX PROCESS ( 3 )  
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Sta te  o f  Parana ,  n e a r  t h e  town of  C u r i t a b a .  T h e  r e t o r t  
i tself  has func t ioned  w e l l  s i n c e  t h e  s t a r t u p  of t h e  demon- 
s t r a t i o n  u n i t ,  b u t  minor problems have been encountered  
i n  t h e  o p e r a t i o n  of t h e  p l a n t .  These problems, however, 
have been most ly  a s s o c i a t e d  wi th  a u x i l i a r y  equipment,  such 
a s  compressors ,  c r u s h e r s ,  and o t h e r  m a t e r i a l s - h a n d l i n g  
equipment (12). 

The demons t r a t ion  p l a n t  w a s  des igned  t o  hand le  2 , 4 3 0  
tons/day of  s h a l e ,  b u t  it w a s  a n t i c i p a t e d  t h a t  t h e  optimum 
throughput  would be lower. T h i s  e x p e c t a t i o n  w a s  confirmed 
d u r i n g  p l a n t  o p e r a t i o n s .  Also, a l though  an o i l  y i e l d  of 
1 0 0  p e r c e n t  of t h e  F i s c h e r  a s s a y  w a s  o b t a i n e d  d u r i n g  p i l o t  
p l a n t  o p e r a t i o n ,  on ly  90  p e r c e n t  recovery  o f  t h e  F i s c h e r  
a s s a y  w a s  r e p o r t e d  w i t h  t h e  demonst ra t ion  u n i t .  This  i s  
n o t  a s e r i o u s  problem t o  P e t r o b r a s ,  whose o p e r a t o r s  have 
ga ined  c o n s i d e r a b l e  expe r i ence  wi th  t h e  p l a n t  and are 
c o n f i d e n t  o f  t h e i r  a b i l i t y  t o  o p e r a t e  i t  ( 1 2 ) .  

The shale used i n  t h e  P e t r o s i x  p l a n t  i s  mined from 
t h e  I r a t i  Formation i n  Southern B r a z i l .  The I 'rati Forma- 
t i o n  d i s p l a y s  ou tc rops  f o r  about  900 m i l e s  across t h e  
Southern B r a z i l i a n  S ta tes  o f  Sao Pau lo ,  Parana ,  S a n t a  C a t a r i n ,  
and R i o  Grande do Sul .  I t  is one of B r a z i l ' s  m o s t  v a l u a b l e  
mine ra l  r e s o u r c e s  because o f  i t s  e x t e n t  and s h a l e  grade  of 
about  20  g a l / t o n ,  which makes it a s u i t a b l e  f eeds tock  f o r  
t h e  Pe t ros ix  and a v a r i e t y  of o t h e r  p r o c e s s e s .  

T o  meet growing energy  demands, t h e  d e c i s i o n  t o  proceed 
w i t h  a commercial o i l  shale  i n d u s t r y  i n  B r a z i l  ha s  been 
made. The f i r s t  commercial p l a n t  w i l l  p robably  be l o c a t e d  
close t o  the  demonst ra t ion  f a c i l i t y  n e a r  t h e  c e n t e r  o f  
t h e  d e p o s i t .  The s i z e  of t h e  o p e r a t i o n  i s  n o t  known a t  
t h i s  p o i n t ,  b u t  a re tor t  c a p a c i t y  roughly f o u r  times t h a t  
of t h e  demons t r a t ion  unit has long  been considered t o  be 
t h e  g o a l  (12). 

The P e t r o s i x  p r o c e s s  h a s  h i t h e r t o  been o p e r a t e d  on 
o n l y  B r a z i l i a n  shale.' The p r o c e s s  w i l l  have t o  be ex ten-  
s i v e l y  tested on Green River s h a l e  b e f o r e  it can be commer- 
c i a l i z e d  i n  t h e  United States.  S o m e  conf idence  can be 
d e r i v e d  from- t h e  success  o f  exper iments  w i t h  t h e  Paraho 
p r o c e s s ,  which when o p e r a t e d  i n  t h e  i n d i r e c t  mode i s  s i m i -  
l a r  t o  t h e  P e t r o s i x  p rocess .  

1.4.1 M i n i n g  a n d  H a n d l i n g  

As p r e v i o u s l y  mentioned, t h e  sou rce  o f  o i l  s h a l e  fo r  
t h e  P e t r o s i x  p r o c e s s  i s  t h e  I r a t i  Formation, shown i n  
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Figure  7 .  
burden i n  t h e  fo l lowing  sequence of zones: 

The format ion  t y p i c a l l y  occur s  under t h e  over- 

Thickness  
Zone (Meters ) 

Upper bi tuminous s h a l e  5 t o  8 
Middle l imes tone  and s h a l e  8 t o  1 2  
Lower  bi tuminous s h a l e  2 t o  4 .5  

The upper zone of s h a l e  y i e l d s  a d r y  F i sche r  a s say  of 

The overburden capping  t h e  format ion  i s  sha l low enough 
f o r  open p i t  mining. I n  f a c t ,  t h e  p r e s e n t  l o c a t i o n  i s  v i r -  
t u a l l y  f r e e  of i n t r u s i o n s  of overburden,  i n  t h i s  case an  
igneous rock ( d i a b a s e ) .  T o  locate commercially e x p l o i t a b l e  
l e n g t h s  of I r a t i  ou tc rop  r e q u i r e s  wel l -planned geo log ic  
reconnaissance  and c o r e  d r i l l i n g .  

6 . 1  w t  p c t ;  t h e  lower zone of  sha le ,  1 0  w t  p c t .  

F I G U R E  7 .  TYPICAL CROSS SECTION OF THE IRATI  FOFMATION ( 1 5 )  
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A f t e r  l o c a t i n g  a t h i c k ,  r i c h  d e p o s i t ,  t h e  overburden 
i s  d r i l l e d  and b l a s t e ' d ,  and t h e  broken rock  i s  removed by 
bucket-wheel e x c a v a t o r s  and t r u c k s  t o  a s n e c i a l l y  c o n s t r u c t e d  
impounding dam. I n t e r m e d i a t e  p a r t i n g s  a r e  a l s o  d r i l l e d ,  
b l a s t e d ,  and removed. The sha le  is mined us ing  bucket-  
wheel excava to r s  and high-speed movable conveyor b e l t s .  
Overburden and l imes tone  waste  i s  b a c k f i l l e d  i n  t h e  empty 
p i t  behind t h e  advancing mine f ace .  

1 . 4 . 2  C r u s h i n g  a n d  S i z i n g  

P e t r o b r a s  does n o t  appear  t o  have r e l e a s e d  much i n f o r -  
mation on i t s  c r u s h i n g  p l a n t .  There are i n d i c a t i o n s ,  how- 
ever, t h a t  a p a r t i c l e  s i z e  range of 1 / 4  t o  3 i n .  i s  d e s i r -  
able f o r  op t ima l  o p e r a t i o n  of  r e t o r t s  o f  t h e  P e t r o s i x  t y p e ,  
which uses  an e x t e r n a l  sou rce  of  h e a t  (1). Par t i c l e s  l a r g e r  
than  3 i n .  may n o t  have enough r e s i d e n c e  t i m e  i n  t h e  r e t o r t  
f o r  complete convers ion ,  and p a r t i c l e s  s m a l l e r  t han  1 / 4  i n .  
may h i n d e r  t h e  flew of  s o l i d s  and cause  an e x c e s s i v e  p r e s -  
s u r e  drop i n  t h e  r e to r t .  The p roduc t ion  of f i n e s  may be 
minimized by t h e  use of s i n g l e  c r u s h e r s .  

1.4 .3  R e t o r t i n g  a n d  P r o d u c t  R e c o v e r y  

The r e to r t  enployed i n  t h e  P e t r o s i x  p r o c e s s  i s  a 
Cameron and Jones  Kiln i n  which c rushed  s h a l e  i s  f ed  a t  
t h e  t o p  through an a n t i s e g r e g a t i o n  f e e d e r ,  and flow occur s  
by g r a v i t y .  The s h a l e  moves downward through a p roduc t  
c o o l i n g  zone, a r e t o r t i n e  zone, and a heat recovery  zone. 
A s  t h e  s h a l e  descends i n  t h e  upper s e c t i o n  ( t h e  p roduc t  
c o o l i n q  z o n e ) ,  i t  meets t h e  r i s i n g  stream of h o t  gases  and 
i s  heated t o  p y r o l y s i s  t empera tu re ,  s imu l t aneous ly  c o o l i n g  
t h e  gas .  A t  t h i s  tempera ture  t h e  kerogen i n  t h e  s h a l e  de- 
composes and y i e l d s  o i l ,  g a s ,  and a carbonaceous r e s i d u e .  
The o i l  p r o d u c e d - i s  carried upward i n  t h e  r i s i n g  gas 
stream as  an e n t r a i n e d  phase whi le  t h e  r e t o r t e d  s h a l e  moves 
downward i n t o  t h e  h e a t  recovery  zone. 

During i t s  passage  i n  the  heat recovery  zone, t h e  re- 
t o r t e d  s h a l e  t r a n s f e r s  p a r t  of 'its s e n s i b l e  h e a t  t o  t h e  c o l d  
r e c y c l e  gas  t h a t  i s  i n t r o d u c e d  a t  t h e  bottom. I n  t h e  proc-  
ess t h e  s h a l e  i s  cooled t o  about  2 0 0 0  t o  3000F b e f o r e  it i s  
d i scha rged  through a g r a t e  mechanism a t  t h e  bottom. The 
discharge gra te  has  a n n u l a r  openings ,  and a number of h y d r a u l i c  
c y l i n d e r s  ( spaced  around t h e  c i rcumference  of  t h e  k i l n )  move 
t h e  g r a t e  i n  a c i r c u l a r  p a t h  t o  ensu re  a u n i f o r n  ou t f low o f  
t h e  r e t o r t e d  s h a l e  ( 3 ) .  The s h a l e  i s  f u r t h e r  cooled  o u t s i d e  
t h e  re tor t  by mixing w i t h  water; t h e  s l u r r y  i s  then  pumped 
t o  a d i s p o s a l  a r e a .  
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The vapors  l e a v i n g  t h e  re tor t  a t  t h e  t o p  a r e  passed 
through e l e c t r o s t a t i c  p r e c i p i t a t o r s  where e n t r a i n e d  o i l  i s  
condensed and removed a s  a l i q u i d  stream. The r e s u l t i n g  
vapor  i s  compressed and s e n t  t o  a condenser  where l i g h t  
o i l  f r a c t i o n s  and water are  s e p a r a t e d  from t h e  noncon- 
d e n s i b l e  gases .  The remaining gas  i s  d i v i d e d  i n t o  t h r e e  
streams: one p roduc t  stream and t w o  r e c y c l e  streams. The 
p roduc t  stream i s  t r e a t e d  f o r  s u l f u r  re t r ieva l  b e f o r e  be ing  
recovered  as a high-Btu f u e l  qas .  O f  t h e  t w o  r e c y c l e  streams, 
one i s  i n t r o d u c e d  a t  t h e  bottom o f  t h e  retort  a t  130°F as 
a c o l d  r e c y c l e .  
f u e l  sou rce  b e f o r e  be ing  i n j e c t e d  i n t o  t h e  c e n t e r  of  t h e  
r e t o r t .  

The o t h e r  i s  h e a t e d  t o  1300°F by an e x t e r n a l  

Process h e a t  i n  t h e  P e t r o s i x  re tor t  i s  o b t a i n e d  from 
t h e  h o t  r e c y c l e  g a s  stream i n j e c t e d  i n t o  t h e  middle of  t h e  
k i l n .  The source  o f  s e n s i b l e  h e a t  o f  t h e  r e c y c l e  gas  i s  
f u e l  o i l ,  which i s  burned i n  a r e c y c l e  gas  h e a t e r .  The use  
of an  e x t e r n a l  sou rce  such as t h i s  i s  t h e r m a l l y  i n e f f i c i e n t ,  
s i n c e  t h e r e  i s  some combust ible  carbonaceous r e s i d u e  i n  
t h e  r e t o r t e d  s h a l e  e f f l u e n t  from t h e  p rocess .  The G a s  Com- 
b u s t i o n  p rocess  i s  an example of  a p r o c e s s  t h a t  u t i l i z e s  
t h e  combustion heat ava i lab le  f r o m  t h e  retorted shale as  a 
p r o c e s s  h e a t  sou rce .  There i s ,  however, an advantage i n  
t h e  use o f  an  e x t e r n a l  h e a t  sou rce ,  s i n c e  t h e  p roduc t  gas 
i s  u n d i l u t e d  w i t h  n i t r o g e n  and consequent ly  has a h igh  h e a t -  
i n g  va lue .  The r e s u l t  i s  t h u s  a t r a d e o f f .  

Data on o i l  and g a s  y i e l d s  of che process are s c a n t ,  
b u t  it has  been i n d i c a t e d  t h a t  t h e  p i l o t  p l a n t  d i d  a t t a i n  
1 0 0  p e r c e n t  o f  F i s c h e r  a s s a y  o i l  recovery  (12). The demon- 
s t r a t i o n  u n i t ,  however, gave a lower o i l  y i e l d ,  b u t  P e t r o b r a s  
appears  t o  be s a t i s f i e d  w i t h  90 t o  1 0 0  p e r c e n t  recovery .  

T h e  P e t r o s i x  p r o c e s s  s h a l e  o i l  p r o p e r t i e s  are a s  
fo l lows  ( 9 ) :  

Grav i ty  (OAPI) 1 9 . 6  
S u l f u r  ( w t  p c t )  

Pour P o i n t  (OF) 25 
V i s c o s i t y  ( C e n t i s t o k e s )  

1.06 
Nit rogen  ( w t  p c t )  0.86 

a t  38OC 20.76  

Opera t ing  d a t a  have n o t  been r e l e a s e d  by Petrobrashfor  
t h e  P e t r o s i x  p l a n t  o r  p r o c e s s .  G a s  p r o p e r t i e s  and ASTM 
d i s t i l l a t i o n  d a t a  are n o t  a v a i l a b l e .  However, it i s  ex- 
pec ted  t h a t  a t  2 , 0 0 0  t o n s  o f  r a w  s h a l e  p e r  day i n p u t ,  t h e  

* 
American Society for Test ing Mater ia ls .  
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A p l a n t  should  y i e l d  
1 . 2 5  m i l l i o n  cu f t  
e l emen ta l  s u l f u r  p 
mat ion shale ( 9 ) .  

1 , 0 0 0  barrels  of  s h a l e  o i l  p e r  day,  
of f u e l  g a s  p e r  day,  and 1 4  t o n s  of 
r day when t r e a t i n g  t y p i c a l  I r a t i  For -  

1 .4 .4  R e t o r t e d  S h a l e  H a n d l i n g  

When t h e  retorted s h a l e  i s  d i scha rged  from t h e  P e t r o -  
s i x  r e t o r t ,  i t  i s  f u r t h e r  cooled w i t h  r i v e r  w a t e r ,  which 
i s  pumped t o  t h e  p l a n t .  Wa.ter i s  r e a d i l y  a v a i l a b l e  i n  
B r a z i l  b u t  less abundant i n  t h e  semia r id  o i l  s h a l e  r e g i o n s  
of  t h e  United S ta tes .  The s h a l e  i s  watered  t o  form a 
s l u r r y  of  4 0  p e r c e n t  s o l i d s  and pumped t o  a d i s p o s a l  pond 
behind a s p e c i a l l y  c o n s t r u c t e d  impounding dam. 

S ince  t h e  s h a l e  i n  t h e  P e t r o s i x  p r o c e s s  i s  o n l y  pyro- 
l yzed  and n o t  combusted, and s i n c e  t h e  p a r t i c l e  s i z e  i s  
l i m i t e d  and c o n t r o l l e d  i n  t h e  p r o c e s s ,  t h e  re tor ted shale 
i s  about  t h e  same s i z e  a s  t h e  raw s h a l e  and t h e r e  i s  l i t t l e  
problem wi th  f i n e s .  

The r e s i d u a l  carbon c o n t e n t  o f  t h e  r e t o r t e d  s h a l e  i s  
h igh  because t h e  p r o c e s s  does n o t  employ i n t e r n a l  combustion 
h e a t i n g  . 

1.5 PARAHO 

Among t h e  r e c e n t  advances i n  t h e  s u r f a c e  r e t o r t i n g  
o f  o i l  s h a l e ,  t h e  Paraho p r o c e s s  i s  a n o t a b l e  development. 
O r i g i n a l l y  adapted  f r o m  t h e  G a s  Combustion p r o c e s s  tech- 
nology,  by Development Engineers  Inco rpora t ed  (DEI) , t h e  
p r o c e s s  i n c o r p o r a t e s  impor t an t  f e a t u r e s  from t h e '  P e t r o s i x  
process as well. 

Analogous t o  i t s  an teceden t  p r o c e s s e s  t h e  Paraho 
concept  i s  e s s e n t i a l l y  one of r e t o r t i n g  i n  a v e r t i c a l  k i l n  
by g r a v i t y  flow of o i l  s h a l e  and c o u n t e r c u r r e n t  f low of 
gases .  I n  t h e  upper r e g i o n  of t h e  r e to r t ,  t h e  s h a l e  i s  
h e a t e d  by c o n t a c t  w i t h  h o t  g a s ,  and upon a t t a i n i n g  p y r o l y s i s  
tempera ture  it y i e l d s  o i l , - g a s ,  and a carbonaceous r e s i d u e .  
The unique f e a t u r e  o f  t h e  p r o c e s s  i s  t h a t  it can be o p e r a t e d  
e i t h e r  w i t h  o r  wi thou t  a i r ' i n j e c t i o n . .  With a i r  i n j e c t i o n ,  
t h e  a i r  i s  mixed w i t h  c o l d  r e c y c l e  g a s  and i n t r o d u c e d  a t  
d i f f e r e n t . l e v e l s  i n  t h e  lower p a r t  of t h e  r e to r t ;  Con- 
s e q u e n t l y ,  t h e  -0perati 'ng c h a r a c t e r i s t i c s  i n  t h i s  c o n d i t i o n  
are s i m i l a r  t o  t h o s e  o f  t h e  G a s  Combustion re tor t .  When 
a i r  i n j e c t i o n  i s  n o t  u s e d ,  h o t  r e c y c l e  gas  i s  i n t r o d u c e d  
i n t o  t h e  re tor t  and t h e  s e n s i b l e  h e a t  of  t h e  gas  raises 
t h e  o i l  s h a l e  t o  p y r o l y s i s  tempera ture .  P rocess  hea t  i n  
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t h i s  mode of  o p e r a t i o n  i s  o b t a i n e d  by e x t e r n a l  h e a t i n g  of  
r e c y c l e  gas ,  and t h i s  cor responds  t o  t h e  P e t r o s i x  concept  ( 9 ) .  

l e a v e s  t h e  re tor t  a t  the t o p  as  an e n t r a i n e d  phase i n  t h e  
gas  stream. 
p r e c i p i t a t o r  where o i l  i s  condensed and s e p a r a t e d .  
of t h e  r e s u l t i n g  gas  i s  r e c y c l e d ,  and t h e  remainder i s  
o b t a i n e d  as a f u e l  gas  product .  
t h e  r e to r t  b o t t o n  i s  cooled  by mixing w i t h  w a t e r  and i s  
then  conveyed t o  a d i s p o s a l  s i t e .  
p r o c e s s  i n  t h e  a i r  i n j e c t i o n  mode i s  shown i n  F igu re  8 .  

I n  each of these nodes of o p e r a t i o n ,  t h e  o i l  produced 

The Gas i s  n e x t  passed  through an e l e c t r o s t a t i c  
P a r t  

The r e t o r t e d  s h a l e  l e a v i n g  

A flow diagram of  t h e  

SHALE ROCK 

CENTRIFUGAL PRECIPITATOR 

4 h 
ELECTROSTATIC -b 
PRECIPITATOR RECOVERY U N I T  

PRODUCT 

PRODUCT OIL 

BARS\ -- GASlAlR M I X T U R E  PRODUCT 

GAS 

M O V I N G  m d A S  - 
N O R M A L L Y  CLOSED 

GRATES 
RECYCLE GAS 

BLOWER IPROCESSED SHALE TO AIR 
DISPOSAL BEDS BLOWER 

FIGURE 8 .  PROPOSED VERT ICAL-TYPE DH RETORT 

Although t h e  Paraho p r o c e s s  concept  appea r s  t o  have 
been borrowed f r o m  G a s  Combustion and P e t r o s i x  t e c h n o l o g i e s ,  
t h e  r e t o r t  des ign  i t s e l f  i s  s imi l a r  t o  t h a t  of a l i m e  k i l n .  
P r i o r  t o  t h e  development of t h e  Paraho p r o c e s s ,  DEI had 
conducted e x t e n s i v e  t e s t i n g  of t h e  Paraho k i l n  as a l i m e -  
s t o n e  c a l c i n e r ,  and t h e  tests v e r i f i e d  t h e  a b i l i t y  of t h e  
hardware t o  handle  h igh  throughputs  o f  h o t  a b r a s i v e  s o l i d s .  
Upon complet ion of t h e  tes ts ,  i n  1 9 7 0 ,  DEI a c q u i r e d  a 
5-year lease of t h e  Bureau o f  Mines o i l  s h a l e  f a c i l i t y  a t  
Anvil  P o i n t s ,  Colorado (1). 
t i o n  o f  a consort ium o f  1 7  companies, each of which c o n t r i b u t e d  
f i n a n c i a l l y  t o  t h e  p r o j e c t .  

This  w a s  fol lowed by t h e  forma- 
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Experiments w i th  a p i l o t - s c a l e  u n i t  began i n  mid-1973, 
and exper iments  w i t h  a semiworks k i l n  were i n i t i a t e d  i n  
mid-1974. The two kiLns" have been o p e r s t i n g  s u c c e s s f u l l y .  
Throughput r a t e s  i n  excess  of  4 0 0  tons/day of  s h a l e  have 
been achieved  i n  t h e  semiworks k i l n  (1) , which has  been 
o p e r a t e d  c o n t i n u o u s l y  f o r  5 6  days.  The t w o  r e t o r t s  have 
achieved  o i l  r e c o v e r i e s  i n  e x c e s s  of  95 p e r c e n t  o f  t h e  
F i s c h e r  a s s a y ,  which has  averaged about  2 8  g a l / t o n  f o r  t h e  
s h a l e  used. The r e s u l t s  o b t a i n e d  from t h e  o p e r a t i o n s  have 
so f a r  been encouraqing ,  and DEI i s  c u r r e n t l y  e x p l o r i n g  
t h e  p o s s i b i l i t y  of c o n s t r u c t i n g  a commercial-size module 
f o r  demonst ra t ion  purposes .  The d e c i s i o n  wi th  r e g a r d  t o  
t h i s  s t e p  i n  t h e  p r o c e s s  w i l l  be taken  as soon as t h e  
t e c h n i c a l  and economic f e a s i b i l i t y  and t h e  envi ronmenta l  
impact o f  a commercial ven tu re  have been determined ( 1 7 ) .  

1 . 5 . 1  M i n i n g  a n d  H a n d l i n g  

Oil s h a l e  ! f o r  t h e  Paraho p r o c e s s  w i l l  p robably  be 
mined by t h e  room-and-pillar method ( d e s c r i b e d  i n  Chapter  3 ,  
V o l u m e  I ) .  

1 . 5 . 2  C r u s h i n g  a n d  S i z i n g  

The p r o c e s s  o f  p r e p a r i n g  t h e  r e to r t  f eed  r e q u i r e s  
f a c i l i t i e s  f o r  c r u s h i n g ,  s c r e e n i n g ,  s t o r i n g ,  and f e e d i n g  
t h e  r e t o r t s .  Based on the  expe r i ence  w i t h  t h e  t w o  e x p e r i -  
mental  u n i t s ,  a commercial-scale Paraho r e to r t  w i l l  use  a 
s h a l e  f eed  o f  rubb le  s i z e  ranging  from 1 / 2  t o  3 i n .  ( 1 8 ) .  
The n ined  rock w i l l  be reduced t o  t h i s  s i z e  i n  t w o  s t a g e s .  
I n  t h e  f i r s t  s t a g e ,  r o l l  c r u s h e r s  w i l l  be used t o  reduce 
t h e  r u b b l e  p a r t i c l e  t o  less than  1 0  i n . ,  which i s  s u i t a b l e  
f o r  t r a n s p o r t i n g  on conveyor b e l t s .  The pr imary c r u s h e r s  
w i l l  be  l o c a t e d  underground a t  t h e  mining l e v e l  o r  above- 
ground a t  t h e  mine p o r t a l  bench l e v e l .  The p r i m a r y  c r u s h i n g  
f a c i l i t y  w i l l  allso i n c l u d e  a c o n t r o l  room w i t h  d u s t  suppres-  
s i o n  and co l lec ' t ion  equipment and a v e n t i l a t i n g  f a n ,  apron 
f e e d e r s ,  c r a n e s ,  and s e r v i c i n g  f a c i l i t i e s .  Crushed rock 
from t h e  prin?ary c r u s h e r s  w i l l  be reduced t o  t h e  re tor t  
f eed  s i z e  i n  secondary r o l i  c r u s h e r s ,  which w i l l  be s i t u a t e d  
aboveground and close t o  the  re tor t  ' f ac i l i t i e s .  

1 

T o  ensu re  u n i n t e r r u p t e d  o p e r a t i o n  of t h e  secondary 
c r u s h e r s  and t h e  r e t o r t s ,  pr imary c rushed  s h a l e  w i l l  be  
s t o c k p i l e d  a t  a convenient  l o c a t i o n .  The mine; haulage  
system and pr imary c r u s h i n g  o p e r a t i o n s  w i l l  be i n t e r d e p e n d e n t .  
I f  t h e  pr imary c r u s h e r  i s  .shut*-down, haulaqe  from t h e  mine 
w i l l  be s topped  and t h e  secondary c r u s h e r  w i l l  be  f e d  from 
t h e  s t o c k p i l e  (16). 
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1 . 5 . 3  R e t o r t i n g  a n d  P r o d u c t  R e c o v e r y  

The Paraho p rocess  r e t o r t  i s  ope rab le  i n  e i t h e r  of 
two ways: t h e  d i r e c t  h e a t i n g  (DH) mode and t h e  i n d i r e c t  
h e a t i n g  ( I H )  mode (F igu res  9 and 1 0 ) .  When func t ion ing  
i n  t h e  I H  mode, t h e  p rocess  u t i l i z e s  e x t e r n a l l y  hea ted  
r e c y c l e  gas  t o  supply h e a t  f o r  s h a l e  p y r o l y s i s .  I n  t h e  
DH mode, i n  c o n t r a s t ,  c o l d  r e c y c l e  gas ,  mixed wi th  a i r ,  
i s  in t roduced  i n t o  t h e  r e t o r t .  Process  h e a t . i n  t h i s  mode 
i s  de r ived  from t h e  exothermic combustion r e a c t i o n s  occur-  
r i n g  i n  t he  r e t o r t  a s  a r e s u l t  of a i r  i n j e c t i o n .  These 
r e a c t i o n s ,  which occur  i n  t h e  combustion zone, consume 
carbonaceous r e s i d u e  i n  t h e  r e t o r t e d  s h a l e  and hydro- 
carbons i n  t h e  gas  s t ream ( 1 7 ) .  

As shown i n  F igure  8 ,  raw s h a l e  i s  f e d  i n t o  a hopper 
a t  t h e  t o p  of t h e  r e t o r t .  The r a w  s h a l e  i s  then  in t roduced  
i n t o  t h e  r e t o r t  v e s s e l  w i th  t h e  h e l p  of  a r o t a t i n g  s p r e a d e r ,  
which i s  a l s o  c a l l e d  a " p a n t s  l e g "  d i s t r i b u t o r .  The 
l i n e a r  grade mechanism a t  c the bottom of  t h e  r e t o r t  c o n t r o l s  
t h e  r e s idence  t i m e  of t h e  s h a l e  by provid ing  a c o n t r o l l e d  
and uniform rate of descen t  throughout  t h e  c i r c u l a r  s e c t i o n  
of t h e  r e t o r t .  The grade mechanism i s  probably t h e  m o s t  
c r i t i c a l  f a c t o r  i n  r e t o r t  des ign ,  s i n c e  t h e  performance 
of t h e  k i l n  depends on c o n t r o l  of  t h e  tempera ture  p r o f i l e  
a long  i t s  l e n g t h  (19). 

Recycle gases  are f ed  i n t o  the  k i l n  a t  t h r e e  l e v e l s .  
The bottom l e v e l ,  c o n s i s t i n g  of gas  d i s t r i b u t i n g  channe l s ,  
i s  i n c o r p o r a t e d  i n t o  t h e  l i n e a r  g r a t e  mechanism. A t  t h i s  
l e v e l  coo l  r e c y c l e  gas  i s  i n j e c t e d  f o r  I H  as w e l l  a s  DH 
modes. A s  t h e  gas  rises i n  the  r e t o r t ,  it g a i n s  s e n s i b l e  
h e a t  as a r e s u l t  o f  c o n t a c t  w i th  descending r e t o r t e d  s h a l e ,  
caus ing  t h e  s h a l e  temperature  t o  drop t o  about  350OF. 
r e t o r t e d  s h a l e  product  i s  then  cooled  wi th  water and conveyed 
t o  a d i s p o s a l  s i t e  ( 1 7 ) .  

The 

The middle and t o p  d i s t r i b u t o r s  s e r v e  s i m i l a r  purposes  
and a r e  s e p a r a t e d  from each o t h e r  t o  a l low b e t t e r  temperature  
c o n t r o l  i n  t h e  r e t o r t .  I n  t h e  DH mode, r ecyc le  gases  mixed 
wi th  a i r  a r e  in t roduced  a t  t h e s e  two l e v e l s .  Copbustion 
r e a c t i o n s  o c c u r r i n g  i n  t h e  bed g e n e r a t e  s u f f i c i e n t  h e a t  t o  
r a i s e  t h e  gases  above s h a l e  p y r o l y s i s  temperature .  H e a t  
exchange wi th  t h e  r i s i n g  gases  b r i n g s  t h e  s h a l e  t o  p y r o l y s i s  
tempera ture  and decomposi t ion fo l lows .  As a r e s u l t  o f  t h e  
h e a t  t r a n s f e r ,  t h e  gas i s  cooled t o  about  1400F b e f o r e  it 
l eaves  t h e  bed a t  t h e  t o p .  Upon l e a v i n g  t h e  bed, t h e  gases  
a r e  passed  through a c e n t r i f u q a l  s e p a r a t o r  f o r  d u s t  re- 
moval and then through an e l e c t r c s t a t i c  p r e c i ? i t a t o r ,  where 
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t h e  o i l  i s  condensed and removed as a l i q u i d  p roduc t  stream. 
P a r t  of  t h e  condens ib le  gas  i s  r e t r i e v e d  a s  a product  s t r eam 
whi l e  t h e  remainder i s  r ecyc led .  I n  t h e  I H  mode, r e c y c l e  
g a s e s  are p rehea ted  i n  an e x t e r n a l  heater b e f o r e  be ing  
i n t r o d u c e d  a t  t h e  middle and t o p  d i s t r i b u t o r s .  The h e a t e r  
may be des igned  t o  r e t o r t  o f f -gas  o r  f u e l  o i l  a s  a heat 
sou rce .  I n  t h i s  mode, gases  l e a v e  t h e  r e t o r t  a t  280°F and 
are passed  through a similar p roduc t  recovery  system as 
t h e  DH gas  (17). 

C o l l e c t i n g  tubes i n  t h e  upper p a r t  of  t h e  Paraho r e t o r t  
c o l l e c t  n o t  on ly  o i l  vapors  and o f f - g a s e s  b u t  a l s o  water 
vapors  and p a r t i c u l a t e s .  The p roduc t  recovery  systems i n  
t h e  Paraho p rocess  are des igned  t o  r ecove r  o i l  and off- 
gases  from t h e  o t h e r  by-products o f  r e t o r t i n g .  The recovery  
system i s  expec ted  t o  c o n s i s t  of  t h e  fo l lowing  equipment: 

a C e n t r i f u g a l  p r e c i p i t a t o r  
e Elec t ros ta t ic  p r e c i p i t a t o r  
8 Stack gas  sc rubbe r  
0 G a s  i n c i n e r a t o r  
0 Recycle  gas equipment. 

The c e n t r i f u g a l  p r e c i p i t a t o r ,  t h e  f i rs t  u n i t  i n  t h e  
recovery  system, i s  normally used t o  s e p a r a t e  p a r t i c l e s  
g r e a t e r  t han  2 5  microns f r o m  o t h e r  p roduc t s  of r e t o r t i n g .  
The e lec t ros ta t ic  p r e c i p i t a t o r ,  t h e  second u n i t ,  w i l l  be 
used t o  remove o i l  from t h e  remaining by-products .  T h e  
crude o i l  i s  c o l l e c t e d  a t  t h e  bottom of t h e  e lec t ros ta t ic  
p r e c i p i t a t o r .  The o f f -gas  and water vapor  mixture  l e a v i n g  
t h e  p r e c i p i t a t o r  i s  passed  through condensers  t h a t  s e p a r a t e  
water from o f f - g a s e s .  The o f f -gas  t h a t  i s  s e p a r a t e d  o u t  
w i l l  have t o  be scrubbed f o r  removal of  ammonia and hydro- 
gen s u l f i d e  b e f o r e  it can be u t i l i z e d  f o r  power g e n e r a t i o n  
or  o ther  purposes .  The product  g a s  l e a v i n g  t h e  s c r u b b e r s  
i s  a l o w - B t u  g a s  i n  t h e  DH mode and a high-Btu gas  i n  t h e  
I H  mode. The low-Btu gas  can be used as a power p l a n t  f u e l  
a f t e r  upqrading,  and t h e  hiqh-Btu can be economical ly  t r a n s -  
p o r t e d  and marketed. 

O i l  y i e l d s  of  up t o  9 7  p e r c e n t  of t h e  F i s c n e r  a s s a y  i n  
bo th  DH and I H  modes have been r e p o r t e d  f o r  t h e  Paraho 
p r o c e s s  (see Table 6 ) .  Table  7 l i s t s  t h e  p r o p e r t i e s  of  t h e  
o i l  produced by t h e  p r o c e s s  when ope ra t ed  i n  t h e  DH and 
t h e  I H  modes. I t  i s  observed t h a t  t h e  o i l  from t h e  I H  mode 
i s  more s u i t a b l e  f o r  p i p e l i n e  t r a n s p o r t  because o f  i t s  
lower v i s c o s i t y  and pour p o i n t  ( 1 7 ) .  
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G a s  y i e l d s  ' fo r  t h e  two nodes of o p e r a t i o n  are  p r e s e n t e d  
i n  Table  6 .  For; t h e  DH mode t h e  y i e l d  i s  somewhat lower t h a n  
t h a t  of t h e  modernized 360-ton G a s  Combustion r e t o r t  (see 
Table  1). These y i e l d s  a re ,  however, expec ted  t o  improve 
w i t h  f u r t h e r  research as more of  t h e  problems i n  o p e r a t i o n  
are  r e s o l v e d .  

I n  a d d i t i o n  t o - p r o d u c i n g  d i f f e r e n t  q u a n t i t i e s  of  g a s ,  
t h e  t w o  modes a l s o  produce gas  of s i g n i f i c a n t l y  d i f f e r e n t  
composi t ion and p r o p e r t i e s .  Table  8 shows t h e  fo l lowing  
s i g n i f i c a n t  d i f f e r e n c e s  : 

e Approximately one- four th  of t h e  gas  from t h e  I H  
mode i s  hydrogen: t h e  DH mode gas  c o n t a i n s  on ly  
2 . 5  p e r c e n t  hydrogen. 

e Methane ( C H q ) ,  which has  h igh  h e a t i n g  v a l u e ,  
amounts t o  2 8 . 7  p e r c e n t  by volume i n  t h e  I H  mode; 
b u t  on ly  2 . 2  p e r c e n t  i n  the..DH mode. 

e Nit roqen  and carbon d i o x i d e  form 9 0 . 1  p e r c e n t  
of t h e  DH mode g a s ,  b u t  on ly  1 5 . 8  p e r c e n t  of  t h e  
I H  mode gas .  

8 The I H  rr.ode gas  c o n t a i n s  much h i g h e r  pe rcen tages  
of H 2 S  and NH3 gases .  

The h i g h e r  q u a n t i t i e s  o f  methane and hydrogen i n  t h e  
I H  mode gas  are r e s p o n s i b l e  f o r  i t s  h igh  h e a t i n g  va lue .  
A t  885 Btu/scf  t h e  gas  from t h e  I H  mode i s  s u i t a b l e  f o r  
p i p e l i n e  t r a n s p o r t .  I n  comparison, t h e  h e a t i n g  va lue  of 
t h e  DH mode g a s  i s  o n l y  lOO.Btu/scf and i s  n o t  economical 
t o  t r a n s p o r t .  

1 . 5 . 4  R e t o r t e d  S h a l e  H a n d l i n g  

Retor ted  shale f r o m  the  Paraho process has e s s e n t i a l l y  
t h e  same s i z e  d i s t r i b u t i o n  as  t h e  r a w  f e e d ,  r e s u l t i n g  i n  
minimal f u g i t i v e  d u s t  d u r i n g  conveying and d i s p o s a l .  Upon 
d i s c h a r g i n g  from t h e  bottom of  t h e  r e t o r t ,  i t - i s  t r a n s p o r t e d  
by conveyors t o  a ho ld ing  b i n .  I n  a commercial u n i t  a d u s t  
c o l l e c t i o n  system w i l l  be provided  a t  t h e  discharge p o i n t s  
and t h e  r e t o r t e d  s h a l e  a long  w i t h  t h e  r a w  s h a l e  f i n e s  w i l l  
be t r a n s p o r t e d  t o  a d i s p o s a l  area. The mater ia l  w i l l  be 
d e p o s i t e d  i n  a s t a b l e  manner and moistened t o  about  2 2  pe r -  
c e n t  w a t e r  f o r  d u s t  c o n t r o l  and compaction. 
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TABLE 6 

PRODUCT YIELDS OF PARAHO RETORTING (DRY BASIS) (17) 

Product  

Sha le  O i l  

ga l / t on  
v o l  p c t  F i s c h e r  assay 

G a s  

s c f / t o n  

Retort Type  
I H  Mode 1 DH Mode 

27.22  

972  

2 27 .2  

972  

I 6 , 2 0 0 3  5o03  

Q 

'Yield f o r  i n d i r e c t  heated re tor t  is gross;  f u e l  f o r  heater 

2 ~ 5  p l u s  o i l .  

3 ~ 4  minus gas. 

NOTE: Yie lds  w e r e  obtained w i t h  a 2 8 - g a l / t o n  r a w  sha le  feed. 

must be deducted. 

TABLE 7 

CHARACTERISTICS OF RAW SHALE O I L  FROM PARAHO RETORT ( 1 7 )  

Retor 
P r o p e r t y  

DH Mode 

G r a v i t y  (OAPI) 

V i s c o s i t y  

(SUS a t  130°F) 
(SUS a t  210°F) 

Pour P o i n t  ( O F )  

Ramsbottom C a r b o n  ( w t  p c t )  
Water C o n t e n t  (vol  p c t )  
So l ids ,  B .S .  ( w t  p c t )  

21.4 

90 
46  
85 

1 . 7  
1 .5  
0 . 5  

Type  

I H  Mode 

21.7  

68 
42 
6 5  
1.3 
1.4 
0.6 

n 
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TABLE 8 

I 

P R O P E R T I E S  O F  GAS PRODUCED BY PARAHO 
RETORTING (DRY B A S I S )  ( 1 7 )  

c 3  

c4 

H2S 

NH 3 

High 
Heating 
V a l u e  

~ 

R e  t o r t  T y p e  

DH Mode 

2 . 5  vo l  p c t  

6 5 . 7  vol p c t  

-0- 

2 . 5  vol  p c t  

2 . 2  vol pc t  

2 4 . 4  vo l  p c t  

0 . 7  vo l  p c t  

0 . 6  vol p c t  

0 . 7  vol pc t  

0 .4  vol p c t  

2 , 6 6 0  ppm 

2 , 4 9 0  ppm 

1 0 2  B t u / s c f  
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I H  Mode 

2 4 . 8  vol  p c t  

0 . 7  vol p c t  

-0- 

2 . 6  vol pc t  

2 8 . 7  vol p c t  

1 5 . 1  vo l  pc t  

9 . 0  vol p c t  

6 . 9  vol p c t  

5.5 vo l  p c t  

2 . 0  vol p c t  

3 . 5  vol  p c t  

1 . 2  vol p c t  

885 B t u / s c f  



1.6 TOSCO I1 

The TOSCO I1 retorting process, developed by The Oil 
Shale Corporation (TOSCO), is unique among the surface 
retorting methods in its mode of heat transfer. Originally 
developed as a modification of the patented Swedish process 
Aspeco, to which TOSCO purchased the rights in 1952, the 
process is characterized by its use of solid-to-solid heat 
transfer during pyrolysis. This method of heat exchange is 
accomplished by the use of externally heated ceramic balls 
as heat carriers in the retort vessel. 

Oil shale crushed to less than 3/8 in. is pyrolyzed in 
an inclined rotating drum into which hot ceramic balls, of 
about 1/2-in. diameter, are fed. Oil and light hydrocarbon 
gases produced by pyrolysis leave the retort as hot vapors 
and are collected in an accumulator, condensed, and frac- 
tionated for further processing. Part of the processed gas 
is used to preheat the shale and ceramic balls. The re- 
torted shale and ceramic balls leaving the retort are sepa- 
rated in a rotating trommel 'screen, and the retrieved balls 
are reheated in a ball heater. Retorted shale is cooled, 
moisturized, and sent to disposal. A flow diagram of the 
process appears in Figure 11. 

Having purchased the rights to the Swedish Aspeco pfoc- 
ess, TOSCO contracted early developmental work to the Denver 
Research Institute. This work led to the construction of a 
24-ton/day plant at Denver, Colorado, in 1957. Initial re- 
search conducted under this contract focused on the retorting 
system, and both concurrent and countercurrent flows of shale 
and ceramic balls were investigated. Also studied were 
various retort gas-scrubbing processes, fluidized-bed 
combustion of retorted shale, a process for heating the 
ceramic balls, and some oil shale preheating methods (9). 

Encouraged by the progress achieved in the early devel- 
opmental work, TOSCO, in 1964, formed a joint venture with 
SOHIO and Cleveland Cliffs Iron Company to demonstrate the 
retorting of oil shale on the semiworks scale by the TOSCO I1 
retorting process. In this venture, originally called "Oil 
Shale Venture," a retort was built with a l,OOO-ton/day 
capacity, which was operated in Colorado from 1965 to 1967 
and from 1971 to 1972. In 1969, when ARC0 joined the ven- 
ture, the name was changed to Colony Development Company. 
Later, Ashland Oil Company and Shell Oil Company replaced 
SOHIO and Cleveland Cliffs (18). 
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Until 1972, more than 1 million tons of 35-gal/ton oil 
shale were mined, and about 290,000 tons were retorted 
during the operation of the semiworks retort and associated 
pilot room-and-pillar mine. This operation produced some 
200,000 barrels of oil (18). 

The Colony Development Company is now in the commercial- 
ization phase of its project and plans to construct and operate 
a 50,000-bbl/day--~ommercial-scale plant in Colorado. Construc- 
tion plans have, however, been at a standstill since 1974 
pending initiation of a Federal-sponsored Synfuels Commercial- 
ization Program. It is proposed that, when underway, the plant 
will be located on the Dow West property of the Middle Fork of 
Parachute Creek, with retorted shale disposal in nearby Davis 
Gulch. The proposed shale oil complex is illustrated in 
Figure 12. 

An extensive environmental assessment of the proposed 
plant has been conducted by Colony and the analysis has 
been published in a 20-volume report (22). A formal Draft 
Environmental Impact Statement (EIS) by the Bureau of Land 
Management was issued in December 1975 (211, and hearings on 
this EIS occurred in January 1976. As yet, final approval 
has not been granted. 

1 . 6 . 1  M i n i n g  a n d  H a n d l i n g  

Oil shale for the TOSCO I1 process will probably be 
mined by the room-and-pillar method (described in Chapter 3 ,  
Volume I). 

1 . 6 . 2  C r u s h i n g  a n d  S i z i n g  

Xun-of-nine shale size will be reduced to minus 1/2 in. 
before it is fed into the retorting system. This crushing 
will be done in two stages: primary crushing, which will 
be performed at the mine portal bench level, and secondary 
crushing, which will be carried out on the plateau near 
the retorting facility. A totally enclosed conveyor system 
will be used to transport crushed shale between the crusher, 
storage areas, and retort. 

to an inclined conveyor: system for transport to the final 
crushing plant. 
tained to ensure a continuous supply to the secondary crushers 
in the event of a breakdown of the primary crushing facilities. 
A storage bin for fine crushed ore will also be maintained to 
provide uninterrupted feed to the retorts in case of short 
breakdowns of the final crushing unit. 

Coarse ore from the primary crusher will be discharged 

A storage pile of coarse ore will be main- 
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1 . 6 . 3  R e t o r t i n g  a n d  P r o d u c t  R e c o v e r y  

Unlike i t s  o t h e r  American c o u n t e r p a r t s ,  t h e  TOSCO I1 
process  u s e s  a s o l i d  h e a t  carr ier  a t  a h e a t  source  f o r  s h a l e  
p y r o l y s i s .  This  h e a t  c a r r i e r ,  i n  t h e  form,of  1/2- in . -diameter  
ceramic ba l l s ,  t r a n s f e r s  h e a t  t o  o i l  s h a l e  p a r t i c l e s  through 
s o l i d - s o l i d  c o n t a c t  between t h e  t w o  s p e c i e s .  This  h e a t  car- 
rier is  more e f f i c i e n t  t han  t h e  gas - so l id  h e a t  t r a n s f e r  mech- 
anism t h a t  i s  used i n  most o t h e r  s u r f a c e  r e t o r t i n g  processes .  

A 

Refe r r ing  aga in  t o  t h e  f low diagram of t h e  p rocess  i n  Fig- 
u r e  11, one can see t h a t  raw o i l  s h a l e ,  crushed to minus 1 / 2  i n . ,  
e n t e r s  t h e  r e t o r t i n g  system through a s u r g e  hopper.  Upon leav-  
i n g  t h e  su rge  hopper,  t h e  s h a l e  i s  fed  t o  a series of pneumatic 
l i f t  p ipes  where a d i l u t e  phase f l u i d i z e d  bed of s h a l e  i s  main- 
t a i n e d  by a s t ream of ho t  f l u e  gas  from t h e  b a l l  h e a t e r .  Con- 
t a c t  w i th  t h e  f l u e  gas  r a i s e s  t h e  tempera ture  of t h e  s h a l e  t o  
about  500°F b e f o r e  i t  i s  sepa ra t ed  o u t  i n  s e t t l i n g  chambers 
and cyc lones ,  and f ed  t o  a r o t a t i n g  drum r e t o r t  ( p y r o l y s i s  
v e s s e l )  a long w i t h  a s t ream of h o t  ceramic b a l l s .  The p y r o l y s i s  
v e s s e l  i s  e s s e n t i a l l y  an i n s u l a t e d  b a l l  m i l l  i n  which t h e  o i l  
s h a l e  and ceramic b a l l s  a r e  mixed. A s  a r e s u l t  of t h e  mixing,  
good s o l i d - s o l i d  h e a t  exchange occurs  and t h e  o i l  s h a l e  i s  
heated t o  t h e  p y r o l y s i s  tempera ture  of about  900°F. A s  t h e  
s h a l e  py ro lyzes ,  it l o s e s  a l a r g e  amount of i t s  p h y s i c a l  
s t r e n g t h  and i s  crushed by t h e  b a l l s  t o  a f i n e  powder. The 
products  of p y r o l y s i s  (hydrocarbon vapors )  are  withdrawn con- 
t i n u o u s l y  from t h e  r o t a t i n g  drum and recovered i n  an o i l  re- 
covery system, l e a v i n g  behind a mixture  of ceramic b a l l s  and 
processed s h a l e .  

The r e t o r t e d  s h a l e  and ceramic b a l l s  l e a v e  t h e  py.roly- 
s is  drum a t  about  900°F and e n t e r  a p e r f o r a t e d  r o t a t i n g  trommel. 
Sha le  powder pas ses  through t h e  p e r f o r a t i o n s  i n  t h e  trommel 
and i s  cooled and conveyed away f o r . d i s p o s a 1 .  The w a r m  b a l l s  
l eav ing  t h e  trommel a r e  purged of r e s i d u a l  d u s t  by f l u e  gas  
from a steam s u p e r h e a t e r ,  and t h e  d u s t  i s  removed from t h e  
f l u e  gas  by means of a high-energy Ventur i  w e t  sc rubber .  The 
scrubbed g a s  i s  then  d ischarged  i n t o  t h e  atmosphere.  The d u s t -  
f r e e  warm b a l l s  a r e  l i f t e d  up i n  a bucket  e l e v a t o r  and d e l i v -  
e r ed  t o  t h e  b a l l  h e a t e r .  I n  t h e  h e a t e r  t h e  b a l l s  a r e  heated 
t o  about  1300°F i n  a burning mixture  of r e t o r t  gas  and a i r ,  
be fo re  being r e c i r c u l a t e d  t o  t h e  p y r o l y s i s  drum. 

O i l  vapors  and gases  from t h e  p y r o l y s i s  v e s s e l  e n t e r  
t h e  v e r t i c a l  accumulator ,  then  pass  on i n t o  a f r a c t i o n a t o r ,  
where they  a r e  cooled and sepa ra t ed  i n t o  g a s ,  naphtha,  gas  
o i l ,  and r e s i d u e  streams. T h e  gas  s t ream,  whikh i s  ob ta ined  
a s  a t o p  product ,  i s  s e n t  t o  t h e  gas  recovery and t r e a t i n g  
u n i t  be fo re  being used a s  p l a n t  f u e l .  
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The product recovery system in the TOSCO I1 process is 
designed to separate the liquids and gases from the vapor 
stream that leaves the pyrolysis vessel and further process 
them into saleable products. 
of the following equipment: 

The recovery system consists 

0 Fractionating column 
0 Gas desulfurization unit 
e Gas recycle equipment. 

The gas obtained as an overhead product in the fraction- 
ating column is passed through a desulfurization unit for 
H2S removal, before being recovered as a high-Btu gaseous 
product. Part of this gas is recycled for use as fuel in 
the ball heater. 

The TOSCO I1 process can accept for retort feed shale 
of a wide Fischer assay range. The Rio Blanco oil shale 
project Tract C-a will process oil shale with a Fischer assay 
of 2 0  gal/ton. The C-b Shale Oil Project plans to process 
shale averaging 35 gal/ton, as does the Colony Development 
Operation. The process has also demonstrated high yields, 
and in one 7-day run in the semiworks unit, a 107.6 vol  pct 
of Fischer assay oil yield was produced (15). A yield of 100 
percent is expected for a commercial-scale TOSCO I1 facility 
(3). In addition, if the carbon residue left in the retorted 
shale is used to generate heat for the ball heater, gas pro- 
duction will be enhanced and a higher thermal efficiency will 
be possible. 

Little has been published concerning conventional heat 
and material balances for the TOSCO I1 retorting process. 
Properties of the crude oil from the process are listed in 
Table 9. 

TABLE 9 
PROPERTIES OF CRUDE SHALE OIL 

FROM TOSCO I1 PROCESS ( 3 )  

Gravity (OAPI) 
Sulfur (wt pct) 
Nitrogen (wt pct) - 

Pour Point (OF) 
1.7 
75 

Viscosity 
(SUS at 1 0 0 ~ ~ )  120 
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I n s p e c t i o n  of t h e  t a b u l a t e d  d a t a  r e v e a l s  t h a t  TOSCO I1 
crude  s h a l e  o i l  has  a h igher  g r a v i t y  ( A P I )  t han  t h a t  g e n e r a l l y  @ 
ob ta ined  from o t h e r  s u r f a c e  r e t o r t i n g  p rocesses ,  and i s  con- 
sequen t ly  less  dense.  I n  a d d i t i o n ,  t h e  pour p o i n t  of 750F  
i s  lower than t h a t  of s h a l e  o i l s  ob ta ined  from most of t h e  
o t h e r  p rocesses  and hence t h e  TOSCO I1 s h a l e  o i l  has  b e t t e r  
p i p e l i n e  t r a n s p o r t  c h a r a c t e r i s t i c s .  

E s t i m a t e d  p r o p e r t i e s  of t h e  gas  produced by t h e  TOSCO I1 
r e t o r t i n g  p rocess  a r e  l i s t e d  i n  Table  1 0 .  

TABLE 1 0  

PROPERTIES O F  TOSCO I1 RETORT GAS ( 1 6 )  

Gas P r o p e r t i e s  
Nitrogen (vol p c t )  0 

Carbon Monoxide ( v o l  p c t )  3 . 3  

Carbon Dioxide ( v o l  p c t )  1 9 . 6  

Hydrogen S u l f i d e  (vol p c t )  3 . 9  

Hydrogen ( v o l  p c t )  19.5 

Hydrocarbons ( v o l  p c t )  53.7 

G r o s s  Heat ing Value 
(B tu / sc f )  8 8 5  

Molecular  Weight 2 9  

Yield (scf/bbl of o i l )  9 2 0  

S ince  no combustion a i r  i s  used i n  t h e  r e t o r t ,  t h e  pro- 
duced gas  i s  und i lu t ed  wifh n i t r o g e n  and consequent ly  has  a 
h igh  h e a t i n g  va lue .  However, t h e  gas  y i e l d  i s  somewhat l o w ,  
b u t  t h i s  i s  compensated by o i l  y i e l d s  i n  excess  of 1 0 0  per-  
c e n t  of t h e  F i sche r  a s say .  

De ta i l ed  o p e r a t i n g  d a t a  f o r  t h e  TOSCO I1 p i l o t  p l a n t  o r  
semiworks p l a n t  have n o t  been publ i shed .  

46 



1.6 .4  R e t o r t e d  S h a l e  H a n d l i n g  

Retor ted  s h a l e  from t h e  TOSCO I1 process  c o n s i s t s  of 
f i n e l y  d iv ided  p a r t i c l e s  i n  t h e  sand-to-clay s i z e  range.  
Disposa l  of such f i n e  m a t e r i a l  r e q u i r e s  g r e a t e r  amounts of 
water f o r  mois ten ing  b e f o r e  t r a n s p o r t a t i o n .  A d d i t i o n a l l y ,  
s p e c i a l  care has  t o  be taken  i n  handl ing  t h e  f i n e  processed 
s h a l e  because of t h e  i n h e r e n t  d u s t  problem. 

Retor ted  s h a l e  from- t h e  TOSCO 11- r e t o r t  i s  prepared  f o r  
d i s p o s a l  by c o o l i n g  and m o i s t u r i z i n g  t o  about  1 4  p e r c e n t  
water  c o n t e n t  f o r  d u s t  c o n t r o l  and compaction. I t  is  then  
t r a n s p o r t e d  by enclosed conveyors e i t h e r  t o  a nearby s u r f a c e  
d i s p o s a l  a r e a  o r  t o  t r u c k s  f o r  d e l i v e r y  t o  a remote o f f - t r a c t  
s u r f a c e  d i s p o s a l  s i te .  The open p i t  mining proposed f o r  t h e  
Rio Blanco O i l  Sha le  P r o j e c t ,  T r a c t  C-a, r e q u i r e s  an o f f -  
t r a c t  d i s p o s a l  s i t e  f o r  maximum r e s o u r c e  u t i l i z a t i o n  ( 2 3 ) .  

A t  t h e  d i s p o s a l  a r e a ,  r e t o r t e d  s h a l e  w i l l  be spread  i n  
l a y e r s  and compacted f o r  s t a b i l i t y .  When it reaches  i t s  
f i n a l  e l e v a t i o n ,  t h e  s h a l e  w i l l  be contoured i n  conformance 
w i t h  surrounding topography,  covered w i t h  overburden and 
t o p s o i l ,  and r e v e g e t a t e d ;  o r  s cu lp tu red  i n t o  p l a n t i n g  b a s i n s  
and water h a r v e s t i n g  s u r f a c e s .  I n  t h i s  l a t t e r  method, each 
p l a n t i n g  b a s i n  w i l l  c o n t a i n  a t r e n c h  f i l l e d  w i t h  topsoil, 
and p l a n t s  w i l l  be  p laced  i n  t h e s e  t r e n c h e s  (16). Boulders  
and crushed rock from mine waste may be d e p o s i t e d  as a b u f f e r  
zone between r e t o r t e d  s h a l e  and t o p s o i l  t o  keep t o x i c  e lements  
i n  r e t o r t e d  s h a l e  s e p a r a t e  from p l a n t  roots. 

1.7 SUPERIOR OIL COMPANY 

A block diagram of  t h e  Supe r io r  p rocess  i s  shown i n  
F igu re  13. The p rocess  u s e s  oil s h a l e  c o n t a i n i n g  t h e  min- 
erals r i ahco l i t e  ( N a H C 0 3 )  and d a w s o n i t e  ( N a A 1  [OH] 2CO3) t o  pro- 
duce t h e  fo l lowing  f o u r  products  i n  one i n t e g r a t e d  o p e r a t i o n  
(24,25)  : 

0 Sha le  o i l  
0 Raw n a h c o l i t e  -- 
0 Alumina 
0 Soda ash .  . .  

Nahco l i t e  can be p h y s i c a l l y  sepa ra t ed  from ' t he  raw o i l  
s h a l e  becau'se of  i t s  d i f f e r e n t i a l  c rush ing  c h a r a c t e r i s t i c s .  
I t  i s  proposed t h a t  t h e  n a h c o l i t e  be marketed a s  a .gas-scrub-  
bing agent .  Sha le  o i l  i s  recovered by p y r o l y s i s  of t h e  s h a l e  
i n  a c i r c u l a r  t r a v e l i n g  g r a t e  r e to r t ,  a s  concep tua l ly  d r a h  
i n  F igu re  1 4 .  The p rocess  g e n e r a t e s  high-Btu g a s  f o r  p l a n t  
f u e l  requi rements  by r e a c t i n g  r e c y c l e  g a s ,  steam, and a i r  
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F I G U R E  14. CONCEPTUAL DRAWING O F  CIRCULAR TRAVELING GRATE RETORT (23) 



with the carbonaceous residue in the processed shale. The 
resulting retorted shale ash is leached to produce alumina 
(Al203) and soda ash. (Na2C03), and i s  returned to the mine 
for disposal. 

Q 
Superior Oil began the design and testing of this unique 

multi-mineral oil shale process in 1967 (24). By 1975, the 
nahcolite recovery system had been tested on commercial-size 
equipment; the engineering design had been completed for a 
mine that would produce about 25,000 tons per calendar day of 
oil shale, nahcolite, and dawsonite; and Superior had success- 
fully pilot tested the viability of the retort and had opti- 
mized the process variables. By 1976, the engineering design 
of a commercial-size retort was initiated, and Superior had 
successfully tested the alumina and soda ash recovery system 
at the bench scale. Superior was planning to have pilot 
testing of the entire process completed in 1976 (24). 

The success of future development of the Superior 
process depends on several factors. One factor is the 
marketability of the nahcolite'product 3s a scrubbing agent 
to remove sulfur dioxide from stack gases. The acceptance 
of the nahcolite product for use as a gas-scrubbing agent 
is questionable in light of the economics of this scrubbing 
method and disposal problems for the user (26). 

Another factor affecting the development of the proc- 
ess is the outcome of a request by Superior for an oii 
shale land exchange with the Bureau of Land Management (BLM). 
Superior owns about 6,500 acres of land on the north end of 
the Piceance Creek Basin in Colorado, part of which the 
company wants to exchange (see Figure 15). The exchange is 
necessary for Superior to block up its holdings into an 
economic unit suitable for oil shale mining. After 3 years 
of negotiation with BLM, Superior filed its land swap re- 
quest in December 1973. The decision on the land swap 
has already been delayed by almost 4 years, and further 
delay is expected because BLM is considering preparation 
of an environmental impact statement (26). 

1 . 7 . 1  M i n i n g  a n d  H a n d l i n g  

The oil shale will probably be extracted from an under- 
ground room-and-pillzr mine (as described in Chapter 3 ,  
Volume I). The proposed mine location depends heavily on 
the geology of the area; therefore, a brief description 
of the geology is included. 

As shown in Figure 15, lxqe amounts of the sodium 
minerals, nahcolite and dawsonite, occur with rich o i l  shale 

A 
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FIGURE 15. PICEANCE CREEK BASIN SHOWING SUPERIOR OIL SHALE LANDS' 
AND AREAS OF NAHCOLITE AND DAWSONITE DEPOSITS ( 2 4 , 2 6 )  
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in the Parachute Creek member of the Green River Formation. 
The map also shows the location of a cross section from the 
north to the south end of the basin. Figure 16 is the cross 
section showing the Parachute Creek member ( 2 5 ) .  The minerals 
nahcolite and dawsonite are found in the Lower Zone, which is 
composed of nonfractured oil shale. Nahcolite occurs mostly 
as individual modules of 1 to 3 in., surrounded by oil shale 
( 2 7 ) .  

Overlying the nahcolite-bearing section is the Leach 
Zone, which is characterized by solution cavities, open 
fractures, local breccia zones, and intervals o f  porous 
earthy marlstone. 
ited in the Leach Zone has been dissolved and removed by 
groundwater. Dawsonite occurs as minute crystals, 5 microns 
or less in size, within ‘the oil shale matrix. Dawsonite 
has not been dissolved by groundwater and therefore has a 
greater lateral and vertical distribution than does nahcolite. 

Most of the nahcolite originally depos- 

To reach the nahcolite-bearing Lower Zone, Superior pro- 
poses to drive a 9-degree inclined adit, 2.5 miles long (18). 
The tunnel is designed to start at an outcrop located below 
the level of the Leach Zone, and will intercept the mining 
interval at a point 500 ft beneath the Leach Zone and 2,000 
ft beneath the surface. In this manner, Superior will avoid 
passing through the highly fractured Leach Zone. 

Room-and-pillar mining will proceed with special atten- 
tion to the prevention of sub,sidence, so that excess water 
from the overlying Leach Zone will not be allowed a pathway 
into the mine. To protect against unexpected water flow, 
the mine is designed to be developed in panels completely 
enclosed by barrier pillars. 
encountered and cannot be controlled,, the panel is sealed 
at the entrance to protect the- remainder of the mine (26). 

’If excessive water flow is 

The mine plan will differ somewhat from that presented 
in Chapter 1 owing to the thickness of the mineral-bearing 
oil shale zone. The use of thick zones naturally leads to 
the potential use of multilevel development ( 2 8 ) ,  or vertical 
stacking of mine levels. Each level must be properly de- 
signed to avoid the transferral of unusual or unnecessary 
loads to other levels. This is accomplished partly by 
vertical alignment of corresponding panels and barrier 
pillars. 

A l s o  critical to mine level design is the amount of 
nahcolite within the shale. Oil shale’levels with up to 
20 percent nahcolite will be mined with an estimated face 
height of 40 ft; those levels without nahcolite will have a 
height of about 60 ft (18). 
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1 . 7 . 2  C r u s h i n g  a n d  S i z i n g  

Run-of-mine o i l  s h a l e  i s  t r a n s p o r t e d  by conveyor b e l t  
o r  haulage  t r u c k  t o  t h e  pr imary c r u s h e r s ,  l o c a t e d  underground, 
where t h e  s h a l e  i s  reduced i n  s i z e  t o  less t h a n  8 i n .  Sec- 
ondary c r u s h i n g  can be accomplished a t  t h e  s u r f a c e  by impact- 
t y p e  c r u s h e r s .  T h e  shale  i s  reduced i n  s i z e  t o  - 3  i n . ,  and 
sc reened  t o  t h r e e  s i z e  c a t e g o r i e s :  minus 3 i n .  t o  p l u s  2 i n . ,  
minus 2 i n .  t o  p l u s  1 i n . ,  and minus 1 i n .  t o  p l u s  1 / 4  i n .  

The n a c h o l i t e  recovery  p l a n t  o p e r a t e s  i n  c o n j u n c t i o n  
w i t h  t h e  secondary c r u s h i n g  f a c i l i t y  t o  remove 80 p e r c e n t  
of t h e  n a c h o l i t e  from t h e  s h a l e .  The impact-type c r u s h e r s  
f r a c t u r e  t h e  ve ry  b r i t t l e  n a h c o l i t e  modules more r e a d i l y  t h a n  
t h e  o i l  s h a l e ,  and t h u s  t h e  n a h c o l i t e  can be s e p a r a t e d  by 
sc reen ing .  A d d i t i o n a l  s e p a r a t i o n  i s  accomplished by a t w o -  
stage pho to - so r t ing  system (see F igure  1 7 ) .  The n a h c o l i t e  
i s  s u r f a c e  ox id ized  i n  a low-temperature k i l n  p r i o r  t o  be ing  
f e d  t o  t h e  p h o t o - s o r t e r s  ( 2 5 ) .  The recovered  n a h c o l i t e  
from t h i s  p l a n t  i s  expec ted  t o  be 8 0  p e r c e n t  pu re  and i s  f e d  
t o  a s t a n d a r d  soda a s h  p l a n t .  The unrecovered n a h c o l i t e  
remains w i t h  t he  s h a l e  and i s  c a l c i n e d  t o  soda a s h  d u r i n g  
r e t o r t i n g ,  t h e n  recovered  i n  a subsequent  l e a c h i n g  s t e p .  

1 . 7 . 3  R e t o r t i n g  a n d  P r o d u c t  R e c o v e r y  

The S u p e r i o r  p r o c e s s  re tor t  i s  b a s i c a l l y  a water- jacke-ed 
( a i r  t i g h t )  doughnut-shaped t u n n e l  th rough which a f l a t  c i r -  
c u l a r  g ra t e  t r ave l s  c o n t i n u a l l y .  A cross s e c t i o n  o f  t h e  re- 
t o r t  i s  shown i n  F i g u r e  18 .  T h e  re tor t  i s  d i v i d e d  i n t o  f i v e  
enc losed  s e c t i o n s :  one each  f o r  l o a d i n g ,  r e t o r t i n g ,  r e s i d u a l  
carbon r ecove ry ,  s h a l e  c o o l i n g ,  and unloading .  A commercial- 
s i z e  r e t o r t  w i l l  be  about  185 f t  i n  d i ame te r .  

Three streams of  c rushed ,  s i z e d  s h a l e  a r e  f e d  th rough  
an a i r - l o c k  system t o  t h e  load ing  zone and p o s i t i o n e d  on 
t h e  g r a t e  wi th  t h e  f i n e s  (minus 1 t o  p l u s  1 / 4  i n . )  i n  t h e  
middle ,  and t h e  c o a r s e s t  f r a c t i o n  (minus 3 t o  p l u s  2 i n . )  on 
top .  The dep th  of t h e  s h a l e  bed i s  expec ted  t o  be abou t  
5 4  i n .  (18). 

I n  t h e  r e t o r t i n g  zone a stream of h o t  gases i s  passed 
down through t h e  r a w  s h a l e  t o  e f f e c t  p y r o l y s i s .  The g a s  
stream carr ies  t h e  produced hydrocarbon vapors  t o  a s e p a r a t o r -  
condenser  system t o  recover t h e  shale o i l .  The cooled  gases 
are t h e n  r e c i r c u l a t e d  t o  t h e  r e t o r t e d  s h a l e  c o o l i n g  zone. 

I n  t h e  r e s i d u a l  carbon recovery  zone, t h e  carbonaceous 
r e s i d u e  on t h e  r e t o r t e d  s h a l e  i s  r e a c t e d  w i t h  a i r ,  s t e a m ,  and 
r e c y c l e d  h o t  g a s e s  from t h e  r e t o r t e d  s h a l e  c o o l i n g  zone. The 
r e s u l t a n t  high-Btu producer  g a s  i s  used f o r  p l a n t  f u e l  r e q u i r e -  
ments. 
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The s h a l e  a s h  p a s s e s  nex t  t o  t h e  r e t o r t e d  s h a l e  c o o l i n g  
zone, where it i s  cooled  i n  p r e p a r a t i o n  f o r  d i s c h a r g e  from 
t h e  unloading  zone. The s h a l e  o i l  from t h i s  p r o c e s s  i s  ex- 
petted t o  have t h e  fo l lowing  c h a r a c t e r i s t i c s  ( 1 8 )  and w i l l  
r e q u i r e  a d d i t i o n a l  upgrading t o  be s u i t a b l e  as  a r e f i n e r y  
f eeds tock :  

@ 

Grav i ty  ( O A P I )  2 6  

Pour P o i n t  (OF) 
S u l f u r  ( w t  p c t )  

7 0  

0.8 

Nit rogen  ( w t  p c t )  2 . 0  

The recovery  o f  aluminum and sodium compounds a c t u a l l y  
beg ins  i n  t h e  r e t o r t i n g  zone where t h e  dawsoni te  i s  decom- 
posed by h e a t  t o  alumina and sodium ca rbona te :  

2 N a A 1  h e a t  
+ A1203 + N a 2 C 0 3  + c02 + H 2 0 .  

The t empera tu res  i n  t h e  r e t o r t  are  c o n t r o l l e d  t o  n o t  
exceed llOOoF so t h a t  t h e  aluminum o x i d e  formed w i l l  n o t  
become i n s o l u b l e .  The unrecovered n a h c o l i t e  i n  t h e  r a w  
s h a l e  f eed  i s  a l so  decomposed t o  sodium c a r b o n a t e  by t h e  
fo l lowing  r e a c t i o n :  

2NaHC03 h e a t  Na2C03 + C 0 2  + H 2 0 .  
_j 

These compounds remain i n  t h e  r e t o r t e d  s h a l e  a s h  d i s -  
charged from t h e  unloading  zone. The r e t o r t e d  s h a l e  i s  
c rushed  and t h e n  processed  i n  t h e  alumina and soda a s h  
p l a n t s  acco rd ing  t o  t h e  b lock  diagram i n  F i g u r e  1 9 .  The 
r e t o r t e d  s h a l e  i s  leached i n  an  a l k a l i n e  s o l u t i o n  of  re- 
c i r c u l a t e d  c a r b o n a t e  l i q u o r  and make-up w a t e r .  The w a t e r  
i s  o b t a i n e d  from t h e  mine dewater ing  o p e r a t i o n  o r  pumped 
d i r e c t l y  f r o m  t h e  L e a c h  Zone a q u i f e r  (see F i g u r e  1 6 ) .  The 
alumina i n  t h e  r e t o r t e d  s h a l e  i s  conver ted  i n  t h e  s h a l e  
leach t o  t h e  s o l u b l e  compound s o d i u m  a luminate :  

A1203 + 2NaOH- 2 N a A 1 0 2  + H 2 0 .  

The leached  r e t o r t e d  s h a l e  i s  s e p a r a t e d  from t h e  l i q u o r  
by f i l t r a t i o n  and i s  washed, dewatered ,  and r e t u r n e d  t o  t h e  
mine f o r  d i s p o s a l  (see S e c t i o n  1 . 7 . 4 ) .  A f t e r  f i l t r a t i o n ,  t h e  
concen t r a t ed  sodium a lumina te  l i q u o r  i s  n u c l e a t e d  and car- 
bonated t o  p r e c i p i t a t e  aluminum hydroxide:  

2 N a A 1 0 2  + C 0 2  + 3H20 ~ N a 2 C 0 3  + 2 A l [ O H ]  3. 
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The insoluble aluminum hydroxide is filtered from the 
sodium carbonate rich liquor and calcined into cell grade 
alumina for market: 

A 
2A1 [OH] T A1203 + 3H20. 

The sodium carbonate rich liquor is decolorized and 
evaporated in multiple-effect crystallizers to remove the 
water and to precipitate sodium carbonate (soda ash) crystals 
that are centrifuged from the liquor and dried for market. 
The remaining liquor is recycled or purged to the retorted 
shale for underground disposal. Evaporated water is con- 
densed in heat exchangers and recovered as potable water 
for the plant and support facilities (24). 

Contingent on the outcome of Superior's land exchange 
bid with BLM and on the development of a market for the 
nahcolite product, Superior proposes to construct a modular 
oil shale plant designed to permit step-by-step development. 
Depending on the shale grade and mineral content, one module 
will process 24,500 tons/day of oil shale and produce the 
following products (29) : 

Shale Oil (tons/day) 13,300 
Nahcolite (tons/day) 4,500 
Alumina (tons/day) 700 
Soda Ash (tons/day) 1,500 

Water requirements for the proposed plant module are 
to be met by pumping saline water (5 million gal/day) from 
the Leach Zone. About 25 percent of this water is consumed 
during chemical processing and retorted shale disposal. Su- 
perior proposes to reinject the remaining 75 percent back 
into the Leach Zone. Reportedly, the water will be unaltered 
chemically, although its temperature will be raised to about 
120°F (18). Water requirements for this module are summa- 
rized as follows: 

Plant Requirements (gal/day) 5.04 x lo6 
Net Consumption (gal/day) 1.26 x lo6 
Reinject (gal/day) 3 . 7 8  x l o 6  
Make-Condensate (gal/day) 0.94 x lo6 

As noted pceviously, the make-condensate can be used 
as freshwater supply, and is equivalent to about 1,000 acre- 
f t/year . 
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1 . 7 . 4  R e t o r t e d  S h a l e  H a n d l i n g  

r e t o r t e d  s h a l e  w i l l  be  reducedinvolume and can be r e t u r n e d  
t o  t h e  mine f o r  d i s p o s a l .  
and pumped i n t o  t h e  mined-out rooms, then  compacted by r o l l  
packing t c  w i t h i n  a b o u t 8 f t  of  t h e  top .  
i s  f i l l e d  wi th  s l u r r y  by a high-speed b e l t  s l i n g e r .  With 
t h e  proper  moi s tu re  c o n t e n t  (about  - 2 5  p e r c e n t )  and t h e  
i n t r o d u c t i o n  of an a d d i t i v e ,  t h e  r e t o r t e d  s h a l e  w i l l  pack 
t o  t h e  roof and p a r t i a l l y  s o l i d i f y  ( 2 6 ) .  Excess w a t e r  
d r a i n i n g  from t h e  p i l e  i s  recyc led  t o  t h e  s l u r r y  p l a n t .  
Make-up w a t e r  i s  ob ta ined  from t h e  Leach Zone a q u i f e r .  

As a r e s u l t  of mult i -mineral  product  recovery ,  t h e  

The r e t o r t e d  s h a l e  i s  s l u r r i e d  

The t o p  of t h e  room 
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CHAPTER 2 
TECHNICAL EVALUATION 

A s  mentioned p r e v i o u s l y ,  aboveground p r o c e s s e s  f o r  
t h e  e x t r a c t i o n  of s h a l e  o i l  i nvo lve  t h e  common p r o c e s s  s t e p s  
o f  mining, shale p r e p a r a t i o n ,  r e t o r t i n g  and p roduc t  r ecove ry ,  
and r e t o r t e d  s h a l e  d i s p o s a l .  Sha le  p r e p a r a t i o n  as w e l l  a s  
r e t o r t i n g  and product  recovery  systems,  however, form t h e  
m o s t  impor t an t  components of t h e  aboveground p l a n t  and a r e  
p r o c e s s  s p e c i f i c  o r  d i f f e r  g r e a t l y  among t h e  v a r i o u s  p r o c e s s e s .  
T h e  e s t a b l i s h m e n t  of a common basis  f o r  e v a l u a t i n g  t h e  tech- 
n i c a l  a s p e c t s  of  p r o c e s s e s ,  t h e r e f o r e ,  i s  l i m i t e d  t o  such 
var iables  as a c c e p t a b l e  s h a l e  g rade ,  s h a l e  s i z e ,  o i l  and gas 
r ecove red ,  and mechanical  complexi ty .  Th i s  c h a p t e r  d i s c u s s e s  
t h e  v a r i o u s  f a c t o r s  used f o r  t e c h n i c a l  e v a l u a t i o n  o f  selected 
aboveground r e t o r t i n g  p r o c e s s e s  and p r o v i d e s  an a n a l y s i s  o f  
t h e s e  f a c t o r s .  

2.1 BASIS FOR EVALUATION 

The f a c t o r s  used t o  f o r m  a common b a s i s  f o r  t h e  tech- 
n i c a l  e v a l u a t i o n  o f  each  aboveground p r o c e s s  a r e  d i s c u s s e d  
and e x p l a i n e d  i n  t h e  fo l lowing  s e c t i o n s .  These  f a c t o r s  
i n c l u d e  a c c e p t a b l e  sha le  g r a d e ,  s h a l e  s i z e ,  o i l  r ecove ry  
and q u a l i t y ,  gas  recovery  and q u a l i t y ,  r e t o r t e d  s h a l e  c h a r  
u t i l i z a t i o n ,  and mechanical  complexi ty .  

2 . 1 . 1  A c c e p t a b l e  S h a l e  G r a d e  

Most aboveground p r o c e s s e s  are l i m i t e d  i n  t h e  maximum 
s h a l e  grade  t h a t  can be processed .  From t h e  economic 
s t a n d p o i n t  a h igh  shale  g r a d e - i s  advantageous,  s i n c e  less 
mining i s  r e q u i r e d .  Retor t  o p e r a t i o n ,  however, i s  h inde red  
by c l i n k e r i n g  ( f u s i n g  of f ragments )  a t  h igh  shale g rades .  
I n  a d d i t i o n ,  t h e  h i g h e r  o i l  g e n e r a t i o n  rates may cause  
p lugging  o f  t h e  r e t o r t ,  r e s u l t i n g  i n  i n e f f i c i e n t  o p e r a t i o n .  
Bes ides  be ing  economical ly  d isadvantageous ,  t h e  i n a b i l i t y  
t o  use  t h e  h i g h e r  grade  s h a l e  l i m i t s  t h e  u s a b l e  r e s o u r c e  
base t o  t h e  lower grade shale  ( a l though  t h i s  r e s o u r c e  i s  
abundant i n  comparison t o  t h e  h igh  grade  s h a l e ) .  

2. 1 . 2  S h a l e  S i , z e  

’ The i n a b i l i t y  of a p r o c e s s  t o  a c c e p t  a wide range o f  
s h a l e  s izes  i s  d isadvantageous ,  s i n c e  t h i s ’ g r e a t l y  i n f l u e n c e s  
t h e  c o s t  of c r u s h i n g  t h e  s h a l e .  Too sma l l  a p a r t i c l e  s i z e  
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can  cause  e x c e s s i v e  p r e s s u r e  d rops  and p lugging  i n  m o s t  re- 
t o r t s .  Too l a r g e  a s h a l e  s i z e  may r e s u l t  i n  l o w  convers ion  
e f f i c i e n c y  because of i n e f f i c i e n t  h e a t  t r a n s f e r .  Consequent ly ,  
t h e  c r u s h i n g  o p e r a t i o n  "has t o  be w e l l  c o n t r o l l e d  and, depending 
on t h e  d e s i r e d  s i z e ,  may r e q u i r e  large amounts of power. A l s o ,  
t h e  l o w  t o l e r a n c e  t o  f i n e s  r e s u l t s  i n  a l o w  e f f i c i e n c y  of re- 
source  u t i l i z a t i o n ,  s i n c e  t h e  f i n e s  are  d i s c a r d e d .  

2 . 1 . 3  O i l  R e c o v e r y  a n d  Q u a l i t y  

The e x t e n t  of o i l  recovery  i s  an impor t an t  measure o f  
r e t o r t  e f f i c i e n c y  and depends on t h e  method used t o  p r o c e s s  
t h e  shale .  Recovery l o s s e s  are p r i m a r i l y  due t o  combustion 
o f  o i l  i n  t h e  vapor  phase a n d . t h e  deg rada t ion  o f  o i l  a t  t h e  
h igh  t empera tu res  i n  t h e  r e t o r t .  The q u a l i t y  of t h e  o i l  
produced i s  a l so  an impor t an t  f a c t o r ;  s i z e  and l o w  pour  p o i n t  
are d e s i r a b l e  from t h e  p o i n t  of view of upgrading.  Most o f  
t he  e x i s t i n g  s u r f a c e  e x t r a c t i o n  p r o c e s s e s ,  however, produce 
o i l  of comparable, o v e r a l l  q u a l i t y ,  and,  consequen t ly ,  o i l  
q u a l i t y  i s  a r a t h e r  weak c r i t e r i o n  f o r  a r e l a t i v e  e v a l u a t i o n .  

2.1.4 G a s  R e c o v e r y  a n d  Q u a l i t y  

The gases produced i n  r e t o r t i n g  o p e r a t i o n s  m a y  be ei-  
t h e r  l o w  Btu o r  h igh  Btu depending on t h e  mode of  h e a t  
t r a n s f e r .  I n  d i r e c t - h e a t e d  ( D H )  re tor ts  t h e  g a s  produced 
i s  l o w  i n  h e a t i n g  v a l u e ,  whereas i n d i r e c t - h e a t e d  (IH) re- 
torts produce h igh  h e a t i n g  v a l u e  gas. 
v i e w  o f  g a s  u t i l i z a t i o n  f o r  power p roduc t ion ,  t h e  high- 
Btu gas i s  more economical and t h e r e f o r e  p r e f e r a b l e .  

From t h e  p o i n t  of 

2. 1 . 5  R e t o r t e d  S h a l e  C h a r  U t i l i z a t i o n  

The u t i l i z a t i o n  o f  re tor ted s h a l e  c h a r  t o  d e r i v e  p a r t  
o f  t h e  h e a t  of  r e t o r t i n g  i s  d e s i r a b l e ,  s i n c e  it improves t h e  
thermal  e f f i c i e n c y  of t h e  p rocess .  The r e t o r t e d  s h a l e  c h a r  
has  about  1 0  p e r c e n t  o f  t h e  h e a t i n g  va lue  of kerogen and,  
depending on t h e  f r a c t i o n  of char burned,  i t s  u t i l i z a t i o n  
can improve t h e  the rma l  e f f i c i e n c y  o f  r e t o r t i n g  from 5 t o  
1 0  p e r c e n t .  

2.1 .6  M e c h a n i c a l  C o m p l e x i t y  

an impor t an t  basis  f o r  e v a l u a t i o n .  For  e f f i c i e n t  and t r o u b l e -  
f r e e  o p e r a t i o n ,  it i s  d e s i r a b l e  t o  have a system w i t h  a 
minimum of mechanical complexi ty .  Of s p e c i a l  concern i s  t h e  
equipment f o r  t r a n s p o r t i n g  s o l i d s ,  and h igh- tempera ture  
equipment t h a t  may be unique t o  a g iven  p rocess .  

The mechanical complexi ty  o f  t h e  aboveground system i s  
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2.2 BUREAU OF MINES GAS COMBUSTION RETORT 

S e c t i o n  2 . 1  p r e s e n t e d  a d i s c u s s i o n  of  t h e  key parameters  
t o  be used as a b a s i s  f o r  t h e  t e c h n i c a l  e v a l u a t i o n  of t h e  
aboveground p r o c e s s e s .  T h i s  s e c t i o n  p r e s e n t s  an e v a l u a t i o n  
o f  t h e  Bureau o f  Mines G a s  Combustion r e t o r t  i n c l u d i n g  an 
examinat ion o f  these key fac tors  a s  t h e y  p e r t a i n  t o  t h i s  proc- 
ess. 

2 .2 .1  A c c e p t a b l e  S h a l e  G r a d e  

The G a s  Combustion r e t o r t  does n o t  o p e r a t e  w e l l  w i t h  
s h a l e  a s s a y i n g  more than  30 g a l / t o n  o r  less than  2 0  g a l / t o n .  
A s  a r e s u l t ,  f o r  a given p roduc t ion  l e v e l ,  l a r g e r  tonnages 
are  r e q u i r e d  t o  be mined and p rocessed ,  and g r e a t e r  quan- 
t i t i e s  of  o i l  shale  must be d isposed  of a s  r e to r t ed  shale .  
T h e  economic and envi ronmenta l  consequences of t h i s  l i m i t a -  
t i o n  are n o t  f a v o r a b l e .  Neve r the l e s s ,  t h e  a v a i l a b i l i t y  of 
o i l  s h a l e  a s say ing  2 0  t o  30 g a l / t o n  i s  ve ry  h igh  i n  t h e  
r e g i o n s  under c o n s i d e r a t i o n .  

2 . 2 . 2  S h a l e  S i z e  

The optimum s h a l e  s i z e  f o r  economical o p e r a t i o n  of t h e  
G a s  Combustion r e t o r t  i s  n o t  f u l l y  understood.  I t  has  been 
found, however, k h a t  a p a r t i c l e - s i z e  range of 3/16 t o  3 i n .  
i s  b e s t  f o r  smooth r e t o r t  o p e r a t i o n  ( 2 ) .  Even ve ry  l i m i t e d  
q u a n t i t i e s  of f i n e s  (less than  3/16 i n .  i n  s i z e )  i n  t h e  
feed cause  s e v e r e  r e t o r t i n g  problems. A s  a r e s u l t ,  c rush-  
i n g  and s c r e e n i n g  o p e r a t i o n s  must be c a r e f u l l y  c o n t r o l l e d  
t o  reduce  t h e  g e n e r a t i o n  of  f i n e s .  I t  i s  e s t i m a t e d  t h a t  
abou t  5 p e r c e n t  of  t h e  run-of-mine s h a l e  appea r s  as  f i n e s  
( 5 ) .  T o  avo id  lo s s  i n  r e s o u r c e  u t i l i z a t i o n ,  it has  been 
sugges t ed  t h a t  t h e  f i n e  s h a l e  be b r i q u e t t e d ;  b u t  t h e  
economics of such an operation are not immediately clear 
and have n o t  been e v a l u a t e d .  

2 . 2 . 3  O i l  R e c o v e r y  a n d  Q u a l i t y  

O i l  r ecovery  i n  t h e  Gas Combustion r e t o r t  i s  abou t  85  
p e r c e n t . o f  t h e  Fischer a s s a y ,  which i s  ra ther  l o w  i n  compar- 
i s o n  t o  t h e  95 t o  1 0 0  p e r c e n t  recovery  o b t a i n e d  i n  o t h e r  
p r o c e s s e s .  A s  a r e s u l t  of t h e ' l o w  o i l  r ecove ry ,  g r e a t e r  
q u a n t i t i e s  of o i l  s h a l e  must be mined and subsequen t ly  d i s -  
posed o f  as r e t o r t e d  s h a l e .  The low recovery  i s  probably  
due t o  t h e  loss  o f  o i l  by combustion and degrada t ion  w i t h i n  
t h e  r e t o r t .  
u n i t  mass of shale i s  t h u s  necessa ry  t o  reduce o i l  con-bustion. 

Improved r e t o r t  des iqn  r e q u i r i n g  less a i r  p e r  

63 



The r a w  shale o i l  o b t a i n e d  f r o m  t h e  G a s  Combustion re tor t  
has a pour  p o i n t  of 80°F and a g r a v i t y  of 19.70AP1, bo th  o f  
which are comparable t o  t h a t  of o i l  produced i n  o t h e r  r e t o r t s .  
The v i s c o s i t y ,  which i s  256  SUS a t  1 0 0 ° F , i s ,  however, some- 
what h i g h e r ;  and t h i s  may i n c r e a s e  t h e  need f o r  upgrading.  

2.2 .4  G a s  R e c o v e r y  a n d  Q u a l i t y  

R e t o r t  ga ses  produced by t h e  G a s  Combustion r e t o r t  
c o n t a i n  h igh  c o n c e n t r a t i o n s  of n i t r o g e n  and carbon d i o x i d e ,  
which i s  t y p i c a l  of  d i r e c t - h e a t e d  retorts. A s  a r e s u l t ,  t h e  
gas h a s  a l o w  h e a t i n g  v a l u e ,  about  1 0 0  B tu / sc f ,  and cannot  
be economical ly  t r a n s p o r t e d .  I t  i s ,  however, p o s s i b l e  t o  
use  t h e  gas  as  p l a n t  f u e l  o r  f o r  o n - s i t e  power gene ra t ion .  

The  amount of  gas r e c o v e r a b l e  i s  about  1 0 , 9 0 0  s c f  p e r  
barrel  of s h a l e  o i l ,  and a t o t a l  energy of  about  1 . 0 9  x 106 
Btu p e r  b a r r e l  of  s h a l e  o i l  i s  o b t a i n e d  i n  t h e  gas  phase.  
T h i s  i s  somewhat h igh  i n  comparison t o  o t h e r  p r o c e s s e s  and 
i s  r e l a t e d  t o  t h e  u t i l i z a t i o n  of c h a r  i n  t h e  G a s  Combustion 
r e t o r t .  

2.2 .5  R e t o r t e d  S h a l e  C h a r  U t i l i z a t i o n  

R e t o r t e d  s h a l e  c h a r  i s  u t i l i z e d  i n  t h e  G a s  Combustion 
r e t o r t  t o  supply  p a r t  of t h e  heat f o r  r e t o r t i n g  t h e  o i l  shale .  
A i r  i s  i n j e c t e d  i n t o  t h e  retort ,  r e s u l t i n g  i n  combustion o f  
t h e  c h a r .  The u t i l i z a t i o n  of combustion heat f o r  r e t o r t i n g  
improves t h e  the rma l  e f f i c i e n c y  o f  t h e  G a s  Combustion r e t o r t  
and i s  a d e s i r a b l e  f e a t u r e .  

2.2 .6  M e c h a n i c a l  C o m p l e x i t y  

complex o r  troublesome equipment. The r e t o r t ,  however, must 
be w e l l  c o n t r o l l e d  t o  ma in ta in  a s t e a d y  t empera tu re  p r o f i l e  
and mass flow w i t h i n  t h e  vessel. There i s  some i n h e r e n t  
d i f f i c u l t y  i n  t h e  uniform d i s t r i b u t i o n  of s o l i d s  t h r o q h o u t  
t h e  r e to r t  cross s e c t i o n .  Consequent ly ,  t h e  mass v e l o c i t y  
of about  500  I b / h r - f t z  t h a t  has  been achieved  i n  p i l o t - s c a l e  
o p e r a t i o n  i s  somewhat l o w  and needs improvement. I n  a d d i t i o n ,  
t h e r e  i s  some u n c e r t a i n t y  about  t h e  p o s i t i o n i n g  o f  t h e  gas  
d i s t r i b u t o r s  i n  t h e  re tor t  t o  minimize c l i n k e r i n g  and gas  
channel ing  (18). 

The G a s  Combustion p r o c e s s  does n o t  use mechanica l ly  

2.3 UNION OIL COMPANY “B” 

A s  w a s  done f o r  t h e  G a s  Combustion r e t o r t  ( S e c t i o n  2.2) I 

a t e c h n i c a l  e v a l u a t i o n  o f  t h e  Union O i l  Company ” B ”  r e t o r t i n g  
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p r o c e s s  i s  p r e s e n t e d  i n l t h i s  s e c t i o n  based on t h e ' k e y  
parameters  d i s c u s s e d  i n  S e c t i o n  2 . 1 .  8 
2 . 3 . 1  A c c e p t a b l e  S h a l e  G r a d e  

T h e  Union "B" re tor t  can o p e r a t e  s u c c e s s f u l l y  us ing  
shale a s s a y i n g  35 g a l / t o n .  I ts  a b i l i t y  t o  p r o c e s s  t h e  h igh -  
grade  shale i s  economical ly  advantageous,  s i n c e  t h e  minin9 
c o s t s  are reduced. The s u c c e s s f u l  o p e r a b i l i t y  of the r e t o r t  
a t  t h e  h i g h e r  s h a l e  grades  i s  due t o  upward motion of  t h e  
s h a l e  p a r t i c l e s .  A s  a r e s u l t  of  t h e  upflow of  t h e  bed, 
t h e  r e t o r t i n g  zone i s  l o c a t e d  a t  t h e  t o p  of t h e  r e t o r t ,  so  
t h a t  t h e  stresses a r e  s m a l l  i n  t h i s  zone. T h e  lower ing  o f  
t h e  stresses a c t i n g  i n  t h e  r e t o r t i n g  zone reduces  t h e  
agglomera t ive  tendency of t h e  high-grade sha le ,  which under- 
goes s u b s t a n t i a l  p l a s t i c  deformat ion  upon b e i n s  r e t o r t e d  (10). 

2 . 3 . 2  S h a l e  S i z e  

The Union "B"  p r o c e s s  r e q u i r e s  a c a r e f u l l y  c o n t r o l l e d  
p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  between 1 / 8  and 2 i n .  Larger  
p a r t i c l e s  may n o t  be comple te ly  r e t o r t e d ,  and f i n e  s h a l e  
p a r t i c l e s  c r e a t e  s e v e r e  g a s  and s o l i d  f low problems. How- 
ever,  1 / 8  i n .  i s  t h e  smallest s i z e  used by any r e t o r t  excep t  
t h e  TOSCO 11. 

2 . 3 . 3  O i l  R e c o v e r y  a n d  Q u a l i t y  

O i l  r ecovery  f r o m  t h e  Union "B" r e t o r t  approaches 100. 
p e r c e n t  of  t h e  F i s c h e r  a s say .  This  i s  due t o  t h e  f a c t  t h a t  
t h e  o i l  evolved  from t h e  p a r t i c l e s  i s  r a p i d l y  swept down 
t o  t h e  cooler zones s o  t h a t  coking r e a c t i o n s  t h a t  l e a d  t o  
o i 1 , d e g r a d a t i o n  are avoided.  Another b e n e f i c i a l  effect  of 
t h e  r a p i d  downflow of oil is  t h a t  t h e  po lymer i za t ion  r e a c t i o n s  
af t h e  l i g h t e r  components of t h e  o i l  are m i n i m i z e d  ( 4 ) ,  
r e s u l t i n g  i n  a l o w  Conradson carbon c o n t e n t  o f  about  1 . 7 5  
p e r c e n t  ( 1 8 ) .  The pour p o i n t  of t h e  o i l ,  which i s  about  
65OF, i s  comparable t o  t h a t  of TOSCO I1 o i l  o r  Paraho i n -  
d i r e c t  mode o i l .  

2 . 3 . 4  G a s  R e c o v e r y  a n d  Q u a l i t y  

"B" r e t o r t ,  b u t  i n d i c a t i o n s  are t h a t  t h e  recovery  i s  good. 
T h e  h e a t i n g  va lue  of t h e  gas  i s  800 Btu/scf  and compares 
reasonably  w e l l  w i t h  t h a t  o f  t h e  qas  from o t h e r  i n d i r e c t  
r e t o r t s .  The h igh  h e a t i n g  value a l lows  t h e  gas  t o  be used 
e f f i c i e n t l y  f o r  p l a n t  f u e l :  

G a s  recovery  d a t a  have n o t  been pub l i shed  for t h e  Union 
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2 . 3 . 5  R e t o r t e d  S h a l e  C h a r  U t i l i z a t i o n  

The residual carbon in the retorted shale is not utilized 
in the Union I'B" process, resulting in a thermal efficiency of 
about 7 0  to 7 5  percent. This is 5 to 10 percent lower than it 
would be with char utilization, but Union appears to be satis- 
fied with this system and considers it more economical than 
the SGR retorting process that does recover the heating value 
of retorted shale char (10). 

2 . 3 . 6  M e c h a n i c a l  C o m p l e x i t y  

shale is forced upward in a moving bed. This movement of 
the bed is realized through the use of a rock pump. Although 
the rock pump may have mechanical problems, lessening its 
reliability and durability, Union is satisfied with the 
results from pilot-scale operation and does not expect any 
significant problems in commercial cperation (10). 

The Union "B" process has the unique feature that oil 

2.4 PETROBRAS PETRQSIX 

This section presents a technical evaluation of the 
Petrosix retorting process, based on the parameters pre- 
sented in Section 2.1. 

2 . 4 . 1  A c c e p t a b l e  S h a l e  G r a d e  

ess has not-been published. It is, however, anticipated 
that the range will be the same as that of the Gas Combus- 
tion retort, which is 20 to 30 gal/ton. Currently, the 
Petrosix process is being demonstrated on 20  gal/ton shale, 
since this resource is plentiful in Brazil. 

The shale grade range that can be accepted by this proc- 

2 . 4 . 2  S h a l e  S i z e  

The Petrosix process utilizes shale in the 1/4- to 3-in. 
range. 
and, hence, the problems of size control and l o s s  of resource 
utilization due to the discarding of fines are of some con- 
cern in the Petrosix process as well. 

This. range is common among the aboveground processes 

2 . 4 . 3  O i l  R e c o v e r y  a n d  Q u a l i t y  

The amount of oil recoverable for the Petrosix process 
is about 9 0  percent (12). 
with most surface retorts, which approach 100-percent re- 
covery. 

This is somewhat low in comparison 

Since the Petrosix retort is an indirect-heated 
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r e t o r t ,  it i s  probable  t h a t  t h i s  lower recovery  i s  due t o  
coking r e a c t i o n s  o c c u r r i n g  i n  t h e  r e t o r t i n g  zone. Some ad- 
j u s tmen t  i n  r e t o r t  o p e r a t i o n  i s  t h u s  necessa ry  t o  improve 
o i l  y i e l d .  

The q u a l i t y  o f  t h e  o i l . p r o d u c e d  by t h e  P e t r o s i x  p r o c e s s  
i s  b e t t e r  t h a n  t h a t  produced by t h e  American p r o c e s s e s ,  ex- 
c e p t  f o r  t h e  s u l f u r  c o n t e n t ,  which a t  1 . 0 6  w t  p c t  i s  a 
l i t t l e  h i g h e r .  
an o i l  of  about  0 . 8  p e r c e n t  s u l f u r  by we igh t .  
amount of s u l f u r  p r e s e n t  i n  shale  o i l  from t h e  P e t r o s i x  
p r o c e s s  i s  a t t r i b u t e d  t o  t h e  h igh  s u l f u r  c o n t e n t  of  t h e  
B r a z i l i a n  o i l  s h a l e  and i s  n o t  s i g n i f i c a n t l y  r e l a t e d  t o  
p r o c e s s  o p e r a t i o n .  

The American p rocesses  g e n e r a l l y  produce 
The h i g h e r  

The low pour p o i n t  of t h e  P e t r o s i x  o i l  (25OF) i s  a ve ry  
a t t r a c t i v e  f e a t u r e .  The r eason  f o r  t h e  l o w  v a l u e  has n o t  
been i n d i c a t e d ,  bu t  it may be due t o  t h e  d e g r a d a t i o n  of  t h e  
h e a v i e r  components th rough t h e  coking r e a c t i o n s ,  which, as  
exp la ined  ear l ie r ,  lowers t h e  o i l  y i e l d .  

2 . 4 . 4  G a s  R e c o v e r y  a n d  Q u a l i t y  

n o t  been r e p o r t e d .  I t  h a s ,  however, been a n t i c i p a t e d  t h a t  
t h e  2,000-ton/day demonst ra t ion  p l a n t  should produce 1 , 0 0 0  
b a r r e l s  of  s h a l e  o i l  p e r  day and 1 2 . 8  m i l l i o n  cu f t  of  
re tor t  o f f -gas  p e r  day ( 9 ) .  T h i s  expected g a s  r ecove ry  
a p p e a r s  t o  be r a t h e r  h igh  i n  comparison t o  t h a t  o b t a i n e d  
i n  o t h e r  i n d i r e c t  re tor ts  i n  t h e  United S t a t e s  and p a r t l y  
compensates f o r  t h e  l o w  o i l  y i e l d  of the  P e t r o s i x  p r o c e s s .  

D a t a  on g a s  recoveries for  t h e  P e t r o s i x  p r o c e s s  have 

The h e a t i n g  v a l u e  of t h e  g a s  has  n o t  been r e p o r t e d ,  
b u t  it may be expected t o  be about  8 5 0  B tu / sc f ,  which i s  
t y p i c a l  of ind i rec t -hea ted  retorts.  The s u l f u r  c o n t e n t  of 
t h e  g a s ,  a t  about  33 p e r c e n t ,  i s  r a t h e r  h i g h  due t o  t h e  h igh  
s u l f u r  c o n t e n t  of B r a z i l i a n  o i l  shale .  T h i s  i s ,  i n  f a c t ,  a 
u s e f u l  f e a t u r e  of  t h e  p r o c e s s ,  s i n c e  by-product s u l f u r  f r o m  
t h e  g a s  d e s u l f u r i z a t i o n  u n i t  i s  marketable  i n  B r a z i l  where 
s u l f u r  i s  i n  s h o r t  supply.  

2 . 4 . 5  R e t o r t e d  Sha1:e C h a r  U t i l i z a t i o n  

Carbonaceous r e s i d u e  i n  r e t o r t e d  s h a l e  i s  n o t  used f o r  
i t s  h e a t i n g  v a l u e  i n  t h e  P e t r o s i x  p rocess .  T h i s  lowers t h e  
thermal  e f f i c i e n c y  of  t h e  p r o c e s s ,  s i n c e  an e x t e r n a l  f u e l  
i s  used t o  supply  t h e  h e a t  requi rements  f o r  r e t o r t i n g .  
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2 . 4 . 6  M e c h a n i c a l  C o m p l e x i t y  

T h e  P e t r o s i x  r e t o r t  i s  s i m i l a r  t o  t h e  Gas .Combustion 
r e to r t  and may be expected t o  have t h e  same d i f f i c u l t i e s  of 
gas  d i s t r i b u t i o n  f o r  minimum c l i n k e r i n g  and g a s  channel ing.  
I n  adci i t ion,  t h e  low oil recovery  sugges t s  t h a t  coking re- 
a c t i o n s  must be reduced through an adjustment  i n  t h e  opera-  
t i o n  of  t h e  r e t o r t .  The r educ t ion  i n  coking r e a c t i o n s  may 
be d i f f i c u l t  t o  accomplish wh i l e  a t t empt ing  t o  d e c r e a s e  
c l i n k e r i n g  and gas  channel ing .  

2.5 PARAHO 

The Paraho p rocess  i s  s i m i l a r  i n  t e c h n i c a l  c h a r a c t e r -  
i s t i c s  t o  t h e  G a s  Combustion and P e t r o s i x  r e t o r t i n g  p rocesses .  
A b r i e f  t e c h n i c a l  e v a l u a t i o n  c o n t a i n i n g  t h e  unique f e a t u r e s  
of t h i s  p rocess  i s  presented  i n  t h i s  s e c t i o n .  

2 . 5 . 1  A c c e p t a b l e  S h a l e  G r a d e  

The Paraho r e t o r t  has  been s u c c e s s f u l l y  demonstrated 
a t  28 g a l / t o n  shale. I t s  o p e r a b i l i t y  a t  shale g rades  above 
3 0  g a l / t o n  i s ,  however, ques t ionab le .  Neve r the l e s s ,  t h e  
r e s o u r c e  of 2 8  g a l / t o n  s h a l e  is abundant.  I t  may be ex- 
pected t h a t  t h e  Paraho r e t o r t  h a s . t h e  same range of accep t -  
a b l e  s h a l e  grade  a s  t h e  GCR, which i s  2 0  t o  3 0  g a l / t o n .  

2 . 5 . 2  S h a l e  S i z e  

The Paraho p rocess  u t i l i z e s  s h a l e  i n  t h e  s i z e  range of 
1 / 2  t o  3 i n .  ( 1 8 ) .  This  range  i s  s i m i l a r  t o  t h a t  of o t h e r  
p rocesses ,  which can accep t  s h a l e  of 1 / 2  t o  3/16 i n .  i n  t h e  
lower l i m i t .  L i k e  t h e  o t h e r  p rocesses ,  t h e  Paraho p rocess  
r e q u i r e s  good c o n t r o l  of t h e  c rush ing  o p e r a t i o n  t o  minimize 
f i n e s  gene ra t ion  and t h e  a s s o c i a t e d  loss of r e s o u r c e  u t i l i z a -  
t i o n .  

2 . 5 . 3  O i l  R e c o v e r y  a n d  Q u a l i t y  

It  has  been i n d i c a t e d  t h a t  a 97 p e r c e n t  o i l  recovery  
i n  t h e  I H  and DH mode o p e r a t i o n s  of t h e  Paraho p rocess  has  
been obta ined  ( 1 7 ) .  This  i s  cons ide rab ly  b e t t e r  t han  t h a t  
ob ta ined  i n  the  Gas Combustion p rocess  and i s  due t o  i m -  
proved r e t o r t  des ign .  There i s  s t i l l  some loss due t o  
coking r e a c t i o n s ,  b u t  it i s  p o s s i b l e  t h a t  w i t h  f u r t h e r  ex- 
pe r i ence  i n  r e t o r t  o p e r a t i o n  improved recovery may be ob- 
t a i n e d .  
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The I H  mode o i l  i s  s u p e r i o r  t o  t h e  si1 produced by t h e  
DH mode and has a l o w e r  pour p o i n t  of  65 F i n  comparison t o  
85OF f o r  t h e  DH mode o i l .  
amount of po lymer i za t ion  of t h e  o i l  occu r s  i n  t h e  DH mode 
because of t h e  h ighe r  tempera tures  e x i s t i n g  i n  t h i s  r e t o r t .  

Th i s  s u g g e s t s  t h a t  a g r e a t e r  

2 . 5 . 4  G a s  R e c o v e r y  a n d  Q u a l i t y  

I t  has  been i n d i c a t e d  t h a t  g a s  r e c o v e r i e s  of about  
775 s c f / b b l  i n  t h e  I H  mode and about  9,590 s c f / b b l  i n  t h e  
DH mode have been ob ta ined  ( 1 7 ) .  The y i e l d  f o r  t h e  I H  mode 
a p p e a r s  t o  be somewhat l o w  i n  comparison t o  t h a t  o b t a i n e d  i n  
o t h e r  r e to r t s ,  b u t  more r e c e n t  improved o p e r a t i o n  has  re- 
s u l t e d  i n  up t o  3 0  p e r c e n t  h ighe r  y i e l d s  of  high-Btu g a s  (30). 

t h e  DH mode and about  885 Btu/scf i n  t h e  I H  mode. These 
v a l u e s  are t y p i c a l  o f  s imi l a r  aboveground r e t o r t s .  The t o t a l  
h e a t i n g  v a l u e  of t h e  r e t o r t  g a s  i n  t h e  DH mode i s  about  
0.98 x lo6 Btu/bbl and i s  somewhat lower than  t h a t  o b t a i n e d  
i n  t h e  G a s  Combustion r e t o r t .  T h i s  i s ,  however, more t h a n  
adequa te ly  compensated f o r  by t h e  h i g h e r  o i l  recovery  i n  t h e  
Paraho r e to r t .  

The h e a t i n g  v a l u e  o f  t h e  produced g a s  i s  1 0 2  Btu/scf i n  

2 . 5 . 5  R e t o r t e d  S h a l e  C h a r  U t i l i z a t i o n  

Reto r t ed  s h a l e  c h a r  i s  burned i n  t h e  DH mode o p e r a t i o n  
of t h e  Paraho re tor t  t o  supply  t h e  h e a t  of r e t o r t i n g .  I n  
t h e  I H  mode t h e  c h a r  i s  d i sposed  of  i n  t h e  r e t o r t e d  s h a l e  
and,  hence,  t h e  thermal  e f f i c i e n c y  of t h i s  mode i s  reduced.  
The re tor t  i s  v e r s a t i l e  and can be o p e r a t e d  i n  e i t h e r  mode. 
Consequent ly ,  depending on t h e  l o c a t i o n ,  t h e  economics and 
o t h e r  s i t e - r e l a t e d  f a c t o r s  may de termine  t h e  mode o f  opera-  
t i o n .  

2 . 5 . 6  M e c h a n i c a l  C o m p l e x i t y  

t i o n  r e t o r t ,  b u t  has  a m o r e  advanced d i s c h a r g e  g r a t e  system 
for r e t o r t e d  s h a l e  removal. The g r a t e  c o n t r o l s  t h e  ra te  of 
d e s c e n t  of  t h e  o i l  s h a l e  bed and must be o p e r a b l e  w i t h  a 
h igh  degree  o f  r e l i a b i l i t y .  
a ve ry  e f f e c t i v e  method f o r  c o n t r o l l i n g  t h e  t empera tu re  
p r o f i l e  i n  t h e  r e t o r t  and has  a profound i n f l u e n c e  on re- 
actor performance. Consequent ly ,  t h e  g ra t e  mechanism i s  
one of c o n s i d e r a b l e  concern  and t h e  d e s i g n  must e n s u r e  high 
r e l i a b i l i t y  and minimize wear of moving equipment. 

The Paraho p rocess  r e to r t  i s  s i m i l a r  t o  t h e  G a s  Combus- 

The c o n t r o l  o f  bed d e s c e n t  i s  
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The Paraho r e t o r t  overcomes some of t h e  problems asso-  
c i a t e d  wi th  t h e  d i s t r i b u t i o n  of s o l i d s  ( i n h e r e n t  i n  t h e  G a s  
Combustion r e t o r t )  and achieves  mass v e l o c i t i e s  of up t o  
4 0  p e r c e n t  h ighe r .  The opt imal  d i s t r i b u t i o n  of r e c y c l e  gas  
and a i r  i n  t h e  r e t o r t ,  however, i s  s t i l l  an important  un- 
c e r t a i n t y .  

2.6 TOSCO I1 

T h e  TOSCO I1 r e t o r t i n g  process  i s  unique i n  i t s  mode of 
h e a t  t r a n s f e r  i n  t h e  r e t o r t  and i s  one of t h e  f e w  techniques  
t h a t  can accep t  high-grade s h a l e  as w e l l  a s  f i n e  p a r t i c l e s .  
I t  i s  a l s o  i n  an advanced s t a g e  of development and i s  a 
promising cand ida te  f o r  commercial izat ion.  These f a c t s  a r e  
d i scussed  i n  t h i s  s e c t i o n ,  which e v a l u a t e s  t h e  p rocess  based 
on t h e  c r i t e r i a  of S e c t i o n  2 . 1 .  

2 . 6 . 1  A c c e p t a b l e  S h a l e  G r a d e  

The TOSCO I1 r e t o r t  can  accep t  s h a l e  over  a wide F i s c h e r  
a s say  range.  I n  a d d i t i o n  t o  t h e  low-grade s h a l e s  (less than  
20 g a l / t o n ) ,  t h e  TOSCO I1 process can  accept t h e  h igher  grade 
s h a l e  of  up t o  35 g a l / t o n ,  which o t h e r  t echn iques  cannot  
p rocess .  T h i s  i s  p r i m a r i l y  due t o  t h e  cont inuous pu lve r i za -  
t i o n  of t h e  s h a l e  p a r t i c l e s  by t h e  ceramic b a l l s  i n  t h e  
TOSCO I1 r o t a t i n g  drum p y r o l y s i s  r e a c t o r .  A s  a r e s u l t  of 
t h i s  cont inuous p u l v e r i z a t i o n ,  t h e  s h a l e  p a r t i c l e s  a r e  pre-  
vented from agglomerat ing t'o form. a c l i n k e r .  

S ince  t h e  TOSCO I1 process  can a c c e p t  t h e  high-grade 
s h a l e  t h a t  o t h e r  p rocesses  canno t ,  t h e  mining requi rements  
a r e  reduced cons ide rab ly .  This  i s  an a t t r a c t i v e  f e a t u r e  of 
t h e  p rocess  and i s  economical ly  b e n e f i c i a l .  

2 . 6 . 2  S h a l e  S i z e  

The TOSCO I1 process  r e q u i r e s  s h a l e  s i z e s  of  less than  
3/8 i n .  T h i s  s ' i z e  requirement  is  necessary  t o  a l l o w  
p y r o l y s i s  i n  an i n c l i n e d  r o t a t i n g  drum i n t o  which 1 / 2  i n .  
h o t  ceramic b a l l s  a r e  f ed .  

2 . 6 . 3  O i l  R e c o v e r y  a n d  Q u a l i t y  

t o  be 1 0 0  pe rcen t  of F i s c h e r  assay  i n  a commercial-size 
r e t o r t  ( 3 ) .  I n  one p i l o t - s c a l e  o p e r a t i o n ,  a 1 0 7  p e r c e n t  
recovery was ob ta ined .  
I1 p rocess  i s  p r i m a r i l y  due t o  t h e  low r e s i d e n c e  t i m e  (about  
5 min) and small  s i z e  of t h e  s h a l e  p a r t i c l e s .  Both t h e s e  

T h e  o i l  recovery from t h e  TOSCO I1 process  i s  expected 

The h igh  o i l  recovery of t h e  TOSCO 
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fac tors  tend  t o  minimize coking r e a c t i o n s ,  which  r e s u l t  i n  
o i l  d e g r a d a t i o n .  
somewhat h i g h e r  pour p o i n t  (about  7 5  F) t h a n  t h e  o i l  f r o m  
t h e  Paraho i n d i r e c t  r e t o r t  and t h e  Union r e t o r t s .  This  
s u g g e s t s  t h a t  s o m e  po lymer iza t ion  r e a c t i o n s  a r e  o c c u r r i n g  
i n  t h e  v e s s e l ;  however, i t  i s  n o t  of much concern .  

The oil from t h e  T8SCO I1 r e t o r t  has  a 

2 . 6 . 4  G a s  R e c o v e r y  a n d  Q u a l i t y  

The r e c o v e r a b l e  g a s  from t h e  TOSCO I1 r e to r t  i s  about  
9 2 0  s c f / b b l .  The g a s  has a high-Btu c o n t e n t  of  about  
885 Btu/scf and i s  u s a b l e  f o r  power g e n e r a t i o n  o r  a s  p l a n t  
f u e l .  The t o t a l  h e a t  ob ta ined  i n  t h e  g a s  phase i s  about  
0 . 8  x lo6 Btu p e r  b a r r e l  of o i l  and i s  ve ry  c l o s e  t o  t h a t  
o b t a i n e d  i n  t h e  F i sche r  a s s a y .  I t  i s  s l i g h t l y  l o w e r  t h a n  
t h a t  of t h e  G a s  Combustion o r  Paraho r e t o r t s  b u t  i s  compen- 
s a t e d  f o r  by t h e  h i g h e r  o i l  y i e l d .  

2 .6 .5  R e t o r t e d  S h a l e  C h a r  U t i l i z a t i o n  

Reto r t ed  s h a l e  c h a r  i s  n o t  u t i l i z e d  i n  t h e  TOSCO I1 
p r o c e s s ,  which r e s u l t s  i n  a l o s s  i n  thermal  e f f i c i e n c y .  
P o t e n t i a l ,  however, does  e x i s t  fo r  burn ing  pyrolyzed shale 
i n  a f l u i d i z e d  bed f o r  h e a t i n g  t h e  ceramic b a l l s ,  b u t  t h i s  
has  n o t  been a t tempted  as y e t .  

2 . 6 . 6  M e c h a n i c a l  C o m p l e x i t y  

The TOSCO I1 process  i n v o l v e s  a number of d i f f i c u l t  
o p e r a t i o n s  t h a t  may cause  problems i n  l a r g e - s c a l e  o p e r a t i o n .  
Of some concern  i s  t h e  o p e r a t i o n a l  r e l i a b i l i t y  o f  t h e  f l u i d  
beds used f o r  p r e h e a t i n g  and s imul taneous  t r a n s p o r t  of t h e  
r a w  s h a l e .  Good tempera ture  c o n t r o l  i s  r e q u i r e d  h e r e  t o  
avoid  any p y r o l y s i s  of  t h e  sha le ,which  can  l e a d  t o  c l i n k e r -  
i n g  of t h e  bed. Con t ro l  of gas v e l o c i t y  i s  a l s o  impor t an t  
t o  p r e v e n t  t h e  slumping and subsequent  plugging of t h e  lift 
p i p e s .  I n  a d d i t i o n ,  t h e  p o t e n t i a l  problems of c o r r o s i o n  and 
wear may arise i n  l a r g e - s c a l e  o p e r a t i o n .  

Another impor t an t  u n c e r t a i n t y  i s  t h e  p o s s i b l e  coking of 
t h e  trommel d u r i n g  t h e  s e p a r a t i o n  o f  retorted s h a l e  and 
ceramic ba l l s .  T h i s  may occur  a t  t h e  h i g h  t empera tu re  i n  
t h e  trommel and t h e  r e s u l t  may be d e t r i m e n t a l  i n  t h e  long  
run .  

The a t t r i t i o n  o f  ceramic b a l l s  i s  o f  some concern ,  
s i n c e  it can  be economical ly  d e t r i m e n t a l  t o  t h e  p rocess .  
A t t r i t i o n  may occur  i n  t h e  b a l l  h e a t e r  as  w e l l  as  i n  t h e  
re tor t  and can  lead t o  p lugging  i n  e i t h e r  c a s e .  I t  w i l l  
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a l s o  r e s u l t  i n  loss of a t t r i t e d  b a l l s  a long wi th  r e t o r t e d  
s h a l e  i n  t h e  r e t o r t i n g  trommel. 
o p e r a t i o n  of t h e  b a l l  h e a t e r  i s  e s s e n t i a l  t o  reduce a t t r i -  
t i o n .  I n  t h e  r e t o r t ,  a t t r i t i o n  can be minimized by a con- 
t r o l l e d  r o t a t i o n  s p e e d , . s o  t h a t  cascading  of t h e  b a l l s  i s  
reduced wh i l e  s t i l l  main ta in ing  good h e a t  exchange wi th  
t h e  s h a l e  p a r t i c l e s .  

Steady and we l l - con t ro l l ed  

2.7 SUPERIOR OIL COMPANY 

T h i s  s e c t i o n  p r e s e n t s  a t e c h n i c a l  e v a l u a t i o n ,  based on 
t h e  key parameters  l i s t e d  i n  Sec t ion  2 . 1 ,  of t h e  Super ior  
p rocess  f o r  t h e  recovery of s h a l e  o i l  and a s s o c i a t e d  mine ra l s .  

2 . 7 . 1  A c , c e p t a b l e  S h a l e  G r a d e  

Sha le  grade  i s  n o t  known t o  be a l i m i t i n g  f a c t o r ,  bu t  
t h e  Supe r io r  p rocess  i s  designed t o  e x p l o i t  o i l  s h a l e  de- 
p o s i t s  con ta in ing  t h e  mine ra l s  n a h c o l i t e  and dawsoni te .  
The re fo re ,  it may be l i m i t e d  i n  a p p l i c a t i o n  t o  a p a r t i c u l a r  
deep-lying zone of t h e  Piceance Creek Basin i n  which t h e s e  
minerals have not been leached o u t  of the shale. The shale 
grade  i n  t h i s  zone a s says  a t  less than  2 5  g a l / t o n .  

2 . 7 . 2  S h a l e  S i z e  

The p rocess  r e q u i r e s  a s h a l e  s i z e  range of 1 / 4  t o  3 i n .  
f o r  proper  o p e r a t i o n .  
d i s c a r d e d ,  which reduces  t h e  e f f i c i e n c y  of  r e s o u r c e  u t i l i z a -  
t i o n .  

F i n e s  produced du r ing  c rush ing  a r e  

2 . 7 . 3  O i l  R e c o v e r y  a n d  Q u a l i t y  

O i l  recovery approaches 1 0 0  p e r c e n t ,  which i s  t y p i c a l  
of  i n d i r e c t - h e a t e d  r e t o r t s .  The o i l  q u a l i t y  i s  compgrable 
t o  t h a t  of o t h e r  r e t o r t s ,  except  f o r  t h e  g r a v i t y  ( 2 6  API) 
which i s  somewhat b e t t e r  t han  t h a t  of most surface-produced 
s h a l e  o i l s .  

2 . 7 . 4  G a s  R e c o v e r y  a n d  Q u a l i t y  

The gas  recovery and q u a l i t y  f o r  t h e  Super ior  p rocess  
have no t  been publ i shed .  
t h a t  a low-Btu g a s  w i l l  be produced which w i l l  be used a s  
p l a n t  f u e l  ( 3 2 ) .  

However, it has  been i n d i c a t e d  
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2 . 7 . 5  R e t o r t e d  S h a l e  C h a r  U t i l i z a t i o n  

Reto r t ed  s h a l e  c h a r  i s  u t i l i z e d  i n  t h e  Supe r io r  p rocess  
by r e a c t i o n  w i t h  s team, a i r ,  and h o t  r e c y c l e  g a s .  The pro- 
duced g a s  t h u s  o b t a i n e d  i s  used a s  p l a n t  f u e l .  T h i s  i s  con- 
duc ted  i n  a s e p a r a t e  zone on t h e  moving g r a t e  and c o n t r i b u t e s  
t o  t h e  thermal  e f f i c i e n c y  of t h e  p rocess .  

2 . 7 . 6  M e c h a n i c a l  C o m p l e x i t y  

The S u p e r i o r  p rocess  i s  probably  t h e  most complex of t h e  
s u r f a c e  o i l  s h a l e  p rocess ing  methods. The complexi ty  arises 
f r o m  t h e  mechanica l ly  i n t r i c a t e  g r a t e  used f o r  r e t o r t i n g .  
The g r a t e ,  which i s  c i r c u l a r ,  i s  d i v i d e d  i n t o  f i v e  enc losed  
water-sealed s e c t i o n s  t h a t  must o p e r a t e  s imul t aneous ly  y e t  
under v a s t l y  d i f f e r e n t  c o n d i t i o n s  o f  tempera ture  and p res -  
s u r e .  The c o n t r o l  of t h e  t empera tu re  i n  t h e  v a r i o u s  zones 
may be  a n t i c i p a t e d  a s  a p o t e n t i a l  problem. Furthermore,  t h e  
cont inuous  r o t a r y  motion of t h e  g r a t e  may be expected t o  
cause  e x c e s s i v e  wear and maintenance problems. The re l i -  
a b i l i t y  of t h e  system i s  a s i g n i f i c a n t  q u e s t i o n  t h a t  can be 
answered o n l y  by long-term t e s t i n g .  

2.8 EVALUATION SUMMARY 

I t  i s  e v i d e n t  from t h e s e  e v a l u a t i o n s  t h a t  aboveground 
p r o c e s s e s  are  i n  an advanced s t a g e  of development and many 
of them are ready  f o r  commercial-scale demonst ra t ion .  There 
a re ,  however, some areas where f u r t h e r  r e s e a r c h  i s  necessa ry  
b e f o r e  t h e  demons t r a t ion  can  be under taken .  P o s s i b l e  areas 
w e r e  mentioned i n  t h e  e v a l u a t i o n s :  however, s i n c e  t h e  proc-  
esses are  most ly  p r o p r i e t a r y  it i s  n o t  c e r t a i n  as t o  which 
areas need f u r t h e r  p i l o t  o r  semiworks s c a l e  e f f o r t .  Tab le  11 
prov ides  a summary of  t h e  r e s u l t s  from t h e  t e c h n i c a l  eva lua-  
t i o n  of t h e  s i x  selected aboveground p rocesses .  

The G a s  Combustion p r o c e s s ,  which w a s  t h e  p redecesso r  
o f  t h e  P e t r o s i x  and Paraho p r o c e s s e s ,  has been su rpassed  i n  
performance by t h e s e  retorts.  Also, t h e  v e r s a t i l i t y  ( I H  and 
DH) of t h e  Paraho r e to r t ,  a s  w e l l  as  i t s  b e t t e r  o i l  r ecove ry ,  
makes it a more promising c a n d i d a t e  f o r  commercial develop- 
ment i n  t h e  United S t a t e s  t h a n  t h e  P e t r o s i x  r e to r t ,  which 
has  been t e s t e d  o n l y  on Brazi l l ian o i l  s h a l e .  

The Union "B" r e t o r t i n g  i s  v e r y  a t t r a c t i v e  as  a r e s u l t  
o f  i t s  a m e n a b i l i t y  t o  t h e  h i g h e r  g r a d e  s h a l e s ,  which reduces  
mining costs .  
r e l i a b i l i t y  of Union 's  rock pump, b u t  it has  been i n d i c a t e d  
t h a t  no problems are  a n t i c i p a t e d .  The y i e l d  and o v e r a l l  
q u a l i t y  of t h e  o i l  produced are  n o t  a p p r e c i a b l y  d i f f e r e n t  
f r o m  those of  t h e  Paraho o r  TOSCO I1 p r o c e s s e s .  

There is*'some u n c e r t a i n t y  r e g a r d i n g  t h e  

A 
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PROCESS 

UNION OIL CO. "B" 

PETROBRAS PETROSIX 

PARAHO 

TOSCO II 

SUPERIOR OIL CO.. ' 
MULTI-MINERAL 

ACCEPTABLE 
SHALE GRADE' 

20-30 GAL/TON 

35 GAL/TON 

20-30 GALlTON 

-25-30 GAL/TON 

<20-35 GAL/TON , 

-25 GALlTON 

  FOR EFFICIENT OPERATIONOF RETORT. 

*SIZE RANGE FOR ECONOMIC OPERATION. 

3qUAlhTY PRESENTED AS POUR POINT IN OF. 

4UNIQUE OR SPECIAL EQUIPMENT LISTED. 

5T.E.. THERMAL EFFICIENCY. 

TABLE 11 

TECHNICAL EVALUATION SUMMARY 

OPTIMUM 
SHALE SIZE' 

3/16 TO 3 IN. 

118 TO 2 IN. 

1/4 TO 3 IN. 

1/2 TO 3 IN. 

3/8 IN. OR LESS 

114 TO 3 IN. 

OIL RECOVERY 
AND QUALITY 

0 -85% 
0 80°F 

0 NEARlOW 
0 65OF 

D -90% 
e 25OF 

0 -97% 
e 65OF 

0 NEAR100% 
0 -75OF 

0 NEARlOO% 
e 65T07O0F 

GAS RECOVERY 
AN0 QUALITY 

0 10,900 SCF/BBL 
e -100 ETU/SCF 

0 UNKNOWN 
0 -BOO BTU/SCF 

e 12,500 SCElBBL 
-850 ETU/SCF 

0 9.590 SCFlEBL 
0 - 102 BTU/SCF 

0 920SCFlEEL 
0 885ETU/SCF 

0 UNKNOWN I' 

e UNKNOWN 

RETORTED SHALE 
CHAR UTILIZATION 

e USED FOR RETORTING 
e T.E5-7580% 

NOT UTILIZED 
0 T.E5 - 70.75% 

e NOT UTILIZED 
0 UNKNOWN T . E ~  

0 USED FOR RETORTING 
0 UNKNOWN T . E ~  

a NOT UTILIZED 
0 UNKNOWN T . E ~  

0 USED TO PRODUCE 
FUEL GAS 

MECHANICAL 
COMPLEXITY4 

0 NONCOMPLEX 

0 ROCKPUMP 

0 NONCOMPLEX 

e OISCHARGE GRATE 

0 FLUIOEEOS 
0 RETORTING TROMMEL 

0 CIRCULAR GRATE 



The ability of the TOSCO I1 retort in handling fine 
shale is advantageous, since it improves resource utilization. 
In addition, the mining requirements are reduced because of 
its acceptance of high-grade shale. This retort appears very 
attractive for coupling with an0the.r process for maximum 
resource utilization, since fines discard will then be 
avoided. The complexity of this process in comparison to 
Paraho or Union "B" is a disadvantage, but TOSCO has not 
revealed the problems experienced in semiworks-scale opera- 
tion. The substantially lower mining costs of this process 
may compensate for the larger operating costs due to its 
complexity. 

The Superior process is unique because of the associated 
minerals recovery. It employs an intricate and expensive 
traveling circular grate and the economics of this process 
relies on the amount and marketability of the minerals re- 
covered. Consequently, the applicability of this process 
may be limited to the deep-lying zone of the Piceance Creek 
Basin, which is relatively rich in nahcolite and dawsonite. 
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CHAPTER 3 
SCALE-UP SCENARIO 

This chapter presents conceptual commercial-scale designs 
of four surface retorting processes for the production of about 
56,000 bbl/day of crude shale oil. 
focus only on the retorting operations of each process and do 
not include upgrading of the crude shale oil produced. The 
surface processes selected and discussed include 

The conceptual designs 

0 Gas Combustion Retort 
0 Union I'B" 

0 Paraho (Indirect) 
0 TOSCO 11. 

For each process a description is given of the uncertain- 
ties and assumptions associated with scaling up the retorts 
currently used in semiworks-scale operation to a full-scale 
capacity of approximately,10,000 tons/day of oil shale. Then 
the principal process systems of the retorting process are 
explained in detailed fashion. .Finally, overall resource 
requirements (land, water, energy, equipment, and materials) 
necessary to recover the crude shale oil on a commercial 
basis are presented. 

3.1 GAS COMBUSTION RETORT 

A conceptual surface oil shale retorting complex using 
Gas Combustion technology is discussed in this section. The 
complex produces 58,000 bbl/day of shale oil for its operation. 
The plant is located in the Piceance Creek Basin and the shale 
averages 25 gal/ton in the zone of interest. 

The proposed complex is expected to require 300 acres of 
land for surface processing facilities, and 1,800 acres for 
the disposal site. Over a 20-year period about 9,400 acres 
of land may have to be mined. 
about 11,500 acre-ft of water 2er year for process needs. A 
block diagram of the facility is presented in Figure 20. A 
detailed description of the plant and the assumptions used in 
the design are discussed in the following sections. 

The plant may also require 

3 . 1 . 1  U n c e r t a i n t i e s  a n d  A s s u m p t i o n s  

The Gas Combustion retort has been well investigated 
from the 19&D standpoint, but has never been demonstrated on 
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n a commercial scale. The following problems remain to be 
solved before the process can be applied commercially 
(1,9, 3 2 )  : 

Oil recovery is about 10 percent less than desired, 
being about 85 percent of Fischer assay. 

Oil recovery decreases with larger retort sizes, 
indicating potential future decreases with com- 
mercial-scale retorts. 

Optimum shale particle-size range for the retort 
feed is not fully understood. 

Even very limited quantities of fine shale in the 
feed cause severe operating problems. 

The operation is gas rate limited; that is, 
raising the gas rate beyond a certain limit 
creates poor operability. 

Increasing shale rates decreases operability unless 
compensating changes in gas rates are made. 

Operable gas and shale rates are functions of 
retort hardware. 

The retort does not work well with shale assaying 
more than 3 0  gal/ton or less than 20 gal/ton. 

Retort gas has a heating value of only about 
100 Btu/scf and a high sulfur content. 

Based on the previously listed uncertainties, the follow- 
,ng assumptions regarding the commercialization of the Gas 
Combustion retorting process are made: 

Oil recovery during retorting is 85 percent of 
Fischer assay. 

0 0il.shale grade is 2 5  gal/ton. 

0 Oil shale bed thickness is 6 0  ft. 

0 Shale feed size range is from 3 /16  to 3 in. 

0 Shale feed rate is 500 lb/hr/sq ft. 

e Air feed rate is 4,730 scf/ton shale. 
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e Gas recycle rate is 15,515 scf/ton shale. 

0 Cilution gas rate is 2,793 scf/ton shale. 

0 Retort bed height is 12.5 ft. 

If these rates and measures are assumed, then a 58,000-bbl/ 
day crude shale oil production facility using the Gas Combustion 
retorting method could require a mine production rate of 
115,000 tons/day. 
quired to meet this production goal. 

Fifteen Gas Combustion retorts will be re- 

3 . 1 . 2  P r o c e s s  S y s t e m s  

torting process are discussed in the areas of mining and shale 
handling, shale crushing and preparation, retorting and product 
recovery, retorted shale handling, and pollution controls. The 
scale-up is based on available information; best estimates are 
used where information is unavailable. 

The systems applicable to a scaled-up Gas Combusion re- 

Mining and Shale Handling 

This study assumes that a zone of 25 gal/ton oil shale, 
at least 60 ft thick, outcrops into a canyon in which the 
retorting plant complex is located. 
scheme is provided in Chapter 3, Volume I. 

A description of a mining 

Shale Crushing and Preparation 

A schematic diagram of the crushing and briquetting 
plant is shown in Figure 21: 
mined shale may be conveyed directly to the receiving hoppers, 
at the crushing plant, where a 24-hr surge storage is main- 
tained. Shale is removed from the bottom of the hoppers at 
the rate of 115,000 tons/day and conveyed to the primary 
crusher feed bins, which are sized to provide a holding time 
of 30 min. 
crushers, which reduce the shale to less than 10 .5  in. 
a 24-hr storage, the shale is screened through 4.5-in. open- 
ings to the secondary gyratory crushers, where It is reduced 
to particles smaller than 4 . 5  in. 
along with the undersize from the screens, may then be con- 
veyed to the tertiary crusher feed bins, where the procedure 
is repeated. 
then conveyed to 72-hr surge storage. 

further screened to remove particles smaller than 3/16 in. 

As shown in the figure, the 

The shale i s  then-fed to the primary gyratory 
After 

The shale from the crushers, 

Here the shale is reduced to less than 3 in. and 

Following the 72-hr storage period, the shale may be 
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SECONDARY CRUSHING 

SURGE STORAGE 

DOUBLEDECK 
SCREEN - 

a.111 TOWlHR 
.3.0 IN. m U I N  BTORAOE -* SPLITTER 

TERTIARV UIUSHlNG 
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lob I N  
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~ V l B A A T W l V F E E O E R  / 

TO STORAGE nowrn 
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SCREENING PLANT BRlOUEnlNG P U N T  OVERALL LOSS. 1 1 

FIGURE 21. SCHEMATIC OF CRUSHING, SCREENING, AND 
BRIQUETTING OPERATIONS FOR A GCR FACILITY 



The f i n e s  from t h e  s c r e e n s  a r e  s e n t  t o  t h e  b r i q u e t t i n g  p l a n t  
and t h e  l a r g e r  s i z e  f r a c t i o n  i s  t r a n s p o r t e d  t o  t h e  r e t o r t i n g  
p l a n t .  T h e  f i n e  s h a l e  may be conveyed t o  b r i q u e t t i n g  su rge  
b i n  No. 1 on a 20-in. b e l t  conveyor.  The s h a l e  i s  then  f ed  
t o  f o u r  p a r a l l e l  hammermills by v i b r a t o r y  f e e d e r s  where it i s  
reduced t o  1 4 - m e s h  s i z e  and conveyed t o  b i n  N o .  2 .  A v i b r a -  
t o r y  pan f e e d e r  may be used t o  f eed  t h e  m i l l e d  s h a l e  t o  double- 
oadd le  h o r i z o n t a l  mixers  where it i s  mixed w i t h  c rude  shale 
o i l .  The mixture  f l o w s  from t h e  mixers  by g r a v i t y  t o  t h e  
b r i q u e t t i n g  machines. The c rude  s h a l e  o i l  serves as a b inde r  
i n  t h e  b r i q u e t t i n g  of t h e  f i n e s .  The b r i q u e t t e s  are s e n t  t o  
su rge  b i n  N o .  3 b e f o r e  be ing  conveyed back t o  t h e  re tor t  f eed  
conveyor.  

Retortincr and Product  Recoverv 

T h e  r e t o r t i n g  p l a n t ,  c o n s i s t i n g  of  f i f t e e n  40-f t -diameter  
( o u t s i d e  d i ame te r )  u n i t s ,  i s  shown i n  F igu re  2 2 .  The s h a l e  
f r o m  3-hr su rge  b i n s  may be combined w i t h  b r i q u e t t e s  f r o m  t h e  
b r i q u e t t i n g  p l a n t  b e f o r e  e n t e r i n g  t h e  r e to r t  f eed  hoppers  
where it i s  h e l d  f o r  a p e r i o d  of  1 h r .  The s h a l e  i s  f e d  t o  
t h e  r e to r t s  by a b e l t  conveyor equipped w i t h  an au tomat ic  
t r i p p e r .  

( i n s i d e  d iameter )  and 1 5  f t  h igh ,  t o  p r o c e s s  7,550 tons/day 
of shale.  and b r i q u e t t e s ,  and produce 3,866 bbl/day of c rude  
s h a l e  o i l .  Each re tor t  a l s o  produces 55,440,000 scf /day  of  
excess  low-Btu g a s  and 6 , 3 4 0  tons/day of  r e t o r t e d  s h a l e .  

Each of t h e  re tor t s  i s  expected t o  be 4 0  f t  i n  d i ame te r  

The s h a l e  bed may be about  1 2 . 5  f t  deep and s o l i d s  move 
through t h i s  bed a t  a s u p e r f i c i a l  v e l o c i t y  of 500 l b / h r / s q  €e. 
A f t e r  t h e  shale  e n t e r s  t h e  bed and b e f o r e  i t  moves i n t o  t h e  
combustion zone, it is  p rehea ted  by h o t  g a s e s  f lowing upward. 
A i r ,  d i l u t e d  by r e c y c l e  g a s ,  i s  f e d  i n t o  t h e  combustors i n  
t h i s  zone and s h a l e  i s  r a i s e d  t o  1300°F by t h e  h e a t  gene ra t ed  
by combustion r e a c t i o n s .  

r o t o c l o n e s  and e lec t ros ta t ic  p r e c i p i t a t o r s  t h a t  s e p a r a t e  
e n t r a i n e d  o i l  from t h e  noncondensible  g a s e s .  The c rude  o i l  
i s  then  pumped t o  s t o r a g e  t a n k s .  The g a s e s  f low through a 
r o t a r y  blower before be ing  s e p a r a t e d  i n t o  t w o  streams, one 
of  which may be r e c y c l e d  whi le  t h e  o t h e r  i s  s e n t  t o  t h e  p u r i -  
f i c a t i o n  u n i t  f o r  H2S removal (see F igure  2 3 ) .  Approximately 
18 p e r c e n t  of t h e  r e c y c l e d  g a s  may be f e d  i n t o  t h e  combustors 
l o c a t e d  i n  t h e  middle of  t h e  r e t o r t  wh i l e  t h e  remainder i s  
f e d  i n t o  t h e  bottom of  t h e  r e t o r t .  The r ecyc led  g a s  r i s i n g ’  
from t h e  r e to r t  bottom serves t o  c o o l  t h e  r e t o r t e d  s h a l e  

The g a s e s  l e a v i n g  t h e  t o p  of  t h e  r e t o r t  f low through 
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7.550 TONSISTREAM DAY 
OIL SHALE FROM CRUSHER: 4 TO +3/8 IN 

-01 FEED CONVEYOR 
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b 

TO SULFUR RECOVERY 
2,310,000 SCF/HR 
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SHALE OIL 
STORAGE 

+ P  16000LlHR G SHALE OIL 
STORAGE 
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F I G U R E  2 2 .  GAS COMBUSTION -WTORTING 
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as it travels down the bed. (The handling of the retorted 
shale after it leaves the retort is discussed in the next 
section. 1 

The crude oil from the storage tanks is expected to be 
pumped at the rate of 58,000 bbl/day to the refinery. The 
gas entering the purification unit is treated for H2S removal 
so that it canzbe sold as a sulfur-free low-Btu plant fuel. 
H2S removal from this gas can be accomplished by contacting 
the gas with activated carbon. The gas, after oil has been 
separated, flows through activated carbon tower No. 1, and 
when the bed is saturated, the flow is switched to tower 
No. 2. While bed N o .  2 is in operation, bed No. 1 is regen- 
erated by extraction with 15 percent solution of ammonium 
sulfide. This is followed by steaming of the bed for residual 
ammonium sulfide recovery: Four ammonium sulfide tanks may 
be used and connected in series for stripping the sulfur from 
the carbon bed before the tower is steamed. The vapors from 
the tower during the steaming process are condensed and ac- 
cumulated in the tanks. 

As the solutions in the tanks become saturated, they may 
be successively fed to an evaporator where heating decomposes 
the polysulfides. Solid sulfur and water are removed from the 
bottom of the evaporator and the sulfur is separated by a cen- 
trifuge. The sulfur, amounting to 35 tons/day, is,stored and 
sold. The purified gas from the carbon towers is sold as a 
plant fuel. 

Retorted Shale Handling and Disposal 

Retorted shale is discharged from the bottom of the re- 
For cooling and mois- tort at a temperature of about 380°F. 

turizing purposes, the retorted shale may be fed into a rotary 
moisturizing drum cooler.  Dust-laden steam and moist air pro- 
duced in this step pass through high-efficiency wet scrubbers. 
Shale dust-water from the scrubbers is expected to be clari- 
fied for reuse and the sludge is sent to a disposal site (16). 
After cooling and moisturizing, the retorted shale is carried 
on dual 60-in.-wide conveyor belts to the disposal site 
(assumed to be 1 mile distant). There the retorted shale may 
be delivered into a truck-loading hopper having three 150-ton 
compartments. Six 150-ton trucks, each making 5 runs/hr, 
are expected to distribute the retorted shale on the dis- 
posal pile. Other requirements are a grader, bulldozer, and 
water truck-for the purpose of working the pile and reducing 
fugitive dust emissions. 
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Pollution Controls 

Pollution control systems are necessary for reducing 
or eliminating emissions of noxious gases, dust, and waste- 
water associated with development of a commercial oil shale 
facility using the Gas Combustion retorting nrocess. Details 
on the expected emission sources and types of control systems 
were presented in Chapter 4, Volume I. The purpose of this 
section is to describe the control systems selected specifi- 
cally for this process. 

Dust control during mining, crushing, and shale handling 
may be accomplished by water sprays,and wet suppression tech- 
niques. It is estimated that about 1,200 gal/min of water 
will be required for this purpose. Conveyor belts may be 
enclosed and crushing devices are exFected to require bag- 
house filters. Diesel-operated underground mining equipment 
may require catalytic converters or wet scrubbers and be 
properly maintained to reduce emissions. Gases and dusts 
emitted during retort feed and discharge operations will most 
likely have to be scrubbed and the sludge sent to a disposal 
site. Each retort m a y  be equipped with a Venturi wet 
scrubber for this purpose, as described in Chapter 4 .  Gases 
collected during product recovery are treated to remove H 2 S  
and used as plant fuel without further controls. Contami- 
nated water streams resulting from mining and plant operation 
will be collected, treated, and reused or consumed according 
to the wastewater treatment plan presented in Chapter 4 ,  
Volume I. 

3 . 1 . 3  R e s o u r c e  R e q u i r e m e n t s  

A 58,000-bbl/day (net) shale oil facility using Gas 
Combustion retorting technology will require certain amounts 
of land, water, power, and other major equipment and mate- 
rial needs. The projected requirements for these resources 
are presented in Table 12. 

Land is required for the shale handling and processing 
plant complex and the processed shale disposal site. In 
addition, the land that the mine underlies is included, al- 
though the surface may not be disturbed unless severe sub- 
sidence occurs. A Gas Combustion commercial facility is ex- 
pected to require about 300 acres of land and a retorted 
shale disposal site of 1,800 acres. The land under which 
mining occurs is expected to be about 4 7 0  acres/year, or 
9,400 acres over a 20-year period. 

86 

n 



TABLE 12 

RESOURCE REQUIREMENTS FOR A 58,000-BBL/DAY 
GAS COMBUSTION RETORTING FACILITY 

Land - 
Sha le  P r o c e s s i n g  P l a n t  
Retorted S h a l e  Disposa l  
Mining (underground) 

To ta l  

I Water 
Mining 
Crushing and Sha le  Handling 
R e t o r t i n q  and Product  Recovery 
Retorted S h a l e  Di sposa l  
General  P l a n t  U s e  

Total  ( 1 1 , 3 0 0  a c r e - f t / y e a r )  

I Power 

Electr ic  
D i e s e l  

300 acres 
1 , 8 0 0  acres 

1 , 0 0 0  gal/min 
500 gal/min 

2,000 gal/min 
3 , 0 0 0  gal/min 

500 gal/min 
7 , 0 0 0  gal/min 

50 MWe 
1 , 6 0 0  bbl/day 

.. . 
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Water is expected to be used for practically every aspect 
of the mine and plant complex for this facility. Total eon- 
sumptive use is estimated at 7,000 gal/min (11,300 acre-ft/ 
year) for normal operations. The major water use categories 
are as follows: 

0 llining (1,000 gal/min for dust control) 

0 Crushing and Shale Handling (500 gal/min for 
dust control) 

0 Retorting and Upgrading (2,000 gal/min for cooling 
water, steam generation, and upgrading) 

e Processed Shale Moisturizing, Cooling, and Disposal 
( 3 , 0 0 0  gal/min for dust control, moisturizing, and 
revegetation) 

0 General Plant and Personnel Use (500 gal/min for 
utility water, fire protection, potable water, 
and sanitary-wastes water). 

Referring to the power requirements in Table 12, the 
equivalent amount of oil needed to provide for electrical 
and diesel fuel needs is expected to be about 4 , 5 0 0  bbl/day. 
Assuming a total shale oil production of 58,000 bbl%day, the 
net energy production is equivalent to 5 3 , 5 0 0  bbl/day of crude 
shale oil. 

E4ajor capital equipment and material needs projected 
for mining and shale handling, crushing and briquetting, re- 
torting and product recovery, processed shale handling, and 
pollution controls are presented in Tables 1 3  to 17. 

3.2 UNION OIL COMPANY "B" 

A scale-up concept for a surface o i l  shale retorting 
facility using the Union "B" method is discussed in this 
section. The assumed production rate of the facility is 
55,000 bbl/day of shale oil. An energy equivalent of 
2,700 bbl/day of shale oil, is expected to be necessary for 
operation of the facility. The plant is located in the 
Piceance Creek Sasin, where the shale averages 34 gal/ton 
in the zone of interest. 

The facility will probably require 200 acres of land for 
surface Drocessing facilities, and 1,100 acres for the dis- 
posal site, so that over a 20-year period, about 6,000 acres 
of land will be mined. The facility is also expected to 
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' TABLE 13 

A PRIMARY CAPITAL EQUIPMENT FOR A SHALE MINE- 
GCR FACILITY 

Heading Jumbo D r i l l  (8 requi red)  

Drive: E l e c t r i c  
Type: Hydraulic e l e c t r i c  with 

Horsepower: 150 
two d r i l l s  

Bench Jumbo D r i l l  ( 6  requi red)  

Drive: E l e c t r i c  
Type: Hydraulic e l e c t r i c  with 

Horsepower: 150 
two d r i l l s  

Powder Trucks (8 requi red)  

Drive: Diesel  w i t h  pneumatic 

Capacity: 3 tons 
Horsepower: 100 

de l ive ry  system 

Scal ing and Roof Bolting Rig 
(8 requi red)  4 

Drive: Diesel  
Aer ia l  L i f t  
Horsepower: 500 

Front-End Loader (8 requi red)  

Drive: Diesel  
Bucket Capacity: 20  tons  ' 

Horsepower: 700 

Haulage Trucks (30 requi red)  

Drive: Diesel  
Capacity: 75 tons 
Horsepower: 700 

Yotor P a t r o l  (4 required)  

Drive: Diesel 
Horsepower: 150 

Bulldozer ( 8  requi red)  

Drive: Diesel  
Horsepower: 700 

Main Vent i la t ion  Fan ( 2  requi red)  

Drive: E l e c t r i c  w i t h  5 blade 

Capacity: 1 mil l ion  scf/min a t  
7.6 in . ,  water gauge 

Horsepower : 800 

s e t t i n g s  

Road Grader (2  requi red)  

Drive: Diesel 
16 - f t  blade 
Horsepower: 225 

Water Truck ( 6  requi red)  

Drive: Diesel 
Horsepower: 250 

Por tab le  Crushing P lan t  (8 requi red)  

Drive: E l e c t r i c  
Horsepower: 100 

Bel t  Conveyor ( 2  requi red)  

Type: Enclosed 
Drive: E l e c t r i c  
Size:  TweLve 900-ft s ec t ions ,  

60 i n .  wide 
Horsepower: 1 ,900 

Auxil iary Ven t i l a t ion  Fan 
(40 requi red)  

Drive: E l e c t r i c  
Capacity: 25,000 scf/min a t  

.Horsepower: 40 
7.6 in. ,  water gauge 

Power Centers (10 requi red)  

Power :  6 kva  
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TABLE 1 4  

PXIMARY CAPITAL EQUIPMENT FOR A CRUSHING 
AND B R I Q U E T T I N G  PLANT-GCR F A C I L I T Y  

Holdup: 24 h r  
Capacity: 324,000 cu f t  
Size:  90-ft  I D  x 45-ft  s.s.* h t  

45-deg conica l  bottom 

Iagnetic Vibratory Feeder 
(16 required)  

Load: 300 tons/hr  
Model: Syntron FH-45 
Horsepower: 2 

:onveyor t o  Primary Crushing 
(8  required)  

Type: B e l t ,  enclosed 
Size :  42  i n .  wide x 200 f t  long 
Drive: Motor 
Horsepower: 15 

?rimary Crusher Feed Bin 
(8  requi red)  

Holdup: 30 min 
Capacity: 6,750 cu f t  
Size:  19 - f t  I D  x 19-f t  S.S. h t  

60-deg conica l  bottom 

Jonveyor t o  Secondary Crusher 
( 8  r e m i r e d )  

Type: Be l t ,  enclosed 
Size:  4 2  in .  wide x 200 f t  long 
Drive: Motor 
Horsepower: 15 

Secondary Crusher Feed Hopper 
(8 required)  

Holdup: 30 min 
Size:  1 2  f t  wide x 24 f t  long x 

28-f t o v e r a l l  h t  
(2-hopper bottom) 

Magnetic Vibratory Feeder 
(16 required)  

Load: '300 tons/hr 
Model: Syntron F-45 
Horsepower: 2 

Magnetic Vibratory Feeder 
(8 required)  

Load: 600 
Model: Syntron F-66 
Horsepower: 2 

Primary Gyratory Crusher 
(8 required)  

Drive: Motor 
Capacity: 600 tons/hr 
Horsepower: 100 

Conveyor t o  Storage (8 required)  
b 

Type: B e l t ,  enclosed 
Size:  4 2  in .  wide x 200 f t  long 
Drive: Motor 
Horsepower: 15 

0. 

Surge Storage Hopper (8 requi red)  

Holdup: 24 h r  
Capacity: 324,000 cu f t  
Size:  90-ft  I D  x 45-ft h t  

45-deg conica l  bottom 

Magnetic Vibratory Feeder 
(16 requi red)  

Load: 300 tons/hr  
Model: Syntron F-45 
Horsepower: 2 

* 
s l a n t  s ide .  
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TABLE 14 

(CONTINUED) 

r i z z l y  B a r  Screen (8 required)  

Load: 600 tons/hr 
Screen Opening: 4.5 in .  
Screening Rate: 5 tons/hr /sq f t  
Screen Area: 120 sq f t  

econdary Gyratory Crusher 
(8 required)  

Drive: I?otor 
Capacity: 320 tons/hr 
Horsepower: 50 

:onveyor t o  T e r t i a r y  Crusher Feed 
Bin (8 required)  

Type: B e l t  , enclosed 
Size:  4 2  in .  wide x 200 f t  long 
Drive: Motor 
Horsepower : 50 

' e r t i a r y  Crusher Feed Bin 
(8 required)  

Same as secondary crusher  feed bi: 

lagnetic Vibratory Feeder 
(8 r e m i r e d )  

Load: 600 tons/hr 
Model: Syntron F-45 
Horsepower: 2 

; r i zz ly  B a r  Screen (16 required)  

Load: 300 tons/hr 
Screen Opening: 3 in .  
Screening R a t e :  5 tons /hr / sq  f t  
Screen Area: 120 sq f t  

* 
S l a n t  s ide .  

Ter t ia ry  Crusher (8 requi red  ) 

Drive: Motor 
Capacity: 210 tons/hr 
Horsepower: 30 

Conveyor t o  Storage Bin (4 requi red)  

Type: B e l t ,  enclosed 
Size: 54 in .  wide x 800 f t  long 
Drive: Motor 
Horsepower: 60 

Surge Storage Bin (24  requi red)  

Holdup: 3 days 
Capacity: 324,000 cu f t  * 
Size: 90-ft  I D  x 45-ft  S.S. h t  

45-deg conica l  bottom 

Magnetic Feeder ( 2 4  requi red)  

Load: 300 tons/hr 
Model: Syntron F-45 
Horsepower: 2 

Conveyor t o  S p l i t t e r .  ( 4  requi red)  

Type: Bel t ,  enclosed 
Size: 54 in .  wide x 500 f t  long 
Drive: Motor 
Horsepower: 50 

S p l i t t e r  (8 requi red)  

Holdup: 20 min 
Size:  11 f t  wide x 33 f t  long x 

Construction Material: 1/4-in. 
11 f t  high 

s t e e l  
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TABLE 14 
A 

(CONTINUED) 

Magnetic Vibratory Feeder 
( 2 4  required)  

Capacity: 200 tons/hr 
Model : Syntron F-440 
Horsepower: 2 

Conveyor t o  Retor t ing P lan t  I ( 3  reuuired)  
I '  .L 

Type : Bel t  , enclosed 
Size: 48 in .  wide x 750 f t  long 
Drive: Motor 
Horsepower: 150 

Conveyor Fines  t o  Br ique t t ing  P lan t  
(1 requi red)  

Type : 
Size: 29  in .  w i d e  x 100 f t  long 
Drive: Motor 
Horsepower: 10 

Bzl t , enclosed 

Double-Deck Screen (8 required)  

Screening Rate: 6.3 ton/hr/sq f t  
Size: 44 s q  f t  
Drive: Motor 
Horsepower: 5 

Surge Bin No. 1 (1 required)  

Capacity: 142.5 tons  
S ize :  14- f t  I D  x 20-ft s.s.* h t  

Construction Mater ia l :  S t e e l  
60-deg conica l  bottom 

Vibratory Feeder (4  requi red)  I 
Capacity: 50 tons/hr  
Size: 24 x 42 in .  
Nodel : Syntron F-330 
Power: 1 kw 

1 
* 
S1 an t s i d e  . 

9 2  

Hammermill (4  reuuiredl  

Drive: Motor 
Capacity: 60 tons/hr 
Horsepower: 50 

Conveyor t o  Surge Bin N o .  2 
(1 reaui red)  

Type: B e l t ,  enclosed 
Size:  20  in .  wide x 100 f t  long 
Drive: Motor 
Horsepower: 10  

Surge Bin No;' 2 (1 required)  

Same as Surge Bin N o .  1 

Vibratory Feeder ( 4  requi red)  

Capacity: 142.5 tons  
Size: 14- f t  I D  x 20-ft S . S .  h t  

Construction Mater ia l :  S t e e l  
60-deg con ica l  bottom 

Mixer and-Briquet t ing Machine 
( 4  reaui red)  

Mixer_ 
Type: 2 s h a f t  ho r i zon ta l  

paddle 
Capacity: 60 tons/hr 

Type: Komarek-Greaves Model 

Drive: Motor 
Horsepower: 60 

Br ique t t ing  Machine 

' N o .  28-27G 

Conveyor , Briquet tes  t o  Surge Bin 
N o .  3 (1 reaui red l  

Type: B e l t ,  enclosed 
Size: 20 in .  wide x 100 f t  long' 
Drive: Motor 
Horsepower: 10 
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TABLE 14 

(CONTINUED) 

Surge Bin N o .  3 (1 required) 

Same as Surge Bin No.  1 

Conveyor, Briquet tes  t o  R e t o r t  Feed 
Conveyor (1 required) 

Type: B e l t ,  enclosed 
Size: 20 in .  wide x 500 f t  long 
Drive: Motor 
Horsepower : 35 
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TABLE 15 

PRIMARY CAPITAL EQUIPMENT FOR RETORTING AND 
PRODUCT RECOVERY - GCR FACILITY 

Retor t  (15  required)  

Size: 40-f t  I D  x 15-ft-high 

Type: 
r e t o r t i n g  sec t ion  
Bureau of Mines G a s  Com- 
bust ion re tor t  equipped 
with Cameron and Jones 
improved feeding and 
discharge mechanism 

Refractory: 9-in. f i r e b r i c k ,  
9-in. K-30 in su la t -  
i ng  br ick  ( r e t o r t i n g  
sec t ion)  

Drive: Motor-activated hydraul ic  
Horsepower: 90 top (feed)  ; 

160 bottom 
(discharge)  

Rotoclone ( 7 5  requir2d)  

Drive : Motor 
Capacity: 2 5,000 scf /min 
Head Developed: 1 2  i n .  water 
Horsepower: 100 

Compressor (15 required)  

(Recycle and Product G a s  
Type: Cent r i fuga l  
Drive: Motor 
Horsepower: 1,450 

A i r  Compressor (5  requi red)  

Type: Cent r i fuga l  
Drive: Motor 
Horsepower: 3,650 

E l e c t r o s t a t i c  P r e c i p i t a t o r  
(15 requi red)  

Size:  13 - f t  I D  x 15-f t  h t  
Capacity: 180,000 cfm 
Power: 16  kw 

9 4  

Shale O i l  Pump ( 1 5  required)  

Drive: Motor 
Capacity: 1 2 0  gal/min 
Horsepower: - 2  

Feed Hopper on Retor t  ( 1 5  requi red)  

Size:  21-ft I D  x 21-ft h t  

Holdup: 1 h r  
Construction Material: S t e e l  

60-deg conica l  bottom 

Re to r t  Feed Conveyor (1 requ i red ) .  

Type: B e l t ,  enclosed 
Size: 60 in .  w i d e x  450 f t  long 
Drive: Motor 
Horsepower: 265 

Carbon Tower  (60 requi red ,  including 
30 spares)  

Size:  16.5-ft I D  x 16.5-ft h t  
Cata lys t :  Two 5.5-ft beds of 

ac t iva t ed  carbon 

Solu t ion  Tank (6  requi red)  

Size:  6,5000 g a l  
Construction Material: S t e e l  

pump ( 3  requi red)  

Type : Centr i fuga l  
Drive: Motor 
Horsepower : 5 

Evaporator (10 required)  

Size: 6.5-ft iD x 14-f t  h t  
Steam Required: 9,900 lb /hr  



TABLE 1 5  

(CONTINUED) 

Centrifuge ( 5  required)  

Type: Sharples super D ,  
s t a i n l e s s  

Drive: Motor 
Horsepower : 6 5 

Condenser (10 required)  I 
Type: Spray 
Size: 9-f t  I D  x 25-ft h t  

Crude Rundown Tank (15 required) 

Type: Cone roof 
Capacity: 8,000 bbl 

Crude Storage Tank ( 5  required) 

Type: Cone roof 
Capacity: 80,000 bbl 

... . 
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TABLE 1 6  

PRI-MARY CAPITAL EQUIPMENT FOR RETORTED SHALE 
HANDLING AND DISPOSAL-  GCR FACILITY 

Rotary Drum Cooler  (15 r e q u i r e d )  

Drive: E lec t r ic  motor 
U n i t  S i z e :  5 ,750  tons/day 
Horsepower: 30 

B e l t  Conveyor ( 2  r e q u i r e d )  

Type: Enclosed. 
Drive: Electr ic  motor 
S ize :  S i x  9 0 0 - f t  s e c t i o n s ,  60-in.  b e l t  
Horsepower: 2,250 ( t o t a l )  

Size: 450  tons 
Three 150-ton compartments 

Haulage Truck ( 6  r e q u i r e d )  

Drive: Diesel 
S i z e :  1 5 0  t o n s  
Horsepower: 1 , 0 0 0  

I Bulldozer  (1 r e q u i r e d )  

Drive: Diesel 
Horsepower: 700  

1 Grader (1 r e q u i r e d )  

Drive: Diesel 
Horsepower: 250 

Water Truck (1 r e q u i r e d )  

Drive: Diesel I Horsepower: 250  
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TABLE 1 7  

PRIMARY CAPITAL EQUIPMENT FOR POLLUTION CONTROLS- 
GCR FACILITY 

Baghouse F i l t e r -  Crushing and aBr ique t t ing  U n i t s  
(25  r e q u i r e d )  

Type: Induced d r a f t  
Drive: Motor 
Horsepower: 4 0  
F i l t e r  area: 1000 s q .  f t .  
Capac i ty :  3000  c f m  

W e t  Scrubber -Retor t  Feed Hopper and Processed  
Sha le  M o i s t u r i z e r  (15 r e q u i r e d )  

Type: Ven tu r i  
Drive: Motor 
Horsepower: 70 
Capac i ty :  12,500 c f m  

Wastewater Holding Tank-Surge A t t e n u a t i o n ,  
Sedimenta t ion ,  and Grav i ty  S e p a r a t i o n  
(5 r e q u i r e d )  

Size,:  5 0 0  g a l  

Wastewater Treatment Un i t  (1 r e q u i r e d )  

F l o t a t i o n :  25,000 ga l /day  
B i o l o g i c a l  Oxida t ion :  35,000 ga l /day  
F i l t r a t i o n :  35,000 gal /day 
Reverse O s m o s i s :  7 ,000  ga l /day  
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require about 8,000 acre-ft of water per year for process 
needs. A block diagram of a commercial-scale facility is 
presented in Figure 24. 
and the assumptions used in the design are discussed in the 
following section. 

A detailed description of the plant 

3 . 2 . 1  U n c e r t a i n t i e s  a n d  A s s u m p t i o n s  

The ,Union "B" retort has never operated at the demon- 
stration or commercial plant level. Also, industry oil shale 
personnel have expressed concern that Union's rock pump may 
experience mechanical difficulties at higher throughputs and 
continuous operating conditions. Nevertheless, Union has a 
high degree of confidence in the technology, and is convinced 
that the rock y m p  "... will be a dependable, low-operating- 
cost component of the oil shale complex" (10). This confi- 
dence is based on months of testing pilot- and demonstration- 
scale pumps. 

Also unknown are the actual dimensions and operating 
conditions for a lO,OOO-ton/day facility using a Union "B" 
retort. 
this process is proprietary, communication with Union Oil 
personnel revealed the approximate specifications of the 
retort and rough estimates of some, b u t  not all, of the oper- 
ating conditions. To form a basis for conducting an economic 
evaluation of a commercial-scale Union "B" facility, the fol-  

Although most of the information needed to scale-up 

specifications are assumed: 

Oil shale grade: 34 gal/ton 

Oil shale bed thickness: 60 ft 

Oil shale feed size range: 1 / 8  to 2 in. 

Oil shale fines discard: 7.5 wt pct 

Oil recovery during retorting: 
Fischer assay 

Processing rate of each retort: 

Sietort dimensions: 

Oil shale mass feed rate: 

Recycle gas rates: 

Gas production rates: 

97 percent of 

10,000 tons/day 

38-ft ID x 25-ft bed height 

7 3 5  lb/hr/sq ft 

20,000 scf/ton of shale 

7 5 0  scf/ton of shale. 
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With the preceding assumptions, a total of seven Union 

The mine pro- 
Oil I'B" retorts are expected to be required for a facility 
producing 55,000 bbl/day of crude shale oil. 
duction rate is estimated to be 75,600 tons/day to supply 
these retorts. 

3 . 2 . 2  P r o c e s s  S y s t e m s  

The appropriate process system requirements for a com- 
mercial-scale Union " 5 "  retorting facility are described in 
the following scenario. 

!lining and Shale Handling 

The mining phase of the Union "B" scale-up assumes that 
mine development will take place on Union Oil property at 
East Parachute Creek north of Grand Valley, Colorado. This 
mine is expected to open to a bench at 7,000-ft elevation, 
or about 1,500 ft above the Parachute Creek Valley floor. 
Production mining is expected to be done by the room-and- 
pillar method as described in Chapter 3 ,  Volume I. The pro- 
duction rate of this mine is estimated to be 75,600 tons/day 
of 3 4  gal/ton oil shale. 
will transport the run-of-mine shale to a primary crushing 
plant located at the minemouth bench. There, toothed-roll 
crushers will be used to reduce the shale to less than 10 in. 
in size. 
from the 7,000-ft elevation bench to the 5,500-ft elevation 
valley floor of the shale processing complex. 

It is assumed that haulage trucks 

An ore pass will transport the primary crushed shale 

Shale Crushing and Preparation 

Run-of-mine o i l  shale is expected to be transferred 
from the base of the ore pass by belt conveyor to the primary 
crushed ore stockpile. This stockpile may contain a 5-day 
supply of about 380,000 tons of primary crushed oil shale in 
an elongated windrow-shaped pile. The pile may be stacked 
by a swinging-boom stacker and reclaimed by a crawler-mounted 
bucketwheel. The stacker travels on rails alongside the 
stockpile, as shown in Figure 25. The bucketwheel reclaimer 
deposits oil shale from the stockpile onto a conveyor belt 
for transfer to the secondary crushing facility featuring 
roll-type crushers. 

screening operation (cross section). In this operation 
the facility is enclosed in a ventilated building,which has 
Saghouse filters to control particulate emissions. 
crushed oil shale may be further sized at a tertiary screening 

Figure 26 presents a typical secondary crushing and 

Secondary 
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facility in a second building. Undersized material (less . 

than 1/8 in.) may be discarded to the mine and properly sized 
material (2 to 1/8 in.) may be carried by belts to the retort 
feed storage bunker. The bunker should have a working capac- 
ity of about 150,OOc) tons, or 2 days' storage for the "B" re- 
torts. Reclaim facilities for this bunker are expected to 
consist of a rotary plow feeder, which travels on rails under- 
neath the storage bunker and continuously withdraws the ore 
from the bottom onto a conveyor belt for movement to the 
retort feed hopper. Each feed hopper is expected to provide 
surge storage of 1 hr, or about 420 tons. A flow chart of 
the entire shale crushing and preparation system for a Union 
"B" facility is shown in Figure 2 7 .  

BOOM BELT CONVEYOR 

2- TO 6-FT WALKWAY 
ON BOTH SIDES 

R E- BELT CONVEYOR 

FIGURE 25. TRAVELING STACKER- 
UNION "B" FACILITY (21) 

Retortins and Product Recovery 

A typical Union Oil- "B" retort is shown in Figure 2 8 .  
Oil shale from this retort's feed hopper flows through two 
feed chutes to the solids pump. The shale oil product acts 
as a hydraulic seal in the feed chutes to maintain the re- 
tort pressure (10). The solids pump consists of two piston 
and cylinder assemblies that alternately feed shale to the 
retort. The pump is immersed in oil and is mounted on a 
hydraulically operated carriage that moves horizontally on 
tracked wheels. 
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SECONDARY CRUSHER 
FEED CONVEYOR 

RECYCLE 

I 

... PIPE SYSTEM \.. 

r I 0 1 1 .  I 

VIBRATING (I 
SCREEN 

DUST CONTROL BAG FILTER: 

yCRUSHED SHALE CONVEYOF 

SIDE VIEW CROSS SECTION 

F I G U R E  2 6 .  CROSS S E C T I O N  O F  A SECONDARY CRUSHING AND 
SCREENING OPERATION-UNION I'B" F A C I L I T Y  ( 2 3 )  
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F I G U R E  2 7 .  FLOW CHART OF A SHALE CRUSHING AND PREPARATION 
OPERATION-UNION "B" F A C I L I T Y  ( 2 3 )  
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A s  t h e  s h a l e  i s  pumped upward through t h e  r e t o r t ,  it i s  
m e t  by a c o u n t e r c u r r e n t  stream of hea ted  (950'to lGOO°F) re- 
c y c l e  gas  i n t r o d u c e d  a t  t h e  t o p  of t h e  r e t o r t .  T h i s  oper- 
a t i o n ,  therefore, p rov ides  h e a t  f o r  t h e  r e t o r t i n g  p r o c e s s  t o  
decompose t h e  o i l  sha le  kerogen. The r e s u l t i n g  l i q u i d  and 
gaseous hydrocarbon p roduc t s  are f o r c e d  downward by t h e  re- 
c y c l e  g a s  stream, and i n t o  a s o l i d  carbonaceous r e s i d u e  t h a t  
remains on t h e  r e t o r t e d  shale .  The gas  and l i q u i d  c o o l  on 
c o n t a c t  w i t h  t h e  r i s i n g  bed of  o i l  s h a l e  and are s e p a r a t e d  
from t h e  shale  i n  t h e  lower s l o t t e d  w a l l  ( d i sengag ing)  sec- 
t i o n  of t h e  re tor t  cone. 

Tne r e t o r t e d  shale rises w i t h i n  t h e  re tor t  cone u n t i l  
it s t a n d s  above t h e  upper cone l i p ,  a t  which t i m e  it e i t h e r  
f a l l s  o f f  o r  i s  d i s lodged  by a r o t a t i n g  r a k e  o p e r a t i n g  j u s t  
above t h e  s u r f a c e  of t h e  p i l e .  The re tor ted sha le  s l i des  
down c h u t e s  and through o u t l e t s  of t h e  dome-top2ed re tor t  t o  
t h e  quench vessel as shown i n  F i g u r e  2 9 .  A d rag-cha in  con- 
veyor  removes t h e  cooled  s h a l e  from t h e  water seal f o r  d i s -  
p o s a l .  
and r e t u r n e d  t o  t h e  c o o l i n g  v e s s e l  f o r  r e u s e .  

S t e a m  produced i n  t h e  quench v e s s e l  may be condensed 

Gases from t h e  d isengaging  s e c t i o n  may be scrubbed and 
cooled  i n  a Ven tu r i  scrubber.  The scrubbed g a s  i s  d i v i d e d  
i n t o  a make-stream and a r e c y c l e  stream. The make-gas pro- 
d u c t i o n  ra te  i s  e s t i m a t e d  t o  be 750 s c f / t o n  of  s h a l e .  The 
r e c y c l e  stream may be compressed and h e a t e d  f o r  r e i n j e c t i o n  
i n t o  t h e  t o p  o f  t h e  r e to r t .  The re tor t  make-gas may be 
t r e a t e d  by compression and sc rubb ing  t o  remove heavy ends 
and hydrogen s u l f i d e .  O i l  i s  expec ted  t o  be used t o  s c r u b  
o u t  heavy hydrocarbons and a S t r e t f o r d  u n i t  may be used t o  
remove hydrogen s u l f i d e .  The sweetened make-gas, now a t  
850 B tu / sc f ,  may be r e c y c l e d  and used a s  a g a s  h e a t e r  f u e l  
and t h e  e x c e s s  make-gas may be s o l d  as power T l a n t  f u e l .  

The rundown o i l  p roduc t  is treated t o  remove solids by 
t w o  s t a g e s  of water washing. 
50 ppm of chemica l ly  combined a r s e n i c  w h i c h  i s  expec ted  t o  
be reduced t o  about  2 ppm i n  a Union Oil "B" p r o c e s s  ( 1 0 ) .  
I n  t h e  Union O i l  "B" p r o c e s s ,  t h i s  o i l  i s  reacted w i t h  an 
abso rben t ,  which removes up t o  about  80 p e r c e n t  (by weight )  
of  t h e  a r s e n i c .  Once a r s e n i c  has  been removed, t h e  s h a l e  
o i l  i s  t h e n  upgraded and r e f i n e d .  

The o i l  a l so  c o n t a i n s  about  

Re to r t ed  Sha le  Handling and Disposa l  

The Union "B" retorted s h a l e  i s  expec ted  t o  be a coarse 
g r a v e l - s i z e d  material s imilar  t o  t h a t  produced by t h e  Bureau 
of Mines and t h e  Paraho r e t o r t i n g  p r o c e s s e s .  The s h a l e  w i l l  

1 0 5  
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most likely be a black carbon residue, having a pH of about 
8.7, and very little tendency for cementation. The dry bulk 
density of retorted shale from the "B"  retort has been re- 
ported as 61 lb/cu ft (14). Assuming a weight loss of 15 per- 
cent during retorting, the volume of the retorted shale can 
be calculated as 

(0.85 x 70,000 tons/day x 2,000 lb/ton) 

6 (61 lb/cu ft x 27 cu ft/cu yd), 

or about 72,250 cu yd/day. This material can be compacted to 
a density of about 90 lb/cu ft (dry basis), with an equilib- 
rium moisture content of about 19 percent (10). The final 
disposal volume is found by multiplying 72,250 cu yd/day by 
(61 lb/cu ft + 90 lb/cu ft), which is equal to 49,000 cu yd/day, 
or about 18 million cu yd/year. Thus, a disposal area of about 
1,100 acres may be required, to which a depth of 10 ft/year 
of retorted shale can be added. 

The retorted shale may be transferred by conveyor belt 
from the quench vessel to the disposal site (assumed to be 
1 mile distant). There the shale is delivered into a truck- 
loading hopper having three 150-ton compartments. A total of 
four 150-ton trucks, each making 5 runs/hr, will most likely 
be required to distribute the retorted shale on the disposal 
pile. Also required are a bulldozer and a segmented-wheel 
(sheep's-foot) roller to work the pile and a water truck to 
control dust. 

Pollution Controls 

Pollution control systems are expected to be required 
for reducing or eliminating emissions of noxious gases, dust, 
and wastewater from a commercial oil shale facility using 
the Union "B" retorting process. The expected emission 
sources and types of control systems are discussed in Chap- 
ter 4 ,  Volume I. The purpose of this section is to describe 
the control systems needed specifically for this process. 

Dust control during mining, crushing,, and shale handling 
may be accomplished by water sprays and wet suppression tech- 
niques. It is estimated that about 750 gal/min of water may 
be required for this purpose. Conveyor belts may have to be 
enclosed and crushing devices will most likely require bag- 
house filters. 

Diesel-powered'underground mining equipment may be 
equipped with catalytic converters or wet scrubbers to prop- 
erly maintain a reduced air emissions level. 
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Gases collected during product recovery may be scrubbed 
in a Venturi scrubber and divided into a make-stream and a 
recycle stream. The recycle stream may be compressed, heated, 
and reinjected into the retort and the make-stream may be 
treated initially in a Stretford sulfur unit to remove H2S, 
then burned as plant fuel without further control. Sulfur 
recovered from the Stretford unit is expected to amount to 
about 6 7  tons/day, assuming a concentration of 3 percent H2S 
in the make-gas stream. 

Contaminated water streams resulting from mining and plant 
operation will be collected, treated, and reused or consumed 
according to the wastewater treatment plan presented in Chap- 
ter 4 ,  Volume I. 

3 . 2 . 3  R e s o u r c e  R e q u i r e m e n t s  

A 55,000-bbl/day shale oil facility using Union "B" re- 
torting technology will require certain amounts of land, water, 
power, and other major equipment and material needs. These 
resource requirkments are presented in Table 18. 

The facility is expected to require about 200 acres of 
land for the shale handling and processing plant and 1,100 acres 
for shale disposal. The land under which mining occurs is ex- 
pected to be about 300 acres/year, or 6,000,acres over a 20- 
yPar period. 

Water requirements are estimated at 2,800 gal/min 
(8,000 acre-ft/year), of which 2 , 2 5 0  gal/min may be recycled 
to the processed shale disposal operations. 
is considered or assumed to be consumptively lost in the 
process. 

The remainder 

The major water-use categories for a Union "B" facility 
are expected to be as follows: 

Q Mining (650 gal/min for dust control) 

0 Crushing and Shale Handling (350 gal/min for dust 
control) 

0 Retorting and Upgrading (1,500 gal/min for cooling 
water, steam generation, and upgrading) 

0 Retorted Shale Moisturizing, Cooling, and Disposal 
( 2 , 2 5 0  gal/min for dust control, moisturizing, and 
revegetation) 
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TABLE 18 

RESOURCE REQUIREMENTS FOR A 55,000-BBL/DAY 
U N I O N  "B"  RETORTING FACILITY 

Land (acres) 

O i l  Sha le  P rocess inq  P l a n t  
Retor ted  Shale  Disposa l  
Underground Mining 

(for 2 0  years) 

2 0 0  
1 ,100 

6,000 

T o t a l  

Water (ga l/min ) 

Mining 
Crushing anc Sha-e Hanc ,ng 
R e t o r t i n g  and Product  Recovery 
Re to r t ed  Shale  Disposal1 
General P l a n t  Use 

7 , 300 

6 5 0  
350 

1 , 500 
2,250 

300 

T o t a l  (.8 , 000  a c r e - f t / y e a r )  

Power 

E l e c t r i c  ( M W e )  
Diesel (bbl /day) '  

'Recycled wastewater . 
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0 General Plant and Pemrsonnel Use ( 3 0 0  gal/min for 
utility water, fire protection, potable water, and 
sanitary-wastes water). 

@ 

As shown in Table 18, the power requirements for the 
facility are expected to be 23 MWe and the diesel fuel needs 
are estimated to be 1,400 bbl/day. Thus, the total equiva- 
lent amount of oil to provide for electrical and diesel fuel 
needs is about 2,700 bbl/day. 
tion is 55,000 bbl/day, the net energy production is equiva- 
lent to 52,300 bbl/day of crude shale oil. 

If the total shale oil produc- 

The expected major capital equipment and material needs 
for the mining, shale crushing and preparation, retorting 
and product recovery, retorted shale handling, and pollution 
control systems of a Union "B" facility are presented in 
Tables 19 to 23.  

3.3 PARAHO (INDIRECT) 

The assumptions used to conceptually scale-up the Paraho 
(indirect) process are based on a total crude oil production 
rate of 56,000 bbl/day, of which an equivalent of 3,000 bbl/day 
of shale oil are required for energy to operate the facility. 
In addition, the facility is assumed to be located in the 
Piceance Creek Basin, where the s,hale averages 22 gal/ton in 
the zone of interest. 

The commercial-size Paraho facility will probably require 
2 9 0  acres of land for surface processing systems and support . 
structures and 1,400 acres for the disposal site. Approxi- 
mately 7,350 acres of land are expected to be mined over a 
20-year period. The facility is also expected to need about 
7,350 acre-ft of water per year for process and utility use. 
A block diagram of a scaled-up facility is presented in Fig- 
ure 30, and a detailed description of the assumptions used 
in the design is presented in the following sections. 

3 . 3 . 1  U n c e r t a i n t i e s  a n d  A s s u m p t i o n s  

The Paraho retorting process, though successfully demon- 
strated at the pilot and semiworks level, has not been tested 
on a commercial scale. For this study, the conceptual design 
of a full-scale module is based on the assumption that the 
large-size retorts needed for commercial-scale operations 
will be similar to the small-size retorts. The scale-up, 
therefore, represents a linear'extrapolation of small-scale 
data. In applying this approach, inaccuracies may occur and 
a factor of uncertainty prevails in the scale-up model. Also, 
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TABLE 19 

PRIMARY CAPITAL EQUIPIENT FOR A SHALE MINE- 
UNION I'B" FACILITY 

Heading Jumbo D r i l l  (6  requi red)  

Drive : E l e c t r i c  
Type: Hydraulic e l e c t r i c  with 

Horsepower: 150 
two d r i l l s  

Bench Jumbo D r i l l  (4 requi red)  

Drive: E l e c t r i c  
Type: Hydraulic e l e c t r i c  with 

Horsepower: 250 
t w o  d r i l l s  

Powder Trucks ( 5  requi red)  

Drive : Diesel with pneumatic 

Capacity: 3 tons 
Horsepower: 100 . 

de l ive ry  system 

Scal ing and Roof Bolting Rig 
( 5  required)  

Drive: Diesel 
A e r i a l  L i f t  
Horsepower: 500 

Front-End Loader (8 requi red)  

Drive : D i e s  e l  
Bucket Capacity: 10 tons 
Horsepower: 700 

Haulage Trucks (25 required)  

Drive: Diesel  
Capacity: 75 tons  
Horsepower: 700 

Motor P a t r o l  ( 4  reaui red)  

Drive: Diesel 
Horsepower: 150 

Bulldozer ( 5  requi red)  

Drive: Diesel  
Horsepower: 700 

Main Vent i la t ion  Fan (1 requi red)  

Drive: Electr ic  with 5 blade 

Capacity: 1 mi l l i on  scf/min a t  
7.6 i n . ,  w a t e r  gauge 

Horsepower: 800 

s e tt ing  s 

Road Grader ( 2 required)  

Drive: Diesel  
16-ft  blade 
Horsepower: 225 

Water Truck ( 4  required)  

Drive: Diesel 
Horsepower: 25Q 

Auxiliary Vent i la t ion  Fan 
(20 reaui red)  

Drive: E l e c t r i c  
Capacity: 25,000 scf/min a t  

H o r s e p o w e r :  40  
7.6 i n . ,  water gauge 

Power Centers ( 7  requi red)  

Power: 6 kva 
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TABLE 2 0  

PXIW4RY C A P I T A L  EQUIPMEYT FOR A CRUSHING AiJD PREPA-RATIOIJ PLANT- 
UlJ ION I'B" F A C I L I T Y  

I 

Grizzly B a r  Screen (6  required)  

Load: 600 tons/hr 
Screen Opening: , 4 2  i n .  
Screen Area: 120 sq f t  

Primary Crusher Feed Bin 
(6 requi red)  

Capacity: 300 tons 
Size:  20-ft I D  x 20-ft  S.S. h t  

60-deg conica l  bottom 

Magnetic Vibratory Feeder 
(6  requi red)  

Load: 600 tons/hr 
Model: Syntron F-66 
Horsepower : 2 

Primary Toothed-Roll Crusher 
(6  required)  

Type : McClanahan 
Size:  48 in .  wide x 72 in .  long 
Capacity: 600 tons/hr 
Drive: E l e c t r i c  
Horsepower: 300 

Conveyor t o  O r e  Pass 
( 2  required)  

Type: B e l t ,  enclosed 
Size: 60 i n .  wide x 200 f t  long 
Drive: Electr ic  
Horsepower: 30 

Conveyor t o  Primary S tockpi le  
(1 requi red)  

Type: B e l t ,  enclosed 
Size:  60 in .  wide x 900 f t  long 
Drive: E l e c t r i c  
Horsepower : 200 

Stacker for Primary Stockpi le  
(1 required)  

Type: Fixed-rai l  swinging-boom 
t r ave l ing  s tacker  

Drive : Diesel 
Capacity: 3,500 tons/hr 
Horsepower: 1,100 

Reclaimer f o r  Primary Stockpi le  
(1 requi red)  

Type: Crawler-mounted r o t a r y  

Capacity : 3,500 tons /hr  
Drive: D i e s e l  
Horsepower: 700 

bucketwheel reclaimer 

Conveyor t o  Secondary Crusher 
(1 required) ~ 

Type: B e l t ,  enclosed 
Size:  60 in .  wide x 600 f t  long 
Drive: Electr ic  
Horsepower: 90 

Secondary Crusher Feed Hopper 
(6  requi red)  

Capacity: 300 tons 
Size:  20-ft I D  x 20-ft S.S. h t  

60-deg conica l  bottom 

Maunetic Vibratorv Feeder 
(6  requi red)  

Load: 600 tons/hr 
Model: Syntron F-66 
Horsepower: 2 

Grizzly B a r  Screen (6 required)  

Load: 600 tons/hr 
Screen Opening: 10 in .  
Screen Area: 120 sq f t  
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TABLE 20 

(CONTINUED) 

Secondary Toothed-Roll Crusher 
( 6  requi red)  

Type:  McClanahan. 
S ize :  48 i n .  wide x 72 in .  long 
Capacity: 600 tons/hr 
Drive: E l e c t r i c  
Horsepower: 100 

Double-Deck Screen (6 requi red)  

Size: 44 sq f t  
Drive: E l e c t r i c  
Horsepower: 5 

Conveyor t o  Retor t ing P lan t  
( 2  requi red)  

Type : B e l t  , enclosed 
Size :  60 in .  wide x 500 f t  long 
Drive: Electr ic  
Horsepower: 100 

Retor t  Feed Storage Bunker 
(1 requi red)  

Type: Underground 
Capacity: 150,000 tons  
Size:  250-ft I D  x 85-ft  h t  - 
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R e t o r t  Feed Storage Reclaimer 
(1 requi red)  

Type: Rotary plow feeder  on 
f ixed  r a i l s  

Capacity: 3,000 tons/hr 
Drive: Diesel  
Horsepower: 700 

Conveyor t o  Retor t  Feed Hopper 
( 7  requi red)  

Type: B e l t ,  enclosed 
Size:  42  i n .  wide x 200 f t  long 
Drive: E l e c t r i c  
Horsepower: 15 

Retor t  Feed Hopper ( 7  requi red)  

Capacity: 420 tons 
Size: 25-ft I D  x 25-ft h t  

60-de9 conica l  bottom 

Magnetic Vibratory Feeder 
(7 reaui red)  

Load: 420 tons/hr 
Model: Syntron F-66 
Horsepower: 2 



TASLB 21 

PgIPIARY C A P I T A L  EQUIPMENT FOli  RETO-PTIZJG A I D  PRODUCT RECOVERY- 
U N I O N  " B " FAC I L I TY 

Retor t  ( 7  required)  

S ize :  38-ft  I D  x 25-ft  h t  
r e t o r t i n g  sec t ion  

Capacity: 10,000 tons/day 
Type: Union O i l  Company 

Retort "B" with hydraul ic  
s o l i d s  pump 

Horsepower: 200 

Processed Shale Quench V e s s e l  
f 7  reaui red)  

Type: Water s e a l  with drag-chain 
conveyor discharge 

Size: 35-ft I D  x 25-ft h t  

Cooling W a t e r  Vessel (7  requi red)  

Size:  10,000 g a l  

Pump (28 required)  

Type : Centr i fuga l  
Drive : E l e c t r i c  
Horsepower: 5 

Water Tank (7  requi red)  

Size:  5,000 g a l  

Venturi  Scrubber ( 7  required)  

Capacity: 150,000 scf/min 
Drive: E l e c t r i c  
Horsepower: 400 

O i l  Dearsenating System (1 required)  

P ropr i e t a ry  

Oil-Water Separator  ( 7  required)  

Size:  10,000 g a l  

Recycle G a s  Compressor ( 7  required)  

Type: Cent r i fuga l  
Drive: E l e c t r i c  
Horsepower: 1800 

Recycle. G a s  Heater ( 7  required)  

Type : , Gas-f i r e d  burner 
H e a t  Transfer  Surface: 1,750 f t 2  

A i r  B l o w e r  (1 required)  

Type: Cent r i fuga l  
Drive : Motor 
Horsepower: 3,200 

Crude Rundown Tank (20 required)  

Capacity: 5,800 bbl  
Type: Cone roof 

Crude Storage Tank ( 5  required)  

Capacity: 60,000 bbl  
Type: Cone roof 
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TABLE 2 2  

PRIMARY CAPITAL EQUIPMENT FOR RETORTED SHALE 
HAlJDL I l J G  AIJD 3 I SPO SAL- UN I ON B FAC I L I TY 

Conveyor t o  Disposa l  S i t e  (1 r e q u i r e d )  

Type: B e l t ,  enc losed  
S i z e :  60-in.  wid th  x s i x  900-f t  s e c t i o n s  
Drive: E lec t r ic  
Horsepower: 1 , 8 0 0  

Truck Loading Hopper (1 r e q u i r e d )  

Capac i ty :  4 5 0  t o n s  
Three 150-ton compartments 

Haulage Truck ( 4  r e q u i r e d )  

Capac i ty :  150 t o n s  
Drive: Diesel 
Horsepower: 1 , 0 0 0  

Bul ldozer  (1 r e q u i r e d )  

Drive:  Diesel 
Horsepower: 700  

Segmented-Wheel Compactor (1 r e q u i r e d )  

Drive: D i e s e l  
Horsepower: 500  

Water Truck (1 r e q u i r e d )  

Drive: Diesel 
Horsepower: 250 
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TABLE 2 3  

PRIMARY CAPITAL- EQUIPMENT FOR POLLUTION CONTROL- 
UfJ I OIJ " B '' F A C I L I T Y  

Baghouse F i l t e r -Sha le  Crushing and P r e p a r a t i o n  
Un i t s  ( 3 2  r e q u i r e d )  

Type: Induced d r a f t  
Drive: Electr ic  
Horsepower: 4 0  

Hydrogen S u l f i d e  Removal- Make-Gas Stream 
(1 r e q u i r e d )  

Type: S t r e t f o r d  s u l f u r  u n i t  
Capaci ty:  4 0 , 0 0 0  scf/min . 
Production: 60 tons/day s u l f u r  

Wastewater Holding Tank- Surge., Sedimenta t ion ,  
and Grav i ty  Sepa ra t ion  ( 5  r e q u i r e d )  

S ize :  500 g a l  

Wastewater Treatment Unit  (1 r e q u i r e d )  

F l o t a t i o n :  25,000 gal /day 
B i o l o g i c a l  Oxidat ion:  35,000 ga l /day  
F i l t r a t i o n :  35,000 gal /day 
Reverse Osmosis: 7 , 0 0 0  gal /day 
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the quality of data used (especially where limited data are 
available) affects the accuracy of scale-up. The following 
variables were considered independent of retort size in the 
scale-up of the Paraho process: 

Residence time of the shale in the bed 
Acceptable range of shale grade 
Superficial velocity of the shale 
Superficial velocity of the gas 
Acceptable particle-size range 
Bed porosity 
Temperature distribution 
Pressure distribution 
Oil yield. 

Based on available process data (17,18,19) and best 
estimates developed for site specific parameters (16), the 
following specifications were assumed with regard to these 
variables: 

0 

0 

a 

0 

0 

0 

e 
e 

a 

0 

e 
0 

Shale grade: 2 8  gal/ton 
Oil shale zone thickness: 55 ft 
Overburden thickness: 850 ft 
Bed height: 35  ft 
Superficial velocity of shale: 660 lb/hr/sq ft 
Gas rate in retort: 22,500 scf/ton shale 
Cold gas recycle rate: 15 ,825  scf/ton 
Hot gas recycle rate: 6,000 scf/ton shale 
Hot recycle gas temperature: 13000F 
Retort off-gas temperature: ' 2800F 
Retorted shale: 88 percent by weight of raw shale 
Oil yield: 97  percent Fischer assay. 

3 . 3 . 2  P r o c e s s  S y s t e m s  

The process systems scaled-up for the Paraho retorting 
process are discussed in the same categories as the Gas 
Combustion retort and the Union "B" processes. These cate- 
gbries include mining and shale handling, crushing and screen- 
ing, retorting and product recovery, retorted shale handling, 
and pollution controls. 

Mining and Shale Handling 

In scaling-up the Paraho process, it is assumed that 
all activities will take place in the Uinta basin, immedi- 
ately south of the White River. In addition, the mine sup- 
plying the shale is expected to be open at an elevation of 
5,500 ft and to extend into the Mahogany Zone about 8 5 0  ft, 

8 

n 
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below the surface. This zone has a thickness of approximately 
55 ft and an average oil yield of 28 gal/ton shale (16), which 
is considered suitable for use in the Paraho process,since 
the process has been successfully demonstrated on a 2 8  gal/ton 
shale at the semiworks level (17). 

Mining will most likely be done by the room-and-pillar 
method at a rate of 92,000 tons/day. The mined shale is 
expected to be transported by haulage trucks to a primary 
crushing plant located at the mining level. At this point 
shale may be received by the primary crusher feed bins, which 
should be designed to provide a 30-min holdup. From these 
bins, shale is cransferred by means of apron feeders to roll 
crushers, which reduce the run-of-mine shale to less than 
10 in. in size. The primary crushed shale is then trans- 
ferred to conveyors by means of belt feeders, and transported 
to the surface. Figure 31 depicts the shale flow during its 
passage through the primary crushing system and the stockpile. 

Shale Crushing and Preparation 

surface, may be transferred by inclined conveyors to a set 
of tripper conveyors for delivery to the stockpile. The 
stockpile should be designed to store about 450,000 tons or 
approximately 5 days' supply of shale for the secondary crush- 
ers. Consequently, any short-term shutdown of the mine or 
the primary crushers will not result in stoppage of the re- 
torting operation. 

- 

Primary crushed shale, upon being transported to the 

A schematic of a typical secondary crushing unit appears 
in Figure 32. Shale from the stockpile may be transferred 
by apron feeders to the coarse ore reclaim conveyor, which 
carries the shale to a vertical conveyor. The conveyor 
transports the shale to the secondary crusher feed bins, 
which are sized for a 30-min holdup of shale. Shale is re- 
moved from the bottom of the bins by means of belt feeders 
and sent to single-deck vibrating screens,which screen the 
shale through a 3-in. opening. Particles larger than 3 in. 
are fed directly to the secondary r o l l  crushers, which re- 
duce the shale to the 3-in. size. The crushed product, along 
with the undersize from the screens (which consists of par- 
ticles smaller than 3 in.), is next sent to double-deck 
vibrating screens where if is successively screened through 
a 1-1/2-in. opening and a 1/2-in. opening. Particles smaller 
than 1/2 in. in size cannot be processed by the Paraho retort 
and are therefore discarded. The coarse product (particles 
in the size range of 1/2 to 3 in.) is delivered to the retort- 
ing plant by a 500-ft-long belt conveyor. At the retorting 
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Q p l a n t ,  s h a l e  may be t r a n s f e r r e d  from t h e  conveyor t o  t h e  r e t o r t  
f eed  s t o r a g e  bunker,  which has  a c a p a c i t y  of 1 7 5 , 0 0 0  t o n s .  
S h a l e  may then  be rec la imed from t h e  bunker by a r o t a r y  plow 
f e e d e r ,  which i s  mounted on r a i l s  and con t inuous ly  withdraws 
sha le  from t h e  bottom of t h e  bunker.  

R e t o r t i n a  and Product  Recoverv 

A t y p i c a l  Paraho i n d i r e c t - h e a t i n g  re tor t ,  c o n s i s t i n g  of 
n i n e  p a r a l l e l  r e t o r t s ,  i s  shown i n  F i g u r e  33. I n  t h i s  r e t o r t  
s h a l e  f rom t h e  r o t a r y  plow f e e d e r  i s  conveyed t o  t h e  t o p  of 
t h e  r e t o r t  where it e n t e r s  t h e  f eed  hoppers i n  which a hold-  
i n g  t i m e  of 1 h r  i s  provided .  Each of t h e  r e to r t s  i s  expec ted  
t o  be 4 0  f t  i n  d i ame te r  w i t h  a bed h e i g h t  of  35 f t .  About 
9 , 6 2 0  t o n s  of r a w  s h a l e  p e r  day can be processed  by each  
re tor t ,  r e s u l t i n g  i n  t h e p o d u c t i o n  of 6 , 2 2 0  b b l  of o i l .  I n  
a d d i t i o n ,  it i s  e s t i m a t e d  t h a t  each  r e to r t  w i l l  a l so  produce 
4,330,000 scf /day  of excess  high-Btu g a s  and 8,465 tons/day 
of r e t o r t e d  s h a l e .  

I n  t h e  Paraho p r o c e s s ,  s h a l e  e n t e r s t h e  r e to r t  from t h e  
bottom of t h e  feed hoppers and moves down a t  a s u p e r f i c i a l  
v e l o c i t y  of 6 6 0  l b /h r / sq  f t .  Sha le  i s  hea ted  by c o n t a c t  
w i t h  r i s i n g  h o t  gas  i n  t h e  upper p a r t  of t h e  r e t o r t  and 
reaches p y r o l y s i s  tempera ture  b e f o r e  it moves i n t o  t h e  pyro ly-  
s is  zone i n  t h e  middle of t h e  r e t o r t .  H o t  r e c y c l e  g a s  i s  
in t roduced  a t  t h e  c e n t e r  of t h e  r e t o r t  and i s  mixed w i t h  t h e  
cooler gas r i s i n g  up from t h e  r e t o r t  bottom. 

The g a s e s  l e a v i n g  t h e  t o p  of t h e  r e t o r t  are passed  
through a cyc lone  s e p a r a t o r  where d u s t  and e n t r a i n e d  p a r t i -  
c les  are removed from t h e  g a s  stream. I n  a d d i t i o n ,  t a r  and 
o ther  h e a v i e r  hydrocarbons are condensed from t h e  g a s  stream 
i n  t h i s  u n i t .  The g a s e s  nex t  e n t e r  an e l e c t r o s t a t i c  p r e c i p -  
i t a t o r  where shale  o i l  i s  condensed and removed as  a l i q u i d  
stream. The crude  o i l  may then  be pumped t o  s t o r a g e  t a n k s  
where a ho ld ing  t i m e  of about  5 days i s  provided .  Gases 
l e a v i n g  t h e  r e t o r t  are passed  through a blower b e f o r e  be ing  
d i v i d e d  i n t o  t h r e e  streams: one i s  t h e  p roduc t  stream and 
t h e  o t h e r  t w o  are r e c y c l e d  back i n t o  t h e  re tor t .  One of t h e  
t w o  may be i n j e c t e d  as a c o l d  r e c y c l e  a t  t h e  bottom of  t h e  
r e t o r t  and p a r t  of  t h e  o ther  may be mixed w i t h  a i r  and burned 
i n  a r e c y c l e  gas  h e a t e r .  The h e a t  gene ra t ed  s e r v e s  t o  pre-  
hea t  t h e  res t  of  t h i s  stream t o  about  1300°F before it i s  
in t roduced  i n t o  t h e  r e t o r t  v e s s e l  th rough t h e  gas  d i s t r i b u -  
t o r s .  

The product  gas  stream ob ta ined  from t h e  r e t o r t i n g  op- 
e r a t i o n  i s  u n d i l u t e d  w i t h  n i t r o g e n  and consequent ly  has  a 
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high-Btu content (roughly 8 8 5  Btu/scf). The gas, however, 
has to be desulfurized before it is acceptable as a clean 
fuel. Desulfurization may be accomplished by means of a 
Stretford unit, which strips the H2S from the gas and pro- 
duces elemental sulfur as a by-product. A-flow scheme of 
a typical Stretford process is shown in Figure 34 (3). 

CONTACTOR 

SWEET GAS 

Y 

SOUR GAS 

€+ 

SKIM TANK 

SULFUR CAKE 
CENTRIFUGATION 'c 

4 

OX ID I ZE R SURGE TANK 

FIGURE 34. STRETFORD PROCESS FOR GAS DESULFURIZATION- 
PARAHO (INDIRECT) FACILITY 

In the Stretford process, the sour gas entering the unit 
is first washed with an aqueous solution containing sodium 
carbonate, sodium vanadate, and anthraquinone disulfonic 
acid (ADA). The solution reaches an equilibrium with respect 
to the C02 in the gas, and only relatively small amounts of 
C02 are removed by the process (33). 
the alkaline solution and the sweetened gas leaving the con- 
tactor may be sold to a power-generating plant. The hydrogen 
sulfide formed reacts with the 5-valent state vanadium and 
is oxidized to elemental sulfur. The liquor is regenerated 
by air Slowing, and the reduced vanadium is restored to the 

The H2S dissolves in 
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5-valent state through a mechanism involving oxygen transfer 
via the ADA. The sulfur may be removed by froth flotation, 
producing a scum which is centrifuged for sulfur retrieval. 
Sulfur is then recovered in the form of coke at the rate of 
66 tons/day and can be sold as a by-product. 

Retorted Shale Handling and Disposal 

The scale-up of the Paraho process assumes that retorted 
shale is discharqed from the bottom of the retort at a tem- 
perature of about 350°F and fed into a quench vessel. Dust- 
laden steam and moist air produced in this step pass through 
high-efficiency wet scrubbers in which shale dust-water from 
the scrubbers is clarified for reuse and the sludge is sent 
to processed shale disposal (16). After cooling and moistur- 
izing, the processed shale may be carried on dual 60-in.-wide 
conveyor belts to a disposal site (assumed to be a mile away). 
At the disposal site, the retorted shale may be loaded into 
a hopper with three 150-ton compartments. A total of five 
150-ton trucks, each making 5 runs/hr, are the expected re- 
quirements to distribute the retorted shale on the disposal 
pile. 
and reduce dusting are other equipment needed at the disposal 
site. 

A grader, bulldozer, and water truck to work the pile 

Pollution Controls 

For a commercial-scale Paraho facility, pollution control 
systems are expected to be necessary for reducing or elimina- 
ting emissions of noxious gases, dust, and wastewater. The 
expected emission sources and types of control systems are 
presented in detail in Chapter 4 ,  Volume I. The control 
systems selected specifically for this process are described 
in the following discussion. 

Dust control during mining, crushing, and shale handling 
is expected to be accomplished by water sprays and wet sup- 
pression techniques. 
of water will be required for this purpose. Conveyor belts 
will most likely be enclosed and crushing operations will 
need to have baghouse filters, as indicated in Chapter 4 ,  
Volume I. 

It is estimated that about 750 gal/min 

Diesel-oDerated underground mining equipment will prob- 
ably require the use of catalytic converters or wet scrubbers, 
which should be maintained continuously to reduce emissions. 
Gases and dusts emitted during the retort feed and discharge 
operations will most likely have to be scrubbed with the 
sludge sent to a disposal area. Each retort will need to be 

125 



equipped with a cyclone separator for'this purpose, as illus- 
trated in Figure 34. Gases collected during product recovery 
should be treated to remove H2S and may be sold to a utility 
company for power generation. 
tem was described previously in the Retorting and Product 
Recovery section. 

plant operation will have to be collected, treated, and re- 
used or consumed according to the possible wastewater treat- 
ment plan presented in Chapter 4, Volume I. 

A typical gas purification sys- 

Contaminated water streams resulting from mining and 

3 . 3 . 3  R e s o u r c e  R e q u i r e m e n t s  

A 56,000-bbl/day (net) shale oil facility using the 
Paraho indirect retorting process. will require certain amounts 
of land, water, power, and other major equipment and material 
needs. Table 24 presents a listing of the projected resource 
requirements for this facility. 

A commercial-scale Paraho facility is expected to require 
about 200 acres of land for the shale handling and processing 
plant operations and 1,400 acres for a retorted shale disposal 
site. The land requirements under which mining occurs are 
expected to be about 370 acres/year, or 7,400 acres over a 
20-year period. This land that the mine underlies is not 
considered to be disturbed (unless severe subsidence occurs) 
if it can be reclaimed or used for other purposes. 

Water is expected to be used for practically every aspect 
of the mine and plant operations associated with this facility. 
Total consumptive use is estimated at 4,575 gal/min ( 7 , 3 5 0  acre- 
ft/year) for normal operations. The major water-use categories 
are as follows: 

e Mining (400 gal/min for dust control) 

e Crushing and Shale Handling (150 gal/rnin for 
dust control) 

e Retorting and Product Recovery (750 gal/min fo? 
cooling water, steam generation, and upgrading) 

e Retorted Shale Moisturizing, Cooling, and 
Disposal (3,000 gal/min for dust control, 
moisturizing, and revegetation) 

e General Plant and Personnel Use (275 gal/min for 
utility water, fire protection, potable water, 
and sanitary-wastes water). 
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TABLE 2 4  

RESOURCE REQUIREMENTS FOR A 56,000-BBL/DAY 
PARAHO FACILITY 

Land ( a c r e s )  

Sha le  Process ing  P l a n t  
Retor ted  Shale  Disposa l  
Underground Mining 

( f o r  20 y e a r s )  

Total 

200 
1 , 4 0 0  

7,350 

8,950 

Water (gal /min)  

Mining 400 
Crushing and Shale  Handling 150 
R e t o r t i n g  and Product  Recovery 750 
Re to r t ed  Shale  Disposa l  3 , 000  
General  P l a n t  U s e  275 

Total  (7,350 a c r e - f t / y e a r )  4 , 575 

Power 

Electric (We) 
Diesel (bbl/day) 

31 
1,300 

1 2 7  



As shown i n  Table  2 4 ,  t h e  e l ec t r i ca l  power needs f o r  a 
Paraho commercial-scale f a c i l i t y  a r e  es t imated t o  be 3 1  Nwe 
and t h e  d i e s e l  f u e l  needs are  about  1 , 3 0 0  bbl /day.  Thus, 
t h e  t o t a l  e q u i v a l e n t  amount of o i l  needed t o  s a t i s f y  both  
e l e c t r i c a l  and d i e s e l  f u e l  needs i s  about  3 , 0 0 0  bbl /day.  
For a t o t a l  p roduc t ion  r a t e  of 56,000 bbl /day of  c rude  shale 
o i l ,  t h e  n e t  p roduc t ion  i s  53,250 bbl /day of c rude  shale  o i l .  

The p r o j e c t e d  major - c a p i t a l  equipment and mater ia l  needs 
f o r  t h e  mining and s h a l e  hand l ing ,  c rush ing  and p r e p a r a t i o n ,  
r e t o r t i n g  and p roduc t  r ecove ry ,  r e t o r t e d  shale hand l ing ,  and 
p o l l u t i o n  c o n t r o l  o p e r a t i o n s  of  a commercial-scale Paraho 
f a c i l i t y  are p r e s e n t e d  i n  Tab les  25 t o  2 9 .  

3.4 TOSCOII 

The sca le -up  s p e c i f i c a t i o n s  f o r  t h e  TOSCO I1 p r o c e s s  
d i s c u s s e d  i n  t h i s  s e c t i o n  are based on t h e  o v e r a l l  assump- 
t i o n  t h a t  t h e  f a c i l i t y  produces 5 6 , 0 0 0  bbl /day of s h a l e  o i l ,  
r e q u i r e s  an  e q u i v a l e n t  of  3,250 bbl /day of s h a l e  o i l  f o r  
energy ,  and i s  l o c a t e d  i n  t h e  P iceance  Creek Bas in ,  which 
c o n t a i n s  an average  of 3 5  g a l / t o n  of shale i n  t h e  zone of 
i n t e r e s t .  

The f a c i l i t y  i s  expec ted  t o  r e q u i r e  250 acres of l a n d  
f o r  s u r f a c e  a c t i v i t i e s  and 1 , 1 0 0  acres f o r  u se  as a d i s p o s a l  
s i t e .  Over a 20-year p e r i o d ,  about  5,700 acres of l and  are 
expec ted  t o  be mined. O v e r a l l  w a t e r  needs f o r  t h e  p l a n t  are 
expec ted  t o  be about  6 , 0 5 0  a c r e - f t / y e a r .  A block  diagram of 
a p o s s i b l e  TOSCO I1 commercial f a c i l i t y  i s  p r e s e n t e d  i n  Fig- 
u r e  35 and d e t a i l s  of  t h e  sca le -up  assumptions used i n  t h e  
d e s i g n  are  d e f i n e d  i n  t h e  fo l lowing  s e c t i o n s .  

3 . 4 . 1  U n c e r t a i n t i e s  a n d  A s s u m p t i o n s  

I n  t h e  s c e n a r i o  f o r  s c a l i n g  up t h e  TOSCO I1 p r o c e s s  ( 2 0 ,  
2 1 ) ,  t h e  g a s  and o i l  vapor  mix tu re  emerging from t h e  r e to r t  
i s  assumed t o  be d i r e c t l y  f r a c t i o n a t e d  i n t o  naphtha,  d i e s e l  
f u e l ,  heavy res ' idue,  and o the r  streams. Both t h e  g a s  and 
o i l  p roduc t s  may be upgraded and f u r t h e r  processed  a t  a 
r e f i n e r y .  O i l  i s  a l so  expec ted  t o  be p r e s e n t  i n  o r  mixed 
w i t h  g a s e s  i n  cyc lones  and e l e c t r o s t a t i c  p r e c i p i t a t o r s .  
T h i s  o i l  may be condensed from t h e s e  s e p a r a t o r s  and s o l d  t o  
a r e f i n e r y  f o r  f u r t h e r  p rocess ing .  

The e x a c t  l o c a t i o n  of t h e  commercial r e t o r t i n g  f a c i l i t y  
i s  assumed t o  be t h e  same as t h a t  a n t i c i p a t e d  f o r  t h e  Colony 
Development Pro jec t ,  i . e . ,  t h e  Dow West p r o p e r t y  of  Yiddle  
Fork of Parachute  Creek, which i n c l u d e s  a r e t o r t e d  shale 
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TABLE 2 5  

PRIMARY C A P I T A L  EQUIPPEEJT FOR A SHALE MINE- 
PARAHO ( I N D I R E C T )  F A C I L I T Y  

Heading Jumbo D r i l l  (6  requi red)  

Drive: Electr ic  
Type: Hydraulic e l e c t r i c  with 

Horsepower: 150 
two d r i l l s  

Bench Jumbo D r i l l  ( 3  requi red)  

Drive: E lec t r ic  
Type: Hydraulic electric with 

Horsepower: 150 
two d r i l l s  

?owder Trucks (6  requi red)  

Drive: Diesel with pneumatic 

Capacity: 3 tons 
Horsepower: 100 

de l ive ry  system 

Scal ing and Roof Bolt ing Rig 
( 6  requi red)  

Drive: Diesel 
Aer ia l  L i f t  
Horsepower: 500 

Front-End Loader (10 required)  

Drive: D i e s e l  
Bucket Capacity: 10 tons 
Horsepower: 700 

Haulage Trucks (20 requi red)  

Drive: D i e s e l  
capa'city: 75 tons  
Horsepower: 700 

Motor Pa t ro l  (4 requi red)  

Drive: Diesel 
Horsepower: 150 ' 

Bulldozer (6 requi red)  

Drive : Diesel 
Horsepower: 700 

Main Ven t i l a t ion  Fan (1 requi red)  

Drive: E l e c t r i c  with 5 blade 

Capacity: 1 mi l l i on  scf/min a t  
7.6 i n . ,  water gauge 

Horsepower: 800 

s e t t i n g s  

Road Grader ( 2  requi red)  

Drive. Diesel 
Horsepower: 225 

Water Truck ( 5  requi red)  

Drive: Diesel 
Horsepower: 250 

Auxil iary Ven t i l a t ion  Fan 
(20 requi red)  

Drive : Electr ic  
Capacity: 25,000 scf/min a t  

Horsepower: 40 
7.6 in . ,  w a t e r  gauge 

Power Centers (8 requi red)  

Power: 6 kva 

Primary Crusher Feed Bin 
(10 requi red)  

Holdup: 30 min 
Size:  1 2  f t  wide x 24 f t  long 

x 20 f t  high 

Apron Feeders (10 requi red)  

Capacity: 400 tons/hr 
Horsepower: 15  
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TABLE 25 

(CONTINUED 1 

~ o l l  Crusher (10. required) 

Capacity: 400 tons/hr 
Horsepower: 200 
Drive: Motor 

Bel t  Feeder (8 r e m i r e d )  

Load: 500 tons/hr  
HoEsepower: 4 

Collecting Conveyor (4 required) 

Type: Bel t  
Size:  60 in.  wide x 25 f t  long 
Bel t  Speed: 250 ft/min 
Horsepower: 5 

Transport Conveyor ( 2  required) 

Type: B e l t  
Size: 60 i n .  wide x 50 f t  long 
B e l t  Speed: 450 ft/min 
Horsepower: 10 

Transfer Conveyor ( 2  required) 

Type: B e l t  
Size: 60 f t  wide x 900 f t  long 
B e l t  Speed: 450 ft/min 
Horsepower: 2,000 
Drive: Motor 
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TABLE 2 6  

PRI-MARY C A P I T A L  EQUIPIIEPJT F O R  CRUSHING AND PREPARATION PLAI?T- 
PARAHO ( I N D I R E C T )  F A C I L I T Y  

~ 

Inc l ine  Conveyor ( 2  required) 

Type: B e l t  
Size: 60 in .  wide x 20 f t  long 
B e l t  Speed: 450 ft/min 
Horsepower: 25 
Drive: Motor 

Tripper Conveyor ( 2  required) 

Type: B e l t  
Size: 60 in .  wide x 100 f t  long 
B e l t  Speed: 450 ft/min 
Horsepower: 2 2  
Drive: Motor 

Apron Feeder (15 required) 

Capacity: 250 tons/hr 
Horsepower: 10 

Coarse O r e  Reclaim Conveyor 
(1 required) 

Type: Belt  
S ize :  2 sect ions,  60 in.  wide 

B e l t  Speed: 450 ft/min 
Horsepower: 225 
Drive: Motor 

x 900 f t  long 

Secondary Crusher Feed Conveyor 
( 2  required) 

Type: B e l t  
Size: 60 in .  wide x 250 f t  long 
B e l t  Speed: 450 ft/min 
Horsepower: 60 
Drive: Motor 

Tripper Conveyor ( 2  required) 

Type: B e l t  
S i ze :  60 in .  wide x 100 f t  long.  
B e l t  Speed: 450 ft/min 
Horsepower: 2 2 
Drive: Motor 

Secondary Crusher Feed B i n  
(6 required) 

Holdup: 30 min 
Size: 12-ft  width x 24-ft length 

x 30-ft overa l l  h t  

B e l t  Feeder ( 6  required) 

Load: 625 tons/hr  
Horsepower: 5 

Single-Deck Vibrating Screen 
( 6  required) 

Load: 625 tons/hr  
Screen Opening: 3 in .  
Size:  100 sq f t  
Horsepower: 15 
Drive: Motor 

Roll Crusher (6 required) 

Capacity: 500 tons/hr 
Horsepower: 100 
Drive: Motor 

Double-Deck Vibrating Screen 
( 6  required) 

Load: 625 tons/hr 
S ize :  50 sq  f t  
Horsepower: 5 
Drive: Motor 

Conveyor t o  Retorting Plant  
( 2  required) 

Type:  B e l t  
Size:  60 in .  wide x 750 f t  long 
B e l t  Speed: 450 ft/min 
Horsepower: 100 
Drive: Motor 
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TABLE 26  

(CONTINUED ) 

t 

Retort  Feed Storage Bunker 
(1 requi red)  

Type : Underground 
Capacity: 175,000 tons  
S ize :  250-ft I D  x 100-f t  h t  

Retor t  Feed Storage R e c l a i m  
(1 requi red)  

Type: Rotary plow feeder  on 
f ixed  r a i l s  

Capacity: 3,625 tons/hr 
Horsepower: 700 
Drive: Diesel 
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TABLE 27  

PRIMARY C A P I T A L  EQUIPMEIJT FOR A RETORTITIG AND PRODUCT 
RECOVERY PLAtJT-PARAHO ( I N D I R E C T )  F A C I L I T Y  

Retor t  (9  requi red)  

S ize :  39.33-ft ID x 35-ft  h t  
r e t o r t i n g  sec t ion  

Type: V e r t i c a l  k i l n  equipped w i t 1  
r e t o r t i n g  “pan t s  l e g  I’ 

spreader  and hydrau l i ca l ly  
operated discharge g r a t e  
mechanism 

Refractory: 9-in. f i r e b r i c k ,  
9-in. K-30 insulat in5 
br ick  ( r e t o r t i n g  
sec t ion )  

Drive: Motor-activated hydraul ic  
Horsepower: 1 2 5  top,  200 bottom 

Cyclone Separator  (36 requi red)  

Capacity: 37,600 scf/min 
Drive: Motor 
Horsepower: 100 

Blower (3 requi red)  
(Recycle and Product G a s )  

Type: Cent r i fuga l  
Drive: Motor 
Horsepower: 1,870 

A i r  Blower (2  requi red)  

Type: Cent r i fuga l  
Drive: Motor 
Horsepower : 2,800 

Recycle G a s  Heater (9 requi red)  

Type: Gas-fired Burner 
Heat Transfer  Surface: 20,000 f t 2  

E l e c t r o s t a t i c  P r e c i p i t a t o r  
(18 requi red)  

Size: 10.4-in. I D  x 15-f t  h t  
Capacity: 75,200 cu f t  
Power: 7.5 kw 

Shale O i l  Pump (9 requi red)  

Capacity: 182 gal/min 
Drive: Motor 
Horsepower: 3.25 

Feed Hopper on Retor t  (9  requi red)  

Size:  27.5-ft I D  x 27.5-ft h t  

Holdup: 1 h r  
Construction Mater ia l :  S tee l  

60-deg con ica l  bottom 

Retor t  Feed Conveyor (1 requi red)  

Type: B e l t  
Size:  72 i n .  wide x 450 f t  long 
Drive: Motor 
Horsepower: 200 

Process Shale Quench Vessel 
(8  requi red)  

Type: Water seal with drag chain 
conveyor discharge 

Size: 35-ft  I D  x 25-ft  h t  

Cooling Water Vessel (8 requi red)  

S ize :  10,000 g a l  

Cooling Water Pump (8 requi red)  

Type: Cent r i fuga l  
Drive: Motor 
Horsepower: 2 

Water Tank (8  requi red)  

S ize :  5,000 g a l  
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TABLE 2 7  

,(CONTI1?UED) 

S t r e t f o r d  Unit €or G a s  Pu r i f i ca t ion  
(1 required)  

Capacity: 40,000 
Power Consumption 
Su l fu r  Production 

Crude Rundown Tank 

Capacity: 6,000 bbl 
Type: Cone roof 

CfM, 3.5% H2S 
400 kw 
66 tons/day 

20 required)  

Crude Storage Tank ( 5  requi red)  

Capacity: 60,000 bbl 
Type: Cone roof 
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TABLE 2 8  

PRIMARY CAPITAL EQUIPMENT FOR RETORTED SHALE HANDLING 
AND DISPOSAL-PARAHO (INDIRECT) FACILITY 

Conveyor to Disposal Site 
(1 required) 

Type: Belt, enclosed 
Size: 60-in. width x six 900-ft sections 
Drive: Motor 
Horsepower: 2,000 

Truck-Loading Hopper 
(1 required) 

Capacity: 450 tons 
Three 150-ton compartments 

Haulage Truck 
(5 required) 

Capacity: 150 tons 
Drive: Diesel 
Horsepower: 1,000 

Bulldozer 
(1 required) 

Drive: Diesel 
Horsepower: 700 

Segmented-Wheel C o m p a c t o r  
(1 required) 

Drive: Diesel 
Horsepower: 500 

Water Truck 
(1 required) 

Drive: Diesel 
Horsepower: 250 
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TABLE 29  

PREPJIARY CAPITAL EQUIPMENT FOR POLLUTION 
CONTXOL-PARAHO ( I N D I R E C T )  FACILITY 

Baghouse F i l t e r - S h a l e  Crushing and Sc reen ing  
U n i t  ( 2 5  r e q u i r e d )  

Type: Induced d r a f t  
Drive: Electr ic  
Horsepower: 4 0  

Wastewater Holding Tank-Surge, Sedimenta t ion ,  
and Gravi ty  S e p a r a t i o n  ( 5  r e q u i r e d )  

Size: 500 ga l  

Wastewater Treatment  U n i t  (1 r e q u i r e d )  

F l o t a t i o n :  2 5 , 0 0 0  ga l /day  
B i o l o g i c a l  Oxida t ion :  35 ,000  gal /day 
F i l t r a t i o n :  35 ,000  ga l /day  
Reverse O s m o s i s :  7 ,000  gal /day 
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disposal site at nearby Davis Gulch. 
ity is expected to produce 56,000 bbl/day of shale oil and 
use electricity and diesel fuel purchased from external 
sources. Other assumptions regarding the scale-up parameters 
of the TOSCO I1 process are based on available data (9,18,23) 
and include 

This commercial facil- 

Shale grade: 35 gal/ton 
Flow rate of ceramic balls: 2 tons/ton of shale 

0 Preheated shale temperature: 50Q°F 
0 Temperature of balls: 130O0F 
0 Retort exit temperature: 900°F 

. Gross heating value of gas: 885 Btu/scf. 

0 

e Retort capacity: 11,000 tons/day 

3 .4 .2  P r o c e s s  S y s t e m s  

The probable process systems of a commercial-scale 
TOSCO I1 facility are discussed below and divided into the 
same categories as the previous process scale-ups. 

?lining and Shale Handling 

Since commercial development is expected to take place 
in the Dow West property of Pliddle Fork of Parachute Creek, 
mining will most likely be. done by using the conventional 
room-and-pillar technique (described in Chapter 3, Volume I). 
Based on a production rate of 56,000 bbl/day, about 69,000 tons/ 
day of oil shale will need to be mined for processing. The 
shale mined is expected to have an average grade of about 
35 gal/ton and be transported-by haulage trucks directly to 
the.primary crushing units. Xine access is expected to be 
from a portal bench constructed in the lliddle Fork Canyon of 
Parachute Creek at the level of the Mahogany Zone outcrop. 
Parking facilities, offices, haulage equipment, mine water 
and fuel supply, service stations, and other support facil- 
ities will need to be provided at the bench surface. 

The typical facilities for primary and secondary crush- 
ing are illustrated in Figures 36 and 37. 
of facilities, run-of-mine shale is fed directly to the pri- 
mary crushing unit at the rate of 69,000 tons/day. The pri- 
mary crushing unit, consisting of five gyratory crushers, 
reduces the shale to a nominal size of 10 in. before further 
crushing is carried out. 
gyratory crushers enters surge storage bins and is held for 
a period of about 30 minutes. 

In these types 

The crushed shale leaving the 

Upon leaving the surge storage 
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PAN FEEDER 

ENCLOSED CONVEYOR 

F I G U R E  3 6 .  PRIMARY CRUSHER (WITH DUST CONTROL)- 
TOSCO I1 F A C I L I T Y  ( 2 1 )  
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STACK 

OUST PICK-UP POINT 

TO ATMOSPHERE 
DUST PICK-UP POINT 

F I G U R E  3 7 .  F I N A L  CRUSHER (WITH DUST CONTROL) - 
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bins, the shale may be transferred by means of pan feeders 
to a system of inclined conveyors for transport to the sec- 
ondary crushing units. A baghouse filter may be installed 
in the unit for dust collection. 

To allow uninterrupted operation of the secondary 
crushers in case of a breakdown in the mine or in the pri- 
mary crushing unit, a storage pile of coarse crushed ore 
will need to be maintained. This stockpile can store suffi- 
cient shale to feed the downstream facilities for a total 
period of 1 month. Normally, the coarse shale from the pri- 
mary crushers is fed directly to the final crushing plant at 
the rate of about 2,850 tons/hr. During periods when the 
coarse ore production exceeds the feed requirements of the 
final crusher, the excess can be diverted to the coarse ore 
storage area. A coarse ore reclaim system, consisting of 
apron feeders and belt conveyors, can be included in the 
operations to maintain a uniform feed rate to the final 
crusher. 

Ten crushers in the secondary crushing facility are 
expected to have the capability of producing minus 1/2-in. 
shale at a rate of 2,825 tons/hr on a continuous basis. 
Primary crushed shale may be fed into hoppers where a hold- 
up of 30 minutes is provided before the solids enter a set Of 
impact crushers. Th’e shale leaving these crushers may then 
be transported by a series of belt conveyors to a screen 
with a 1/2-in. opening. In this operation, undersized par- 
ticles from the screen are conveyed to fine ore storage and 
particles larger than 1/2 in. are recycled into the impact 
crushers along with fresh coarse ore. 

Fine ore leaving the secondary crushing facility may 
be transported to storage silos, which can hold the ore for 
a time of 5 hr. The ore is removed from these silos at a 
rate of 67,300 tons/day and conveyed to the retorting plant. 
A baghouse filter will most likely have to be installed in 
the storage unit for dust collection. Figure 3 8  depicts a 
typical fine ore silo and the dust removal equipment that 
may be used in this operation. 

Retorting and Product Recovery 

A flow diagram for a TOSCO I1 pyrolysis plant is given 
in Figure 3 9 .  The commercial facility consists of six paral- 
lel trains each of which processes 11,200 tons of shale per 
day. Raw oil shale conveyed from the fine ore silo enters 
a surge hopper and is held for 30 minutes. From the surge 
hopper, shale is fed into a fluidized-bed vessel, where it 
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gains heat by contact with flue gas from the ball heater. 
As a result of the heat exchange, shale is preheated to a 
temperature of about 500°F before it is separated from the 
gas in a settling chamber. The flue gas is further cleaned 
in a Venturi wet scrubber before it is discharged into the 
atmosphere. 
along with hot ceramic balls, and solid-solid heat exchange 
occurs. 

Preheated shale enters the pyrolysis vessel 

Six pyrolysis vessels are expected to be required to 
retort the 67,200 tons/day of oil shale. The vessels will 
also accept 134,433 tons/day of hot ceramic balls, which 
serve as the source of heat for shale pyrolysis. Rotation 
of the pyrolysis drum promotes solid-solid mixing,which 
results in good heat exchange between the two solid species 
and raises the shale temperature to 900°F. The pyrolyzed 
shale and ceramic balls leaving the rotating drum reactor 
are fed into a revolving trommel with a sieve size of 1/2 in. 
Retorted shale is sieved and collected at the bottom of an 
accumulator while the ceramic balls are collected in a sep- 
arate stream. 

The hot retorted shale leaving the accumulator enters 
a rotating drum cooler where sensible heat of the shale is 
used to generate steam by heat exchange with water. About 
1,590,000 gal/day of water is fed to the rotating drum cooler 
for shale cooling and steam production. Shale then enters 
a moisturizing vessel, which is also a rotating drum, and 
is moisturized to about 14 percent water by weight before 
it is conveyed to a disposal site at Davis Gulch. The mois- 
turized process is expected to use 2,240,000 gal/day of water. 

I 

Warm balls separated out in the trommel are elevated 
in a vertical bucket elevator to a ball heating system. In 
this system the ceramic balls are heated to temperatures of 
900° to 1300°F by burning fuel gas with air. 
balls are then fed into the pyrolysis vessel along with-pre- 
heated shale. The vapors leaving the pyrolysis vessel are 
passed successively through cyclone separators and electro- 
static precipitators where oil is condensed out and removed 
as a liquid stream at the rate of 56,000 bbl/day. Gases 
are expected to leave the electrostatic precipitators at 
the rate of 51,520,000 scf/day and further processed to 
remove sulfur. 

The hot ceramic 

A Stretford sulfur removal unit may be used for the 
desulfurization of the gases. In this process, sulfur cake 
is produced at the rate of 80 tons/day and may be sold as 
obtained. Part of the sweetened gas may be recycled back 
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and used as fuel for the ball heating system. The remainder 
is considered a high-Btu fuel, which is produced at the rate 
of 14,900,000 scf/day. 

A 

Retorted Shale Handling and Disposal 

Retorted shale discharged from the pyrolysis vessels at 
900°F may be cooled by water in rotating drums and moisturized 
with water to about 14 percent (by weight). In this operation, 
dust-laden steam and air produced in the moisturizing step is 
passed through high-efficiency wet scrubbers. The water from 
the scrubbers may be clarified for reuse and the sludge is 
sent to a shale disposal site (18). After cooling and mois- 
turizing, the retorted shale may be transported to the dis- 
posal site (about a mile away) on dual 60-in.-wide conveyor 
belts. At the disposal site, the retorted shale is loaded 
into a hopper that has two 150-ton compartments. A total of 
four 150-ton trucks, each making 5 runs/hr, are expected to 
be required to distribute the retorted shale in the disposal 
area. In addition to the trucks and hopper, a grader, bull- 
dozer, and water truck will be needed to handle the retorted 
shale.  

Pollution Controls 

For a TOSCO I1 commercial-scale facility, pollution 
control systems will be necessary for reducing or eliminating 
emissions of noxious gases, dust,, and wastewater. Additional 
details pertaining to emission sources and types of control 
systems are presented in Chapter 4, Volume 1,of this report. 

As indicated for the other processes in the previous 
sections, dust may be controlled during mining, crushing, 
and shale handling by water sprays and wet suppression tech- 
niques. 
min. 
devices will probably require baghouse filters, as indicated 
in the Shale Crushing and Preparation discussion. Underground 
mining equipment with diesel engines will most likely have to 
be installed with catalytic converters or wet scrubbers. These 
controls will need to be properly maintained to reduce emis- 
sions. Gases and dusts emitted during retort feed and dis- 
charge operations will probably require scrubbing. 
from the scrubbing system is expected to be transported to 
the shale disposal site. Each retort is expected to be 
equipped with a cyclone separator for this purpose, as shown 
in Figure 39. Gases collected during production recovery will 
need to be treated to remove H2S.  
recycled as plant fuel and the remainder may be sold to a 
utility for electrical power generation. 

Water requirements for this purpose are to be 575 gal/ 
Conveyor belts will need to be enclosed and crushing 

The sludge 

A part of the gases may be 

A 
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For contaminated water streams resulting from mining 
and plant operations,, the wastewater treatment plan presented 
in Chapter 4 ,  Volume I may be implemented to collect, treat, 
and reuse or discharge the wastewater. 

3 . 4 . 3  R e s o u r c e  R e q u i r e m e n t s  

As specified in the scale-ups for the other processes, 
a 56,000-bbl/day TOSCO I1 facility will require certain 
amounts of land, water, power, and other major equipment and 
material. The facility is expected to require about 250  acres 
of land for shale processing and 1,100 acres for a disposal 
site. The land under which mining operations will be con- 
ducted is about 285  acres/year, or 5,700 acres over a 20-year 
period. 

Water is expected to be needed and used for numerous 
mine and plant activities and operations. The total con- 
sumptive use estimated for normal operations is 3,750 gal/ 
min (6,050 acre-ft/year). The major water-use categories 
are as follows: 

Mining ( 5 0 0  gal/min for dust control) 

Crushing and Shale Handling ( 2 0 0  gal/min for 
dust control) . 

0 Retorting and Product Recovery (1 ,200  gal/min 
for cooling water, steam generation, and upgrading) 

Processed Shale Moisturizing, Cooling, and 
Disposal ( 1 , 5 7 5  gal/min for dust control, mois- 
turizing, and revegetation) 

0 General  P l a n t  and Pe r sonne l  U s e  ( 2 7 5  gal/min f o r  
utility water, fire protection, potable water, 
and sanitary-wastes water). 

The estimated electrical power requirements for the 
facility are shown in Table 30, estimated to be 39 Mwe. The 
table also shows diesel fuel needs to be about 110 bbl/day. 
In terms of equivalent amount of oil for these requirements, 
the total is about 3,250 bbl/day. Since total shale oil 
production has been set at 56,000 bbl/day, the net produc- 
tion rate is equivalent to 52 ,750  bbl/day of crude shale 
oil. 

1 4 5  



TABLE 30  

RESOURCE REQUIREMENTS FOR A 56 , OOO-BBL/DAY 
TOSCO I1 F A C I L I T Y  

Land (acres) 

Shale  Processing P l a n t  
Retor ted  Shale  Disposa l  
Underground Mining 

( f o r  20  years) 

W a t  - 

Total 

- r ( gal/min 1 

Mining 
Crushing and Shale  Handling 
R e t o r t i n g  and Product  Recovery 
Retor ted  Shale  Disposa l  
General  P l a n t  U s e  

Total  ( 6 , 0 5 0  a c r e - f t / y e a r )  

Power  

Electr ic  (Mw) 
D i e s e l  (bbl /day)  

250 
1,100 

5,700 

7 , 050 

500 
200 

1,200 
1,575 

275 

3,750 
- 

39 
1 , 110 
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Primary capital equipment and material needs projected 
for mining and shale handling,. crushing and preparation, 
retorting and product recovery, processed shale handling, 
and Dollution control operations for a TOSCO I1 commercial- 
scale facility are presented in Tables 31 to 3 5 .  The pur -  
pose of these tables is to provide a basis for costing the 
facility for a future economic analysis. 
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TABLE 3 1  

PRIIIARY C A P I T A L  EQUIPMENT FOR A SHALE MINE- 
TOSCO I1 F A C I L I T Y  

Heading Jumbo D r i l l  ( 4  requi red)  

Drive : E l e c t r i c  
Type: Hydraulic e l e c t r i c  with 

Horsepower: 150 
two d r i l l s  

Bench Jumbo D r i l l  ( 2  required)  

Drive : E l e c t r i c  
Type: Hydraulic e l e c t r i c  with 

Horsepower: 150 
two d r i l l s  

Power Trucks ( 4  reaui red)  

Drive: Diesel w i t h  pneumatic 

Capacity: 3 tons  
Horsepower: 100 

de l ive ry  system 

Scal ing and Roof Bolt ing Rig 
( 4  required)  

Drive : Diesel 
Aer ia l  L i f t  
Horsepower: 500 

Front-End Loader (8  required)  

Drive : Diesel 
Bucket Capacity: 10 tons  
Horsepower: 700 

Haulage Trucks ( 2 0  requi red)  

Drive : Diesel 
Capacity: 75 tons  
Horsepower : 700 

Motor P a t r o l  ( 4  required)  

Drive : Diesel 
Horsepower: 150 

Bulldozer (4  required)  

Drive: Diesel 
Horsepower : 700 

Main Vent i la t ion  Fan (1 requi red)  

Drive: E l e c t r i c  w i t h  5 blade 

Capacity: 1 mi l l ion  scf/min 

Horsepower: 800 

s e t t i n g s  

a t  7 . 6  i n . ,  water gauge 

Road Grader ( 2  required)  

Drive : Diesel 
Horsepower: 225 

Water Truck ( 4  reaui red)  

Drive : Diesel 
Horsepower : 2 50 

Auxil iary Vent i la t ion  Fan 
(20 required)  

Drive : E l e c t r i c  
Capacity : 25 000 scf/min a t  

Horsepower: 40 
7.6 i n .  water gauge 

Power Centers (8 requi red)  

Power: 6 kva 
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TABLE 32 

PRIMARY C A P I T A L  EQUIPMENT FOR CRUSHING AND PREPARATION PLANT- 
TOSCO I1 F A C I L I T Y  

A 

. ( 1  

Primary Gyratory Crushers (5 required) 

Capacity: 600 tons /hr  
Drive : Motor 
Horsepower : 100 

Surge Bin (5  required) 

Hold up: 30 min 
Capacity: 8,400 cu f t  
Size: 20-ft I D  x 25-ft h t  

Pan Feeder ( 5  reauired)  

Capacity: 600 tons/hr 
Horsepower : 5 
Drive: Motor 

Enclosed Conveyor ( 2  required) 

Type: B e l t  
Size:  60 in .  wide x 900 f t  

long 
B e l t  Speed: 300 ft/min 
Horsepower: 800 
Drive: Motor 

Tripper Conveyor (1 required) 

Type: B e l t  
Size: 60 in .  w i d e  x 500 f t  long 
B e l t  Speed: 450 ft/min 
Horsepower: 100 

Apron Feeder (10 required) 

Capacity: 300 tons /hr  
Horsepower : 10 

Secondary Crusher Feed Conveyor 
(2  required) 

Type: B e l t  
Size: 60 in .  wide x 500 f t  

long 
B e l t  Speed: 300 ft/min 
Horsepower: 100 

Inclined Conveyor ( 2  required) 

Type:  B e l t  
Size: 60 in .  wide x 500 f t  long 
B e l t  Speed: 300 ft/min 
Horsepower: 300 
Drive: Motor 

T r i D D e r  Convevor (1 reauired)  

Type: B e l t  
Size: 60 in .  wide x 100 f t  long 
B e l t  Speed: 450 ft/min 
Horsepower: 25 
Drive: Motor 

Feed Hopper (10 required) 

Hold up: 30 min 
Capacity: 4,200 cu f t  
Size: 17-ft  I D  x 20-ft h t  

60-deg conical bottom 

Impact Crusher (10 required) 

Capacity: 300 tons/hr 
Drive: Motor 
Horsepower: 75 

Inclined Conveyor (10 required) 

Type: B e l t  
Size: 48 in .  wide x 100 f t  long 
B e l t  Speed: 100 ft/min 
Horsepower: 30 
Drive: W t o r  

Inclined Conveyor (10 required) 

Type: B e l t  
Size: 48 in .  wide x 75 f t  long 
B e l t  Speed: 1 G O  ft/min 
Horsepower : 2 0 
Drive: Motor 
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TABLE 3 2  

(CONTINUED) 

Vibrat ing Screen (10 requi red)  

Load: 300 tons/hr  
Screen Opening: 1 / 2  i n .  
Size:  100 sq f t  
Horsepower: 10 
Drive: Motor 

Fine-Ore S i lo  (10 required)  

Capacity: 40,000 cu  f t  
Size:  30-ft I D  x 65-f t  h t  
Material: Reinforced concrete  

Convevor t o  Fine O r e  Storaae 
(10 required)  

Type: B e l t  
Size:  48 in .  wide x 500 f t  long 
B e l t  Speed: 100 ft/min 
Horsepower: 70 
D r i v e :  Motor 
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TABLE 3 3  

PRIMARY C A P I T A L  EQUIPPlEtJT FOR A RETORTING AND PRODUCT 
RECOVERY PLAXT-TOSCO I1 F A C I L I T Y  

Retor t  (6  requi red)  

Size:  18- f t  I D  x 34-ft  l ength  
Type: Rotary k i l n ,  with 9-in. i n s u l a t i o n  
Material: S t e e l  
Drive: Motor 
Horsepower: 1,500 
Ceramic B a l l s :  5,000 tons i n i t i a l  charge 

( t o t a l )  

Trommel (6 requi red)  

Capacity: 33,000 tons/day 
Sieve Size:  1/2 i n .  
Drive: Motor 
Horsepower: 500 

Accumulator (6 requi red)  

S ize :  29-f t  I D  x 58-f t  h t  
60-deg conica l  base 

Material : S t e e l  

D u s t  Separator  (6 requi red)  

Size:  10 - f t  I D  x 20-f t  h t  
Capacity: 11,500 tons/day 

Ventur i  Wet Scrubber (18 requi red)  

Capacity: 80,000 scf/min 
D r i v e  : Electric 
Horsepower: 250 

Processed Shale Cooler (6 required)  

Type: Rotat ing drum 
Size:  10- f t  diam. x 20-ft l ength  
Horsepower-: 250. 
Material : S t e e l  

Shale Moisturizer (6 required)  

Type: Rotat ing drum 
Size:  10-f t  diam. x 20-ft  l ength  
Horsepower: 250 
Material: S t e e l  

B a l l  Elevator  (1 reau i r ed )  

Height: 150 f t  
Drive: Motor 
Horsepower: 1,050 

B a l l  Heater (6 r eau i r ed )  

2 Type: Gas-fired burner 
Heat Transfer  Surface: 2,500 f t  

F lu id  Bed Vessel ( 6  requi red)  

S ize :  7 - f t  I D  x 150-f t  h t  
Material: Steel  

S e t t l i n g  Chamber (6 requi red)  

Size: 5 f t  long x 5 f t  wide 

Material: S t e e l  
x 1 5  f t  high 

Ventur i  Wet Scrubber (6  requi red)  

Capacity: 120,000 scf/min 
D r i v e :  Motor 
Horsepower: 250 

Surge Hopper (6 requi red)  

Size: 19- f t  I D  x 25-ft ht 
Hold up: 30 min 

Cyclone Separator  (1 requi red)  

Capacity: 36,000 scf/min 
Drive: Motor 
Horsepower: 100 

E l e c t r o s t a t i c  P r e c i p i t a t o r  
(1 reaui red)  

Capacity: 36,000 scf/min 
S ize :  9- f t  I D  x 11-f t  h t  
Power: 4 kw 
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TABLE 3 3  

(COMTIMUED) 

Shale O i l  Pump (10 required)  

Capacity: 165 gal/min 
Drive: Motor 
Horsepower: 3.25 

S t r e t f o r d  Unit f o r  G a s  P u r i f i c a t i o n  
(1 required)  

Capacity: 36,000 scf/min, 3.9% H2S 
Power Consumption (electric) : 450 kw 
Sulfur  Production: 80 tons/day 

Crude Rundown Tank (20 required)  

Capacity: 6,000 bbl 
Type: Cone roof 

Crude Storage Tank (5 required)  

Capacity: 60,000 bbl  
Type: Cone roof 

Cooling Water V e s s e l  (6 required)  

Capacity: 12,000 ga l  

Cooling Water Pump ( 1 2  required)  

Type: Centr i fugal ,  s i n g l e  s t age  
Drive: Yator 
Horsepower: 10 

Water Tank (6 reauired)  

Size: 5,000 ga l  

Air Compressor (6 required) 

Type: Centr i fugal  
Capacity: 43,000 cu ft/min 
Drive: Motor 
Horsepower: 2 , 750 (sea l e v e l  r a t i n g )  

Compressor (1 required)  
(Recycle and Product G a s )  

Type: Centr i fugal  
Capacity: 55,600 cu ft/min 
Drive: Motor 
Horsepower: 2,300 
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A TABLE 34 

PRIMARY CAPITAL EQUIPMENT FOR PROCESSED SHALE 
IIANDLIEJG AND DISPOSAL-TOSCO I1 FACILITY 

Conveyor t o  Disposa l  S i t e  
(1 r e a u i r e d )  

Type: B e l t ,  enc losed  
S i z e :  S i x  sections,  60 i n .  wide x 900 f t  long  
Drive: Motor 
Horsepower: 1 , 5 0 0  

Truck-Loading Hoppe r 
(1 r e q u i r e d )  

Capacity:  300 t o n s  
Three 150-ton compartments 

Haulage Truck 
( 4  r e a u i r e d )  

Capac i ty :  150  t o n s  
Drive: Diesel 
Horsepower: 1 , 0 0 0  

Bu l ldoze r  
(1 r e q u i r e d )  

Drive: D i e s e l  
Horsepower: 700 

Segmented- Wh ee 1 Compact o r  
(1 r e q u i r e d )  

Drive: D i e s e l  ' . 

Horsepower: 500 

Water Truck 
(1 r e a u i r e d )  

Drive: Diesel 
Horsepower: 250 
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TABLE 35 

PRIMARY CAPITAL EQUIPMENT FOR -POLLUTION CONTROL- 
TOSCO I1 FACILITY 

Baghouse F i l t e r - S h a l e  Crushing and Screening  
U n i t  (30 r e q u i r e d )  

Type: Induced d r a f t  
Drive: Electr ic  
Horsepower : 4 0 

Wastewater Holding Tank-Surge , Sedimenta t ion ,  
and Grav i ty  S e p a r a t i o n  ( 5  r e q u i r e d )  

S i z e :  500  g a l  

Wastewater T r e a t m e n t  U n i t  (1 r e q u i r e d )  

F l o t a t i o n :  25,000 ga l /day  
B i o l o g i c a l  Oxida t ion :  35 ,000  ga l /day  
F i l t r a t i o n :  35,000 gal /day 
Reverse O s m o s i s :  7 , 0 0 0  gal /day 
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CHAPTER 4 
ABOVEGROUND PROCESSES 

PRINCIPAL FINDINGS AND CONCLUSIONS 

This chapter presents the findings and conclusions drawn 
from a review and analysis of aboveground processes for oil 
shale extraction. 
the technical evaluation and the scale-up of selected surface 
retorting processes. 
esses have been identified. 

Also included are'findings derived from 

In addition, R&D needs for surface proc- 

Since the majority of the surface processes are propri- 

This uncertainty was 

etary, there is some degree of uncertainty in the state-of- 
the-art for these processes. It is also possible that some 
of the published data may be obsolete. 
taken into account in the formulation of the R&D needs and 
in drawing conclusions from analyses based on the data. 

4.1 TECHNICAL FINDINGS 

Based on the technical evaluation and scale-up of the 
surface retorting processes, a number of findings relevant 
to process operations were made. 
cussed from the point of-view of mining, shale crushing and 
preparation, and retorting and product recovery. 

These findings are dis- 

4.1.1 M i n i n g  

The scale-up of the surface processes to a plant pro- 
ducing about 50,000 bbl/day of shale oil shows that, depend- 
ing on the specific process, the amount of shale needed may 
be from 66,000 tons/day to more than 100,000 tons/day. The 
mining of such large quantities of-solids from a single oper- 
ation is a difficult task and far exceeds the mining rates 
achieved in present-day operations. 
of production, the logistics of removing the shale from the 
mine and the return trl'p by the haulage trucks'will be 
overwhelming. 
achieved if a'commercial operation is to be conducted. 
a larger operation requiring higher'production rates, the 
problem will be even more acute. 
employing two or more mines instead of one, but this will 
substantially increase costs: 
production capacity of an aboveground oil shale plant may 
be greatly influenced by operational-logistics. 

At the required rates 

Nevertheless, these rates will have to be 
In 

It may be ameliorated by 

Consequently, the optimum 
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The presence of local aquifers in the vicinity of the 
mining zone is of considerable coqcern, since inflows of 
water into the mine can cause mine safety and stability prob- 
lems. This inflow can result from the transport of ground- 
water through natural fractures encountered during mining, 
or through fractures induced by blasting operations during 
mining. To avoid the problems associated with excessive mine 
water intrusion, any groundwater in the area may have to be 
pumped out. This will increase the operating cost slightly 
but may be justifiable when compared with the operational 
and safety risks involved. 

An examination of the requirements of a scaled-up facil- 
ity reveals that TOSCO I1 may require the least amount of 
mining (69,000 tons/day) followed by Union "B" (76,000 tons/ 
day) and Paraho (92,000 tons/day). Thus, the mining costs 
are expected to be significantly lower for the TOSCO I1 than 
for the others. However, the complexity of the TOSCO I1 and 
Union systems may increase the operating costs to the same 
range as that of the Paraho process. 

A 

4.1.2 S h a l e  C r u s h i n g  a n d  P r e p a r a t i o n  

The operations of crushing and preparation are not ex- 
pected to pose any major problems, since these are standard 
operations in other industries requiring high input rates 
of solids. The stockpiling of large amounts of solids in 
between mining and crushing steps is, however, of some con- 
cern, since fugitive dust created by winds may create an 
environmental air quality problem. The accompanying erosion 
of the stockpile is also detrimental in that it leads to a 
loss of resource utilization. 

The crushing systems, which will be required to handle 
high rates of shale, will be subject to severe mechanical 
stresses for extended periods. The maintenance of these 
systems is, therefore, a demanding and expensive operation, 
since continuous attention will be required. 

4 . 1 . 3  R e t o r t i n g  a 'nd  P r o d u c t  R e c o v e r y  

An important finding for most surface processes is that 
no use is made of the carbonaceous residue present in retorted 
s,hale. The recovery of the heating value of the char can im- 
prove the thermal efficiency of these processes by 5 to 10 per- 
cent. Even though the retorts may not be designed to utilize 
the char, the possibility of utilizing an external unit for 
gasifying the char should be studied. 

A 
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The properties and oil yield of the various retorts 
depend heavily on good control of the temperature profile. 
A discharge grate is used in the Paraho process to control 
the bed movement and the temperature profile, but the oper- 
ation is mostly empirical and not much understanding of the 
control system has been achieved. In the Union and TOSCO I1 
retorts as well, a Itnowledge of the control aspects appears 
to be lacking. 

Aboveground retorting is not expected to achieve maxi- 
mum thermal efficiency. In addition, there are specific 
areas for each process where improvement through energy con- 
servation is possible (excluding retorted shale char utiliza- 
tion,which has been mentioned). An example is the recovery 
of sensible heat in retorted shale in the Union and Paraho 
processes. Currently, retorted shale is cooled by quenching 
in water and the moisturized shale is conveyed away for dis- 
posal. Retorted shale sensible heat recovery could be achieved 
by Union or Paraho through feed-effluent heat exchange, with 
shale feed or with recycle gas. 

Nost processes accept shale in the size range of 1/4 to 
3 in., thus resulting in .fines discard. TOSCO 11, however, 
utilizes shale of less than 1/2-in. size. It, therefore, 
appears that the combination of a TOSCO I1 retort with another 
process is an attractive concept to maximize resource utiliza- 
tion through the retorting of fines. However, because of the 
complexity of the TOSCO I1 process, there may be an economics 
of scale involved which limits the minimum plant capacity at 
which this call be conducted. 

Based on the results of the scale-ups, a comparison of 
the energy requirements of the various processes reveals 
that Union "B" is the least energy consuming. An analysis 
of the electric power and diesel requirements of these proc- 
esses indicates that Union "B" consumes the equivalent of 
4 . 9  percent of its pro'duction for its energy requirements, 
whereas Paraho, TOSCO 11, and Gas Combustion consume 5.4, 
5.8,  and 7.8 percent, respectively. The Gas Combustion proc- 
ess is the least energy efficient because of its relatively 
low recovery of oil and its ability to process only low-grade 
shale. In spite of its low mining requirements, TOSCO I1 
consumes more energy than Union I'B" and Paraho, primarily 
owing to its complexity. 
ity along with the retorting plant may, however, affect the 
relative picture through the use of make-gas as plant fuel, 
and internal heat recovery.' 

The inclusion of an upgrading facil- 

The Superior process.uses a mechznically intricate re- 
torting system and extracts nahcolite and dawsonite from the 
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oil shale. As a result, the process capital and operating 
costs are high, and the process depends on production of the 
inorganic chemicals for its economic viability. Consequently, 
the resource base for this process is the nahcolite- and 
dawsonite-rich zone of the Piceance Creek Basin. 

4.2 RESEARCH AND DEVELOPMENT NEEDS 

Most of the aboveground processes are now well developed 
and have been tested at the semiworks scale. Since system 
information on these processes is proprietary, the specific 
R&D needs for any processes are uncertain. Some general 
needs regarding retort control and energy conservation, as 
well as the need for testing of large-scale modules, are 
evident and are brought out in this section. These are 
listed below: 

8 Retort operation control 
0 Retorted shale char gasification 
8 Retorted shale heat recovery 
8 Improved crushing systems 
8 Improved utilization of low-Btu gas 
0 Large-scale module demonstration. 

4.2 .1  R e t o r t  O p e r a t i o n  C o n t r o l  

Control of the retorts is of considerable importance 
in all the processes, since it greatly influences oil and 
gas yields and properties and the thermal efficiency of 
the system. In the Paraho process, retort control is achieved 
through proper gas distribution and by the discharge grate 
mechanism that controls bed movement. Before commercial 
application is possible, however, a better understanding of 
the control systems involved must be gained through theoret- 
ical and further experimental research. 

The Union "B" retort is controlled by means of regulation 
of the bed movement by the rock pump. In the TOSCO I1 retort, 
control may be achieved through changes in drum rotation speed 
and in shale/ceramic balls ratio in the retort feed. 

A knowledge of the transient behavior of the retorts is 
lacking. Such a knowledge is essential for the control of 
retorting, especially for retorts of the internal combustion 
type 

4 . 2 . 2  R e t o r t e d  S h a l e  C h a r  G a s i f i c a t i o n  

Except for the Superior process, the processes using 
indirect heating do not recover the heating value of the 
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carbonaceous residue in retorted shale. Recovery of this 
heating value should be given some consideration, since it 
can result in improvement of the thermal efficiency by 5 to 
10 percent. Research should thus be conducted in spouted or 
fluidized-bed oxidati’on‘’ of the char and the utilization of 
the heat thus released for the heat of retorting. As an al- 
ternative, the char may be gasified by steam-air mixtures 
to form producer gas. In either case, considerable energy 
savings can be achieved. 

4 . 2 . 3  R e t o r t e d  S h a l e  H e a t  R e c o v e r y  

In Paraho and Union processes, retorted shale leaves 
the retort at about 350°F. Considerable sensible heat is 
lost in cooling the retorted shale to ambient temperature 
by quenching in water. Research must be conducted on effi- 
cient heat exchangers for the recovery of this sensible heat, 
which may then be used to generate steam for process use or 
for preheating shale feed. In either case, the thermal effi- 
ciency of the system may be appreciably improved. 

4 . 2 . 4  I m p r o v e d  C r u s h i n g  S y s t e m s  

Because of limitations on the shale size range that is 
acceptable to most surface processes, there is some loss of 
resource utilization through the discard of fines generated 
in crushing. This l o s s  can amount to as much as 10 percent, 
depending on the shale size range required by the process. 
To minimize the generation of fines, some research must be 
devoted to the deve.lopment of improved crushing techniques. 
At present, fines minimization is achieved through the use 
of roll crushers, but as mentioned, approximately 10 percent 
of the feed is discarded as fines. Research in improving 
these crushing systems and developing more efficient ones 
should thus be conducted. 

4 . 2 . 5  I m p r o v e d  U t i l i z a t i o n  o f  L o w - B t u  G a s  

Low-Btu gases are generated in direct-heated processes 
such as.Gas Combustion or Paraho. In addition, the gasifica- 
tion of retorted shale char, as in the Superior process, can 
result in the production of low-Btu gas. The utilization of 
low-Btu gas ( - 100 Btuyscf) ‘for power generation, however, 1s 
presently inefficient, since most gas turbines -are designed 
to operate on medium or high heating value gas. 
into improving the operability of gas turbines to reduce 
energy wastage in burning low-Btu gases can result in 
considerable energy conservation. 

Research 
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A 
4 . 2 . 6  L a r g e - S c a l e  M o d u l e  D e m o n s t r a t i o n  

None of the surface retorts has yet been demonstrzted 
at the commercial scale. Although success has been achieved 
in the demonstration of pilot- and semiworks-scale retorts, 
there is considerable risk in the commercial application of 
the technologies unless the testing of large-scale retorts 
is conducted. At the commercial scale the problems of retort 
control and the accompanying losses in oil yield through 
coking and combustion may be enhanced. Difficulty may also 
be expected in the uniform distribution of gas and solids in 
the retort. Consequently, the demonstration of commercial- 
scale retorts must be carried out to present an opportunity 
for further research on the feasibility of surface processing 
of oil shale. 

4.3 SUMMARY AND CONCLUSIONS 

From a technical standpoint, aboveground retorting is 
a viable technology and is characterized by high yields. 
The technology, however, has been tested only at the pilot 
or semiworks scale, and it needs to be demonstrated on full- 
scale modules. Work is also needed in the area of retort 
control, char gasification, and low-Btu gas utilization. 

A scale-up of the processes indicates that the logistics 
of transporting the raw shale from the mine to the facilities 
will be a major problem at the high production rates projected. 
For a nominal cruae shale oil production rate of about 50,000 bbl/ 
day, the output tonnage rate for a shale mine will exceed the 
rates for most other existing large-scale mines. Thus, the 
production of larger quantities of shale oil (e.g., 100,000 bbl/ 
day) may require the use of two or more mines even though this 
may increase the cost. 

The TOSCO I1 retorting process is the most energy inten- 
sive among Paraho, Union I'B," and TOSCO 11. This is primarily 
due to its complexity, which annuls the benefit obtained for 
requiring less raw shale and, thus, less mining. The inclu- 
sion of an upgrading plant along with the retorting plant may, 
however, change the relative situation owing to internal heat 
recovery. The TOSCO I1 process is still an attractive proc- 
ess for operation in conjunction with another technique, The 
process can accept fines and, thus, resource utilization can 
be maximized. 
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