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PREFACE 

Over t h e  l a s t  few yea rs ,  many s t u d i e s  (WAES, WEC, C I A ,  o i l  
companies, e t c . )  have popular ized t h e  idea t h a t  world o i l  pro- 
duc t ion  w i l l  reach  a maximum i n  t h e  1980 's  o r  1990 's  and pro- 
g r e s s i v e l y  dec l i ne .  I f  cumulat ive product ion up t o  t h e  maximum 
i s  c a l c u l a t e d  and compared t o  t h e  remaining resources  t o  be 
recovered o r  produced ( taken from t h e  WEC Delphi Study,  f o r  
i ns tance )  it i s  p o s s i b l e  t o  assume o t h e r  t ypes  of evo lu t i on  f o r  
world o i l  product ion a s  w e l l ,  i n  p a r t i c u l a r  a  p l a t e a u  extending 
over a  few decades. Because of t h e  con t inu ing  importance of o i l  
i n  t h e  world economy, such an evo lu t i on  would be f a r  more d e s i r -  
a b l e  than a prompt d e c l i n e .  But of course it is impor tant  t o  
a s s e s s  whether t h i s  is even poss ib le  and/or r e a l i s t i c .  

The IREP model (IIASA Resources, Explorat ion and Product ion 
model) has e s s e n t i a l l y  been des igned,  i n  t h e  i n i t i a l  vers ion  
which i s  presented  h e r e ,  t o  exp lo re  such a p o s s i b i l i t y .  Prelim- 
i na ry  i deas  f o r  t h e  resource  model came from t h e  Enerdym model 
(which was developed wi th  Igor ~ i m h ) ,  e s p e c i a l l y  t h e  conceptua l  
aspec ts  of d e s c r i b i n g  t h e  " l i f e "  of a  resou rce ,  from i t s  i n i t i a l  
s t a t u s  of " specu la t i ve  resource"  t o  i t s  poss ib le  product ion.  

The IREP model i s  composed of  a  number of submodels: 
resource  assessment ( t h e  most developed t o  d a t e ) ,  an explo- 
r a t i o n  submodel p r imar i l y  aimed a t  ob ta in ing  an idea  of t h e  
e f f o r t  necessary  ( d r i l l i n g ,  investment,  e t c . )  t o  d i scove r  
t h e  assumed resou rces ,  and a product ion submodel d i r e c t l y  
l i nked  t o  t h e  exp lo ra t i on  submodel bu t  a l lowing t h e  exam- 
i n a t i o n  o r  var ious  scenar ios  in f luenced by pol i t ico-economic 
dec i s ions .  

In add i t i on ,  t h e  IREP model can a l s o  be used a s  a s e n s i -  
t i v i t y  a n a l y s i s  t o o l  t o  exp lo re  how changes i n  some parameters- 
-genera l l y  l i nked  t o  t h e  p rogress  of exp lo ra t i on  and/or knowledge 
of petroleum prospec ts  o r  basins--can in f luence o i l  resources  and 
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t h e i r  f u t u r e  p roduc t ion  p o t e n t i a l .  A s  such,  t h i s  model i s  n o t  
o n l y  a t o o l  which can be used i n  a p re l im ina ry  way f o r  f o r e c a s t -  
i ng  o r  a s s e s s i n g ,  b u t  a l s o  a working t o o l  f o r  enab l i ng  a b e t t e r  
unders tand ing  of world o i l  assessment.  

The resou rce  assessment  submodel has  been developed i n  
deta i l  and tested w i t h  an a p p l i c a t i o n  case .  Resu l ts - -a l though 
pre l iminary- -are  encourag ing,  and it w a s  though t  t h a t  t h i s  work 
cou ld  u s e f u l l y  be p resen ted  and o f f e r e d  f o r  d i s c u s s i o n .  The 
i n p u t  d a t a  f o r  t h e  a p p l i c a t i o n  case  w i l l  be r e f i n e d ,  and more 
importance shou ld  be a t t a c h e d  t o  t h e  p o t e n t i a l  v a l i d i t y  of  t h e  
approach t h a n  t o  t h e  f i r s t  r e s u l t s ,  shown h e r e  i n  a sample run.  

Michel Grenon 
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A MODEL FOR RESOURCE ASSESSMENT 
AND EXPLORATION/PRODUCTION 
PROCESSES 

1 .  INTRODUCTION 

The f o r e c a s t i n g  of o i l  supply ,  inc lud ing  o i l  from non-OPEC 
sources ,  i s  based mainly on two t ypes  of a n a l y s i s  (Adelman and 
Jacoby 1979).  An example o f  t h e  f i r s t  type of method i s  "Disag- 
g rega ted  pool  a n a l y s i s " .  T h i s  r e q u i r e s  t h e  g e o l o g i c a l  i n t e r p r e -  
t a t i o n  and s t a t i s t i c a l  a n a l y s i s  o f  t h e  exp lo ra to ry  p rocess ,  and 
t h e  economic eva lua t i on  of t h e  pools  found. By t h i s  method a 
f o r e c a s t  of t h e  t o t a l  r ecove rab le  r e s e r v e s  t o  be d iscovered ,  and 
t h e  d i s t r i b u t i o n  of t h e  pool s i z e  i t s e l f ,  and of t h e  sequence of 
d i s c o v e r i e s  by s i z e ,  can be made. These a t t r i b u t e s ,  t o g e t h e r  
w i th  c o s t  f a c t o r s ,  determine t h e  economic v i a b i l i t y  of a reser- 
v o i r .  "Disaggregated pool a n a l y s i s "  r e q u i r e s  d e t a i l e d  informa- 
t i o n  on p rev ious  d i s c o v e r i e s  and t h e i r  resources .  There fo re  
f o r  reg ions  where t h e  e x p l o r a t i o n  has no t  y e t  begun, o r  i s  i n  
an i n i t i a l  s t a g e ,  t h i s  method cannot  be used. 

The o t h e r  method, which i s  c a l l e d  "aggregated count ry  
a n a l y s i s " ,  i s  based on h i s t o r i c a l  d a t a  and f o r e c a s t i n g  of r i g  
a c t i v i t i e s  and assumpt ions made on proven r e s e r v e s  added pe r  
r ig -year .  R e s e r v e a d d i t i o n s t h e n  become an i npu t  t o  t h e  
c a l c u l a t i o n  of c a p a c i t y  expansion and l i k e l y  o i l  p roduct ion.  
On t h i s  b a s i s  an eva lua t i on  of new c a p a c i t y  and product ion 
p lans  can be made. "Aggregated count ry  a n a l y s i s "  does n o t  
ana lyze  t h e  main p rope r t y  of t h e  count ry  be ing s t u d i e d ,  which 
i s  t h e  a b i l i t y  t o  con ta in  o i l  o r  " o i l  i n  p lace" .  The product ion 
p lan should a l s o  be made w i th  regard  t o  t h e  undiscovered resou rces .  

The proposed model may be cons idered an a t tempt  t o  combine 
t h e  a t t r a c t i v e  s i d e s  of both  t h e  above methods. One of t h e  uses  
o f  t h i s  model w i l l  be  t o  sugges t  a l t e r n a t i v e  product ion p lans ,  
based on an assessment of resou rces  i n  t h e  count ry  and f u t u r e  
d i s c o v e r i e s  and e x p l o r a t i o n .  



The sequence of procedures of t h e  model i s  shown i n  a 
condensed form i n  F igure  1 .  A s  shown i n  t h e  diagram, t h e  
problem i s  analyzed by a model c o n s i s t i n g  of a number o f  
s t a g e s  which a r e  descr ibed  i n  t h e  fo l lowing s e c t i o n s .  

2 .  DETERMINING THE FUTURE PRODUCTION RATE 

Although it i s  an unusual approach, w e  begin t h e  a n a l y s i s  
wi th  t h e  de te rmina t ion  of  t h e  f u t u r e  product ion rate. Th is  
g i v e s  u s  t h e  p o s s i b i l i t y  o f  checking whether t h e  d e s i r a b l e  po- 
t e n t i a l  l e v e l  o f  product ion can be supp l ied  and, i f  so,  under 
which cond i t i ons .  

The de termina t ion  of t h e  f u t u r e  product ion r a t e  r e l a t e s  
t o  genera l  problems of f o r e c a s t i n g  and is  based on t h e  ex t rap-  
o l a t i o n  of h i s t o r i c a l  d a t a .  

The in format ion c o l l e c t e d  on o i l  product ion a l lows u s  t o  
draw product ion curves .  W e  may t reat  t h e  d a t a  on product ion 
d i f f e r e n t l y  depending upon whether t h e  g e n e r a l  tendency i n  t h e  
product ion p rocess  o r  a p r e c i s e  p i c t u r e  of changes i n  t h e  annual  
product ion rate i s  needed. 

With r e s p e c t  t o  t h i s ,  it is p o s s i b l e  t o  use d i f f e r e n t  i n t e r -  
po la t i on  methods. Also t h e  cho ice  of t h e  i n t e r p o l a t i o n  method 
depends on t h e  degree  of accuracy of  t h e  a v a i l a b l e  d a t a  ( i .e .  i f  
s i g n i f i c a n t  jumps i n  t h e  rate of product ion over a s m a l l  pe r iod  
of t ime are p r e s e n t ,  then  t h e  e x i s t e n c e  of e r r o r  can be assumed). 

I n  t h i s  case  "polynomial i n t e r p o l a t i o n "  is  t h e  most d e s i r -  
a b l e  and polynomials of va r i ous  degrees may be t r i e d .  A s  a 
series of exper iments shows, a polynomial of t h e  second degree  
is  approp r ia te  when reproducing t h e  tendency of t h e  product ion 
process.  

The "cubic-sp l ine i n t e r p o l a t i o n "  method is  opt ima l  i n  t h e  
case  of  e x i s t i n g  p r e c i s e  d a t a  on o i l  product ion f o r  a r e l a t i v e l y  
long per iod  of  t i m e  (a t  least f i f t e e n  t o  twenty y e a r s ) .  Here 
t h e  r e s u l t i n g  product ion curve passes  through a l l  p o i n t s  r e f l e c -  
t i n g  t h e  annual  rate of product ion.  

S ince product ion is  an i n e r t i a l  process,  having a de lay  of 
f i v e  t o  s i x  years ,  w e  can e x t r a p o l a t e  a product ion curve  f o r  
t h a t  per iod  of t ime. Delay t i m e s  may be d i f f e r e n t  f o r  d i f f e r e n t  
c o u n t r i e s  ( t h e  per iod  of t i m e  over  which t h e  mathematical methods 
of e x t r a p o l a t i o n  may be app l i ed  should be t h e  s u b j e c t  of a d d i t i o n a l  
s t u d y ) .  

When e x t r a p o l a t i o n  is  requ i red ,  t h e  product ion curve  ob ta ined  
from t h e  "cub ic -sp l ine  i n t e r p o l a t i o n "  method con ta ins  more i n f o r -  
mation and is g e n e r a l l y  more u s e f u l  f o r  p r e d i c t i o n  than t h e  "sec- 
ond degree polynomial i n t e r p o l a t i o n "  method. Product ion curves 
ob ta ined  by "second degree  polynomial i n t e r p o l a t i o n "  may be used 
f o r  t h e  e x t r a p o l a t i o n  of  p rocesses  on t h e  b a s i s  o f  inadequate o r  
i naccu ra te  in format ion.  



Determination of  future 
production rate 

I 

Assessment of  required reserves m I 
I 

Resource/Exploration 
submodel 

I 
I 
1 
I Resource assessment + 4 I submodel at country 
I b level Analysis of  existing Determination of  I 

recovery methods and amount of future 
I 

determination of  additional required discovery 
1 

reserves from proven reserves 4 
I 
I Exploration submodel 
I at basin level 

Decision making for facilities of a 
country with regard to resources. 

technology, etc. 

Figure 1 .  Outline of model procedures 



The determinat ion of t h e  product ion curve f o r  subsequent 
per iods  can be made on t h e  b a s i s  of t a b u l a r  f unc t i ons  r e f l e c t i n g  
t h e  sub jec t i ve  judgement of expe r t s .  

We propose t o  exp lo re  t h r e e  a l t e r n a t i v e  l e v e l s  of product ion 
which a r e  chosen according t o  t h e  fo l lowing c r i t e r i a :  

1 .  domestic demand; 
2 .  a d d i t i o n a l  product ion f o r  expor t ;  
3 .  adap ta t i on  of expo r t s  t o  t h e  

requirements of development 
( i . e .  t h e  development p l a n ) .  

I n  genera l ,  t h e  above c r i t e r i a  must apply  t o  any count ry ,  a l though 
it i s  necessary  t o  t a k e  i n t o  cons idera t ion  n a t i o n a l  p e c u l i a r i t i e s .  

There a r e  two p o s s i b l e  (complementary) ways of  ach iev ing t h e  
proposed product ion l e v e l :  

-- through t h e  improvement of e x i s t i n g  techno log ies ,  
i. e. a d d i t i o n a l  recovery;  

-- through t h e  d iscovery  o f  new d e p o s i t s ,  
i .e .  t h e  i n t e n s i f i c a t i o n  of exp lo ra t i on .  

3 .  ASSESSMENT O F  REQUIRED RESERVES 

The resources  requ i red  t o  ach ieve t h e  proposed product ion 
l e v e l  can be determined a s  t h e  i n t e g r a l  of  t h e  func t ion  P ( t )  
( t h e  product ion c u r v e s ) ,  throughout t h e  per iod under cons idera-  
t i o n ,  added t o  t h e  r a t e  of product ion a t  t h e  f i n a l  i ns tance  and 
mu l t i p l i ed  by t h e  chosen rese rve  t o  product ion r a t i o  ( R P R ) ,  
expressed i n  number of yea rs .  Th is  is done i n  o rde r  t o  keep 
t h e  l e v e l  of product ion cons tan t  over t h e  per iod ,  which depends 
on t h e  rese rve  t o  product ion r a t i o :  

Required r e s e r v e s  = I P ( t ) d t  + P (t f i n a l )  RPR 
t i n i t i a l  

In  o rde r  t o  ensure t h a t  t h e  requ i red  rese rves  w i l l  be a v a i l a b l e ,  
w e  have t o  make an assessment of t h e  c o u n t r y ' s  resources  ( o i l  in  
p l a c e ) ,  i . e .  t o  s imu la te  t h e  d iscovery  process and t o  c a l c u l a t e  
undiscovered resources .  

4 .  THE RESOURCE ASSESSMENT SUBMODEL 

The model i s  designed f o r  t h e  purpose o f  assess ing  t h e  
undiscovered resources  i n  t h e  count ry  under cons ide ra t i on .  
According t o  t h e  most u s e f u l  d e f i n i t i o n  (USGS B u l l e t i n  1976) , 
using t h e  McKelvey C l a s s i f i c a t i o n  Diagram of Reserves and 
Resources, undiscovered resou rces  a r e  "unspec i f ied  bodies of 
mineral-bear ing m a t e r i a l  surmised t o  e x i s t  on t h e  b a s i s  of 
broad geo log i ca l  knowledge and theory" .  Therefore t h e  geo- 
l o g i c a l  c h a r a c t e r i s t i c s  o f  p rospec t ive  a r e a s  a r e  taken a s  t h e  
b a s i s  of a n a l y s i s .  



Inf ormation on t h e  t r a p s ,  r e s e r v o i r  rocks,  source,  migra- 
t i o n  and genera t ion  of  hydrocarbons should be c o l l e c t e d  and 
analyzed t o  enab le  d e c i s i o n s  t o  be made concerning t h e  r i chness  
of t h e  p rospec t ive  petroleum bas ins .  I n  a d d i t i o n ,  t h e  s i z e  and 
th i ckness  of t h e  bas ins  should be d e l i n e a t e d .  

Undiscovered resou rces  a r e  assessed by t h e  vo lumetr ic  method 
(Myer 1978 and Levorsen 1967) .  W e  des igna te  t h e  amount of re -  
coverab le  o i l  per u n i t  volume of sediment a s  t h e  r i c h n e s s  f a c t o r  
(R.F.) .  With t h i s  des igna t i on  t h e  amount of undiscovered re -  
sources may be c a l c u l a t e d  a s  fo l lows:  

Un. Resources = R.F. x Area x Thickness 

I t  is obvious t h a t  parameters f o r  t h e  R.F., t h e  Area and 
t h e  Thickness a r e  very  unce r ta in  f o r  a reg ion where d r i l l i n g  
has no t  y e t  been implemented, o r  has l e d  t o  no d iscovery .  

For unexplored b a s i n s  t h e s e  va lues  a r e  given by g e o l o g i s t s  
a s  t h e  d e s c r i p t i o n  of t h e  p o t e n t i a l  sedimentary volume and depth 
of b u r i a l .  Th i s  in format ion is used t o  c o n s t r u c t  t h e  p r o b a b i l i t y  
d i s t r i b u t i o n  of t h e  Area and t h e  Thickness parameters.  

The R.F. may be de f i ned  by ana log ies  t o  s i m i l a r ,  mature 
producing b a s i n s  and w e  t h e r e f o r e  need t o  have some bas in  
c l a s s i f i c a t i o n  scheme. 

One bas in  c l a s s i f i c a t i o n  scheme has been proposed by Klemme 
(1975) .  K l e m m e  examined t h e  o i l  recovery ( o r  i t s  gas  equ iva len t )  
i n  terms of b a r r e l s  pe r  cub ic  m i l e  of sediment and suggested 
a " ya rds t i ck " ,  which, i n  con junct ion w i th  t h e  r a t i n g  of  t h e  main 
geo log i ca l  parameters ,  could a s s i s t  i n  t h e  de te rmina t ion  of t h e  
K.F. f o r  a genera l  type of geo log i ca l  bas in  '(Table 1 ) . 

The R.F. o f  an unexplored bas in  w i l l  l i e  w i th in  a range o f  
va lues ,  which f o r  s i m i l a r  t ypes  of bas in  can be de f ined ,  and t h e  
p r o b a b i l i t y  d i s t r i b u t i o n  of t h e  R.F. can be cons t ruc ted .  

Thus t h e  geo log i ca l  a n a l y s i s  of t h e  a r e a  under cons ide ra t i on  
prov ides us  w i th  t h e  c r i t i c a l  d a t a  f o r  i npu t  t o  t h e  model, a s  
shown i n  F igure  2 .  The a r e a  of count ry  i s  d iv ided  i n t o  a number 
of p o t e n t i a l  petroleum bas ins ,  i d e n t i f i e d  by K ( K  = 1 ,  ... N ) .  
Each bas in  is descr ibed  by t h e  d i s t r i b u t i o n  of t h e  main para- 
meters:  t h e  Area, t h e  Thickness and t h e  R.F., which a r e  indexed 
by t h e  app rop r ia te  K s u b s c r i p t .  The t ype  of d i s t r i b u t i o n  depends 
on o n e ' s  knowledge about  t h e  behaviour of a parameter. 

For example, t h e  R.F. can be represented  by t h e  lognormal 
d i s t r i b u t i o n  f o r  a given producing format ion by a common reser- 
v o i r  mechanism. However, i n  t h e  c a s e  of an unexplored bas in  
t h e  R.F. i s  a very  d i f f i c u l t  parameter t o  d e f i n e  and w e  can 
s imp l i f y  t h e  R.F. d i s t r i b u t i o n  a s  t r i a n g u l a r  w i th  minimum, maxi- 
mum and m o s t  l i k e l y  va lues  of t h e  random v a r i a b l e  R.F. 



Table  1 .  "Yards t i ck "  f o r  b a s i n  e v a l u a t i o n  

"Yardstick" for Basin Evaluation 

Richness factor Chance of 
bbl per cubic Commercial Presence 

Basin type mile of sediments production of giants 

1. Cratonic 35,000 High 30% 20% 
interior 18,000 Average 

3.500 Low 

2. Cratonic 250,000 80% 65% 
multicycle 120,000 
( Large) 25,000 

(Small) 75,000 50% 30% 
40,000 
7,500 

3. Cratonic r i f t  

4. Intermediate 600,000" 50% 50% 
extracontinental 150,000 
4A Closed 10,000 

48 Foredeep 60.000 40% 10% 
25,000 
1,000 

4C Open 300,000 
160,000 
3,000 

5. Pull-apart ? 30% 20% 
Presently 

average 40.000 

6.-7. 4,000,000 20% 40% 
Intermontane 1 80,000 

5,000 

8. Delta 220,000 50% Few giants 
1 90,000 

? 

Average a l l  basins 50,000 to 100.000 50% 50% 

Field size' 
largest field 

(1 0th largest field) 

'Based on ultimate recovery of total basin reserves. 
'*Middle East 



F igure  2. Hypo the t i ca l  map of a coun t r y  showing 
b a s i n s  and d i s t r i b u t i o n  of main param- 
eters 



The s imu la t i on  model i s  p resen ted  i n  t h e  f low c h a r t  
F igu re  3 ,  where "A" is t h e  set '  of  d i s t r i b u t i o n s  o f  t h e  Area, 
Thickness and t h e  R.F. The expec ted  va lue  o f  t h e  und iscovered 
resou rces  i s  c a l c u l a t e d  us ing  Monte-Carlo t echn iques .  

One s imu la t i on  pass  beg ins  w i th  t h e  test t o  see whether 
o i l  e x i s t s  i n  bas in  K and goes on t o  t h e  n e x t  bas in .  Each 
test i s  performed by a  comparison o f  t h e  i n d i v i d u a l  p r o b a b i l i t y  
P ( B k )  of o i l  occur rence  i n  t h e  ~ t h  b a s i n  w i th  t h e  random number 

and goes on t o  t h e  n e x t  b a s i n .  I£ 

t hen  bas in  K has o i l .  I f  

then  b a s i n  K has  no o i l .  

The i n d i v i d u a l  p r o b a b i l i t y  P ( B  ) is ass igned  t o  each b a s i n  
based on p a s t  expe r i ence  of e x p l o r a t i o n  o r ,  i f  e x p l o r a t i o n  has  
n o t  y e t  been s t a r t e d ,  on p a s t  expe r i ence  i n  a r e a s  w i t h  s i m i l a r  
geology.  One set of p a s t  expe r i ence  i s  r e a d i l y  a v a i l a b l e  i n  t h e  
form o f  n a t i o n a l  d r i l l i n g  s t a t i s t i c s  ( n a t i o n a l  success  r a t i o )  
which have been s y s t e m a t i c a l l y  recorded f o r  many yea rs .  Unfor- 
t u n a t e l y ,  most g e o l o g i s t s  f e e l  t h a t  t h e  n a t i o n a l  s ta t is t i cs  a r e  
o f  l i t t l e  use i n  c o n s i d e r i n g  a  p a r t i c u l a r  ven tu re  and t h e y  a r e  
more w i l l i n g  t o  r e g a r d  t h e  l o c a l  p a s t  exper ience  i n  o r d e r  t o  
make a  d e c i s i o n  on a  p a r t i c u l a r  ven tu re .  Thus a s s i g n i n g  proba- 
b i l i t i e s  i s  one o f  t h e  c r i t i c a l  p a r t s  o f  r esou rce  assessment .  

Resources o f  t h e  K~~ bas in  a r e  assessed  on l y  a f t e r  t h e  
test  h a s  been completed s u c c e s s f u l l y  by sampl ing t h e  va lue  of  
t h e  Area, Th ickness and R.F. and computing t h e i r  p roduct .  
Each i t e r a t i o n  y i e l d s  a  va lue  f o r  t o t a l  r e s o u r c e s  i n  t h e  coun t ry .  
T h i s  s imu la t i on  p rocess  is r epea ted  i t i m e s ,  where i = 1 ,  ... I- 
- the  number o f  i t e r a t i o n s .  The mean, v a r i a n c e ,  etc.  o f  t o t a l  
r e s o u r c e s  can then  e a s i l y  be c a l c u l a t e d .  Also,  t h e  f requency 
d i s t r i b u t i o n  and cumula t ive  d i s t r i b u t i o n  g raphs  can be p l o t t e d  
t o  r e p r e s e n t  t h e  r e s u l t  o f  t h e  model l ing.  

5. THE EXPLORATION MODEL 

The e x p l o r a t i o n  submodel per forms t h e  c a l c u l a t i o n s  o f  
r esou rces  a t  b a s i n  l e v e l  by i n t roduc ing  o i l  s t r u c t u r e s  o r  
t a r g e t s .  



I -- Do 1 iterations 
i s 0  I 

f Set to initial conditions 
TOTRESOURCE = TOTRESOURCEZERO; 

N; p l ;  p2; ... ; pN 

I Yes 

No 
b 

TOTRESOU RCE = 
TOTRESOU RCE + 

RESOURCE K 

Sample the area 
thickness, richness factor 

compute RESOURCE 
of K basin 

End of ith passtore 
TOTRESOURCE I 

I Yes 

Simulation run is finished. Print 
means, variance. Plot distributions 

F igure  3 .  Flow c h a r t  of t h e  resou rce  submodel 



An example of a  s i m i l a r  s imu la t i on  a n a l y s i s  i s  d e s c r i b e d  
by Newendorf ( 1 9 7 5 ) .  The proposed model is an a p p l i c a t i o n  o f  
t h i s  example t o  resou rce  assessment  i n  t h e  bas in  and t h e  d e t e r -  
minat ion of t h e  amount of e x p l o r a t o r y  d r i l l i n g  r e q u i r e d  t o  f i n d  
t h e  expected va lue  of r e s o u r c e s  i n  t h e  bas in .  Th i s  expec ted  
va lue  is d e f i n e d  by t h e  parameter  CONT--the number o f  s t r u c t u r e s  
which a r e  hypothes ized t o  c o n t a i n  o i l :  

CONT = NZERO X pZERO, 

where, NZERO is  t h e  number o f  s t r u c t u r e s  which have t o  be t e s t e d  
and pZERO is t h e  p r o b a b i l i t y  of  success  (ass igned  accord ing  t o  
t h e  e x p l o r a t o r y  s u c c e s s  r a t i o  i n  a  g iven o r  s i m i l a r  b a s i n ) .  
Index ZERO r e f l e c t s  t h e  i n i t i a l  c o n d i t i o n s  o f  s imu la t i on .  

When sea rch ing  f o r  o i l ,  success  and f a i l u r e  a r e  cons idered  
a s  random t r i a l s ,  s o  t h e  test  f o r  each k  s t r u c t u r e  is made by 
t h e  comparison of a  random number w i t h  t h e  p r o b a b i l i t y  o f  success  
p. I n  t h i s  model t h e  occur rences  o f  o i l  i n  each  s t r u c t u r e  a r e  
t h e  dependent  e v e n t ,  and a f t e r  each  test  t h e  N ,  t h e  p  and t h e  
CONT parameters  a r e  r e v i s e d .  Each i t e r a t i o n  i s  performed u n t i l  
a l l  hypothes ized o i l - c o n t a i n i n g  s t r u c t u r e s  have been found. 

The s imu la t i on  model i s  p resen ted  i n  t h e  f low c h a r t  
F igu re  4 ,  where "B" i s  t h e  set of  i n p u t  d i s t r i b u t i o n s  o f  t h e  
Area,  Th ickness and t h e  R.F. f o r  each s t r u c t u r e .  

The r e s u l t  of  model l ing  g i v e s  t h e  amount of r e s o u r c e s  i n  
t h e  bas in  i n  t h e  form o f  a  cumula t ive  p r o b a b i l i t y  graph w i t h  
t h e  means and s tanda rd  d e v i a t i o n  and t h e  d i s t r i b u t i o n  o f  t h e  
random va lue  k.  T h i s  va lue  r e p r e s e n t s  t h e  number o f  s t r u c t u r e s  
t h a t  had been d r i l l e d  on each  i t e r a t i o n  pass  b e f o r e  d i s c o v e r i n g  
a l l  t h e  CONT = NZERO x pZERO expected o i l - c o n t a i n i n g  s t r u c t u r e s .  
The minimum va lue  o f  t h i s  d i s t r i b u t i o n  would be k  = CONT--the 
c a s e  i n  which no d r y  s t r u c t u r e s  w e r e  d r i l l e d .  The maximum 
va lue  o f  t h e  d i s t r i b u t i o n  would be k  = NZERO--the c a s e  i n  which 
t h e  l a s t  o i l - c o n t a i n i n g  s t r u c t u r e  was n o t  found u n t i l  t h e  ve ry  
l a s t  s t r u c t u r e  had been d r i l l e d .  

With t h e  d i s t r i b u t i o n  o f  k  v a l u e s  w e  cou ld  g a i n  i n s i g h t  
i n t o  t h e  amount o f  e x p l o r a t o r y  d r i l l i n g  r e q u i r e d  t o  f i n d  a l l  
t h e  resou rces  i n  t h e  bas in .  

6 .  MAKING DECISIONS CONCERNING THE FACILITIES OF 
A COUNTRY WITH REGARD TO RESOURCES, TECHNOLOGY, ETC. 

T h i s  p a r t  o f  t h e  model produces t h e  f o r e c a s t  o f  f u t u r e  
p roduc t ion ,  and depends on t h e  r e s u l t s  o f  t h e  e x p l o r a t i o n  model. 
I n  g e n e r a l ,  t h e  submodel a t t e m p t s  t o  r e s t o r e  t h e  ba lance  between 
producing f a c i l i t i e s  and r e s o u r c e  supp ly .  The mean v a l u e  of 
p rospec t i ve  r e s o u r c e s  i s  compared w i t h  t h e  amount o f  r e q u i r e d  
r e s e r v e s  ob ta ined  from t h e  e x t r a p o l a t i o n  of t h e  i n i t i a l l y  
accep ted  product ion r a t e s .  The impact o f  economic, t e c h n o l o g i c a l  
and p o l i t i c a l  f a c t o r s  must be taken  i n t o  account .  Without doubt  
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Figure 4 .  Flow chart of  the  exploration submodel 



these f a c t o r s  a r e  qu i t e  unpredictable--also t he  comparison of 
prospect ive resources wi th  var ious p r o b a b i l i t i e s  may be made. 
A l l  t h i s  l eads  t o  some co r rec t ion  of t h e  production curve 
obtained through t h e  se lec ted  c r i t e r i a  of exper ts  i n  t h e  f i r s t  
p a r t  of t he  model. Severa l  rev ised a l t e r n a t i v e  curves could 
be taken i n t o  account f o r  t h e  establ ishment of t he  production 
pol icy.  

7 .  THE TEST CASE 

The f i r s t  run of t h e  model was made f o r  Mexico. The 
determinat ion of the  fu tu re  production r a t e  was based on 
information from the  ENERTREE Data Base Re t r ieva l  System using 
da ta  from t h e  IIASA Oi lData Base. Our sources of informat ion f o r  
the resource assessment submodel a r e  publ ished da ta ,  i n  pa r t i c -  
u l a r  "Development i n  Mexican Petroleum" by Meyerhoff and Morvis. 

Geological ana l ys i s  was accomplished f o r  t he  determinat ion 
of the  r ichness  f a c t o r  by using K l e m m e ' s  c l a s s i f i c a t i o n  scheme 
( 1  975) --see Table 1 .  W e  considered 1 9  prospect ive bas ins  
i n  Mexico. For each basin t h e  geo log ica l  ana l ys i s  was performed 
and t h e  d i s t r i b u t i o n  of t h e  main parameters was constructed.  
The ind iv idua l  p robab i l i t y  i s  assigned using Meyer's desc r ip t i on  
of geologica l  f ea tu res  ( 1  978) . 

The r e s u l t s  of t he  determinat ion of f u tu re  production r a t e s  
and of t h e  requi red resources t o  supply these  r a t e s  a r e  presented 
i n  Appendix 1 .  Table Al. 1 shows t he  input  d a t a  and r e s u l t s  f o r  
polynomial ex t rapo la t ion .  Figure A l . l  shows t he  production curve 
der ived from t h i s  method. 25,549 b i l l i o n  b a r r e l s  of resources  
a r e  requi red t o  supply t h i s  form of o i l  production curve. 

Table A 1 . 2  shows t h e  input  da ta  and r e s u l t s  f o r  cubic-sp l ine 
in te rpo la t ion .  The production curve der ived from t h e  cubic-sp l ine 
method is presented i n  F igure A 1 . 2 .  49,9229 b i l l i o n  b a r r e l s  of 
resources a re  requi red f o r  these  r a t e s  of production. 

The input  da ta ,  some in termediate s t a t i s t i c s  and t h e  output 
of the  resource assessment submodel a r e  presented i n  Appendix 2 .  
The r e s u l t s  show t h e  resources i n  Mexico i n  the  form of the  
p robab i l i t y  d i s t r i b u t i o n s .  Frequency d i s t r i b u t i o n  is shown i n  
Figure A2.1  and cumulat ive d i s t r i b u t i o n  in  Figure A 2 . 2 .  The 
minimum value i s  8,0934 b i l l i o n  b a r r e l s  and t h e  maximum value 
is 140,34 b i l l i o n  ba r re l s .  The mean value of resources i n  
Mexico is 58,3726 b i l l i o n  ba r re l s .  On t he  cumulat ive graph 
t h e  value 11,574 b i l l i o n  b a r r e l s  wi th a p robab i l i t y  of 1 may 
be in te rp re ted  a s  proven reserves .  

The comparison of r e s u l t s  of the  resource assessment sub- 
model wi th t h e  amount of resources der ived from t h e  ext rapola-  
t i o n  of t h e  production curve (25,5490 o r  42,9229) shows t h a t  
wi th t h e  p robab i l i t y  0.98 o r  0.7 t h i s  amount of requ i rab le  
resources can be suppl ied from fu tu re  d iscover ies .  

It i s  necessary t o  mention here t h a t  some of t h e  da ta  used 
i n  t he  t e s t  case a r e  not  v e r i f i e d  and a r e  sometimes "speculat ive."  
Detai led work on input  d a t a  could g r e a t l y  improve t h e  r e s u l t  
of modell ing. 
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