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ABSTRACT 

The Mineral Resources I n s t i t u t e  (MRI) of The University of Alabama and I n s t i t u t e  of 
Gas Technology subsidiary,  HYCRUDE Corporation, a r e  evaluat ing t h e  po ten t i a l  bene f i t s  of 
combining pre-concentration of o i l  shale  by f r o t h  f l o t a t i o n  followed by hydroretorting t o  
recover the  oi l .  Exploratory laboratory t e s t i n g  of s eve ra l  o i l  shales  has been completed 
i n  a continuing research program. 
Devonian N e w  Albany sha le  from Indiana, an upper Chattanooga shale  from Alabama and a 
Permian I r a t i  shale  from Brazi l .  

To date  the  t e s t i n g  includes a sample of Upper 

Results of f l o t a t i o n  tests of the th ree  samples showed t h a t  t he  o i l  content i n  the 
beneficiat ion concentrates was increased by a f ac to r  of 2 t o  3 with recoveries up t o  90 
percent.  
to  HYCRUDE and subjected t o  bench sca l e  HYTORT processing. The y i e ld  was improved 
f u r t h e r  through hydroretorting by a f ac to r  between 3 and 5 . 5 .  

After br iquet t ing the  products,  t he  MRI beneficiated o i l  sha l e s  were submitted 

INTRODUCTION 

Unti l  recent  years  mast of t h e  research and development work d i r ec t ed  toward 
e s t ab l i sh ing  a domestic o i l  shale  industry has focused on t h e  sha le s  of t h e  Green River 
Formation of Eocene age occurring i n  Colorado, Utah, and Wyoming. This is l a rge ly  
because the Western shales  a r e  r e l a t i v e l y  r i c h  ( i n  the  range of 25-30 gal/ ton) and 
respond favorably t o  o i l . p roduc t ion  by simple thermal treatment,  yielding 75-850 of t h e i r  
organic content (kerogen) as o i l  when pyrolyzed. 

Recent developments i n  innovative r e t o r t i n g  and f i n e  p a r t i c l e  technologies have 
a l t e r e d  t h i s  s i t ua t ion  s ign i f i can t ly .  The HYTORT process,  developed by HYCRUDE 
Corporation u t i l i z e s  hydrogen r i c h  gas during r e t o r t i n g  to enhance o i l  y i e lds  f r a n  
ce r t a in  types of o i l  shales .  It has provided a key t o  processing the  Devonian- 
Mississippian sha le s  of t h e  Eastern United S ta t e s  t o  achieve oil y ie lds  comparable t o  
those from Colorado shales .  This technique permits t h e  f u l l e s t  possible  recovery of o i l  
f r an  the kerogen present  i n  t h e  shale .  

The range of po ten t i a l  o i l  shale  resources avai lable  t o  HYTORT processing can be 
expanded by combining hydroretorting with The University of Alabama Mineral Resources 
I n s t i t u t e ' s  ( M R I )  physical  beneficiat ion process. The MRI process involves f i n e  grinding 
t h e  o i l  shale  matrix followed by se l ec t ive  f r o t h  f l o t a t i o n  of t h e  kerogen. During 
f l o t a t i o n  up to th ree  quarters  of r e l a t ive ly  kerogen-free inorganic matter is r e j ec t ed  a s  
waste. 

~y combining the HYTORT and MRI processes,  t h e  economics of t r e a t i n g  oil shales  can 
be improved, and t h e  range of o i l  shales  which can be processed is extended. 
Descriptions of t h e  MRI and HYTORT processes, and typ ica l  r e s u l t s  obtained on o i l  shales  
of low and uoderate kerogen content a r e  presented i n  t h i s  paper. 

BACKGROUND 
The HYTORT Process 

o i l  sha l e s  vary s ign i f i can t ly  i n  t h e i r  a b i l i t y  t o  produce o i l .  For example, the 
Green f iver  o i l  sha l e s  of t he  Western U.S. contain a high hydrogen content i n  
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proportion to organic carbon, and exh ib i t  r e l a t i v e l y  canplete  conversion of kerogen t o  
011. However, many other  o i l  shales  
including the  Eastern U.S. Devonian shales ,  contain lesser amounts of hydrogen r e l a t ive  
to organic carbon as shown i n  Table 1. 
of the kerogen which can be converted t o  hydrocarbon products by conventional r e to r t ing  
(1,2) .  
during r e to r t ing . ,  Thus a s i g n i f i c a n t  l a rge r  f r ac t ion  of t h e  kerogen is converted to 
hydrocarbon products r a t h e r  than remaining i n  t h e  spent  shale  i n  t h e  form of coke. 
degree of o i l  y i e l d  enhancement f o r  each p a r t i c u l a r  o i l  shale  depends upon the  p a r t i a l  
pressure of hydrogen used. 

men r e t o r t e d  by conventional thermal processes.  

This deficiency i n  hydrogen reduces the f r ac t ion  

o i l  y i e lds  f r m  these  shales  can be subs t an t i a l ly  improved by supplying hydrogen 

The 

In  1980 HYCRUDE Corporation was formed t o  commercialize the  HYTORT process. HYTORT 
is  a process which u t i l i z e s  a hydrogen-rich gas f o r  t h e  hydroretor t ing of o i l  shale 
kerogen to  produce a syn the t i c  crude o i l .  
hydrogen-rich atmosphere a t  elevated pressure,  and enables attainment of t he  maximum 
poss ib l e  o i l  y i e lds  f r m  m o s t  oil shales .  As a r e s u l t  of a Development Agreement w i t h  
P h i l l i p s  Petroleum Company, a f e a s i b i l i t y  study was conducted by AYCRUDE Corporation, 
P h i l l i p s  Petroleum Company, Bechtel Group, Inc. ,  and t h e  I n s t i t u t e  of Gas Technology. 
The HYTORT process development work during t h e  f e a s i b i l i t y  study was divided i n t o  three 
bas i c  areas: 

The hydroretor t ing is ca r r i ed  out i n  a 

chemistry of hydroretor t ing 

o Experimental development work to  support  mechanical design of 
HYTORT reac to r s  

a Process design. r e a c t o r  mechanical design. and cos t  es t imat ion work. 

The HYTORT experimental  work and process econanics were cmple t ed  i n  Hay 1983 and 
d e t a i l s  are  ava i l ab le  i n  o the r  publ icat ions (3.4) .  

Throughout t h e  course of t h e  f e a s i b i l i t y  study, t h e  HYCRUDE Corporation and Bechtel 
Group, Inc. cont inual ly  reviewed t h e  experimental e f f o r t s  t o  assure t h a t  t he  experimental 
programs addressed areas  important t o  the  design of cammercial react ions ( 5 ) .  This study 
r e s u l t e d  i n  a conceptual commercial p l an t  design for Eastern U.S. Devonian shale  
processing based on the  r e s u l t s  of t h e  experimental program. The conceptual HYTORT p lan t  
f l o w  diagram is shown in  Figure 1. The p l an t  contains  a l l  t h e  process a reas  necessary t o  
produce upqaded s h a l e  oil including by-product recovery of su l fu r  and ammonia. As 
designed, t h e  HYTORT r e a c t o r s  can be constructed using current ly  ava i l ab le  equipment. 
A l l  o ther  processes a r e  within the  s i z i n g  and operat ing cons t r a in t s  of commercial 
f a c i l i t i e s .  
technology. 

Implementation of the p l a n t  design can be achieved with current  process 

Natural gas is u t i l i z e d  i n  the  production of hydrogen and a s  an i nd i r ec t  heat source 
for  hydroretorting. 
S t a t e s  where inexpensive sources of na tu ra l  gas area avai lable .  
a r e a s  lacking an inexpensive natural gas source, t h e  HYTORT process conditions would be 
s e l e c t e d  t o  provide s u f f i c i e n t  by-product gas a s  a substitute. 

This is an economic optimum f o r  a reas  such as  t h e  Eastern United 
For p l an t s  located i n  

Althou?h most of t h e  HYTORT process development e f f o r t  has concentrated on Eocene 
o i l  sha l e s  of t he  Western U . S .  and on Eastern U.S. Devonian o i l  sha l e s  (1 ,2 ) ,  HYCRUDE 
Corporation i n  Cooperation with t h e  U.S. Geological Survey is conducting work on other  
o i l  sha le s  from various loca t ions  worldwide. 
t o  detelmine t h e  ex ten t  of oi l  y i e ld  enhancement which can be obtained using HYTORT 
Processing. 
t o  se rve  the Same funct ion for HYTORT processing t h a t  t h e  ASZM D3904-80 Fischer Assay 
t e s t  serves f o r  conventional thermal r e to r t ing  processes.  

The primary goal of t h i s  on-going work is 

Test work is conducted i n  a Hydroretorting Assay u n i t  ( 6 ) ,  which is designed 

Table 2 gives  r e s u l t s  
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of l iydroretorting Assay t e s t s  on some of t h e  samples. The data show t h a t  HYTORT 
processing had a wide range of e f f e c t s  on t h e  sha le s  t e s t ed ,  with o i l  y i e ld  enhancements 
varying from no improvement to  o i l  y i e lds  pver four t imes those obtained i n  Fischer AaSaY 
tests. No t rend of behavior with geological age is evident.  Further d e t a i l s  of these 
t e s t  r e s u l t s  a r e  avai lable  i n  a previous publ icat ion ( 4 ) .  

The MRI O i l  Shale Beneficiat ion Process 

Physical beneficiat ion techniques have long been used i n  the mineral  and coal 
i ndus t r i e s  to  obtain a product more enriched i n  the  economical mineral  than t h e  
run-of-mine ore. 
const i tuent  f r m  the  associated impurit ies.  
the r a w  mater ia l  t o  s i z e s  f i n e r  than t h e i r  natural  p a r t i c l e  s i z e  consis t .  
grinding may d i c t a t e  ce r t a in  separat ion approaches. This i s  p a r t i c u l a r l y  important i n  
the case of oil  shales ,  which a r e  f i n e  grained sedimentary rocks composed of 10 micron 
p a r t i c l e s  ( 7 ) .  Thus u l t r a f i n e  grinding of t he  shale  i s  required t o  achieve reasonable 
l i b e r a t i o n  of oi l -bear ing kerogen from t h e  int imately associated inorganic mineral 
matter. 

A p re requ i s i t e  f o r  physical  separat ion is to  f r e e  the  valuable 
This is normally achieved by comminution Of 

The degree of 

Ultraf ine grinding and physical  bene f i c i a t ion  of f ine ly  disseminated ores were once 
considered impractical .  This i s  because of t h e  general  bel ief  t h a t  t h e  grinding cos t s  
a r e  p roh ib i t i ve  and t h a t  most separat ion techniques a t  s i ze s  f i n e r  than 74 microns (ZOO 
mesh) a r e  ine f f ec t ive  ( 8 ) .  However, t h i s  b e l i e f  has been dispel led with t h e  continuing 
engineering advancement i n  beneficiat ion equipment and recent  advances in f i n e  p a r t i c l e  
technology. 
Cleveland-Cliffs Iron Company i n  t h e  Lake Superior Region (9). I n  t h i s  l a rge  tonnage 
p l a n t  t h e  hard t acon i t e  o re  is ground t o  a p a r t i c l e  s i z e  f i n e r  than 30 microns (500 mesh) 
p r i o r  t o  f lo t a t ion  t o  recover high grade i ron oxide products. The t echn ica l  p r a c t i c a l i t y  
and economic f e a s i b i l i t y  of extremely f i n e  grinding of t he  hard, tough t a c o n i t e  suggests 
t h a t  f i n e  grinding and f l o t a t i o n  of t h e  o i l  sha l e  should be equally e f f ec t ive .  

mis is evidenced by t h e  non-magnetic t acon i t e  f l o t a t i o n  p l a n t  of t h e  

During t h e  past  six years of continuing research, MRI has developed a beneficiat ion 
The process which successful ly  concentrates t h e  Devonian o i l  sha le s  of t h e  Eastern U.S. 

MRI process involves wet grinding the  raw sha le  t o  minus 20 microns followed by f r o t h  
f l o t a t i o n  to recover a kerogen r i ch  concentrate.  Details of t h e  development of this 
process a re  avai lable  i n  previous pub l i ca t ions  (10-12) .  

MRI t e s t  r e s u l t s  have been used to formulate a process flowsheet f o r  an oi l  sha le  
beneficiat ion p l an t  (Figure 2 ) .  
t o  3 times a s  much recoverable o i l  per  ton as  can be obtained f r an  t h e  raw untreated 
shale .  
p rac t i ce .  
r e j ec t ed  a s  a subs t an t i a l ly  barren waste which need not  be retor ted.  

The p l an t  is designed to recover concentrates  yielding 2 

U n i t  operations of t h i s  p l an t  a r e  within t h e  limits of current  commercial 
In t h e  process,  a t  l e a s t  50% t o  as  much a s  70% of t h e  raw shale  w i l l  be 

The beneficiat ion p l an t  includes t h e  following standard mineral processing unit 
operations:  

rn Fine grinding of sha le  t o  mineral p a r t i c l e  l i b e r a t i o n  s i z e  

c l a s s i f i c a t i o n  

0 Kerogen f l o t a t i o n  

0 Thickening and f i l t r a t i o n  

0 

rn 

Agglomeration or br iquet t ing of t h e  f l o t a t i o n  concentrate 

Disposal, of t h e  f l o t a t i o n  t a i l i n g  
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Most of t h e  bene f i c i a t ion  research inves t iga t ions  has been directed t o  t h e  Eastern 
o i l  sha l e  deposi ts ,  p a r t i c u l a r l y  the  Devonian sha le s  outcropping i n  Northern Alabama, but  
several  samples from t h e  Western United S t a t e s  and foreign countr ies  a l s o  have been 
t e s t e d  i n  a cursory way. Typical r e s u l t s  a r e  shown i n  Table 3. Plans a re  to evaluate 
addi t ional  types of o i l  sha l e s  as they become avai lable .  

BXPERIMENTAL 

The combined bene f i c i a t ion  and hydroretor t ing s t u d i e s  were conducted on two Eastern 
o i l  sha l e  samples (Alabama and Indiana) and one foreign sample (Braz i l ) .  The Indiana 
sample was co l l ec t ed  by WCRUDE Corporation from the  Upper Devonian New Albany shale 
formation near Henryville,  Indiana. The Alabama sha le  sample w a s  p a r t  of a 5-tOn lot  of 
Upper Chattanooga sha le  co l l ec t ed  by MRI from t h e  Hester Creek area i n  Madison County, 
Alabama. The Brazi l ian oil sha le  represents  a t yp ica l  shale  from t h e  I r a t i  formation i n  
t h e  south of Brazi l .  Analyses and Fischer Assay oil y ie lds  from the th ree  samples and a 
Western shale  a r e  shown i n  Table 1. 

I 

/ 

i 

I 

Procedures and Techniques 

The beneficiat ion t e s t a  were conducted a t  t he  Mineral Resource8 I n s t i t u t e  a t  t h e  
University of Alabama. In these t e s t s  t he  raw sha le  samples were s tage crushed d r y  t o  
minus 2 ma (10 mesh) and wet ground i n  a 20 x 30 an s t a i n l e s s  s t e e l  rod m i l l  operated a t  
780 of c r i t i c a l  speed using 26 s t a i n l e s s  s t e e l  rods of 1.7 cm diameter a s  t he  grinding 
medium. A 500-gram charge of each f l o t a t i o n  test sample was ground a t  500 s o l i d s  in 
Rlscaloosa t a p  water f o r  two hours t o  reduce t h e  p a r t i c l e s  to 900 minus 10 microns. 
Bench scale  f l o t a t i o n  t e s t s  were conducted using a Denver Model D-12 laboratory f lo t a t ion  
machine for t h e  conditioning, roughing and cleaning s teps .  The f l o t a t i o n  products were 
f i l t e r e d ,  d r i ed  a t  50.C. weighed and assayed f o r  o i l  y i e l d  using the modified Fischer 
Assay method. Samples f o r  hydroretorting were produced from the f l o t a t i o n  concentrate 
using a uniaxial  ccmpression b r ique t t i ng  u n i t  t o  make 1.25 an diamter by 1 an high 
specimens. 

Hydroretorting t e s t s  were conducted a t  t h e  I n s t i t u t e  of Gas Technology a t  Chicago, 
I l l i n o i s  under t h e  sponsorship of HYCRUDE Corporation using a Hydroretorting Assay u n i t  
designed to  evaluate  t h e  hydroretor t ing c h a r a c t e r i s t i c s  of oil shale  samples. Details of 
the apparatus and t h e  t e s t  procedure have been previously published (6). In t h i s  un i t  a 
100-gram sample of ma te r i a l  is reacted with hydrogen gas under the  following conditions.  

1000 p s i g  p re s su re  

o. 1 000" F temperature 

4 SCF/hr gas flow 

25 degree/minute heat-up r a t e  

3 0  minutes r eac t ion  t i m e  

RESULTS AND DISCUSSION 

Beneficiation of Raw Oil Shale 

Response of t h e  o i l  sha le  samples to bene f i c i a t ion  by u l t r a f i n e  grinding and 
f l o t a t i o n  a r e  given i n  Table 4. 
Good f l o t a t i o n  of t he  kerogen-enriched f r ac t ions  was obtained from the  ground shale which 
indicated t h a t  reasonable l i be ra t ion  of t h e  kerogen and t h e  mineral components w a s  
achieved. As compared to the f l o t a t i o n  feed, t h e  concentrates  recovered from the  
Alabama and Indiana samples were upgraded i n  kerogen by f a c t o r s  of 2.4 and 2.8, 

A l l  t h r ee  samples responded favorably to beneficiat ion.  
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respectively. Flotation of the Brazilian shale yielded a concentrate assaying 33.5 
gallons per ton, but the ratio of concentration (1.7) was less than that of the American 
oil shale samples. The variations in the response of the samples to flotaton are 
attributed to differences in their origin, mineral substrate, and composition. 
recoveries in all cases were comparable. 
investigated extensively.at MRI and improvements in the flotation results of the other 
shales would be expected by further research. Even with the limited number of samples 
evaluated, it appears reasonable to assume that beneficiation of oil shales can be 
accomplished with good results. 

\ 

\ 
The oil 

Only the Alabama oil shale has been 

Experimental testwork is continuing on this research program at The University of 
Alabama to further define the beneficiation variables in an efforr to optimize the 
process. The goal of the research is to establish the technical parameters of the 
process in a continuous pilot plant operation to define the process economics. 
testing will also produce a reasonably large quantity of kerogen enriched concentrate 
which will be used in more extensive hydroretorting tests. 

Hydroretorting of Raw Oil Shale 

The pilot 

Results of Hydroretorting Assay tests on the three raw shale samples are given in 

produce oil yields of 222 to 226% of those obtained by conventional thermal retorting. 
The oil yeild from the Brazilian sample was less, only 156%. The hydroretorting data 
shows that oil yields of 27 to 29 gallons per ton can be produced fran oil shale 
resources which would be considered too lean for cammercialization by conventional 
retorting. 

Combined Beneficiation and Hydroretorting of Oil Shale 

-. Table 5. Results of the tests of the U.S. samples indicate that the HYTORT process can 

Combined MRI beneficiation-HYTORT processing was tested on a laboratory scale by 
hydroretorting the flotation concentrates of three oil shale samples. Test results are 
shown in Table 6. The concept proved to be technically successful in substantially 
increasing the extraction of oil. The data indicate that the combined technique can 
improve the overall level of oil yield from the raw shale by a factor of 2.9 to 5.6. 

CONCLUSIONS 

Based on the above results, the potential of the oombined beneficiation- 
hydroretorting approach is evident in the following areas: 

-- Reduction in the capital and operating costs for oil shale production should be 
possible by substituting atmospheric pressure, ambient temperature, grinding and froth 
flotation equipment for s o m e  of the elevated pressure and temperature W O R T  reactor 
units. Further, because of the enhanced shale oil yields, energy savings should result 
in a lower cost per barrel of shale oil. 

-- Pre-retorting concentration of kerogen from lean shales should extend the range of oil 
shales which can be considered for c-rcial processing. 

-- Rejection of inorganic sulfur (i.e., pyrite) may be possible either by flotation or 
high-intensity magnetic separation. By removing the pyrite, not only will the kerogen 
content increase but the overall quality of the concentrate will be enhanced. 

-- During grinding, trace elements are solubilized into the process water. 
the tailings rejected during beneficiation and the spent shale produced by WTORT 
processing should be less prone to the natural leaching of harmful metals and elements. 
Thus, surface and groundwater contamination after disposal should be substantialy 
reduced. 

As a result, 
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Table  1. Analysis and F i sche r  Assay O i l  Yie ld  of Se lec t ed  O i l  Sha les  

O i l  Shale Sample 

~ ~~ 

O i l  Shale Sample 

F i sche r  Hydrore tor t ing  Percent of 
Assay Assay F i sche r  Assay 

ULTIMATE ANALYSIS ( w t .  % )  
Organic Carbon 
Organic Hydrogen 
Su l fu r  
Carbon Dioxide 
Nitrogen 
Ash 

A t o m i c  H/C Ratio 

FISCHER. ASSAY 
Yield ( w t .  %) 
Yield  (ga l / t on )  
Carbon Conversion ( %)  

Alabama Indiana B r a z i l  Colorado 

14.20 
1.03 
8.02 
2.90 
0 -48  

79.70 

0.87 

4.9 
11.6 
3 1  - 2  

12.53 
0.93 
4.41 
2.30 
0 -48  

77.83' 

0.94 

4 - 6  
12.0 
32.9 

13.70 
1.37 
4.98 
N.A. 
0.44 

80.00 

1.2 

7.1 
18.6 
50.0 

13.60 
2.10 
0.50 

15.90 
0.50 

66 * 80 

1.85 

11.4 
29.8 
84.0 

Table 2. Se lec t ed  Hydrore tor t ing  Assay T e s t  Resu l t s  

o i l  Yie ld  (ga l / t on )  

Sweden - Bi l l ingen  
Sweden - Naerke 
S i c i l y  
Indiana  - New Albany 
Montana - Heath Formation 
Canada - K i t t l e  
Jordan  - E l  Lajjun 
Brazi l  - Lower I r a t i  

3.8 
10.9 
4.4 

12.5 
16.2 
10.0 
32.8 
19.4 

17.5 
32.3 
12.2 
28.2 
33.6 
21.1 
57.0 
32.7 

44 0 
300 
280 
230 
210 
210 
170 
170 

I I 
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Table 3. Selected Beneficiation Test Results 

87 
81 
81 

90 
80 

52 

89 

O i l  Shale 
Sample 

3.1  
1.8 
2.9 

2.4 
1.9 

2.0 

1.7 

Eastern U.S. 
Alabama 
Kentucky 
Indiana 

Western U.S. 
(Lo-grade) 
(Hi-grade) 

Canadian 

Brazil  

Fischer Assay (gal/ton) 

Flotat ion Flotation 
Feed Concentrate 

12 37 
17 31 
12 35 

14 34  
46 88 

8 16 

20 34 

I 

Table 4. Flotation Response of Raw O i l  Shale8 

O i l :  Shale 
Sample 

Alabama 
Chattanooga Shale 

Indiana . 
New Albany Shale 

Brazil  
I r a t i  Shale 

Flotation Weight Fischer Assay Distribution 
Products Percent Yield (gal/ton) of O i l  (%)  

Concentrate 
Reject 
Feed 

Concentrate 
Reject 
Feed 

Concentrate 
Reject 
Feed 

27.0 
73.0 

100.0 

35.5 
64.5 

100.0 

48.9 
51.1 

100.0 

34.3 
3.2 

11 - 6  

27.2 
4.4 

12.5 

33.5 
4.3 

18.6 

80.0 
20.0 

100.0 

79.0 
21.0 

100.0 

88.2 
11.8 

100.0 
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O i l  Shale  
Sample 

Alabama - Chattanooga 

Indiana  - ~ e w  Albany 

Brazil - Irati  

O r i g i n a l  Sample Hydro re to r t ed  O i l  Y ie ld  
F i s c h e r  Assay Sample Assay P e r c e n t  of 

( g a l / t o n  1 ( g a l / t o n )  F i s c h e r  Assa  

11.6 27.0 220 

12.5 27.2 230 

18.6 29.0 160 

Tab le  6. Combined B e n e f i c i a t i o n  - H y d r o r e t o r t i n g  of O i l  S h a l e s  

O i l  Y i e l d  ( g a l / t o n )  

Or ig ina l '  F l o t a t i o n .  Hydro re to r t ed  
Sample C o n c e n t r a t e  Concentrate" 

11.6 34.3 65.0 

O i l  Sha le  Sample 
O v e r a l l  

P e r c e n t  of 
F i s c h e r  Assay 

560 Alabama - Chattanooga 

Indiana  - New Albany 

B r a z i l  - I r a t i  

12.5 27.2 54.4 43 0 

18.6 33.5 53.3 290 
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F I W O  1 .  CONCEPTUAL COMMERCIAL HnORT PLAN1 
BLOCK FLOW DIAOPAM 

FlLlER C S  FlLTRAlE 

SYNTHETIC CRUDE OIL SPENT SHALE 

I ---I--- 
WATER TREATMENT I 

BV.PRODUC1 
I AND OPTIONAL 1 SHALE ' RECOVERY C l R C U l ~  TAILINGS 
L--- r-- 

I 
PROCESS WATER 

RECICLEDTOPLANT 

FWRE 2. SC*EUAlK F L ( I I W E 1  $OR MM OIL =ALE BENEFICIATION PLANT 
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