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PREFACE 

One o f  t h e  main a c t i v i t i e s  o f  t h e  IIASA R e s o u r c e s  Group i s  
t o  c a r r y  o u t  a s s e s s m e n t s  o f  e n e r g y  r e s o u r c e s ,  an  a c t i v i t y  which  
was i n i t i a t e d  w i t h i n  t h e  Energy  P r o j e c t  a n d  s u b s e q u e n t  Ene rgy  
Program. I n  t h e  f i e l d  o f  e n e r g y  r e s o u r c e s ,  m a j o r  a t t e n t i o n  
h a s  been  d e v o t e d  t o  l i q u i d  f u e l s .  

I n  1976 ,  a n  i m p o r t a n t  C o n f e r e n c e  on  t h e  " F u t u r e  S u p p l y  o f  
Nature-Made P e t r o l e u m  and Gas" was o r g a n i z e d  j o i n t l y  w i t h  
t h e  U n i t e d  N a t i o n s  I n s t i t u t e  f o r  T r a i n i n g  and  R e s e a r c h  ( U N I T A R ) .  
Dur ing  t h i s  C o n f e r e n c e  an  e x t e n s i v e  r e v i e w  - enhanced  by l i v e l y  
d i s c u s s i o n s  - was made o f  u n c o n v e n t i o n a l  o i l  r e s o u r c e s .  A s  a  
fo l low-up  t o  t h i s  C o n f e r e n c e ,  t h e  R e s o u r c e s  Group h a s  t r i e d  t o  
u p d a t e  a v a i l a b l e  i n f o r m a t i o n  and  h a s  l a u n c h e d  i t s  own s u r v e y ,  
t h r o u g h  t h e  d i s t r i b u t i o n  o f  q u e s t i o n n a i r e s  and  i n t e n s i v e  r e s e a r c h  
i n  t n e  l i t e r a t u r e .  

T h i s  r e p o r t  p r e s e n t s  o u r  program up t o  t h e  end o f  1979 
and  i s  i n t e n d e d ,  f i r s t l y ,  a s  a n  " i n f o r m a t i v e  message"  w i t h i n  
IIASA a n d  f o r  some i n t e r n a t i o n a l  e x p e r t s  a n d ,  s e c o n d l y ,  a s  a n  
i n v i t a t i o n  f o r  comments a n d / o r  s u g g e s t i o n s  on t h e  way i n  which  
t h i s  work s h o u l d  be c o n t i n u e d .  

Compared t o  a  mere a s s e s s m e n t  o f  u n c o n v e n t i o n a l  o i l  r e s e r v e s  
a n d / o r  r e s o u r c e s ,  t h i s  r e p o r t  a l s o  i l l u s t r a t e s  o u r  g rowing  
i n t e r e s t  i n  t h e  s y s t e m s  a s p e c t s  o f  e n e r g y  i n  c o n n e c t i o n  w i t h  
o t h e r  n a t u r a l  (o r  human) r e s o u r c e s ,  namely ,  w a t e r ,  ( o t h e r )  
e n e r g y ,  l a n d ,  m a t e r i a l s  and  manpower, i n  o t h e r  words ,  t h e  WELMM 
approach .  I t  i s  clear  t h a t  t h e  h a r v e s t i n g  o f  t h e s e  new, 
u n c o n v e n t i ~ n a l  o i l  r e s o u r c e s  w i l l  be more and  more W E N !  i n t e n s i v e .  
T h i s  WELMM dependency  a d d s ,  i n  a  s e n s e ,  a  new d i m e n s i o n  t o  t h e  
McKelvey c l a s s i f i c a t i o n  box .  
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The chapter on the Data Base for Unconventional Oil Resources 
also reflectsthe growing involvement of the Resources Group 
in data base development and management. This Unconventional 
Oil Data Base is, in fact, one part of the larger Oil and Gas 
Resources Data Base which we are developing at IIASA (using the 
INGRES Data Base Management System). To my knowledge, this 
Unconventional Oil Data Base is the first of its kind. 

This is mainly a technical report. Economic information 
is still scarce and changing fast. However, I would like to 
make a comment on investment figures. For tar sand plants - the 
only ones to reach commercial development, in Canada figures are 
around $25,000 - $30,000 per barrel per day additional capacity 
(1979). This is, no doubt, a high figure. But it is misleading 
to compare it to much lower figures, such as $7,000 - 10,000 
per barrel per day capacity for the,North Sea. A North Sea 
production platform is designed to handle high levels of 
production for 5 to 10 years before declining to much lower 
levels over a period of years. An oil sand project is designed 
to operate atcapacitythroughout the plant's life - which will 
probably exceed 30 years. As an example, the Syncrude project's 
$2.2 billion investment is expected to recover one billion 
barrels of oil for an investment cost of less than $2.50 per 
recoverable barrel (compared to $6 -- $10 per barrel for the 
North Sea). 

Unfortunately, we cannot yet declare in this paper a 
world start-up of unconventional oil. But there are growing 
signs that this could happen shortly now: tar sand plants in 
Canada,,Venezuelats new program for heavy oil, and, most 
important (although not yet fully clear), the U.S. Synfyel 
Program. As a result of all this, we felt that this was an 
o~portune time for such a progress report. 

Niche1 Grenon 



INTRODUCTION 

S ince  many end u s e s  ( e s p e c i a l i y  t r a n s p o r t a t i u n  and p e t r o -  
chemical  f e e d s t o c k s )  r e l y  on them, l i q u i d  f u e l s  a r e  and w i l l  
remain f o r  some t i m e ,  e s s e n t i a l  t o  bo th  deve loped  and deve lo2 ing  
economies. N e v e r t h e l e s s ,  it i s  now becoming q u i t e  c l e a r  t h a t  
t h e  supp ly  of  c o n v e n t i o n a l  o i l - - i n c l u d i n g  b o t h  l a r g e  d e p o s i t s  
and t h o s e  s t i l l  un tapped- - i s  l i m i t e d .  S y n t h e t i c  l i q u i d  f u e l s  
and/or  unconven t i ona l  o i l  w i l l  t h e r e f o r e  have t o  b e  used more 
and more i n  t h e  n e a r  f u t u r e .  A t t e n t i o n  h a s  now tu rned  ( a t  l e a s t  
i n  o f f i c i a l  d e c l a r a t i o n s  and a t  c o n f e r e n c e s )  t o  p o o r e r  q u a l i t y  
r e s o u r c e s  such a s  o i l  s h a l e  and t a r  sand .  I n  o r d e r  t o  deve lop  
t h i s  l a r g e r  r e s o u r c e  ba se  and t o  e n s u r e  a v a i l a b l e  energy  re- 
s e r v e s ,  s u b s t a n t i a l  s c i e n t i f i c  r e s e a r c h  and improvement i n  c u r -  
r e n t  t echno logy  i s  r e q u i r e d .  

T h i s  paper  a ims t o  e n a b l e  a  b e t t e r  a s s e s smen t  o f  t h e  impor- 
t a n c e  of  t h e s e  r e s o u r c e s  ove r  t h e  n e x t  few decades .  S e c t i o n  I 
a t t e m p t s  t o  p rov ide  background i n fo rma t ion  on t h e  r e s o u r c e s  a v a i l -  
a b l e  i n  t a r  sand and o i l  s h a l e .  S e c t i o n  I1 e x p l o r e s  t h e  d i f f e r e n t  
t e chn iques  o f  o i l  r e cove ry  and s e c t i c n  I11 looks  a t  t h e  problems 
r e l a t e d  t o  t h i s  e x p l o r a t i o n .  



I .  RESOURCES 

T a r  sand is  a  t e r m  commonly used  t o  r e f e r  t o  a  sed imenta ry  
rock  ( c o n s o l i d a t e d  o r  u n c o n s o l i d a t e d )  impregnated  w i t h  heavy 
v i s c o u s  b l a c k  c r u d e  o i l  o r  b i tuminous  m a t e r i a l  which canno t  be  
produced i n  a  w e l l  by c o n v e n t i o n a l  p r o d u c t i o n  t e c h n i q u e s .  I t  i s  
d i f f i c u l t  t o  d i s t i n g u i s h  between t a r  sand and s a n d s  c o n t a i n i n g  
"heavy o i l n .  The main d i f f e r e n c e  i s  t h a t  of  v i s c o s i t y .  However, 
o t h e r  p a r a m e t e r s  such  a s  OAPI o r  i m p u r i t i e s  may be  t a k e n  i n t o  
accoun t .  T h i s  r e p o r t  r e f e r s p r i m a r i l y  t o  t a r  sand  d e p o s i t s  a l -  
though t h e  t h i r d  c a r t  is .  devo ted  t o  a  comparison o f  t h e  e x 2 l o i t -  
s t i o n  of  t h e s e  d e p o s i t s  w i t h  t h o s e  o f  o i l  s h a l c .  

O i l  s h a l e  i s  d e f i n e d  a s  a  f i n e  t e x t u r e d  s e d i m e n t a r y  r o c k  
c o n t a i n i n g  o r g a n i c  m a t t e r  known a s  "ke rogen" .  The kerogen i s  
p redominan t ly  d e r i v e d  from a l g a e ,  s p o r e s  o r  p o l l e n ,  and i s  
u s u a l l y  i n s o l u b l e  i n  o r d i n a r y  pe t ro leum s o l v e n t s .  When t h i s  
s h a l e  is  h e a t e d  t h e  ke rogen  i s  c o n v e r t e d  b o t h  t o  g a s  and heavy 
o i l  t h a t  can  be upgraded t o  syncrude .  O i l  s h a l e  d e p o s i t s  which 
y i e l d  a t  l e a s t  1 0  g a l l o n s  ( 3 . 8  wt5) o f  o i l  p e r  s h o r t  t o n  of 
s h a l e  a r e  c o n s i d e r e d  t o  be t h e  l o w e s t  boundary o f  o i l  s h a l e .  
( I n t h e  Uni ted  S t a t e s  t h e  g a l l o n  p e r  s h o r t  t o n  is  t h e  u n i t  commonly 
used f o r  t h e  o i l  c o n t e n t  of  o i l  s h a l e .  To o b t a i n  t h i s  v a l u e  
a s  a  we igh t  p e r c e n t a g e  w e  must d i v i d e  one g a l l o n  p e r  t o n  by 
2 . 6 6 ) .  

I t  i s  g e n e r a l l y  a g r e e d  t h a t  p o t e n t i a l  hydrocarbon r e s e r v e s  
i n  o i l  s h a l e - o r  t a r  sand  a r e  v e r y  l a r g e .  Even non-exper t s  i n  
t h i s  f i e l d  have hea rd  o f  t h e  s u p e r g i a n t  d e p o s i t s  o f  t a r  sand i n  
Athabasca  o r  o i l  s h a l e  i n  Colorado.  



Over t h e  l a s t  few y e a r s ,  t h e r e  have been many a t t e m p t s  t o  
e s t i m a t e  t h e  impor tance  of  t h e s e  r e s o u r c e s  and t o  make a  break-  
down by coun t ry .  Many s t u d i e s  have been made, f o r  example, 
Duncan and Swanson ( 1 9 6 5 ) ,  Matveyev ( 1 9 7 4 ) ,  and Donne1 (1976) 
have made s t u d i e s  on o i l  s h a l e  and P h i z a c k e r l e y  and S c o t t  ( 1 9 6 7 ) ,  
Wa l t e r s  ( 1973 ) ,  Bowman (1976) and Meyer (1979)  have made s t u d i e s  
on t a r  sands .  Unfo r tuna t e ly  t h e  m a j o r i t y  o f  t h e s e  s t u d i e s  are 
n o t  independen t  and do  n o t  r e l y  on a  s p e c i f i c  su rvey  f o r  a  
coun t ry .  ~ h u s t h e  l i t e r a t u r e  i s  f u l l  o f  d a t a  t h a t  amounts t o  a  
" r e g u r g i t a t i o n  o f  somebody e l se ' s  d a t a " .  Resource  e x p l o r a t i o n  
ha s  n o t  been a s  i n t e n s i v e  a s  it h a s  been f o r  c r u d e  o i l  o r  ga s , .  
f o r  example. The Colorado o i l  s h a l e  d e p o s i t s ,  where t h e  e x p l o r -  
a t i o n  program c o n s i s t e d  o f  s u r f a c e  i n v e s t i g a t i o n  ( a e r i a l  photog- 
raphy ,  pho togeo log i c  and s u r f a c e  g e o l o g i c  mapping) and s u b s u r f a c e  
i n v e s t i g a t i o n  ( i n t e r p r e t a t i o n  of  d a t a  from core h o l e  l i t h o l o g i c  l o g s  
and g e o p h y s i c a l  l o g s )  was an e x c e p t i o n .  Very o f t e n  e x p l o r a t i o n  
h a s  been l i m i t e d  t o  v i s u a l  o b s e r v a t i o n s  o f  s u r f a c e  o u t c r o p s  and 
seismic e x p l o r a t i o n  o r  e lectr ic  l o g  a r e  seldom used.  F.or t h i s  
r eason  many c o u n t r i e s  do  n o t  have d e f i n i t i v e  d a t a  and t h i s  makes 
g l o b a l  f i g u r e s  o f  p o t e n t i a l  r e s o u r c e s  somewhat m i s l ead ing  i n  a s  
much a s  t h e y  a g g r e g a t e  good d a t a  from t h e  U.S.A., Canada and 
C e n t a l  America ( e s s e n t i a l l y  Venezuela)  w i t h  poor  t o  ve ry  poor  
d a t a  from o t h e r  r e g i o n s .  

The Resources  Group i n  IIASA, hav ing  o rgan i zed  ( j o i n t l y  
w i t h  UNITAR)  t h e  Conference on t h e  F u t u r e  Supply  o f  ' ~ a t u r e  Made 
Pet ro leum and Gas" i n  1976 a t  Laxenburg,  d e c i d e d  t o  launch i t s  
own upda t i ng  su rvey  on Unconventional  O i l  Resources  i n  o r d e r  t o  
make an independen t  a ssessment  of  t h e i r  p o t e n t i a l .  I n  o r d e r  t o  
i n c l u d e  f i n d i n g s  o f  t h e  most r e c e n t  r e s e a r c h  done i n  d i f f e r e n t  
c o u n t r i e s  s i n c e  t h e  1975 c r i s i s , q u e s t i o n n a i r e s  were prepared  and 
s e n t  o u t  t o  i n s t i t u t e s  ( p u b l i c  o r  p r i v a t e )  i n  many c o u n t r i e s .  
The f i r s t  answers  seemed f u l l  of p romise  b u t  w e  have t o  r e c o g n i z e  
t h a t  r e s u l t s  o b t a i n e d  a r e  s t i l l  f a r  below e x p e c t a t i o n .  I t  is  
d i f f i c u l t  t o  s ay  whether  t h i s  i s  due t o  a  l a c k  o f  knowledge o r  
t o  a  l a c k  o f  i n t e r e s t .  Tab les  1 .1  and 1 . 2  show a l l  t h e  a v a i l a b l e  
i n fo rma t ion .  The f i r s t  column summarizes t h e  s t u d i e s  of  Duncan 
and Swanson f o r  o i l  s h a l e  and t h e  s t u d y  o f  P h i z a c k e r l e y  f o r  t a r  
sand.  The l a s t  column q i v e s  more up t o  d a t e  i n fo rma t ion .  I t  i s  
obvious  t h a t  most s o u r c e s  o f  d a t a  a r e  s t i l l  v e r y  o l d  and t h a t  
improvements a r e ,  a s  y e t ,  n o t  ve ry  s i g n i f i c a n t .  However, it i s  
i n t e r e s t i n g  t o  n o t e  t h a t  i n  known a r e a s ,  and i n  a r e a s  where 
knowledge h a s  been f u r t h e r  i n c r e a s e d ,  t h e r e  h a s  g e n e r a l l y  been 
an i n c r e a s e  i n  t h e  s i z e  of e s t i m a t e s .  

The impor t an t  q u e s t i o n ,  of  c o u r s e ,  i s  whether  t h i s  cou ld  be 
expec t ed  t o  be a  g e n e r a l  phenomenon, e . g .  t h a t  d e p o s i t s  have been 
v e r y  c o n s e r v a t i v e l y  e s t i m a t e d  i n  t h e  p a s t  (sometimes by a s  much 
a s  a  few decades )  and t h a t  more r e c e n t  and b e t t e r  a ssessments  
w i l l  upgrade  them. I t  i s  premature ,  and u n f o r t u n a t e l y  n o t  y e t  
p o s s i b l e ,  t o  g i v e  a  d e f i n i t e  answer t o  t h i s  q u e s t i o n .  However, 
t h e  f o l l o w i n g  examples g i v e  some p r e l i m i n a r y  i n fo rma t ion .  



COUNTRY 

CANADA 

U.S.A. 

VENEZUELA 

MALAGASY 

TRINIDAD 

ALBANIA 

RUHANlA 

U.R.S .S. 

UP TO DATE INFORMATION 

NAME OF DEPOS ITS 

Athabasca 
Cold Lake 
Wabasca 
Peace River  
M e l v i l l e  I s l a n d  

Aspha l t  Ridge 
Sunnyside  
Whi t e r o c k s  
Edna 
Peor S p r i n g s  
S a n t a  Rosa 
S i squoc 
Asphal t 
David Dismal Crack 
S a n t a  Cruz 
Kyro ck 
H i l l  Creek 
Ta r  Sand T r i a n g l e  
C i r c l e  C l i f f  

Orinoco 
G ~ ~ n n o c o  

Bewlanga  

La Brea 

S e l e n i z z a  

Derna 

Che i ldag  
Olenek 
h e l e k e s s  
S i l i y i r  

P.H. PHIZACWRLEY L L.O. SCOTT 

SOURCE OF INFOWTION 

Outrim and Evans 
I I 

I0 

I 1  

7 t h  World Pet ro leum Congress  

Campbell 
Campbell 
Ritzmo 
Hallmark 
Campbell 
B a l l  A s s o c i a t e s  Led. 
Hallmark 
Ba l l  A s s o c i a t e s  L t d .  

I 1  

11 

I 1  

Campbell 
Campbell 
Campbell 

7 t h  World Pet ro leum Congress  
O i l  Gas J o u r n a l  

SPH Documen ts 

Edmonton Conference  

Desma i s o n s  
II 

II 

1967 ('1 

KNOWN 
RESOURCES 

-lo6 bb l  

625900 

3 3400 
51 500 

7 

900 
500 
2 50 
165 

87 
5 7 
50 
4 8 
2 2 
20 
1 8  

200000 
6 2 

k750 

60 

3 7 1 

2 5 

2 4 

KNOWN 
RESOURCES 
lo6 bbl 

869000 
2 70000 
119000 

9 2000 
50-100 

1048 
3500-4000 
125 
175 
4000-5000 
57 
106 
48 
22 
20 
18 
1160 
12500-18000 
1300 

693000 
62 

22000 

2000 

25 

24 
8000 
1 2 3000 
1 3000 

DATE OF 
ESTIMATION 

1978 
1978 
1978 
1978 
1967 

1979 
1979 
1973 
1979 
1979 
1965 
1979 
1965 
1965 
1965 
1965 
1979 
1979 
1979 

1967 
1950 

1962 

1979 

1977 
1977 
1977 

DATE OF 
ESTIMATION 

1963 

1963 
1963 

1965 
11 

I I 

I I 

11 

II 

II 

I I 

II 

I I 

11 

II 

II 

11 

1964 
1950 

1954 

1961 

1967 

7 

7 

- 
SOURCE OF 
INFORMATION 

A l b e r t a  O i l  & 
Gas Conserva- 
t i o n  Board 

I I 

- 

B a l l  A s s .  L td .  
II 

I I 

II 

I# 

I 1  

II 

II 

I 1  

I I 

1 I 

I 1  

I I 

II 

- 
O i l  Gas J o u r n a l  

Kent-Rappor t BP 

Kugler 

Pl i izacker ley  

7 

7 



Table 1 . 2 .  O i l  shale  resources  

I I 1 DUNCAN AND SUANSON 19bS I 
i a)UKTBIES KNOm I DATE OF SOURCE OF SOURCES OF INFORHATION 

RESOURCES ESTMTION INFOR%TIOS 
106 b b l  I 

I I I 
Aua t r i a  
Bu lga r i a  
France  

no d a t a  
125  
425 

2000 
1000 

no d a t a  8 
k f f e  
C u r t h r i e  7000 

Duncan 
J a f  f  l 

I 

Germany 
Grea t  B r l t a i n  

I t a l y  I B .  ~ i u n c a  loo00 11979 
( S ~ c i l y )  I 1 1978 
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a .  T a r  Sand D e p o s i t s  

Canadd 

I n  h i s  p a p e r ,  P.H. P h i z a c k e r l e y  men t ioned  t h r e e  d e p o s i t s ;  
A t h a b a s c a ,  P e a c e  R i v e r  and Wabasca. The t o t a l  known r e s o u r c e s  
o f  t h e s e  t h r e e  d e p o s i t s  were e q u i v a l e n t  t o  710800 m i l l i o n  b a r -  
rels .  I n  1979,  r e f e r r i n g  t o  a s t u d y  by Ou t t r l rn  and  Evans ,  t h e  
G e o l o g i c  D i v i s i o n  f rom t h e  A l b e r t a  R e s e a r c n  C o u n c i l  gave  t h e  
f o l l o w i n g  v a l u e s :  1080000 m i l l i o n  b a r r e l s  f o r  t h e s e  t h r e e  
d e p o s i t s ,  t o  which  w e  have  t o  add 270000 m i l l i o n  b a r r e l s  f o r  
Co ld  Lake  D e p o s i t .  

C a l i f o r n i a  

E s t i m a t e s  h a v e  i n c r e a s e d  from 270-323 m i l l i o n  b a r r e l s  i n  
1965 ( B a l l  A s s o c i a t e s )  t o  966 m i l l i o n  b a r r e l s  i n  1979 
(F.O. Ha l lmark )  t h r o u g h  t h e  a d d i t i o n  o f  new d e p o s i t s ,  n o t  i n c l u d -  
i n g  two l a r g e  b u t  c o n j e c t u r a l  d e p o s i t s .  

Utah 

E s t i m a t e s  h a v e  grown from 2.0-4.3 b i l l i o n  b a r r e l s  i n  1965 
( B a l l  ~ s s o c i a t e s )  t o  22.4-29.2 b i l l i o n  b a r r e l s  (Ri tzma)  i n  1979.  

Madagascar 

A 1954 B r i t i s h  P e t r o l e u m  s t u d y  u s e d  i n  P h i z a c k e r l e y ' s  a s s e s s -  
ment (Kent  1954)  e s t j m a t e d  t a r  s a n d  r e s o u r c e s  a t  1.79 b i l l i o n  b a r -  
r e l s .  A 1962 s u r v e y  made by t h e  Malagasy O i l  Company ( A n d r i a n o s o l o  
and  Co. 1979)  a r r i v e d  a t  a  p o s s i b l e  estimate o f  22 b i l l i o n  b a r r e l s  
( 3  b i l l i o n  t o e )  . 

T h e  U.S .S .R .  

I n  1978,  Desmaison i n  an  a r t i c l e  i n  " O i l  and Gas J c u r n a l "  
ment ioned  t h r e e  d e p o s i t s  i n  t h e  U.S.S.R.: M e l e k e s s ,  S i l i g i r  and 
Olenek .  However, D r  Meyer s t r e s s e d  i n  h i s  p r e s e n t a t i o n  a t  t h e  
Edmonton C o n f e r e n c e  t h a t  r e s o u r c e  e s t i m a t e s  f o r  t h e  S o v i e t  
Union are  " u n q u e s t i o n a b l y  s e r i o u s l y  i n  e r r o r  b e c a u s e  o f  t h e  l a c k  
o f  i n f o r m a t i o n " .  

b .  O i l  S h a l e  D e p o s i t s  

A u s t r a l i a  

The f a c t  t h a t  o i l  s h a l e  e x i s t s  n e a r  The Narrows between 
Rundle Range and C u r t i s  I s l a n d ,  Q u e e n s l a n d ,  h a s  been known f o r  
many y e a r s .  R e f e r r i n g  t o  J a f f e  (1962)  Duncan and  Swanson es t i -  
mated t h a t  t h e  d e p o s i t  migh t  c o n t a i n  200 m i l l i o n  b a r r e l s  o i l  
e q u i v a l e n t .  A two y e a r  campaign o f  c o r e  d r i l l i n g  r e a l i z e d  i n  



1974-1975 by Sou the rn  P a c i f i c  Pet ro leum N.L. and C e n t r a l  P a c l f i c  
M i n e r a l s  N.L.  seems t o  i n d i c a t e  t h a t  i n  t h i s  a r e a  t h e r e  a r e  a t  
l e a s t  1200 m i l l i o n  t o n n e s  of o i l  s h a l e  ( w i t h  an a v e r a g e  g r a d e  
o f  89 l/t) which c o n t a i n s  t h e  e q u i v a l e n t  o f  600 m i l l i o n  b a r r e l s .  

G r e a t  B r i t a i n  

I n  1978, t h e  I n s t i t u t e  o f  G e o l o g i c a l  S c i e n c e s  was comple t ing  
a  s t u d y  o f  B r i t i s h  O i l  S h a l e s  on b e h a l f  of t h e  Department o f  
Energy.  The r e s u l t s  have n o t  y e t  been p u b l i s h e d  u n f o r t u n a t e l y .  
The Uni ted  Kingdom h a s  two p r i n c i p a l  g roups  o f  o i l  s h a l e :  t h e  
Kimmeridge Clay and t h e  L o t h i a n s  D e p o s i t s .  McLeod Matthews i n  
a  r e p o r t  p u b l i s h e d  i n  1975, hav ing  r e c a l l e d  f i g u r e s  from g l o b a l  
s u r v e y s  (109 t o n s  o f  s h a l e ,  c a p a b l e  o f  y i e l d i n g  150 m i l l i o n  t o n s  
o f  c r u d e  o i l )  w r o t e  abou t  t h e  Kimmeridge c l a y  d e p o s i t .  "A maxi- 
mum t h e o r e t i c a l  d i s t r i b u t i o n  o f  Kimmeridge s h a l e  would p e r h a p s  
c o v e r  a b o u t  7500 s q u a r e  m i l e s .  Even 25% of t h i s ,  if it r o u g h l y  
reproduced  t h e  c h a r a c t e r i s t i c s  o f  t h e  proven s h a l e s  i n  Dorset, 
would c o n t a i n  a b o u t  3500 106 t o n s  o f  s h a l e ,  y i e l d i n g  500 l o 6  t o n s  
o f  o i l " .  However, h e  i n s i s t e d  on t h e  i m p o s s i b i l i t y  o f  t h e  IGS make- 
i n g  a  r e l i a b l e  a s sessment  o f  t h e  r e s o u r c e s  because  o f  t h e  l a c k  
o f  d a t a .  A s  f o r  t h e  L o t h i a n  d e p o s i t ,  a  r e p o r t  p u b l i s h e d  i n  1978 
by t h e  I n s t i t u t e  o f  G e o l o g i c a l  S c i e n c e s  gave t h e  f o l l o w i n g  f i g u r e s :  
T o t a l  r e s o u r c e s  amount t o  1100 t o n n e s  o f  s h a l e  d i v i d e d  i n t o  
120 m i l l i o n  t o n n e s  o f  p r o b a b l e  r e s o u r c e s ,  240 m i l l i o n  t o n n e s  o f  
p o s s i b l e  r e s o u r c e s ,  and 740 m i l l i o n  t o n n e s  o f  d e e p  r e s o u r c e s  which 
a r e  a s  y e t  unproven.  Only 65 m i l l i o n  t o n n e s  o f  p r o b a b l e  r e s o u r c e s  
c o u l d  b e  e x t r a c t e d  and would y i e l d  a b o u t  35 m i l l i o n  b a r r e l s  o f  o i l .  

F r a n c e  

T h e r e  a r e  4 4 0  m i l l i o n  b a r r e l s  of  o i l  ( s h a l e )  r e s o u r c e s  
a c c o r d i n g  t o  Donnel. However, Combaz t h i n k s  t h a t  t h e  number 
i s  h i g h e r .  A t h r e e  y e a r  s t u d y  (1974-1978) i n c l u d i n g  35 c o r e  
d r i l l i n g  h o l e s  o v e r  a  broad a r e a  e a s t  of  P a r i s ,  i d e n t i f i e d  
a b o u t  seven b i l l i  n  b a r r e l s .  I n  t h e  r e g i o n  o f  F e c o c o u r t ,  (an 9 a r e a  of  36.50 km ) t h e  r e s o u r c e s  of  o i l  s h a l e  ( w i t h  a  g r a d e  
o f  40 kg / t  and r e s t r i c t e d  t o  an overburden r a t i o  o f  a b o u t  
two) r e p r e s e n t  t h e  e q u i v a l e n t  o f  400 , m i l l i o n  b a r r e l s .  

Duncan and Swanson r e p o r t e d  t h a t  t h e  e x p l o r e d  p a r t s  o f  t h e  
Um Balek  d e p o s i t  were e s t i m a t e d  t o  c o n t a i n  abou t  20 m i l l i o n  
b a r r e l s  of  o i l  e q u i v a l e n t  from s h a l e  t h a t  y i e l d s  a b o u t  12 .5  g l s t .  
R e c e n t l y ,  t h e  M i n i s t r y  of  Energy of  t h e  S t a t e  o f  I s r a e l  i n d i c a t e d  
t o  u s  t h a t  t h e r e  a r e  t h r e e  major  known o i l  s h a l e  d e p o s i t s  i n  
I s r a e l .  T o t a l  r e s o u r c e s  a r e  o v e r  2000 m i l l i o n  t o n s  o f  s h a l e  w i t h  
an  a v e r a g e  kerogen c o n t e n t  of  approx imate ly  15%. The o i l  s h a l e  
r e s o u r c e  i s  c o n s i d e r e d  a s  a  p o s s i b l e  c o n t r i b u t o r  of  up t o  10-20% 
o f  t h e  energy  s u p p l y  i n  t h e  n i n e t i e s .  



Morocco  

There  was no e s t i m a t e  by Duncan and Swanson, however, i n  
1 9 7 4  Matveyev e s t i m a t e d  abou t  600 m i l l i o n  b a r r e l s .  I n  1 9 7 9  
Mouassa S a a d i  r e p o r t e d  t h a t  g e o l o g i c a l  s t u d i e s  under taken  s i n c e  
1 9 7 0  had r e v e a l e d  two impor t an t  d e p o s i t s  o f  b i tuminous  s h a l e :  
t h e  d e p o s i t  a t  T i n a h d i t ,  w i t h  r e s e r v e s  e s t i m a t e d  a t  m q r e  t h a n  
2 0  b i l l i o n  t o n s  w i t h  an average  o i l  c o n t e n t  o f  8% and ' t h e  
T a r f a y a  d e p o s i t  w i t h  r e s e r v e s  o f  t h e  o r d e r  o f  2 0 0  b i l l i o n  t o n s  
w i t h  an ave rage  o i l  c o n t e n t  o f  app rox ima te ly  6 %  w t  which r ep re -  
s e n t s  a  t o t a l  o f  9 5  1 0 9  b a r r e l s  o f  o i l  e q u i v a l e n t .  

New Zea land 

E x p l o r a t o r y  d r i l l i n g  i n  N e w  Zealand between 1961 and 1 9 6 2  
has  changed t h e  s t a t u s  o f  t h e  Nevis  o i l  s h a l e  d e p o s i t  from one  
t h a t  w a s  p r o s p e c t i v e l y  v a l u a b l e  t o  one  o f  l i t t l e  commercial 
i n t e r e s t .  The N e w  Zea l andGeo log i ca l  Survey conf i rmed t h a t  no 
f u r t h e r  e x p l o r a t o r y  work i s  env i saged  a t  t n l s  s t a g e  and no o t h e r  
e x p l o r a t i o n  work i s  programmed f o r  any o f  t h e  o t h e r  o i l  s h a l e  
d e p o s i t s ,  ma in ly  because  t h e  q u a n t i t i e s  a v a i l a b l e  are ve ry  small. 

Sweden 

The v a l u e s  g i v e n  by t h e  Geo log i ca l  Survey o f  Sweden show 
a  s l i g h t  r e v a l u a t i o n  o f  t h e  r e s o u r c e s  o f  d e p o s i t s  i n  t h s  prov- 
i n c e s  o f  Uland and f i s t e r g o t l a n d  ( 2 5 2 0  l o 6  b a r r e l s  compared t o  
1900  l o 6  b a r r e l s  a cco rd ing  t o  Duncan) which g i v e  a  t o t a l  o f  
3160  106 b a r r e l s  o f  o i l  e q u i v a l e n t  f o r  Sweden. 

T u r k e y  

A t  t h e  Edmonton Conference  it was conf i rmed t h a t  Turkey 
ha s  g r e a t  p o t e n t i a l .  However, t h e  c o u n t r y  i s  n o t  w e l l  enough 
equipped t o  c a r r y  o u t  t h e  i n v e s t i g a t i o n s  r e q u i r e d  f o r  t h e  deve-' 
lopment o f  t h i s  r e s o u r c e .  

Y u g o s  l a v i a  

I t  i s  r e p o r t e d  t h a t  l a r g e  r e s e r v e s  o f  o i l  s h a l e  n e a r  
A l e k s i n a t s  i n  South  E a s t e r n S e r b i a  have been d i s c o v e r e d .  Two 
b i l l i o n  t o n s  have  a l r e a d y  been proven,  w i th  an o i l  c o n t e n t  of  
1 0 - 1 2 % .  Thi s  cou ld  r e p r e s e n t  abou t  1500  106  b a r r e l s  o i l  
e q u i v a l e n t .  

A l l  t h e s e  f i g u r e s  must be c o n s i d e r e d  a s  i n d i c a t i o n s .  
Indeed t o  add t o  t h e  u n c e r t a i n t y ,  it i s  ve ry  d i f f i c u l t  t o  g e t  
i n fo rma t ion  on t h e  d a t a  which w e r e  used t o  o b t a i n  t h e s e  e s t ima -  
t i o n s .  Did t h e y  r e l y  on c o r e  d r i l l i n g  programs, a n a l y s i s  o f  
samples  o r  j u s t  a  su rvey  o f  s u r f a c e  ou t c ropp ings?  



11. TECHNOLOGY 

For a  b e t t e r  unde r s t and ing  of  t h e  fo l l owing  c h a p t e r  on t h e  
impacts  o f  unconven t i ona l  o i l  e x t r a c t i o n  and upgrad ing ,  it was 
f e l t  u s e f u l  t o  g i v e  a  qu i ck  reminder of t h e  c u r r e n t  t e c h n o l o g i e s .  

TAX SANDS 

A l l  methods o f  bi tumen recovery  from t a r  sand must t a k e  i n t o  
account  t h e  main c h a r a c t e r i s t i c s  o f  t h e s e  t a r  sands .  

1 .  Bitumen i s  t o o  v i s c o u s  t o  f low n a t u r a l l y :  
it l a c k s  m o b i l i t y  o r  f l u i d i t y  i n  i t s  na tu -  
r a l  s t a t e .  

2 .  O i l  s a t u r a t e d  sand i s  impermeable. There  
i s  no n a t u r a l  communication channe l  w i t h i n  
t h e  o i l  sand  r e s e r v o i r .  

3 .  O i l  sand r e s e r v o i r s  have l i t t l e  o r  no 
i n t e r n a l  d r i v e  energy s o  t h a t  o i l  r ecovery  
r e q u i r e s  t h e  a p p l i c a t i o n  of ene rgy .  

4 .  O i l  sand r e s e r v o i r s  a r e  n o t  homogenous 
and have h i g h l y  v a r i a b l e  unconso l i da t ed  
he te rogeneous  mass. 

The r e c o v e r y  o f  bitumen t h e r e f o r e  r e q u i r e s  methods which 
change t h e s e  c h a r a c t e r i s t i c s .  There  a r e  two b a s i c  t y p e s  o f  
method (See  F i g u r e  XI. 1 )  . 

-- Sur f  a c e  mining 
-- I n  s i t u  r e cove ry  

The f i r s t  t y p e  o f  method can be a p p l i e d  t o  d e p o s i t s  c l o s e  enough 
t o  t h e  s u r f a c e ,  pe rhaps  w i t h  up t o  SOm. of  overburden.  However, 
i n  Athabasca  f o r  example, t h i s  k ind  of  d e p o s i t  r e p r e s e n t s  on ly  
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The dia tomaceous  s h a l e s  i n  S i c i l y  a r e  a  good example. 
On t h e  b a s i s  o f  t h e  B .  Gu 'n t a  e s t i m a t e  (1951) Duncan gave t h e  4 f o l l owing  f i g u r e s :  35 10 b a r r e l s  of o i l  i n  p l a c e ,  o f  which 
7 l o 9  b a r r e l s  a r e  r e c o v e r a b l e .  I n  a  r e p o r t  pub l i shed  i n  1979 
(Da l l a  Casa and Co.)  t h e  amounts of  b i tument  in p l a c e  a r e  
thought  t o  be c o n s i d e r a b l y  l e s s  t h a n  t h e  o r i g i n a l  e s t i m a t e s .  
On t h e  o t h e r  hand,  Michel  Monnier, i n  h i s  t h e s i s  pub l i shed  i n  
1978, e s t i m a t e d  p o t e n t i a l  hydrocarbons  i n  p l a c e  t o  b e  63 l o 9  bar-  
r e l s .  However, Agip  confirmed t h a t  t h e  ve ry  s c a r c e  amount o f  r e l i -  
a b l e  d a t a  a v a i l a b l e  makes any q u a n t i t a t i v e  e s t i m a t i o n  o f  t h e  poten- 
t i a l  hydrocarbons  i n  p l a c e  u n r e l i a b l e  ( t h i s  i n fo rma t ion  was 
r e c e i v e d  by p e r s o n a l  communication from a manager o f  The Produc- 
t i o n  Development Department o f  Agip) . 

Another v e r y  s u r p r i s i n g  p o i n t  i s  t h a t ,  a cco rd ing  t o  t h e  
d i f f e r e n t  g l o b a l  s t u d i e s ,  t h e r e  i s  no major  t a r  sand d e p o s i t  
i n  As ia  o r  A f r i c a .  T h i s  may be due t o  l a c k  o f  p h y s i c a l  re- 
s o u r c e s  o r  s imp ly  t o  l a c k  o f  e x p l o r a t i o n .  One may conc lude ,  
i n  f a c t ,  t h a t  a t  a  world l e v e l ,  t h e  a c t u a l  f i g u r e s  a r e  r e a l l y  
c o n s e r v a t i v e  and it i s  d o u b t f u l  whether  t h e r e  w i l l  be a  g r e a t  
change i n  t h e  coming y e a r s .  Economic i n t e r e s t  i n  e x p l o i t i n g  
t h i s  t y p e  o f  r e s o u r c e  does  n o t  seem t o  b e  c o n s i d e r e d  l a r g e  
enough by t h e  m a j o r i t y  o f  c o u n t r i e s  t o  encourage  them t o  under- 
t a k e  v a s t  e x p l o r a t i o n  programs. Indeed ,  i f  t h e  d i s cove ry  prob- 
a b i l i t y  i s  n o t  h i g h ,  t h e  development o f  t h e s e  r e s o u r c e s  seems t o  
be economica l ly  v i a b l e  on ly  on a v e r y  l a r g e  s c a l e  which i m p l i e s  
l a r g e  c a p i t a l  i nves tmen t .  Fur thermore ,  t h e  t echno logy  r i s k  
i s  s t i l l  i m p o r t a n t .  A l l  t h e s e  r e a s o n s  e x p l a i n  why i n  t h e  o i l  
s h a l e  f i e l d ,  f o r  example, it i s  p robab l e  t h a t  no e f f o r t  w i l l  
be made e l s ewhe re  b e f o r e  t h e  U.S. r e a l l y  b e g i n s  t o  e x p l o i t  
i t s  huge r e s e r v e s  ( w i t h  t h e  p o s s i b l e  e x c e p t i o n  o f  B r a z i l  and 
o f  I s r a e l ,  bo th  f o r  s t r a t e g i c  reasons)--We would, o t  cou r se ,  
p r e f e r  t h a t  t h i s  were n o t  t h e  c a s e .  



1 0 %  of  r e s o u r c e s  i n  s i t u .  For  d e p o s i t s  a t  g r e a t e r  d e p t h s  t h e  
i n  s i t u  r e c o v e r y  method a p p e a r s  t o  b e  a more s u i t a b l e  approach  
t o  e x p l o i t a t i o n .  

S u r f a c e  Mining 

The c u r r e n t  s u r f a c e  mining p l a n t s  ( G r e a t  Canadian  O i l  Sands 
and Syncrude)  i n v o l v e  t h r e e  major  o p e r a t i o n s .  

1 .  A mining o p e r a t i o n  which c o n s i s t s  f i r s t l y  
o f  t h e  overburden removal  and d i s p o s a l ,  
and t h e n  o f  t a r  sand mining and t r a n s p o r t  
t o  a s e p a r a t i o n  f a c i l i t y .  

2 .  An e x t r a c t i o n  p r o c e s s ,  i .e .  t h e  s e p a r a t i o n  
of  t h e  bi tumen from t h e  o i l  sand.  

3 .  An upgrad ing  o f  t a r  sand  b i tumen t o  f a c i l -  
i t a t e  p i p e l i n e  movement t o  r e f i n i n g  c e n t e r s  
and t o  c r e a t e  a c c e p t a b i l i t y  a s  a syncrude  
f e e d s t o c k  f o r  r e f i n i n g  t o  m a r k e t a b l e  prod- 
u c t s .  

U n t i l  now, t h e  mining o p e r a t i o n  h a s  been accompl ished by 
t h e  u s e  o f  l a r g e - s c a l e  equipment  d r a g - l i n e s  o r  bucke t  whee l s  
(see 111); A new and p romis ing  approach  i s  t h e  h y d r a u l i c  dredg-  
i n g  o f  overburden b e f o r e  o i l  sand  mining.  Underground mining 
i s  s t i l l  c o n s i d e r e d  t o o  c o s t l y  f o r  t a r  s a n d s .  

I n  t h e  two commercial  p l a n t s  c u r r e n t l y  i n  a c t i v i t y ,  
bitumen e x t r a c t i o n  i s  accompl ished by t h e  C l a r k  Hot Water 
P r o c e s s :  

According t o  S p r a g i n s  ( 1  9 7 8 )  : 

Hot w a t e r  and s team a r e  combined w i t h  mechan ica l  
ene rgy  t o  t r a n s f o r m  t h e  t a r  s a n d  o r e  i n t o  a f r o t h y  
p u l p  i n  s e p a r a t i o n  t a n k s .  The main body o f  p u l p  
i s  t h e n  pumped t o  e x t r a c t i o n  v e s s e l s  f i l l e d  w i t h  
h o t  w a t e r .  O i l y  f r o t h  c o l l e c t s  on t o p  and i s  
skimmed o f f ,  sand p a s s e s  o u t  of  t h e  bot tom,  and a 
m i d d l i n g  s t r e a m  is  removed and pumped away t o  
secondary  r e c o v e r y  ce l l s  where a d d i t i o n a l  o i l  i s  
r e c o v e r e d .  The o i l y  f r o t h  is  c o l l e c t e d  from t h e  
pr imary  and secondary  e x t r a c t i o n  ce l ls  and d i l u t e d  
w i t h  g a s  o i l  and n a p h t a .  A f t e r  hav ing  been passed  
t h r o u g h  a c e n t r i f u g a l  sys tem t h e  d i l u t e d  o i l  is  
r e a d y  f o r  upgrad ing .  

One of  t h e  d i s a d v a n t a g e s  o f  t h i s  p r o c e s s  i s  t h e  l a r g e  
consumption of  wa te r  (see 111). T h a t  i s  why e f f o r t s  a r e  b e i n g  
made t o  d e v e l o p  some a l t e r n a t i v e s  s u c h  a s  combined w a t e r  s o l v e n t ,  
s o l v e n t  e x t r a c t i o n ,  o i l  a g g l o m e r a t i a n ,  and h i g h  t e m p e r a t u r e  
r e t o r t i n g .  

The upgrad ing ,  i . e .  t h e  c o n v e r s i o n ,  o f  t h e  p r o d u c t  bi tumen 
t o  s y n t h e t i c  c r u d e  o i l  c o n s i s t s  of  i n c r e a s i n g  t h e  hydrogen t o  
carbon r a t i o  of t h e  bi tumen.  T h i s  c a n  be  accompl ished by ca rbon  



withdrawal  p r o c e s s e s  such a s  d e l a y e d  coking ( G r e a t  Canadian 
O i l  Sand--GCOS) o r  f l u i d  c o k i n g  (Syncrude)  o r  by hydrogen 
a d d i n g  p r o c e s s e s  such a s  h y d r o v i s b r e a k i n g  (hydrocrack ing  o r  
h y d r o t r e a t i n g )  . 

I n  t h e  cok ing  p r o c e s s  t h e  bitumen i s  g r a d u a l l y  h e a t e d  t o  
550°C. A t  t h e s e  t e m p e r a t u r e s ,  t h e  v o l a t i l e  p o r t i o n s  o f  t h e  
bi tumen d i s t i l l  and t h e  r e s i d u e  c r a c k s ,  p roduc ing  coke and 
g a s e o u s  and l i q u i d  p r o d u c t s .  The l i q u i d  p r o d u c t  f r a c t i o n s  a r e  
s u b j e c t e d  t o  h y d r o d e s u l f u r i z a t i o n .  

I n  t h e  h y d r o v i s b r e a k i n g  f a c t o r s ,  t h e  bi tumen i s  h e a t e d  and 
comes i n t o  c o n t a c t  w i t h  h i g h  p r e s s u r e  hydrogen w i t h  o r  w i t h o u t  
t h e  a i d  o f  a  c a t a l y s t .  T h i s  p r o c e s s  maximizes t h e  y i e l d  o f  
l i q u i d s  and minimizes  t h e  y i e l d  of  g a s e s  and coke .  On t h e  
o t h e r  hand t h i s  p r o c e s s  r e q u i r e s  more hydrogen and c a t a l y s t s .  

Up t o  now, economic r e a s o n s  have o f t e n  i n f l u e n c e d  t h e  
s e l e c t i o n  o f  cok ing  p r o c e s s e s  f o r  commercial p r o j e c t s  b u t  more 
and more e f f o r t  i s  b e i n g  d e v o t e d  t o  t h e  development  o f  new 
p r o c e s s e s  such  a s  t h e  Aurabon P r o c e s s  ( U n i v e r s a l  O i l  P r o d u c t i o n )  
o r  t h e  Eureka P r o c e s s  ( M i t s u i  & C o . ) .  

I n  S i t u  Mining 

Numerous i n  s i t u  methods f o r  t h e  r e c o v e r y  of  bitumen from 
t a r  sand have been proposed o v e r  t h e  y e a r s  (See  F i g u r e  1 1 . 1 ) .  
e . g .  h o t  w a t e r  i n j e c t i o n ,  s team i n j e c t i o n ,  h o t  s o l v e n t ,  g a s  
i n j e c t i o n ,  i n  s i t u  combust ion and s o l v e n t  methods.  

However, f rom t h e  l i s t  o f  t h e  d i f f e r e n t  t e s t  p r o j e c t s  i n  
A l b e r t a  and i n  Utah (Tab le  11 .1  and I I . 2 ) ,  it i s  p o s s i b l e  t o  
see t h a t  two methods a r e  r e c e i v i n g  s p e c i a l  a t t e n t i o n .  

-- t h e  s team i n j e c t i o n  method 
-- t h e  combust ion method 

The Steam I n j e c t i o n  Method 

S t e a n  i n j e c t i o n  can  be e i t h e r  c y c l i c  o r  c o n t i n u o u s .  C y c l i c  
s t eam i n j e c t i o n  o r  "huf f  and p u f f "  t e c h n i q u e s  i n v o l v e  steam 
i n j e c t i o n  i n t o  a  w e l l  f o r  a  l i m i t e d  p e r i o d  o f  t i m e  fo l lowed  by 
a  " s h u t - i n "  p e r i o d  ( s o a k  t i m e )  and by p r o d u c t i o n  o f  t h e  same 
w e l l  u n t i l  a  new i n j e c t i o n  phase  i s  i n i t i a t e d .  Steam d r i v e  o r  
s t eam f l o o d i n g  i n v o l v e  a  p a t t e r n  d i s t r i b u t i o n  o f  s e p a r a t e  
i n j e c t i o n  and p r o d u c t i o n  w e l l s .  T h i s  method i s  g e n e r a l l y  con- 
s i d e r e d  a s  u n s u i t a b l e  f o r  a  r e s e r v o i r  which h a s  l i t t l e  o r  no 
p r imary  energy .  

The Combustion Method 

T h i s  p r o c e s s  i n v o l v e s  d r i l l i n g  two w e l l s  i n t o  t h e  d e p o s i t :  
one  f o r  i n j e c t i o n  o f  a i r  a n d  t h e  o t h e r  f o r  t h e  r e c o v e r y  o f  t h e  
p r o d u c t .  A f t e r  i g n i t i o n  a  h e a t  wave p r o p a g a t e s  w i t h i n  t h e  
f o r m a t i o n  due t o  t h e  combust ion  o f  p a r t  o f  t h e  o i l . i n  s i t u  w i t h  
t h e  oxygen i n  t h e  i n j e c t e d  a i r .  The h e a t  of  combust ion s e r v e s  



Table 11.7. Experimental projects in oil sand deposits in Alberta 
( 1 )  

DEPOSIT PROCESS OPERATOR NO. OF EXPECTED *. START /COM- 
WELLS GROSS COST PLETION 

$ M DATE 

ATM BAS CA 

F o r t  McMurray Steam Texaco Expl. 5 2 25 72/80 

* Canada 
Gregoi re  Lake S team/Combus t i o n  Amoco Canada 2 5 7 1 73/80 * 
Surmont F rac tu r ing  Numac O i l  8 Gas 1 2 74/80 
Mildred Lake Hor izonta l  D r i l l .  Petro-Canada 3 5 79/80 
NW of  Gregoi re  Lk E lec t r i c IS t eam Pe tro-Canada 4 3 5 80 184 

COLD LAKE 

E t h e l  Lake 
May 
Lerning 
Ardmore 
Primrose Lake 
F o r t  Kent 
Cold Lake * 
Marguer i te  Lake 
Beaver Crossing 
Bourque 
Primrose 
Muriel  Lake 

PEACE RIVER 
* 

Cado t t e  ~ a k e - .  

WABASCA 

Wood River  
P e l i c a n  

CARBONATE 

S t eam 
Steam 
Steam 
Steam 
S t eam 
Steam 
S team 
S team/Combus t i o n  
Steam 
Steam 
S t eam 
Steam 

Steam 

S team/Combus t i o n  
Steam 

Esso Resources 
Zsso Resources 
Esso Resources 
Union Texas 
Norcen 
Worldwide Energy 
Gulf Canada 
BP Explora t ion  
Chevron Standard 
Esso Resources 
Pe tro-Canada 
Worldwide Energy 

S h e l l  Canada 
Resources 

Gulf Canada 
Gulf Canada 

* 
Buff a10 Creek S team/Combus t i o n  Union O i l  5 10 77/81 
chipewyan* S team Union O i l  7 3 74/79 

* 
P r o j e c t s  having AOSTRA p a r t i c i p a t i o n  

** 
Estimated g ros s  c o s t s  f o r  p i l o t  and a s soc i a t ed  r e sea rch  i n  per iod def ined  by 
s t a r t / c o m p l e t i o n  d a t e s .  These c o s t s  do no t  inc lude  l e a s e  c o s t s  o r  r o y a l t i e s .  

Technological  Hurdles f o r  O i l  Sands and Heavy O i l  Development. 
C.W. Bowman, M.A. Ca r r igy ,  A lbe r t a  O i l  Sand Technology and 
Research Author i ty .  



Table 1 1 . 2 .  F ie ld  p ro j ec t s  t o  t e s t  t he  r,vcovery of o i l  from U . S .  t a r  sands ( 2  ) 

FIELD 

RESERVOIR ZONE 

OPERATOR OPERATING PRODUCING NAME DEPTH, NET THICK- O I L  GRAV- OIL VISCOS- 
PERIOD MECHANISM FT . NESS, FT ITY, API ITY, CP 

Cat  Canyon G e t t y  O i l  Co. 6/76-5181 S teamf lood  S1B 2,5000 80  go 25,000 
S a n t a  Barba ra  Sand 
Co.,  C a l i f o r n i a  

Marpor t Ogle  P e t r o l -  7177-? S teamf lood  Monterrey  1 ,406 80  go-lo0 > l o o  000 
Monterrey Co., eum Co. Sand @2006F 
C a l i f o r n i a  

M c K i t t r i c k ,  G e t t y  O i l  Co. 1979-84 S t r i p  mining Diatonlac- 0-1,2000 NA 1 3 . 6 ~  N A 
Kern Co., and s u r f a c e  eous  e a r t h  
C a l i f o r n i a  e x t r a c t i o n  

Northwest  Laramie Energy 71-9/82 I n  s i t u  R i m  Rock 300-600 10-50 14' >1,000,000 
A s p h a l t  Ridge,  Technology combust i o n  Sands  t o n e  
Uintah  Co., C e n t e r ,  DOE and steam- 
Utah f l o o d  

P a r i s  V a l l e y ,  Husky O i l  Co. 1175-1/80 I n  s i t u  Ansber ry  840 50 9'-1 lo 50,000- 
Monterrey  Co., combust i o n  Fo m a  t i o n  400,000 
C a l i f o r n i a  w i t h  w a t e r  

i n j e c t i o n  

( 2 )  C u r r e n t  A c t i v i t y  i n  O i l  P r o d u c t i o n  f rom U.S. Tar  Sands .  
L.C. Marchant ,  C.Q. C u p ~ s ,  J . J .  S t o s u r .  



t o  i n c r e a s e  t h e  t empe ra tu r e  of  t h e  fo rmat ion ,  t he r eby  dec rea s ing  
t h e  v i s c o s i t y  of t h e  bitumen. There  a r e  two i n  s i t u  combustion 
p r o c e s s e s ,  forward combustion and r e v e r s e  combustion. I n  forward 
combustion,  i g n i t i o n  occu r s  a t  t h e  i n j e c t i o n  w e l l  and t h e  combus- 
t i o n  f r o n t  p ropaga t e s  t o  t h e  producing w e l l s  i n  t h e  same d i r e c t i o n  
a s  t h e  i n j e c t e d  a i r .  I n  r e v e r s e  combustion,  i g n i t i o n  o c c u r s  a t  
t h e  p roduc t i on  w e l l  and a i r  and t h e  combustion zone t r a v e l  i n  
o p p o s i t e  d i r e c t i o n s .  Whichever method is  chosen,  t h e  e x t r a c t e d  
bitumen must a l s o  be  upgraded. 

O I L  SHALE 

The p r o c e s s  o f  h e a t i n g  t h e  o i l  s h a l e  t o  o b t a i n  t h e  l i q u i d  
and g a s  p r o d u c t s  i s  known a s  " r e t o r t i n g " .  The amount o f  o i l  
t h a t  can be r e t o r t e d  from o i l  s h a l e  d e p o s i t s  r anges  from about  
4 t o  50% o f  t h e  weigh t  of t h e  rock ,  o r  about  10-150 g a l s  of  o i l  
pe r  t o n  o f  rock .  

There  a r e  t h r e e  r e t o r t i n g  t e c h n i q u e s  c u r r e n t l y  i n  u s e  
(see F i g u r e  1 1 . 2 )  . 

-- S u r f a c e  r e t o r t i n g  
-- True  i n  s i t u  r e t o r t i n g  
-- Modif ied  i n  s i t u  r e t o r t i n g  

Su r f ace  R e t o r t i n g  

T h i s  method i s  t h e  most commonly used.  I t  c o n s i s t s  of 
inining, c r u s h i n g  and then  h e a t i n g  t h e  s h a l e  i n  a r e t o r t  v e s s e l  
above ground.  

Mining 

S u r f a c e  r e t o r t i n g  of o i l  r e q u i r e s  mining of t h e  s h a l e  
d e p o s i t .  O i l  s h a l e  can be mined e i t h e r  by s u r f a c e  o r  by 
underground mining.  The c h o i c e  of method is  determined by 
overburden d e p t h ,  o i l  s h a l e  t h i c k n e s s  and g rade ,  d e p o s i t  s i z e  
and ground wa te r  e tc .  

S u r f a c e  mining i s  a s u i t a b l e  method f o r  l a r g e  d e p o s i t s  of  
low t o  medium g r a d e  o r e  s i n c e  it p e r m i t s  h igh  recovery  o f  
r e s o u r c e s  and t h e r e  i s  room f o r  l a r g e  and e f f i c i e n t  equipment. 

Underground mining i s  w e l l  s u i t e d  t o  t h i c k ,  r i c h  and 
e x t e n s i v e  o i l  s h a l e  d e p o s i t s  w i t h  overburden exceeding t h e  
economic s t r i p p i n g  r a t i o .  Var ious  d i f f e r e n t  underground 
mining methods have been developed.  

I n  t h e  room and p i l l a r  method, a p o r t i o n  o f  t h e  o i l  s h a l e  
i s  removed, forming l a r g e  ' rooms ' ,  p i l l a r s  a r e  l e f t  t o  s u p p o r t  
t h e  r o o f .  The chamber and p i l l a r  method, which i s  a modif ica-  
t i o n  o f  r3om ana p i l l a r  mining,  was des igned  f o r  underground 
d i s p o s a l  of p rocessed  s h a l e .  P rocessed  s h a l e  b a c k f i l l i n g  i s  
s t a r t e d  when a chamber i s  comple te ly  mined o u t .  Another method 
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i s  t h e  b lock  c a v i n g  method. I t  is  d e s i g n e d  f o r  mining t h i c k  o i l  
s h a l e  sequences .  A mining l e v e l  is d r i v e n  under  t h e  o i l  s h a l e  
zone and t h e  r o o f  i s  b l a s t e d  t o  i n i t i a t e  c a v i n g .  The broken 
s h a l e  deve loped  by s u b s i d e n c e  i s  removed from t h e  mine and 

' r e t o r t e d  on  t h e  s u r f a c e .  P r o c e s s e d  s h a l e  from t h e  s u r f a c e  
r e t o r t s  i s  dumped i n t o  t h e  s u r f a c e  c a v i t y  formed. Of c o u r s e ,  
t h e  r e s o u r c e  r e c o v e r y  depends  on t h e  mining sys tem used  t o  
d e v e l o p  t h e  o i l  s h a l e  d e p o s i t  ( T a b l e  1 1 . 3 )  

R e t o r t i n g  

The o i l  s h a l e  must  b e  h e a t e d  t o  a b o u t  5 0 0 ~ ~  t o  decompose 
t h e  embodied ke rogen  and produce  c r u d e  s h a l e  o i l ,  g a s  and carbo-  
naceous  r e s i d u e .  

T h e r e  a r e  b a s i c a l l y  two t y p e s  of s u r f a c e  r e t o r t ,  depending 
on t h e  method o f  i n t r o d u c i n g  h e a t  i n t o  t h e  r e to r t  ( F i g u r e  1 1 . 3 ) .  

I n t e r n a l  h e a t i n g  u s e s  t h e  combust ion  o f  p a r t  
o f  t h e  s h a l e  i t s e l f  t o  p r o v i d e  t h e  n e c e s s a r y  
h e a t ;  
E x t e r n a l  h e a t i n g  u s e s  h e a t  s o u r c e s  from 
o u t s i d e  t h e  p y r o l y s i s  v e s s e l  f o r  t h e i r  oper-  
a t i o n .  These  may be  f u r t h e r  d i v i d e d  i n t o  
two c a t e g o r i e s  depending on whe the r  t h e  h e a t  
i s  t r a n s f e r r e d  t o  t h e  v e s s e l  i n  h o t  s o l i d  or  
i n  g a s e s .  

F i g u r e  11.3 s h o w s t h e  main s u r f a c e  r e t o r t i n g  sys tems  
c o r r e s p o n d i n g  t o  e a c h  c a t e g o r y .  To d a t e ,  n o t  one of  them h a s  
been o p e r a t e d  a t  an  i n d u s t r i a l  l e v e l .  Of c o u r s e ,  t h e  e f f i c i -  
ency v a r i e s  w i t h  t h e  s e l e c t i o n  of  a s p e c i f i c  r e t o r t i n g  system. 
T a b l e  1 1 . 4  l i s t s  t h e  v a l u e s  of  o i l  y i e l d ,  based  on t h e  F i s c h e r  
Assay Method. 

I n  S i t u  R e t o r t i n g  

I n  s i t u  r e t o r t i n g  i s  c u r r e n t l y  c o n s i d e r e d  t o  b e  an 
a l t e r n a t i v e  t o  mining and s u r f a c e  r e t o r t i n g .  T h i s  method is  
i n  t h e  e a r l y  s t a g e s  o f  development .  There  a r e  t h r e e  s t e p s  
t o  t h i s  p r o c e s s :  

1 .  C r e a t i o n  of  a r t i f i c i a l  p e r m e a b i l i t y  by 
f r a c t u r i n g  s e l e c t e d  s h a l e  zones  i n  o r d e r  
t o  a l l o w  t h e  c i r c u l a t i o n  o f  a h e a t  c a r r i e r  
f l u i d .  Many methods i n c l u d e  f r a c t u r i n g  
by a i r  or w a t e r  under  h i g h  p r e s s u r e ,  
chemica l  e x p l o s i v e s ,  n u c l e a r  d e v i c e s  and 
e lec t r ic  c u r r e n t s .  The need t o  c r e a t e  
a r t i f i c i a l  p e r m e a b i l i t y  i s  one  o f  t h e  
main d i s a d v a n t a g e s  o f  i n  s i t u  r e t o r t i n g .  

2 .  I n j e c t i o n  o f  h e a t i n g - f l u i d  which c a u s e s  
underground p y r o l y s i s  i n  t h e  o i l  s h a l e  
zone.  The h e a t  s o u r c e  i s  g e n e r a t e d  by 
p a r t i a l  combust ion  o f  t h e  i n  s i t u  o i l  



T a b l e  11. 3. Mining e f f i c i e n c y  

Open p i t  M u l t i p l e  l e v e l  R o o m  and  Chamber and S u b l e v e l  B lock  Cav ing  
Mining room and  p i l l a r  P i l l a r  P i l l a r  Mining  S t o p p i n g  

Mi.ning 
(1) (1) (2) (3) (3) (3) 

Recovery w i t h i n  
min ing  h o r i z o n  n . a .  n . a .  

Recovery w i t h i n  
e n t i r e  o i l  
s h a l e  s e q u e n c e  n . a .  n . a .  

Recovery  o f  t h e  
t o t a l  r e s o u r c e  
w i t h i n  t r a c t  
C-a  65% 14% 

(1) F e d e r a l  O i l  S h a l e  T r a c t  C-a: Gul f  O i l  C o r p o r a t i o n  a n d  S t a n d a r d  O i l  Company, I n d i a n a  1976. 

(2) Colony Development O p e r a t i o n ,  1977. 

(3) Cameron E n g i n e e r s ,  1976. 
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T a b l e  1 1 . 4 .  R e t o r t  e f f i c i e n c y - - s u r f a c e  r e t o r t . i n g  

Name o f  P r o c e s s  O i l  Y i e l d  S o u r c e  
F i s c h e r  Assay 

G a s  combust ion  Retor t  82%-87% S l a d e k  1975 

P a r a h o  90% S l a d e k  1975 

Union O i l  Company 
Retort  A 85% 

Union O i l  Company 
Retort  B >85% 

S.R.G. 

Tosco  I1 R e t o r t  

L i q u i d  hydroca rbons  99% 

T o t a l  r e c o v e r y  o f  C,, 
and  h e a v i e r  hydro-  
c a r b o n s  108% 

L u r g i  Ruhrgas 102% 

P e t r o s i x  n . a .  

M c D o w e l l  Wellman 
( S u p e r i o r  O i l  Company) n . a .  

S l a d e k  1975 

H i n d r i c k s o n  1974 

H i n d r i c k s o n  

S l a d e k  1975 

O i l  Y i e l d  F i s c h e r  Assay : R e t o r t  y i e l d s  a r e  n o r m a l l y  e x p r e s s e d  
i n  t e r m s  o f  t h e  F i s c h e r  Assay which  
i s  t h e  g e n e r a l l y  a c c e p t e d  l a b o r a t o r y  
r e t o r t i n g  p r o c e d u r e  f o r  e v a l u a t i n g  
o i l  s h a l e  and  which c o n s i s t s  o f  t h e  
p y r o l y s i s  o f  100g o f  c r u s h e d  r o c k  a t  
550% i n  a  s t ee l  F i s c h e r  r e to r t  
r e c o v e r i n g  t h e  c o n d e n s a b l e  e l e m e n t s  . 



s h a l e  i n i t i a t e d  by i n j e c t e d  a i r ,  a  mixture of 
a i r  and recycled gas ,  o r  superheated steam e t c .  

3. Pumping t h e  o i l  and gases  through a  p a t t e r n  of 
production we l l s  around a  c e n t r a l  i n j e c t i o n  wel l  
t o  t h e  su r face  f o r  upgrading. 

Equity O i l  has developed a  process which c o n s i s t s  of 
i n j e c t i n g  e i t h e r  ho t  n a t u r a l  gas  o r  methane. A l abora to ry  
experiment showed t h a t  it was poss ib le  t o  e x t r a c t  80% of o i l  
contained i n  s h a l e  by using gas.  S h e l l  O i l  Company has ca r -  
r i e d  o u t  some research  on i n j e c t i o n  of steam. 

Modified I n  S i t u  Retor t ing  

The Occidental  Petroleum Corporation has taken a  new 
approach and developed "Modified In  S i t u  Retor t ing"  
This process  involves mining a  por t ion  of t h e  s h a l e  bed which 
i s  s u f f i c i e n t  t o  produce a  void volume of 15% t o  30% of t h e  
o i l  s h a l e  bed. The remaining sha le  within t h e  zone t o  be 
r e t o r t e d  i s  rubbled i n t o  t h e  mine voids.  Retor t ing  i s  
i n i t i a t e d  by heat ing t h e  rubble p i l e  a t  t h e  t o p  of t h e  r e t o r t  
using an ou t s ide  energy source.  A i r ,  gas o r  steam is i n j e c t e d  
a t  t h e  t o p  of t h e  r e t o r t  chamber and o i l  i s  withdrawn from a 
dump a t  t h e  bottom. The r e t o r t i n g  e f f i c i e n c y  wi th in  t h e  i n  
s i t u  chambers i s  repor ted  t o  range from approximately 40% t o  
almost 80% of t h e  Fischer  Assay Method ( see  Table 11.4)-.- 
Af ter  four  and a  h a l f  yea r s  of ex tens ive  f i e l d  t e s t i n g ,  
Occidental  i s  t r y i n g  t o  apply t h i s  method on an i n d u s t r i a l  
s c a l e  on "Tract  C-b" which i s  one of t h e  two Colorado O i l  
Shale Lease Trac t s  of t h e  Federal  O i l  Shale Leasing Program. 
Trac t  C-b i s  loca ted  t h r e e  miles  South of t h e  Piceance Creek 
Road i n  Colorado. 



111. THE WELMM CONSTRAINTS ON NEW 
SYNTHETIC LIQUID FUELS 

Unconventional  r e s o u r c e s  ( t a r  sand and o i l  s h a l e )  have some 
common c h a r a c t e r i s t i c s .  F i r s t l y ,  a s  d i s c u s s e d  i n  P a r t  I ,  t h e y  
a r e  i n  g r e a t  abundance and one of t h e  most remarkable  c h a r a c t e r -  
i s t ics  of unconvent iona l  resources--as  t h e y  a r e  c u r r e n t l y  known- 
- is t h e  predominence of  s u p e r g i a n t  accumula t ions .  For  example, 
t h e  Athabasca t a r  sand  d e p o s i t ,  which h a s  an a r e a  of  23,300 km2 
w i t h  90 b i l l i o n  t o n s  o f  bitumen i n  p l a c e ,  i s  a t  l e a s t  one o r  two 
times a s  l a r g e  a s  t h e  l a r g e s t  of a l l  c o n v e n t i o n a l  f i e l d s ,  Ghawar 
i n  Saudi  Arab ia .  The Piceance Creek Bas in  i n  Colorado c o n t a i n s  
about  80 b i l l i o n  t o n s  of s h a l e  o i l  i n  h igh-grade o i l  s h a l e  beds .  

Another common c h a r a c t e r i s t i c  of  unconvent iona l  r e s o u r c e s  
i s  t h a t ,  t o  d a t e ,  t h e  a v a i l a b l e  t e c h n o l o g i e s  seem t o  be econom- 
i c a l l y  v i a b l e  o n l y  on a  ve ry  l a r g e  s c a l e ,  which i m p l i e s  a  much 
g r e a t e r  env i ronmenta l  impact than  h a s  been expe r i enced  f o r  most 
o t h e r  n a t u r a l  energy  r e s o u r c e  e x p l o i t a t i o n s .  Thus t h e  problem 
of t h e i r  development cannot  by ana lyzed  by l ook ing  on ly  a t  t h e  
r e sou rce .  I n  f a c t ,  environmenta l  and WELMM c o n s t r a i n t s  f o r  
l a r g e - s c a l e  e x t r a c t i o n  p roces se s  (e .g .  s h o r t a g e  o f  wa t e r ,  pos- 
s i b l e  r e s t r i c t i o n  on d i s t u r b i n g  l a n d ,  manpower and m a t e r i a l  
s h o r t a g e )  w i l l  p robab ly  i n f l u e n c e  t h e  r a t e  of  development more 
t h a n  t h e  u l t i m a t e  r ecove ry  o f  t h e  r e s o u r c e .  

For t h i s  r e a s o n ,  an e v a l u a t i o n  of t h e  WELMM requ i rements  of 
d i f f e r e n t  approaches  t o  s y n t h e t i c  l i q u i d  f u e l s  would be h e l p f u l  
i n  r e v e a l i n g  t h e  p o s s i b l e  c o n s t r a i n t s  o r  b o t t l e n e c k s  t h a t  a  new 
technology may have t o  overcome t o  be cons ide red  v i a b l e .  How- 
e v e r ,  i n  making such  an e v a l u a t i o n ,  one e n c o u n t e r s  t h e  d i f f i c u l t y  
o f  t h e  l a c k  of  ha rd  d a t a :  a s  y e t ,  t h e r e  a r e  on ly  two i n d u s t r i a l  
p l a n t s  o p e r a t i n g  f o r  t a r  sands ,  wh i l e  t h e  commercial e x p l o i t a t i o n  
o f  o i l  s h a l e s  s t i l l  remains a t  t h e  p r o j e c t  l e v e l .  Using the d a t a  
c u r r e n t l y  a v a i l a b l e  i n  pub l i shed  form on o p e r a t i n g  i n d u s t r i a l  
p l a n t s ,  p i l o t  s c a l e  p l a n t s ,  and p r o j e c t / s t u d y  e s t i m a t e s ,  a  pre-  



l i m i n a r y  comparison has  been made of t h e  WELMM requirements  
a s s o c i a t e d  w i t h  d i f f e r e n t  s y n t h e t i c  f u e l  t echno log ie s .  Th i s  
p rov ides  some u s e f u l  i n s i g h t s ,  a s  d i s cus sed  below. 

WATER 

F i g u r e  1 1 1 . 1  shows e s t i m a t e s  of water  requirements  f o r  d i f -  
f e r e n t  t e c h n o l o g i e s .  I n  o r d e r  t o  compare t h e i r  r e l a t i v e  impact 
on wa te r  r e s o u r c e s ,  t h e  produc t ion  of  one cub ic  meter of s y n t h e t i c  
f u e l  h a s  been chosen a s  a  r e f e r e n c e .  

For  t a r  sand ,  t h e  major p a r t  of t h e  water  consumption occurs  
a t  t h e  conve r s ion  s t a g e  because o f  t h e  "ho t  e x t r a c t i o n  method" 
which i s  c u r r e n t l y  i n  use .  One d i sadvantage  of t h i s  p roces s  i s  
t h a t  most of t h e  water  d i s cha rged  wi th  t h e  t a i l i n g s  i n  t h e  t a i l i n g  
pond cannot  be r ecyc l ed  (because it c o n t a i n s  some s o l i d  p a r t i c l e s ) ,  
nor can it be d i scharged  i n t o  a r i v e r  because o f  t h e  presence  of 
bitumen. For o i l  s h a l e ,  t h e  c r i t i c a l  s t e p s  a r e  t h e  waste d i s p o s a l  
and o i l  s h a l e  upgrading,  du r ing  which 60% of t h e  water is  consumed. 

I t  i s  impor t an t  t o  know whether t h e  water  r e sou rces  i n  t h e  
a f f e c t e d  r e g i o n s  a r e  s u f f i c i e n t  t o  suppor t  such a  development. 
I n  Colorado t h e  sho r t age  o f  wate r  w i l l  be a  s e r i o u s  problem f o r  
t h e  l a r q e - s c a l e  e x p l o i t a t i o n  of o i l  s h a l e s .  During t h e  Edmonton 
Conference ( 1  979) , a t t e n t i o n  w a s  drawn t o  t h e  f a c t  t h a t  t h e  
cumula t ive  water requi rements  f o r  a l l  t h e  p r o j e c t e d  o i l  sand 
mining p l a n t s  might r e p r e s e n t  t o o  h igh  a  p ropor t ion  of t h e  
t o t a l  n a t u r a l  f low of t h e  Athabasca River .  

ENERGY 

I n  o r d e r  t o  b u i l d  and o p e r a t e  a  p l a n t ,  t o  h a r v e s t  t h e  primary 
energy ,  and t o  upgrade and t r a n s p o r t  it, a  g r e a t  d e a l  of a d d i t i o n a l  
energy i s  needed,  p a r t i c u l a r l y  i f  t h e  energy c o n t e n t  of t h e  resource  
i s  low. For each process ,  one may g i v e  t h e  r a t i o  ( R )  of energy 
consumed i n  r e sou rce  recovery  t o  energy produced f o r  t h e  market 
( s e e  F i g u r e  1 1 1 . 2 )  . 

Tab le  1 1 1 . 1  p r e s e n t s  some va lues  f o r  R f o r  d i f f e r e n t  pro- 
c e s s e s .  The va lues  of R f o r  a l l  s y n t h e t i c  f u e l  p roces ses ,  a s  
w e l l  as f o r  t h e  enhanced recovery  of o i l ,  a r e  very low e s p e c i a l l y  
when compared wi th  t h o s e  f o r  t h e  produc t ion  of convent iona l  o i l ,  
even i n  t h e  d i f f i c u l t  c o n d i t i o n s  of t h e  North Sea. 

On t h e  b a s i s  of t h e  d a t a  i n  Table  1 1 1 . 1 ,  we cons ide r  it too  
e a r l y  t o  conclude t h a t  t h e r e  i s  a  r e a l  d i f f e r e n c e  between t h e  
energy e f f i c i e n c i e s  of t h e  d i f f e r e n t  p roces ses  s t u d i e d  he re .  

On t h e  o t h e r  hand, i f  one c o n s i d e r s  t h e  r a t e  of  recovery 
of  t h e  energy  i n  p l ace ,  it is  h ighe r  f o r  tar sand e x p l o i t a t i o n  
o r  enhanced recovery than  f o r  convent iona l  o i l  w e l l s :  about  
65% f o r  t h e  Syncrude (1978) and t h e  Grea t  Canadian O i l  Sand 
(GCOS) p l a n t s ,  30% t o  60% f o r  t h e  d i f f e r e n t  methods of  enhanced 
r ecove ry ,  compared wi th  an average of 25% f o r  convent iona l  o i l .  
These a r e  c e r t a i n l y  t h e  main advantages  of  t h e  new t echno log ie s .  



(a) Enhanced (b) Oil shale (c) Oil shaleb(d) Tar a n d  ( 8 )  Tar sand 
recovery (in situ) (mining) (in situ) (mining) 

Maximum 

Minimum 

Average 

Conventional oil 
enhanced recovery Synthetic liquid fuel 

F i g u r e  111.1. Water requ i rements  f o r  d i f f e r e n t  s y n t h e t i c  
f u e l  p r o c e s s e s  compared t o  enhanced r ecove ry  
o f  conven t iona l  o i l  

SOURCES: ( a )  Bechtel  Corpora t ion .  1975, 1976 and 1977; (b)  and (c )  Crawford 
e t  a l .  1977; (d) Resources Management Consu l t an t s  L td .  1978; 
( e )  Syncrude Canada Ltd .  1971 and 1973. 
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Figure  1 1 1 . 2 .  The R r a t i o  of energy consumed 
i n  resource  recovery  t o  energy 
produced f o r  t h e  market .  

in place 

The p roces ses  used f o r  e x p l o i t i n g  t a r  sands  and o i l  s h a l e  
a r e  a l l  ve ry  e x t e n s i v e  u s e r s  of l a n d .  They r e q u i r e  l and  f o r  
mining development, overburden and waste  d i s p o s a l ,  c o n s t r u c t i o n  
of f a c i l i t i e s ,  and o f f - s i t e  requi rements  ( e . g .  r o a d s ) .  

The land requirements  f o r  t h e  t a r  sand p r o j e c t  of Syncrude 
amount t o  ?O km2 ( i n c l u d i n g  1 1  km2 f o r  t h e  p l a n t ,  30 km2 f o r  
t h e  t a i l i n g  ponds and about  25 km2 f o r  t h e  open p i t  mine a r e a ) ,  
compared t o  t h e  land requi rements  f o r  unconvent ional  o i l  f i e l d s  
( e .g .  Alaska: 180000 b/d f i x e d  l a n d  use  0.17 km2). The same 
i s  t r u e  o f  l and  requirements  f o r  o i l  s h a l e  p r o j e c t s .  Of c o u r s e ,  
t h e  amount of l and  s u r f a c e  r e q u i r e d  w i l l  vary  depending on t h e  
t y p e  of p rocess  and on t h e  n a t u r e  of t h e  raw m a t e r i a l .  

PROCESS 

,' . 

The f i g u r e s  f o r  t h e  t o t a l  mined a r e a  f o r  d i f f e r e n t  p r o j e c t s ,  
when cons idered  over  t h e i r  l i f e t i m e s ,  a r e  g i g a n t i c ,  a s  shown i n  
Table  1 1 1 . 2 .  Such land d i s t u r b a n c e s  may r e s u l t  i n  c o n s i d e r a b l e  
l o c a l  impacts  such a s  i n c r e a s e s  i n  e r o s i o n  and sed imen ta t ion ,  
changes i n  s o i l  q u a l i t y ,  d e s t r u c t i o n  of  v e g e t a t i o n .  However, 
owing t o  t h e  p rog res s  i n  r ec l ama t ion  and r e h a b i l i t a t i o n  o r  r e s -  

Ef = energy pro- 
duced for 
market 



Tab le  111.1.  Values of  Energy R a t i o  R 

T a r  sand Ta r  sand  
GCOS i m p e r i a l  Enhanced 
45,000 141,000 O i l  s h a l e  i n - s i t u  O i l ,  
b b l  dQ bbl/db a Nor th  Seae 

SOURCES: (a) Heming (1976) ; (b) Resources Management Consultants L t d .  (1978) ; 
(c) Marland (1977); (d) Burger (1979) ; and (e) Klitz (1979). 

Tab l e  111.2.  Land r e q u i r e m e n t s  f o r  s y n t h e t i c  f u e l s  
(based  on open p i t  mining 

Ta r  sand O i l  s h a l e  
125,000 bbl/da 50,000 bbl /db 

F ixed  l a n d  f o r  s u r f a c e  
i n s t a l l a t i o n s  (km2) 11 

Area a f f e c t e d  by mining 
p e r  y e a r  (m2/bbl 
o u t p u t  0.028 

T o t a l  mined a r e a  f o r  
p r o j e c t  (km2) 31 . 5  12.9-14.3 

SOURCES: (a) Syncrude Canada L t d  (1978) : (b) Project Independence (1974). 

t o r a t i o n  t e c h n i q u e s ,  t empora ry  l and  d i s t u r b a n c e  c o u l d  a l s o  be 
an advan tage  and,  i n  some c a s e s ,  t h e  l and  may be o f  b e t t e r  q u a l i t y  
a f t e r  t h e  o p e r a t i c n  t h a n  it was b e f o r e .  

MATERIALS 

I t  i s  p o s s i b l e  t o  i d e n t i f y  t h r e e  a s p e c t s  which a re  c l o s e l y  
r e l a t e d :  

-- t h e  n a t u r e  of  t h e  raw m a t e r i a l  
-- t h e  equipment 
-- t h e  was tes  

Tab l e  111.3  shows c e r t a i n  c h a r a c t e r i s t i c ~  o f  d i f f e r e n t  raw mate- 
r i a l s .  Because t h e y  c o n t a i n  r a t h e r  low p e r c e n t a g e s  o f  o r g a n i c  
m a t t e r  it i s  n e c e s s a r y  t o  hand l e  r e l a t i v e l y  l a r g e  q u a n t i t i e s  of 
t h e s e  raw m a t e r i a l s .  Both have in common a d e f i c i e n c y  o f  hydro- 
gen and s i g n i f i c a n t  q u a n t i t i e s  of  i m p u r i t i e s .  I n  terms of 
t h e  p h y s i c a l  s t a t e  of  t h e  o r g a n i c  m a t t e r  of  e a c h  m a t e r i a l . ,  
t a r  sand seems t o  have some advantage  because  it c o n t a i n s  o i l  
a s  such .  



T a b l e  1 1 1 . 3 .  P r o p e r t i e s  o f  t a r  sand  and  o i l  s h a l e  

T a r  sand  O i l  s h a l e  

O r g a n i c  m a t t e r  ( W t % )  
~ n o r g a n i c  matter ( W t % )  
M o i s t u r e  ( W t % )  
O r g a n i c  c o m p o s i t i o n  ( K t % )  

Carbon 83.1 79.81 
Hydrogen 10.3  10.2-10.5 
Oxygen 1.4 4.8-06.7 
N i t r o g e n  0 . 3  2.1-02.6 
S u l p h u r  4.9 0.9-01.2 

SOURCE: Cameron (1969). 

The s t r i p p i n g  r a t i o  and t h e  o r e  g r a d e  a f f e c t  t h e  p r o d u c t i o n  
c o n s i d e r a b l y .  T a b l e  1 1 1 . 4  shows, f o r  example, t h a t  f o r  t a r  s a n d ,  
i n  one  o f  t h e  most f a v o r a b l e  zones ,  a b o u t  o n e  t o n  o f  overburden  
must b e  removed and two t o n s  o f  t a r  s a n d  must be  mined i n  o r d e r  
t o  p roduce  one  b a r r e l  o f  s y n t h e t i c  f u e l .  

I n  o r d e r  t o  b e  e c o n o m i c a l l y  v i a b l e  t h e  e x p l o i t a t i o n  must b e  
v e r y  l a r g e ,  which i m p l i e s  t h e  u s e  o f  " g i a n t "  equipment  b e c a u s e  
o f  t h e  economy o f  s c a l e  (see T a b l e  1 1 1 . 5 ) .  The heavy equipment  
r e p r e s e n t s  a  l a r g e  amount o f  i n v e s t m e n t  and t h e  main tenance  o f  
t h i s  equipment  i s  i m p o r t a n t  s i n c e  any  s t o p  i n  p r o d u c t i o n  
i n v o l v e s  a  "heavy"  loss in p r o d u c t i v i t y .  T h e r e f o r e ,  t h e  
a v e r a g e  pe r fo rmance  of  t h e s e  machines i s  more i m p o r t a n t  
t h a n  t h e i r  peak performance ,  and a  h i g h  r a t e ' o ' f  usage  i s  
n e c e s s a r y  f o r  t h e  economy o f  t h e  p r o c e s s e s .  

T a b l e  111.6 g i v e s  i n f o r m a t i o n  on a n o t h e r  v e r y  s e r i o u s  prob- 
l e m ,  t h a t  o f  w a s t e  p r o d u c t i o n .  For  example,  mining o f  o i l  s h a l e  
r e s u l t s  i n  a  volume o f  p r o c e s s e d  s h a l e  t h a t  i s  a b o u t  1.2 t i m e s  
g r e a t e r  t h a n  t h a t  o f  t h e  raw s h a l e .  Because o f t h i s  expanded 
volume, a  c o m p l e t e  r e t u r n  i n  t h e  e x c a v a t e d  a r e a  i s  i m p o s s i b l e .  
One p o s s i b l e  s o l u t i o n  is t o  d e p o s i t  t h e  s p e n t  s h a l e  in d e e p  
n a t u r a l  c a n y o n s ,  which i n v o l v e s  a n  a d d i t i o n a l  c o s t  f o r  t r a n s -  
p o r t a t i o n  and c o n s i d e r a b l e  impact  on t h e  s c e n i c  q u a l i t y  o f  t h e  
l a n d s c a p e .  For t a r  s a n d s ,  even i f  t h e  n a t u r e  of  t h e  w a s t e  i s  
d i f f e r e n t ,  t h e  q u e s t i o n  is  a l s o  s e r i o u s  and t h e  problem o f  
s t o r a g e  a r e a  f o r  t a i l i n g s  i s  becoming more a c u t e .  

MANPOWER 

For  a l l  t h e s e  p r o c e s s e s ,  manpower r e q u i r e m e n t s  f o r  c o n s t r u c -  
t i o n  and o p e r a t i o n  a r e  v e r y  i m p o r t a n t .  T a b l e  111.7 g i v e s  some 
f i g u r e s  r e l a t i n g  t o  t h e  Syncrude  P l a n t  ( 1 9 7 8 ) ,  t o  t h e  I m p e r i a l  
P r o j e c t  ( R e s o u r c e s  Management C o n s u l t a n t s  L t d .  ( 1 9 7 8 ) ,  and some 
o i l  s h a l e  p r o j e c t s ;  B e c h t e l  C o r p o r a t i o n ,  1976) . 



Tab le  1 1 1 . 4 .  M a t e r i a l s  mined t o  produce  1  b a r r e l  o f  
s y n t h e t i c  f u e l  

T a r  sand mininga 
open p i t  O i l  s h a l e  mining b 

Over- T a r  Under- Open 
burden ( t )  sand ( t )  ground ( t )  p i t  ( t)  

%slues for  tar sand correspond to  the conditions of  the current GCOS and 
SYNCRUDE complexes--they are among the most favorable. 

b ~ a l u e s  correspond to very high-grade o i l  shale (35 * / s t )  and to c l a s s i c a l  
retorting and upgrading processes. 

Manpower problems r e p r e s e n t  one of t h e  most s e r i o u s  poten-  
t i a l  b o t t l e n e c k s  i n  view of  t h e  b i g  development i n  e x p l o i t a t i o n  
of  t h i s  k ind  o f  r e s o u r c e .  T h i s  i s  due  t o  t h e  fo l lowing :  

-- Design and c o n s t r u c t i o n  of  t a r  sand  o r  o i l  s h a l e  
p l a n t s  c a l l  upon t h e  s e r v i c e s  o f  a  ve ry  wide 
r a n g e  o f  q u a l i f i e d  workers  ( b o i l e r  makers,  c a r -  
p e n t e r s ,  cement f i n i s h e r s ,  e l e c t r i c i a n s ,  i n s u l a -  
t o r s ,  i r o n  workers ,  m i l l w r i g h t s ,  plumbers and 
p i p e f i t t e r s ,  o p e r a t i n g  e n g i n e e r s  and- p r e s s u r e  
w e l d e r s )  and r e q u i r e  e x p e r i e n c e  i n  wide ly  d i f -  
f e r e n t  a r e a s  such a s  s o l i d  h a n d l i n g ,  mining and 
upgrad ing .  Very few o f  t h e  d e s i g n  and eng ineer -  
i n g  companies c an  cope w i t h  t h i s  demand. -- Moreover,  t h e r e  a r e  h igh  peaks  i n  t h e  work f o r c e  
r equ i r emen t s .  Unless a  v e r y  t i g h t  s chedu l e  i s  
e s t a b l i s h e d  f o r  t h e  d i f f e r e n t  p r o j e c t s  t h e r e  
cou ld  b e  wide f l u c t u a t i o n  in  t h e  employment 
marke t .  

One of  t h e  main c o n s t r a i n t s  on f a s t  expansion w i l l  t h e r e f o r e  
be t h e  r e l a t i v e  s c a r c i t y  o f  e n g i n e e r s  and s k i l l e d  workers .  Even 
i n  t h e  o p e r a t i o n a l  phase ,  t h e  o i l  companies w i l l  have t o  f a c e  a  
new s i t u a t i o n .  Manpower r equ i r emen t s  f o r  t h e  p roduc t i on  o f  con- 
v e n t i o n a l  o i l  ( e s p e c i a l l y  s i n c e  t h e  d i s c o v e r y  o f  g i a n t  f i e l d s )  
have  been low. For  example, a  f i e l d  i n  Nor th  Alaska ,  w i t h  an  
o u t p u t  o f  180,000 b a r r e l s  p e r  day r e q u i r e s  on ly  2 3  man-years f o r  
o p e r a t i o n  and maintenance  ( B e c h t e l  C o r p o r a t i o n ,  1975, 1976 ) .  

The i n f l u x  o f  l a r g e  numbers o f  workers  i n t o  r e l a t i v e l y  
remote o r  s ca r ce ly -popu l a t ed  a r e a s  (Colorado ,  f o r  example) cou ld  
have a  s i g n i f i c a n t  s o c i a l  impact  on t h e  a r e a  and would r e q u i r e  
t h e  c o n s t r u c t i o n  of new s c h o o l s ,  r o a d s ,  h o s p i t a l s ,  etc. T h i s  
would a l s o  mean t h e  consumption o f  w a t e r ,  l a n d ,  energy ,  and 
m a t e r i a l s  f o r  domes t i c  u s e  and it is t h e r e f o r e  a l s o  n e c e s s a r y  
t o  t a k e  i n t o  accoun t  a l l  t h e s e  indirect WELMM requ i rements .  



T a b l e  111.5 .  Main c h a r a c t e r i s t i c s  of syncrude  and CGOS 

Daily production of 
syn the t i c  crude o i l  

~ o t a l  coa t  of pro j .c t  

Avuage  mukey depth 

Avuage ovuburden  

Avuage o f l  rand depth 

P o t e n t i a l  r e a u v u  

Dmai ty  of B i t u m u a  

TRANSPORT 

SYN(=I(uDI 1 
Decanber 1973  I 

I 

Aligrut 1978  I 
S i t e  c l e a t i n g  comnrenced 

On stream d a t a  

45 000  

s 300 n i l l i o n  ( 1 9 7 4 )  

a m 
16  m 

40  m 

800  mi l l i on  bb l  of  bitumen 

6 - l o 0  API 

C G O S  

1963 

Septmbar  1 9 6 7  

- Pront and loaders  

number : 7 
t y p i c a l  capac i ty  : 1 1 .5m3 
n e t  p e r  : 700  hp 
production of loading: 121  Om /hr 

- Trucka 
number : 21 
weight : 100  t 
pay load : 1 3 6  t 
engine power: 1600  hp 

- Bucket vht.1 u c a v a t o r s  
number : 2 
weight : 1600  t 
number of buckets: 10 
average output  : 3900 t/hr 

- B e l t  wagons 
number: 2 
weight: 3 9 0  t 

- Conveyors 

length: 6 km 

I width : 1.83 m 
I - U p a r a l l e l  processing l i n e s  

capac i ty  of each 1 U 0 0 t / h r  

- Rotating drum 
diameter: 5.19111 
l ength  : 15.56 s 

125  000  

S 2 5 0 0  Mil l ion  

3 m 
1 5  m 
U2 m 

3500  mi l l i on  bbl  of bitumen 

About l o 0  API 

- Draglines 

number: 4 
60m3 bucket 
110  boom 
104 working rad ius  
13000  hp r power usage 

- Bucket wheel reclaimer I 
number : P 
weight : 2250 t 
number of  buckets: 14 
capac i ty  : 6UOO t /hr  

I - Conveyors 

length: 8 km i n  s i n e  
1.6 ian i n  p l an t  

width : 2.1 Om 

i Rotating tumblers 
diameter: 5 . 1  m 
length : 3 0  m 

! - Delayed coking drums Fluid cokers  
number : 6 ( =umber: 2 
diameter: 7.9 m I height:  6 3 m  
he igh t  : 29 m I 

I 
' V T U I T I E S  PLANT 
i I I Paver p l an t  

260  .W 



T a b l e  111.6. Waste produced i n  t h e  p r o d u c t i o n  o f  1 b a r r e l  
of  s y n t h e t i c  f u e l  

a 
T a r  sand mining O i l  s h a l e  mining b 

\ 

Sand ( t)  Water ( t)  B i turnen Spen t  s h a l e  ( t )  

u 
Values f o r  t a r  sand cor respond  t o  t h e  c o n d i t i o n s  of  t h e  c u r r e n t  GCOS and 
SYNCRUDE complexes--they a r e  among t h e  mo s t f avo rab l e .  

b ~ a l u e s  cor respond  t o  very  high-grade o i l  s h a l e  (35 g l s t )  and t o  c l a s s i c a l  
r e t o r t i n g  and upgrading p r o c e s s e s .  

TABLE 111.7. Manpower r e q u i r e m e n t s  f o r  d i f f e r e n t  s y n t h e t i c  
l i q u i d  f u e l  p r o c e s s e s  

Design and Con- 
s t r u c t i o n  man- T o t a l  work- Workforce f o r  
power r e q u i r e -  f o r c e  a t  peak o p e r a t i o n  and 

P ro j  e c t s  ments (man-hours) c o n s t r u c t i o n  maintenance 

Tar  sand, SYNCRUDE, open-pi t  
mining (125,000 bb l / d ) a  43 x 10 7,500 2,500 

6 

Tar  sand, i n - s i t u  p rocess  
(141,000 b l / d )  , Imper ia l  
pro j e c t b  55 x 10 9,930 2,036 6 

O i l  s h a l e ,  open-pi t  mining 
(100,000 b b l / d ) c  8 .7  x 10 6 2,200 1,800 

O i l  s h a l e ,  underground 
mining (100,000 b b l / d ) c  8.7 x 10 2,200 2,362 6 

SOURCES: (a) Syncrude Canada L t d .  (1978);  ( b )  Resources Management Consul- 
t a n t s  L td .  (1978) ; ( c )  P ro j  e c t  Independence (1974) . 

The above assessment  of  t h e  WELMM r e q u i r e m e n t s  o f  d i f f e r e n t  
s y n t h e t i c  f u e l  p r o c e s s e s  c l e a r l y  shows t h a t  t h e  magni tude  o f  means 
used  w i l l  n o t  be  o f  t h e  same o r d e r  a s  f o r  t h e  r e c o v e r y  o f  conven- 
t i o n a l  o i l .  W e  a r e  t r u l y  e n t e r i n g  t h e  "Dinosaur  e r a "  of  complex 
p l a n t s .  On t h e  o t h e r  hand ,  t h e  WELMM comparison between t a r  sand 
and o i l  s h a l e  d o e s  n o t  show a b i g  d i s a d v a n t a g e  t o  o i l  s h a l e ,  
a l t h o u g h  t h i s  would have  been t r u e  i f  one  had c o n s i d e r e d  o n l y  
t h e i r  c a p i t a l  c o s t s .  



Again, t h e  c u r r e n t  t e chn iques  of  e x p l o i t a t i o n  of  t h e s e  
r e s o u r c e s  a r e  n o t  u t i l i z a b l e  f o r  sma l l  d e p o s i t s  which cou ld  
make u s e f u l  c o n t r i b u t i o n s  t o  t h e  energy  supply .  It i s  t h e r e -  
f o r e  n e c e s s a r y  t o  deve lop  new methods, be t te r  adap ted  t o  t h e  
s m a l l e r  d e p o s i t s  and t o  t h e  human and material r e s o u r c e s  
a v a i l a b l e - - f o r  example, less c a p i t a l - i n t e n s i v e  mining and 
s m a l l e r  upgrading p l a n t s .  



I V  . THE UNCONVENTIONAL RESOURCE 
DATA BASE 

A s  a l r e a d y  emphasized i n  P a r t  I ,  t h e  i n fo rma t ion  a v a i l a b l e  
on t a r  s and ,  heavy o i l  and o i l  s h a l e  i s  v e r y  poor .  Barnea p o i n t e d  
o u t  a t  t h e  Edmonton Conference  t h a t  f i g u r e s  r e l a t i v e  t o  t h i s  t y p e  
o f  r e s o u r c e  a r e  never  pub l i shed  by o r g a n i z a t i o n s  such  as t h e  
American Pet ro leum I n s t i t u t e  o r  by t h e  O i l  and G a s  J o u r n a l .  I t  i s  
f e l t  e s s e n t i a l  t o  make some e f f o r t  towards  f i l l i n g  t h e  gap  and c a t -  
a l o g i n g  a l l  sou rce s  of i n f o r m a t i o n ,  p u t t i n g  s p e c i a l  emphasis  on 
automated d a t a  f i l e s  c o n t a i n i n g  i n f o r m a t i o n  on i n d i v i d u a l  d e p o s i t s .  

Because it is  an  i n t e r n a t i o n a l  and a non-governmental 
i n s t i t u t e  and h a s  t h e  c a p a c i t y  t o  d e a l  w i t h  many c o u n t r i e s  and 
o r g a n i z a t i o n s  i n  t h e  wor ld ,  I I A S A  i s  i n - a  good p o s i t i o n  t o  con- 
t r i b u t e  t o  a  b e t t e r  unde r s t and ing  o f  such  r e s o u r c e  b a s e s .  I t  
was t h i s  n e c e s s i t y  t o  improve d a t a  which was t h e  i n i t i a l  incen-  
t i v e  f o r  de s ign ing  t h e  Unconvent ional  Data  Base. 

DESCRIPTION OF THE DATA BASE 

The Data Base c o n s i s t s  of  t h r e e  s e p a r a t e  f i l e s :  Ta r  Sand,  
Heavy O i l  and O i l  S h a l e  f i l e s .  However, s i n c e  t h e s e  t h r e e  f i l e s  
have  t h e  same s t r u c t u r e  o n l y  t h e  Ta r  Sand F i l e  w i l l  be  d i s c u s s e d  
h e r e .  

The f i l e  g i v e s ,  coun t ry  by c o u n t r y ,  t h e  main t a r  sand 
d e p o s i t s  i n  t h e  wor ld ,  t o g e t h e r  w i t h  some o f  t h e i r  c h a r a c t e r -  
i s t i c s .  The d a t a  recorded  f o r  each  d e p o s i t  a r e  grouped i n t o  
f o u r  c a t e g o r i e s  a s  fo l lows :  

1 .  Loca t ion  and g e n e r a l  i n f o r m a t i o n  on d e p o s i t  
2 .  Columnar s e c t i o n  
3 .  C h a r a c t e r i s t i c s  of  r e s e r v o i r s  
4 .  C h a r a c t e r i s t i c s  of  bitumen 



D i f f i c u l t i e s  a r o s e  i n  d e f i n i n g  t h e  number and t h e  v a l u e s  
of parameters  f o r  each ca tegory .  Some d e p o s i t s ,  such a s  t h e  
Athabasca d e p o s i t ,  a r e  very  w e l l  known and we l l  documented and 
i n  t h i s  c a s e  it is  p o s s i b l e  t o  s t o r e  thousands of d a t a  va lues .  
However, t h i s  is r e a l l y  an except ion  and f o r  most world d e p o s i t s  
t h e r e  i s  only  es t imated  d a t a ;  which is  why t h e  choice  of para- 
meters i s  a  compromise and only  t h e  main c h a r a c t e r i s t i c s  have 
been s e l e c t e d .  Never the less ,  t h e y  a r e  assumed s u f f i c i e n t  t o  
i d e n t i f y  and c l a s s i f y  t h e  d e p o s i t .  Exagple 1 of t h e  Appendix 
shows a  complete l i s t  of t h e  parameters .  The o t h e r  d i f f i c u l t y  
l i e s  i n  choosing t h e  va lues  t o  be given t o  t h e  q u a n t i t a t i v e  
d a t a .  Obviously, t h i c k n e s s  o r  p o r o s i t y  vary  over  t h e  e n t i r e  
d e p o s i t .  Therefore ,  minimum, maximum and average va lues  a r e  
g iven  f o r  a l l  parameters.  

The S torage  and R e t r i e v a l  System 

I t  is  important  t o  cons ide r  t h e  fol lowing p o i n t s  when 
s t o r i n g  f i l e s  on t h e  computer: 

-- t h e  speed and e a s e  of acces s ing  d a t a  i n  a  
c l e a r  language ( s t o r a g e ,  r e t r i e v a l  and co r -  
r e c t i o n s ) ;  

-- t h e  p o s s i b i l i t y  of making use  of t h e  com- 
p u t e r  f o r  s e l e c t i n g  comparisons of para- 
meters. 

We used a  d a t a  base  management system wi th  a  "quas i  n a t u r a l  
language".  This  system, c a l l e d  t h e  INGRES System, was c r e a t e d  
a t  t h e  Un ive r s i ty  of Berkeley and can be run on a  PDP computer. 
BY us ing  t h e  command " t a r s a n d  show" followed by t h e  code number 
f o r  t h e  d e p o s i t ,  w e  a r e  a b l e  t o  . access  a l l  t h e  d a t a  r e l a t i v e  t o  
t h e  d e p o s i t  ( s ee  Example 2 ) .  However, t h e  main f u n c t i o n  of t h e  
Data Base is  no t  l i m i t e d  t o  documentation o r  t o  a  simple re- 
t r i e v a l  of inputs .  By us ing  Ing res  it i s  p o s s i b l e  t o  make var-  
i o u s  o p e r a t i o n s  of r e c l a s s i f i c a t i o n  o r  t o  r e l a t e  parameters  i n  
o r d e r  t o  cons ider  whether c o r r e l a t i o n s  e x i s t  between t h e s e  para- 
me te r s  ( s e e  Examples 3 , 4  and 5 ) .  
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Exaiiple 1 . L i s t  of p a r m e t e r s  

I LOCATION AND GENERAL INFORMATION OF D E P O S I T  

CODE 
COUNTRY 
STATE 
REGION 
BASIN 
D E P O S I T  FIELD NAME 
YEAR O F  DATA REFERENCE (m) 
SURF EXTENSION ( d * 2 )  
MINIMUM PAY THICKNESS - MINING (M) 
MAXIMUM PAY THICKNESS - MINING (M) 
AVERAGE PAY THICXNESS - MINING (M) 
MINIMUM PAY THICKNESS - I N S I T U  (M) 
MAXIMUM PAY THICKNESS - I N S I T U  (M) 
AVERAGE PAY THICKNESS - I N S I T U  (M) 
DEPTHS O F  BESEBVOZR MINIMUM (M) 
DEPTES O F  RESERVOIR MAXIMUH (M) 
DEPTES O F  RESERVOLR AVERAGE (M) 

OVERBURDEN THICKNESS MINMJBI (M) 
OVERBUaDEN THICKNESS MAXlMN (M) 
OVERBURDEN THICKNESS AVERAGE (M) 
BITUMEN IN PLACE MINING MINIMUM (MILL BBL) 
BITUMEN IN PLACE MINING MAXIMUM (MILL BBL) 
BITUMEN I N  PLACE MINING AVERAGE (MILL BBL) 
BITUMEN IN PLACE I N S I T U  MINIMUM (MILL BBL) 
BITUMEN I N  PLACE I N S I T U  MAXIMUM (MILL BBL) 
BITUMEN IN PLACE I N S I T U  AVERAGE (MILL BBL) 
BITUMEN T.N PLACE TOTAL MINIMDM (MILL BBL) 
BITUMEN I N  PLACE TOTAL MAXIMUM (MILL BBL) 
BITUMEN IN PLACE TOTAL AVERAGE (MILL BBL) 

ANTICIPATED SURF RECOVERY MINING MINIMUM (X) 
ANTICIPATED SURF RECOVERY MINING MAXIMUM (X) 
ANTICIP lC lZD SURF RECOVERY MINING AVERAGE (X) 
ANTICIPATED SURF RECOVERY I N S I T U  MINIMUM (X) 
ANTICIPATED S U R F  'RECOVERY INS I T U  MAXIMUM (X) 
ANTICIPATED SURF RECOVERY I N S I T U  AVERAGE ( X )  
ANTICIPATED SURF RECOVEBY TOTAL MINIMUM (X) 
ANTICIPATED SURF RECOVERY TOTAL MAXIMUM ( X )  
ANTICIPATED SURF RECOVERY TOTAL AVERAGE (X) 
R E C O V E W L E  O I L  MINING MINIMUM (MILL BBL) 
RECoVERABLE O I L  M I N I N G  MAXIMUM (MILL BBL) 
RECOVERABLE O I L  MINING AVERAGE (MILL BBL) 

RECOVERABLE O I L  I N S I T U  MINIMDM (MILL BBL) 
RECoVERABLE O I L  I N S I T U  MAXIMUM (MILL BBL) 
RECOVERABLE O I L  I N S I T U  AVERAGE (MILL BBL) 
RECOVERABLE O I L  TOTAL MINIMUM (MILL BBL) 
RECOVERABLE O I L  TOTAL MAXIMUM (MILL BBL) 
RECOVERABLE O I L  TOTAL AVERAGE (MLLL BBL) 
RECOVERABLE UPGRADED O I L  MINING MINIMUM (MILL BBL)' 
RECOVERABLE UPGRADED O I L  MINING MAXIMUM (MILL BBL) 
RECOVERABLE UPGRADED O I L  MINING AVERAGE (MILL BBL) 
RECOVERABLE UPGRADED O I L  I N S I T U  MINIMUH (MILL BBL) 
RECOVERABLE UPGRADED O I L  W S I T U  MAXIMUM (MILL BBL) 
RECOVERABLE UPGRADED O I L  I N S I T U  AVERAGE (MILL BBL) 

RECOVERABLE UPGRADED O I L  TOTAL MINIMUM (MI= BBL) 
RECOVERABLE UPGRADED O I L  TOTAL IUXDWM (MILL BBL) 
RECOVERABLE UPGRADED O I L  TOTAL AVERAGE (MILL BBL) 

P O S S I B L E  OTHER MINERAL DEPOSITS  

Relation 

t a r a  

t a rb  

t a r c  

tard 

t a r e  

tarf  

t a rg  

At t r ibu te  N a m e  

code 
counuy 
s t a t e  
region 
basin 
depf ldnam 
discda te  

surf e x t  
minpay thkmn 
maxpay tMQnn 
avgpaythlarm 
minpaythkins 
m a y  thkins  
avgpaythkins 
miadepres 
w d e p r e s  
avgdepres 

minoverbt hk 
maxoverbthk 
avgoverbthk 
minbitplcmin 
maxbitplcmin 
avgbi t p l  cmin 
minbi tplcins  
maxbitplcins 
avgbi t p l  c in s  
minbitplc 
maxbitplc 
avgb i t p l  c. 

minansuremin 
maxansuremin 
avgansuremin 
minansureins 
maxansure in s  
avgansureins 
minansure t o  t 
maxansure t o  t 
avgansure to t 
minrecoilmin 
maxrecoilmin 
avgreco i lmin 

minrecoi l ins  
maxracoil i n s  
avgreco i l i n s  
minrecoil t o t  
maxrecoil to  t 
avgreco il t o t  
minrcupoilmn 
maxrcupo i lmn 
avgrcupo ilmn 
minrcupoil i n  
maxrcupoilin 
avgrcupo il i n  

minrcupoil t o  
maxrcupoil to 
avgrcupo il to 

mindep 



I1 COLUMNAR SECTION 

R e l a t i o n  A t t r i b u t e  Name 

YA?E OF AGE 
HATURE OF SOIL TYPE 
FORYAT ION NAME 

11 1 CHARACTERISTICS OF RESERVOIRS 

AGE 
TYPE 
M I N I M l 3 M  POROSITY ( I )  
MAXIMUM POROSITY (%) 
AVERAGE POROSITY (9.1 
M I N I M U M  ABSOLUTE PERMEABILITY (md) 
MAXIMUM ABSOLUTE PERMEABILITY (md) 
AVERAGE ABSOLUTE PERMEAB ILITY (md) 

?IINIMUM EFFECTIVE GAS PERMEABILITY (md) 
MAXIMUM EFFECTIVE GAS PERMEABILITY (md) 
AVERAGE EFFECTIVE GAS PERMEABILITY (md) 
M I N I X U M  OIL SATURATION (% WEIGHT) 
MIMUM OIL SATURATION (4  WEIGHT) 
AVERAGE OIL SATURATION ( 4  WEIGHT) 
MINLYUM OIL SATURATION (% VOLUME) 
MAXIMUN OIL SATURATION (% VOLUME) 
AVERAGE OIL SATURATION (% VOLUME) 

MINLYUM WATER SATURATION (% WEIGHT) 
MiUI?lLM WATER SATURATION (% WEIGHT) 
AVERAGE WATER SATURATION (2 WEIGHT) 
SEDLYENTARY ENVIRONMENT 
TYPES OF TRAPS 
AGE OF SOURCE BEDS 
TDlE OF MAIN GENERATION AND MIGRATION 
MIGRATION DISTANCES (km) 
MINIMU?*I RESERVOIR TEMPERATURE ( d e g  C) 
MAXIMUM RESERVOIR TEMPERATURE ( d e g  C) 
AVERAGE RESERVOLR TEMPERATURE ( d e g  C) 
X I N  LM1R.I RESERVOIR PRESSURE ( p s  i g )  
XAXLNU?*I RESERVOIR PRESSURE ( p s i g )  
AVERAGE RESERVOIR PRESSURE ( p s i g )  
BASINAL SETTING 

t a r h  clgcnnmc 
na t s o  il t y p  
f o rmname 

t a r i  

t a r j  

a g e  
t y p e  
minpor  
maxpor 
a v g p o r  
minab spe rm 
maxabsperm 
avgabspe rm 

mine fgaspe rm 
maxef g a s  perm 
a v g e f g a s p e r m  
m i u o i l s a t w g t  
m a x o i l s a t w g t  
a v g o i l s a t w g t  
m i n o i l s a t v o l  
maxo i l  s a t v o l  
a v g o i l s a t v o l  

n inwatsa t_wgt  
maxwatsa twgt  
a v g w a t s a t w g t  
s e d e n v  
t y p e  t r a p  
a g e s r c b e d  
t imgenmig 
r imgenmig 
m i n r e s  temp 
maxres  temp 
a v g r e s  temp 
m i n r e s p r e  
m a x r e s p r e  
a v g r e s p r  e 
b a s i n s e t  



I V  CHAEUCTERISTICS OF BITUMEN 

DEGREE A P L  GRAVITY XINIPIUM 
D E G K L E  Al'L CRAV ITY MAXLMUM 
ULGKLL nl)l  c;mvr.r\r AVLRAGE 
VLSCOS I'L'Y E1lN LNUP.1 ( c p s )  
VLSCOSITY MAXIMUM ( c p s )  
VLSCOSITY AVERAGE ( c p s )  
BOILING RANGE M I N I M L J M  
B O I L I N G  RANGE MAXIHUM 
BOILISG RANGE AVERAGE 
POUR POINT d I N I M U M  ( d e g r e e  c e l c i u s )  
POUR POINT MAXIMUM ( d e g r e e  c e l c i u s )  
POUR POINT AVERAGE ( d e g r e e  c e l c i u s )  

C M I N I M U M  (% w e i g h t )  
C XAXIHLJM (9.  w e i g h t )  
C AVERAGE (% w e i g h t )  
S  (% WEIGHT) M I N L M U M  
S (% WEIGHT) M I M U M  
S ( X  WEIGHT) AVERAGE 
N ( 2  WEIGHT) MINIMUM 
N (7, WEIGHT) FlAXLMUM 
s ( Z  WEIGHT) AVERAGE 
0 X I N I H U M  (% w e i g h t )  
0  ,WIMUi  (% weigh t )  
0  AVERAGE (% w e i g h t )  

ASPHATENES ( X )  
COLOR 

HE.4'4-Y ETALS 

R e l a t i o n  A t t r i b u t e  Same 

t a r 1  mindegap i g r v  
maxdcgap i g r v  
avgdcgapigrv  
nririvisc 
mclxvisc 
avgv i sc  
rn inboi l rng 
maxboi l rng 
a v g b o i l r n g  
minpourp t 
maxpourpt 
avgpourp t 

t a r n  

t a r o  

m i  nc 
maxc 
avgc 
mins 
maxs 
avgs 
minn 
maxn 
avgn 
m i  no 
maxo 
avgo 

a s p h a t e n e s  
c o l o r  
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Example 2. Data available for Cold Lake Deposit 

CODE 8882ab 

I LOCATION AND GENERAL INFORHATlON OF DEPOSIT: cold lake 

COLiNTRY 
STATE 
RM; I ON 
BAS I N- 
DEPOSIT FIELD NAME 
YEAR OF DATA REFERENCE (YEAR) 
SURF EXTENSION (KM0*2) 
~INIMM PAY TBICKNIS - INSITU (MI 
nAxInun PAY THICKNESS - INSITU (n) 
DEPTHS OF RESERVOIR AVWAGE (I) 
OVER~URDEN T A I CKNESS AVERAGE ( M ) 
BITUMEN IN PLACE INSITU AVERAGE (MILL BBL) 
BITUMEN IN PLACE TOTAL AVERAGE (MILL BBL) - - -  

A ~ I C ~ P A T E D ~ ~ U R F  RECOVERY INSiTu ni~iwiin-(z) 
ANTICIPATED SURF RECOVERY INSITU nAxI m ( 2 )  
ANTICIPATED SURF RECOVERY TOTAL n m n u n  tx) 
ANTICIPATED SURF RECOVERY TOTAL m X 1 m  ( 2 )  
RECOVERABLE 01L INSITU MINIMUM (WILL BBL) 
RECOVERABLE OIL INSITU nAxInun (MILL BBL) 
RECOVERABLE OIL TOTAL #INIMW (MILL BBL) 
RECOVERABLE OIL TOTAL MAX Inun t n ILL BBL) mVERABLE ITPGRADED-OI L-- niNiwun 
RECOVERABLE UPGRADED OIL IhSITU MAXIm (MILL 
RECOVERABLE UPGRADED OIL TOTAL MINIWW (MILL 
RECOYERABLE UPGRADED OIL TOTAL MAXIIIITn (MILL 

canada 
alberta 
eastern alberta 
aenr i 1 Ie group 
cold lake 
1976 
9865 
5 
16 
457 
457 
270000 
270000 
12 
25 
12 
25 
20000 
40000 
20000 
48888 
15888 
30000 
15888 
30000 



I I COLUMNAR SECTION ----------------------- 

AGE NATURE OF SO1 L FORMATION NAME .............................................................................. 
cre taceoos : marine shale : lower colorado 
devon i an : --onknown-- : woodbend,beaverhi 1 1  lake 
lower cretaceous : marine sandstone,glaoconite : clearwater 
lower cretaceous : nonmarine quartz sands tone : mcmurray 
lower cretaceous : nonmarine sands tone : lower grd rapid member 
lower cretaceous : nonmar i ne sands tone : upper grd rapid member ............................................................................... 
I 1 1  CHARACTERISFICSOF RESERVOIRS ------------------------------------ 

AGE 
TYPE 
MINIMUM POROSI 
MAX I MUM POROS I 
M I N I MUM ABSOLU 
MAXIMUM AESOLU 
MINIMUM OIL SA 
MAXIMUM OIL SA 
AVERAGE OIL SA 
MINIMUM OIL SA 
MAXIMUM OIL SA 
MINIMUM ETFEn 

'Y (Z 
'Y (Z 
'E PE 
'E PE 
'URAT 
'URAT 
'URAT 
'URAT 
' UR AT 
:VE G 

IMEABILITY (md) 
[MEABILITY (md) 
ON (X WEIGBT) 
ON (7: WEIGHT) 
ON (Z WEIGHT) 
ON (X VOLUME) 
ON (2 VOLUHE) 
rS PERMEABILITY (md) 

MAXIMUM EFFECTIVE GAS PERMEABILITY (md) 
MINIHUH OIL SATURATION (X WEIGHT) 
MAXI~UM OIL SATURATION (Z WEIGHT) 
SEDIMENTARY ENVIRONMENT 
TYPES OF TRAPS 
AGE OF SOURCE BEDS 
TIME OF MAIN GENERATION AND MIGRATION 
BAS I NAL SETT l NG 
SEDIMENTARY ENVIRONMENT 
TYPES OF TRAPS 
AGE OF SOURCE BEDS 
TIME OF MAIN GENERATION AND MIGRATION 
MIGRATION DISTANCES (km) 
AVERAGE RESERVOIR TEMPERATURE (deg C) 
AVERAGE RESERVO I R PRESSURE ( p s i g ) 
BSINAL SETTING 

IV CRARACTERISFICS OF BITUMEN ................................. 
DEGREE API GRAVITY MINIMUM 
DEGREE AP I GRAV ITY MAXIMUM 
VISCOSITY AVERAGE (cps) 
S (X WEIGHT) AVERAGE 
N (X WEIGHT) AVERAGE 
0 AVERAGE (X weight) 
ASPHATMES (7) 
HEAVY MITALS 
HEAVY jlEI'ALS 

early cretaceous 
sand 
28 

2 
28 
deltaic 
structural-stratigra 
mesozo i c 
upper mesozoic 
coastal zone 
del taic 
structural stratigra 
early cretaceous 
late cretaceous 
135 
12 
448 
foreland 

10 
14 
100000 
4.788 
0.288 
0.900 
15.000 
n i cke l7Bppm 
vanadium 248ppm 



I- Oil Sands and Heavy 0iIs:the prospects.R.E.Pn.2-Energy Nines and 
Resources .Canada 
2- Outtrim,C.P,Evans(1978):alberta's oil sands and their evaluation 
D.A Redford and A.G Winestock eds.The Oil sands of oanada venezuela 
volume n 17 p 36-=.Canadian insti tote of mining and metal lur y 
3- j Start, J . l  Pratr:hemioal Proper ties and Reservoir Charaoferistics 
of bitumen and Heavy Oil from canada and venezuela.First international 
conference oa Beavy orude and Tar sands.Edmoaton juneIY79 
4- Geoloa and proved in plaoe reserves of the Cold Lake Oil Sands 
~ e p o s i  ts,Aeport 73-L.Z~ pases. (1~3). 
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Example 3. L i s t  of a l l  t a r  sand depos i t s  

r ange  of a i s  t a r a  
r e t r i e v e  ( a . code , a . coun  t r y , a . d e p f  1dnam) 

Icode  
1 - - - - - -, 
I0001ab 
I000  1 ad 
I0001bb 
10001di 
I0001 fh  
I0001fb  
I0001f i  
I0001hx 
I0002ab 
I0002ad 
I0002di  
I0002f i  
I0003ab 
I0003ad 
I0003f i  
10004ab 
I8884ad 
I0004f i  
I0005ab 
I0005ad 
I0005f i  
I8886ad 
10006f i  
I0007ad 
I0007f i  
I0008ad 
I8889ad 
I00  load  
I001 l a d  
10012ad 
I0013ad 
I0014ad 
I0015ad 
I0016ad 
I0817ad 
I0018ad 
I0019ad 
I0028ad 
I0021ad 
I0022ad 
I0023ad 
I0024ad 
I0025ad 
I0026ad 
10027ad 
I0028ad 
10029ad 
I0030ad 
I003  1 a d  
10032ad 
10033ad 
I0034ad 
1 ------ 

coun t r y  ------------------- 
can  a d a  
u s  a  
t r i n i d a d  
v e n e z u e l a  
ruman i  a  
a l b a n i a  
u r s s  
malagasy  r e p  
c a n a d a  
u s a 
v e n e z u e l a  
u f S S 
can a d a  
u s a  
u s s r  
c anada  
u s a  
U S S f  
c anada  
U S 8  
u s s r  
u s a  
llr SS 
o s a  
u r s s 
u s a  
u s a  
u s a  
u s  a  
u s a  
u s a  
u s a  
u s a  
U S  a  
u s a  
u s a  
u s  a 
u s a  
U S  a 
U S  a  
U S  a  
u s a  
u s a  
u s  a  
U S 8  
U S  a  
u s a  
a s  a  
u s a  
u s a  
u sa  

: u s 8  .................... 

I depf 1 dnam ---------------------- 
I  a  t habasca  
I a s p h a l t  r i d g e  
I  t r i n i d a d  a s p h a l t  l ak  
Iguanoco-p i  t o h  l a k e  
I d e r n a  
I s e l e n i z z a  
I--unknown-- 
Ibemo 1 anga  
I c o l d  l a k e  
I sunnys ide  
I o r i n o c o  o i l  b e l t  
I--unknown-- 
Ipeaoe r i v e r  
I h i l l  c r e e k  
I i n  tirnano pechorskoy  
Iwabasca 
1 p . r  s p r i n g  
I s i  1 i g i r  
I m e l r i l l e  i s l a n d  
I c i r c l e  c l i f f s  
I o l enekskoe  
I  t a r  t r i a n g l e  
Ime l e k e s s  
I  edna  
I c h e i  l dag  
I s i s q u o c  
I s a n t a  c r u z  
Idav id  d i sma l  c r e e k  
I a spha l  t  
Ikyrock 
I s a n t a  r o s a  
I s an  r a f  a e  l swe 11 
I raven  r i d g e  
I a r g y l e  canyon 
I a spha l  t r i d g e  
Iwhi t e r o c k s  
I j a c k s  canyon 
Iwickiup  
Imaud 
I r imrock  
Iwi 1 low c r e e k  
I p a r i e  t t e  
Iwhi t e  c a n i o n  
I l i t t l e w a t e r  h i l l  
I l a k e  f o r k  
I n i n e  m i l e  canyon 
I chap i  t a  wet 1 s  
I ten m i l e  wash 
I  t a b i o n a  
I t h i s t l e  
I s p r i n g  b r a n c h  
Icow wash ----- ----------------- 



I 
0 1 
a 1 
0 1 - I 

L c n I  
Q  .- I 

Q Q *  I 
a*.- Q  I 
C Q Q L Q - l  
6- 0 - 1  
o Q m . - I  
Q U V Q P I  
c- a*- I 
c O Q Q O l  
Q O P L ~ I  
c .1111l  

.L I 
L O  I 

a o d  I 
0 L O  I .- L I 

*L  I 
Q Q C Q  I 
an . -@ I 
L O C -  I 
O L ~ O  I 
cr m e  I 

m u  I 
h Q  .-PI 
5 -  ha3 1 
L - 3  Q  L I 
L o -  VI L Q  I 
P P O  L I  
a c 3 u v 1  
o Q - L * I  
a a 0  wcn I 
11111 1 

I 
L I 
Q  I 

5 3 l  
- 6 Q Q  I 
LC& 0 1  
Q  h L--- I 

0 Q Q 6 4 I  
400 L L I 
a - - 4  0 1 

Q Q c  I 
a e e l  
L C C O Q l  
O L L  ' - 1  
C 6 Q C U  I 
4d-4 6 1 
L L O W L C I  
O Q O O Q l  
e o l c o l  
1-111 1 

I 
I 
I 
I 
I 
I 
I 
I 
I 

I 1  
I I 
C I 

Q  
u 

It 
Q O Q  
L L - 0 0  
0 d 0-- 
- 'dm Q P Q  

oI.+u 
cn a Om-.- 0 .-.- '0s 0 

Q C O O .  
a&-.- c m 

a 6 
4 C  Q  . 
0 3 >so 

Q  
v Q).- O  
OOWL L 
C C I . 0  -0 
6 6 6 C L C  
L L L L O Q  

I 
Q Q Q Q Q l  
UQU?)U l 
Q Q Q Q Q I  
C C C I C I  
Q Q Q Q Q I  
0 0 0 0 0 1  

1 1 1 1 C l - 1  
00000 l 
Q Q Q Q Q I  gf#f gj 1 

ICIC.ICI11CI 
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