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FOREWORD 

This study of Nigerian oil and natural gas 
resobrces is. the first of a proposed series of studies 
under the Foreign Energy Supply Assessment Program of 
the Department.of Energy. ~uture studies will examine 
the petrol'eum resources of other world political 
entities, with a view to estimating the future 
availability of crude oil and natural gas. 

Obviously,' the economic and political decisions 
of oil and.gas producing states, and those states which 
have potentially exploitable resources, will determine 
the rate.at which oil and gas will be produced. The 
latitude of such decisions, however, will be constrained 
by the physical limits of ultimately recoverable resources, 
and it is this latter dimension which these studies 
will- attempt to measure. ' .  

There is no question that the supply of fossil 
fuel resources is limited. 'Thus, it is essential, from 
both a producerand from a consumer perspective, that 
these limits be defined as accurately as possible. 
With this knowledge in hand, it will then become possible 
to plan more intelligently for our energy future. 
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EXECUTIVE SUMMARY 

The. Republic of Niger ia  r anks  among t h e  t e n  
l a r g e s t  o i l  producers  of t h e  world. Product ion du r ing  
t h e  f i r s t  p a r t  of 1979 was a s  h igh  a s  . 2 . 4  m i l l i o n  b a r r e l s  
p e r  day. . I t  i s  a l s o  one of t h e  l e a d i n g  e x p o r t e r s  of  
crude o i l ,  A l l  b u t  three t o  f o u r  p e r c e n t  of Niger ian  
produc t ion  i s  expor ted ;  t h e  r e s t  i s  used f o r  domestic 
consumption. 

Seve ra l  of  N i g e r i a ' s  ~ f r i c a n  neighbors  a r e  
c r i t i c a l l y  dependent on her  o i l  expor t s .  However, w e l l  
over  h a l f  of t h e  exported o i l  i s  s o l d  t o  t h e  United S t a t e s  
and t o  The Nether lands .  Although t h e  U.S. s h a r e  of 
Niger ian e x p o r t s  is  e q u i v a l e n t  t o  on ly  t h r e e  t o  fou r  
p e r c e n t  of U.S. demand, t h e  Niger ian  c rude  i s  impor tan t  
because of i t s  low s u l f u r  q u a l i t y  and high g a s o l i n e  y i e l d .  
This  c rude  c h a r a c t e r i s t i c  makes it d e s i r a b l e  a l s o  t o  
The Ne the r l ands ' s  r e f i n e r i e s ,  which re -expor t  r e f i n e d  
produc ts  t o  Western European markets.  

Based on geo log ica l  and eng inee r ing  a n a l y s e s ,  
it i s  t h e  op in ion  of t h e  ad-hoc Foreign ~ n e r g y  Supply 
Assessment Program (FESAP) Task Force  t h a t  N i g e r i a ' s  

' u l t i m a t e l y  r ecove rab le  o i l  r e s o u r c e s  may range from 
20.5 t o  41.5 b i l l i o n  b a r r e l s .  Through 1977, 6 .1  b i l l i o n  
b a r r e l s  had been produced; t h u s ,  t h e  remaining r ecove rab le  
o i l  ranges  from 1 4 . 4  t o  35.4 b i l l i o n  b a r r e l s .  About 
18:7 b i l l i o n  b a r r e l s  have been d i scovered ;  from 1.8  t o  
22.8 b i l l i o n  b a r r e l s  remain t o  be  d i scovered .  There i s  
'a  95 p e r c e n t  p r o b a b i l i t y  t h a t  a t  l e a s t  1 .8  b i l l i o n  b a r r e l s  
remaing t o  b e  d i scovered ,  and on ly  a  5  p e r c e n t  p r o b a b i l i t y  
t h a t  a t  l e a s t  22.8 b i l l i o n  b a r r e l s  w i l l  be found. The 
mean v a l u e  (which i s  a s t a t i s t i c a l  average)  of undiscovered 
r ecove rab le  o i l  i s  8.4 b i l l i o n  b a r r e l s , .  and has  a  38 
p e r c e n t  p r o b a b i l i t y  of occurrence.  

I t  i s  p o s s i b l e ,  w i t h  an a c c e l e r a t e d  e x p l o r a t i o n  
and development e f f o r t ,  t h a t  N i g e r i a ' s  p roduc t ion  capa- 
b i l i t y  could reach  a  peak l e v e l  of 3.3 m i l l i o n  b a r r e l s  
p e r  day, o r  a  c o n s t a n t  p roduc t ion  p l a t e a u  of about  3.0 
m i l l i o n  b a r r e l s  pe r  day. This  i s  based on e s t i m a t e s  of 



u l t i m a t e  r ecove rab le  r e sou rces  of  27.1 b i l l i o n  b a r r e l s  
and t h e  assumption t h a t  p roduc t ion  would be constrakned 
on ly  by geo log ica l  f a c t o r s .  The pe r iod  of p roduc t ion  a t  
t h i s  l e v e l  would be b r i e f ,  approximately f i v e  yea r s .  
Lower c o n s t a n t  p roduc t ion  p l a t e a u s ,  however, which 
r e f l e c t  s lower r a t e s  of e x p l o r a t i o n  and development, 
a r e  more l i k e l y .  Product ion p l a t e a u s  g r e a t e r  than  
2.0 m i l l i o n  and less than 2.5 m i l l i o n  b a r r e l s  pe r  day 
could be mainta ined f o r  more than  a  decade, and such 
r a t e s  would d e f e r  s i g n i f i c a n t  d e p l e t i o n  of N i g e r i a ' s  
u l t i m a t e l y  r ecove rab le  o i l  r e sou rces  through t h e  20th 
cen tury .  

N i g e r i a ' s  e x p l o r a t i o n  began e a r l y  i n  t h i s  cen tu ry ,  
. a l though  t h e  modern e x p l o r a t i o n  phase began i n  1955. 

Explora t ion  and development may have peaked qu ick ly ,  
as '13 of  1 4  known, probable  and p o s s i b l e  g i a n t  o i l  
f i e l d s  w e r e  d i scovered  p r i o r  t o  1969, and t h e  g r e a t e s t  
number of f i e l d s  w e r e  discove'red i n  t h e  pe r iod  1965 - 
through 1967. Over two- th i rds  of t h e  u l t i m a t e l y  recover-  
a b l e  o i l  of  Niger ia  has  been d i scovered .  

Of t h e  known producing f i e l d s ,  more than  two- 
t h i r d s  have o r ' h a d  s u s t a i n a b l e  peak product ion r a t e s  
(p roduc t ion  f o r  t h r e e  succes s ive  y e a r s  a t  a  s p e c i f i e d  
r a t e )  of  l e s s  than  f i v e  m i l l i o n  b a r r e l s  of o i l  pe r  year ;  
nea r ly .one -ha l f  of t h e  f i e l d s  l e s s  than t h r e e  
m i l l i o n  b a r r e l s  p e r ' y e a r .  Only s i x t e e n  f i e l d s  have 
produced a t  peak r a t e s  ranging  from 15  t o  45 m i l l i o n  
b a r r e l s  p e r  year .  I n  essence ,  most of  N i g e r i a ' s  o i l  
f i e l d s  a r e  smal l  t o  medium s i z e  f i e l d s  by world s t anda rds .  
Fu ture  o i l  d i s c o v e r i e s  a r e  l i k e l y  t o  r e f l e c t  t h i s  t r e n d ,  
even though s e v e r a l  more g i a n t s  may be found. 

The n a t u r a l  gas  r e sou rces  of Niger ia ,  u n l i k e  t h e  
o i l  r e s o u r c e s ,  a r e  comparat ively  unde~deve loped .  Never- 
t h e l e s s ,  s u f f i c i e n t  e x p l o r a t i o n  has  taken  p l a c e  t o  permit  
an  assessment t o  be made of t h e  p o t e n t i a l  n a t u r a l  gas  
r e sou rce  'base .  

The s t a t i s t i c a l  mean e s t i m a t e  of  undiscovered 
n a t u r a l  gas  i n d i c a t e s  t h a t  t h e r e  are 65 t r i l l i o n  cub ic  . 
f e e t  (Tcf)  of  r ecove rab le  n a t u r a l  gas  awai t ing  d i scovery .  
I t  i s  95 p e r c e n t  probable  t h a t  a s  l i t t l e  a s  26 Tcf o,f 
a d d i t i o n a l  recoverab le  gas  may be d i scovered  and it i s  



five percent probable that as much as 130 Tcf of additional 
new gas discoveries may be found. Based on estimates 
that current proved reserves of natural gas are approxi- 
mately 50 Tcf, Nigeria's ultimately recoverable natural 
gas resources may be in excess.of 100 Tcf. The Niger 
Delta, seaward from the cen.tra1 portion, may be the most 
prospective for finding new natural gas resources. 

Nigeria consumes about two to three percent, or 
less than 20 billion cubic feet, of its annual production 
of natural gas. The remainder of the natural gas that 
is produced along with crude oil, associated gas, Is 
flared, approximately three-quarters of a trillion (1012) 
cubic feet. 

In summary, Nigeria has the capability to increase 
oil production above its maximum historic level, assuming 
more wells are drilled, and additional surface facili- 
ties .are installed. -However, it is likely that the yearly 
:av:er.age production rate. will range from 2 million 
barrels to 2.5 million barrels per day over the next 
10 years or longer. In contrast, Nigeria's natural gas 
resources are underdeveloped and underutilized; a situation 
which is common among many oi1,producing countries of the 
world. 



SECTION I 

I n t r o d u c t i o n  

Petroleum* i's t h e  base  load'  enerqy source  of  t h e  
world. I t  s a t i s f i e s  n e a r l y  two-thi rds  of t h e  w o r l d ' s  
energy needs ,  w i th  c rude  o i l  a lone  prov id ing  one-half 
of  t h a t  energy.  I n  an e f f o r t  t o  reduce the ,dominance 
of  c rude  o i l  i n  t h e  world energy ba lance ,  most indus- 
t r i a l i z e d  c o u n t r i e s ,  through conse rva t ion  and f u e l  
s u b s t i t u t i o n  programs, have had nominal succes s  i n  
dec reas ing  t h e i r  consumption of  o i l .  Never the less ,  
excep t  f o r  s e v e r a l  r e c e s s i o n  y e a r s ,  t h e  demand f o r  o i l  
has  cont inued t o  ' inc rease ,  a l b e i t  a t  a  slower r a t e  than 
it d i d  p r i o r  t o  1974. I n  a d d i t i o n ,  a  g r e a t e r  number of 
developing co .un t r ies  are competing f o r  o i l  i n  t h e  market- 
p l ace .  Moreover, s e v e r a l  of  t h e  producer n a t i o n s  have 
become g r e a t e r  consumers of c rude  o i l  p roduc ts .  

Crude o i l  producers ,  and p a r t i c u l a r l y  t h e  export -  
i ng  n a t i o n s ,  are determined t o  c o n t r o l  t h e  r a t e  a t  which 
t h e i r  remaining petroleum r e s o u r c e s  are dep le t ed .  By 
d e f e r r i n g  development, l i m i t i n g  e x p o r t s ,  and r a . i s i n g  
p r i c e s ,  t h e  producer n a t i o n s  a r e  a b l e  t o  main ta in  t h e  
f o r e i g n  exchange ea rn ings  necessary  t o  ach ieve  t h e i r  
r e s p e c t i v e  economic and s o c i a l  goa l s .  One of  t h e i r  
s t a t e d  o b j e c t i v e s  i s  t o  encourage,  through p r i c i n g  
p o l i c i e s ,  t h e  i n d u s t r i a l  n a t i o n s  t o  develop a l t e r n a t i v e  
f u e l  forms, and thereby  slow t h e  r a t e  a t  which t h e i r  
f i n i t e  r e sou rces  a r e  dep le t ed .  

The c o n s i d e r a t i o n  of producer c o u n t r y ' s  economic 
g o a l s  a s  t h e  c r i t e r i a  f o r  determining r e s p e c t i v e  produc- 
t i o n  r a t e s  and e x p o r t s  i s  t h e  a n t i t h e s i s  of t h e  h i s t o r i c  
r e l a t i o n s h i p  of  supply  and demand. H i s t o r i c a l l y ,  demand 
was uncons t ra ined  a s  supply responded t o  buyers '  needs.  
During t h e  1 9 7 0 ' ~ ~  c o n s t r a i n t s  have .been  p laced  on supply 
a v a i l a b i l i t y .  The d e p a r t u r e  from t h e  t r a d i t i o n a l  supply/  
demand r e l a t i o n s h i p  and t h e  s h i f t  i n  t h e  c o n t r o l  of o i l  
s u p p l i e s ,  from t h e  p r i n c i p a l l y  wes te rn  o i l  companies t o  
n a t i o n a l  governments,' have c r e a t e d  a g r e a t  d e a l  o f ,  
u n c e r t a i n t y  among t h e  consuming n a t i o n s  a s  t o  t h e  f u t u r e  
a v a i l a b i 1 i . t ~  and p r i c e s  of c rude  oil:  

* "Petroleum" i n  t h i s  r e p o r t  i n c l u d e s  c rude  o i l ,  n a t u r a l  
g a s  l i q u i d s  .and n a t u r a l  gas .  



The uncertainty in the future market can be 
somewhat minimized if an insight can be developed as to: 

- the quantities of discovered and 
undiscovered recoverable petroleum 
resources remaining among the respective 
producers, and the feasible rates at 
which such resources can be developed 
and produced; 

- the overall capital requirements of the 
oil exporting countries necessary to 
achieve their respective social, economic 
and political goals, and the oil and 
natural gas resource development necessary 
to sustain the production and exports 
essential for maintaining foreign earn- 
ings; and finally, 

- the events or political interests which 
might cause development, production rates, 
and exports to digress upward or downward 
from the "normal" rate consistent with 
goal achievement. 

.O.f the., points cited,. above, the most fundamental 
concern facing the petroleum exporting nations is 
the physical limits of the recoverable petroleum resource 
base. Each country has its own finite limit of crude 
oil and natural gas. If the export of petroleum is 
critical to its economy, succe'ss in achieving economic, 
social, and political goals will depend on the size of 
its recoverable resource base and the capability to 
produce and export petroleum. 

The Foreign Energy Supply Assessment Program 
(FESAP) is the government's first systematic effort to 
determine the quantities of conventional petroleuml/ 
remaining and recoverable within each country of tEe world. 

1/ Conventional petroleum includes crude oil and natural - 
gas recoverab1e.b~ drilling, but excludes crude oil 
recoverable by the use of tertiary recovery methods, 
or from deposits of tar.sands and shales and natural 
gas associated with coal and geopressured water zones, 
etc. 



This study incorporates geological and engineering 
analyses with statistical techniques to estimate the 
remaining undiscovered recoverable resources and to 
determine the rate at which such resources may be produced. 

The Nigerian report is the first of a series of 
FESAP country reports. The methodology and assumptions 
used herein are described in the text or in the appropriate 
appendices. 

The estimates represent the views of the ad hoc 
study team consisting of Department of Energy and the 
U.S. Geological Survey (Department of the Interior) 
personnel, and should not be regarded as an official 
Department of Energy or Interior position. 

Objectives of FESAP 

The initial objective of the FESAP is to assess 
the quantity'of recoverable crude oil and natural gas 
resources, including the undiscovered recoverable 
resources, remaining within the petroleum.exporting, 
countries and the potential rate at which such resources 
can be produced. 

Petroleum resource assessments provide a basis 
for determining a maximum production rate and the duration 
petroleum may be available to world markets. Neverthe- 
less, in the short-term, the most likely rate may be a 
function of capital requirements of the exporting country 
and the importance of petroleum exports in satisfying those 
requirements. 

Nigeria was selected as the first country study 
because it has a comparatively homogenous geological 
environment for the occurrence of petroleum and it is 
fairly well explored and developed. 

The objectives of the FESAP country series are 
achieved in the following manner: 

--- An assessment is made of the reported proved 
. reserves2/ - and the historical production rates; 

2/ ,~efinitions of Reserves and ~esources as well as a - 
geological time and age chart is included in Appendix E. 



--- A geological analysis is made of the 
country' s sedimentary basin.(s) and 
geological structures, which produce 
or have the potential to produce 
economic quantities.of petroleum; 

--- An estimate is made of the remaining 
undiscovered oil and natural gas in-place, 
the undiscovered recoverable petroleum 
resources, and the number of fields to 
be discovered; 

--- A maximum production capability profile 
is determined using the 'total resource 
base; and 

--- Feasible production rates are projected 
for a per.iod until the .known proved reserves 
and the estimated remaining undiscovered 
recoverable resources near depletion. 

The Limits of FESAP 

The FESAP analytical process .is not a reservoir 
engineering study. However, a sufficient number of 
geological and engineering parameters are known to permit 
reasonable estimates to be made 0.f the'original oil in- 
place and the remaining proved reserves of many.fields. 
Also, the use of field-analogs. permits judgments to be 
made in instances when minimal information is available. 

It is acknowledged. that national pol.itica1, social 
and economic goals may influence exploration and develop- 
ment rates, thus' compounding the difficulties of estima- 
ting future production rates. However, the FESAP 
projections of future production rates are based on the 
continuation of exploration and development, and on the 
perceived reservoir'production capabilities', constrained 
only by geological factors. 

FESAP does not overlay non-engineering parame.ters 
on the production factors, such. as an economic decision, 
which might result in slowing the rate of exploration 
and development, or reducing the optimum production of wells. 



The FESAP series is a product of cooperation 
between geologists, engineers, statisticians and 
.mathematicians, and other skills in the Departments of 
Energy and of the ~nterior. The principals involved 
in preparing the Nigerian report are: 

Department of Energy: 

International Affairs- 

Arthur J. Warner, FESAP Program Manager 
Judith Reynolds, Assistant 

Energy Information Administration- 

Calvin Kilgore, Director, International 
Data Analysis 

W. D. Dietzman, Supervisory,Petroleum 
Engineer 

Henry Weigel,, operations Research Analyst 
John wood, Petroleum Engineer 
Velton Funk, Petroleum Engineer - 
Lulli Crump, Mineral Sp,ecialist 

Policy and Evaluation- 

Phyll'is Kline,. Policy Alialyst 

Department of the'Interior, U.S. Geological Survey: 

Office of Eneryy Resources- 

Oswald Girard, Petroleum Geologist 
Harold Krivoy, Physical Scientist 

Resource Appraisal Group- 

Betty Miller, Program Chief, International 
Resource Appraisal 

Kurt Carlson, Mathematical Geologist 
Russell Allen, Geologist 
~ ~ n n  Sears, Librarian 



Data Sources 

The data used in preparing the analysis cones 
from a variety of.pub1i.c sources including,the commercial 
'information services of Petroconsultants, S.A. A 
complete list of references is provided in the biblioqraphy. 

Report Format 

The report is divided into four sections and 
five appendices: 

Section I ~ntroduction 
Section I1 Background of Exploration 

and Development History 
Section I11 The Future Petroleum 

Prospects of Nigeria 
Section IV Geology and Resource 

~nalysis of Nigeria 

Appendix A Analysis Report: Nigeria - 
An Assessment of Crude Oil 
Potential 

Appendix B Petroleum Geology of the 
N,iger Delta 

Appendix C Geologic Time Scale; 
Definitions; References 

Appendix D Statistical Data - Historical 
Resume of Oil Field,Production 



SECTION I1 

Background of Explorat ion and Development History 

Area of  I n t e r e s t  

The Republic of Nigeria is  loca ted  north of 
t h e  c e n t r a l  por t ion  of t h e  w e s t  c o a s t  of Afr ica.  Its 
a r e a l  s i z e  is  nea r ly  356.4 thousand square m i l e s  (923 
thousand square ki lometers)  loca ted  mostly between 
4 O N  t o  13ON l a t i t u d e  and 3OE t o  14OE longi tude.  The 
Niger Del ta  is t h e  p r i n c i p a l  petroleum province of 
Nigeria ,  and t h e  a r e a  of i n t e r e s t  i n  t h i s  study. The 
Delta  comprises some 4 1  thousand square m i l e s  (106 
thousand square k i lometers ) .  Other a reas  of i n t e r e s t  
include t h e  conterminous o f f shore  por t ion  of t h e  Del ta ,  
approximately 33 thousand square m i l e s  (85 thousand 
square k i lomete r s ) ,  and t h e  sedimentary bas ins  along 
t h e  Niger and Benue Rivers.  Figure 11-1 shows t h e  
Niger Del ta  a r e a  and t h e  important populat ion cen te r s .  
N ige r i a ' s  population is nea r ly  67 m i l l i o n  people. 

H i s t o r i c a l  Explorat ion and Developments 

The search  f o r  o i l  i n  Nigeria  began during t h e  
per iod 1908 t o  1914, when a German company, t h e  Nigerian 
Bitumen Company, d r i l l e d  1 4  w e l l s  i n  t h e  c o a s t a l  reg ions ,  
55 mi les  east of Lagos. The d r i l l  sites were s e l e c t e d  
on t h e  b a s i s  of su r face  seeps of o i l  which occurred 
along Cretaceous rock outcrops.  No s i g n i f i c a n t  quant i -  
t ies of o i l  were found. 

A h i a t u s  followed u n t i l  t h e  la te  t h i r t i e s ,  
when t h e  Shell-D'Arcy Petroleum Development Company began 
su r face  mapping, seismic and g r a v i t y  surveys,  and a cor ing  
program i n  and south of t h e  Benue Val ley , \khere  geologica l  
s t r u c t u r e s  a r e  mappable on outcrops of  Cretaceous age. 
The work was discont inued during World War 11. 

A t h i r d  per iod of exp lo ra t ion  began i n  1947, with 
an extens ive  geologica l  f i e l d  survey and a e r i a l  photogra- 
phy campaign. The exp lo ra t ion  program a l s o  used gravi -  
met r ic  and seismic surveys throughout Nigeria  t o  i d e n t i f y  
t he  o i l  prospect ive  geologica l  s t r u c t u r e s .  Most of t h e  
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d r i l l i n g  which followed took p l a c e  i n  t h e  no r the rn  p a r t  
of t h e  De l t a  and ' in  t h e  Cross River  Val ley  on Cretaceous 
and Eocene p rospec t s .  I n  1951 t h e  f i r s t  deep w e l l  was 
d r i l l e d  t o  11,228 f e e t .  I t  was d ry .  

The f i r s t  commercial d i scovery  of o i l  was made 
i n  1956, sou th  of  t h e  e a r l i e r  p l ays ,  approximately  75 
k i lome te r s  w e s t  of  P o r t  Harcourt .  The O l o i b i r i  f i e l d  
d i scovery  w e l l  was completed i n  a format ion of  T e r t i a r y  
age,  a  much younger format ion than  t h e  e a r l i e r  Cretaceous 
t a r g e t s .  Although t h e  O l o i b i r i  f i e l d  was a d i sappo in t -  
ment, a s  it never  produced i n  excess  of  2 m i l l i o n  b a r r e l s  
i n  any yea r ,  it proved t h e  e x i s t e n c e  o f  commercial accumu- 
l a t i o n  of  o i l .  A second f i e l d  was d i scovered  du r ing  t h e  
same year  a t  Afam, approximately  30 k i lome te r s  n o r t h e a s t  
of P o r t  Harcourt ;  it produced n e a r l y  4 m i l l i o n  b a r r e l s  
pe r  year  f o r  s e v e r a l  yea r s .  I n  1958, t h e  f i r s t  g i a n t  
o i l  f i e l d ,  Bomu, l o c a t e d  75 k i lome te r s  s o u t h e a s t  of  P o r t  
Harcour t ,  was d i scovered .  The Bomu f i e l d  produces over  
20 m i l l i o n  b a r r e l s  p e r  yea r  and u l t i m a t e l y  it could 
y i e l d  over 500 m i l l i o n  b a r r e l s  of  o i l .  The f i r s t  o f f -  
shore  g i a n t  f i e l d ,  Okan, was d i scovered  i n  1964, on t h e  
n o r t h e a s t  edge o f  t h e  Niger ian c o n t i n e n t a l  s h e l f .  

S ince  t h e  f i r s t  commercial d i s cove ry  of  o i l  i n  
N ige r i a ,  over  200 o i l  and n a t u r a l  g a s  f i e l d s  have been 
discovered.  

Crude O i l  Product ion 

Niger ian  o i l  p roduc t ion  began i n  1958. I n  over  
two decades ,  o i l  p roduc t ion  has  i nc reased  t o  a r a t e  i n  
excess  of  2 m i l l i o n  b a r r e l s  p e r  day,  over  t h r e e - q u a r t e r s  
of a b i l l i o n  b a r r e l s  pe r  yea r ;  making Niger ia  t h e  s i x t h  
l a r g e s t  o i l  producer i n  t h e  world. A t o t a l  of 6 .1  
b i l l i o n  b a r r e l s  of  c rude  o i l  has  been produced through 
1977. Approximately one-four th  o f  c u r r e n t  c rude  o i l  
p roduc t ion  comes from o f f s h o r e  f i e l d s .  A s  shown i n  
Table 11-1, N i g e r i a ' s  annual  ,product ion has  i nc reased  
s t e a d i l y ,  excep t  f o r  two p e r i o d s  of  d e c l i n e .  The 
f i r s t  p roduc t ion  r e v e r s a l  occur red  i n  1967 and 1968, 
a s  t h e  r e s u l t  of  t h e  B ia f r an  War. The second occur red  
i n  1975, a s  t h e  r e s u l t  o f  t h e  combination of world-wide 
d e c l i n e  i n  c rude  o i l  demand, and t h e  i nc reased  a v a i l -  
a b i l i t y  of  crude o i l  from such new sou rces  a s  t h e  North 
Sea and Alaska.  



Table  11-1 

Year 
, . -  

Crude O i l  Product ion Hi s to ry  of Niger ia  
(Thousand B a r r e l s )  

Dai ly  Average T o t a l  Cumulative 

source:  Min i s t ry  of  Mines and Power, Petroleum D i v i s i o n ' s  
Annual Reports  C e n t r a l  Bank of  N ige r i a  -Economic 
and F i n a n c i a l  Review D i r e c t  Communications t o  t h e  
S e c r e t a r i a t .  



Overa l l ,  from 1958 t o  1977, N i g e r i a ' s  p roduc t ion  
inc reased  a t  an  average annual  r a t e  of n e a r l y  37 pe rcen t ,  
and a t  an  average r a t e  o f  over  20  p e r c e n t  pe r  yea r  dur ing  
t h e  l a s t  t e n  yea r s .  The h i g h e s t  annual  p roduc t ion  
occur red  i n  1974, when Niger ia  produced 823.1 m i l l i o n  
b a r r e l s .  

E x ~ l o r a t i o n  and Develo~ment  D r i l l i . n s  A c t i v i t y  

From 1956 through 1977, 2 , 7 5 4 . h o l e s  have been 
d r i l l e d  i n  t h e  s ea rch  and development of o i l  and n a t u r a l  
gas  i n  Niger ia .  The h i s t o r i c a l  d r i l l i n g  a c t i v i t y  i s  
shown i n  Table 11-2. Of t h e  t o t a l ,  approximately one- 
f o u r t h ,  o r  759 w e l l s ,  w e r e  d r i l l e d  a s  e x p l o r a t i o n  w e l l s .  
Nearly h a l f ,  346 o f  t h e  e x p l o r a t o r y  w e l l s ,  were success-  
f u l  i n  f i n d i n g  o i l  o r  n a t u r a l  gas .  Of t h e s e ,  304 w e l l s ,  
o r  n e a r l y  90 pe rcen t ,  found o i l .  

A t o t a l  of  1,997 development w e l l s  have been 
d r i l l e d ,  of which 85 p e r c e n t  o r  1,699 w e l l s  were success-  
' f u l l y  completed a s  o i l  o r  n a t u r a l  gas  w e l l s .  Of t h e s e ,  
96 p e r c e n t  o r  1,638 development w e l l s  were completed a s  
o i l  w e l l s ;  298 development w e l l s  w e r e  d ry .  

I n  t h e  aggrega te ,  Nlger ia  has  had a  h igh  f i n d i n g  
success  average,  a s  2,045 exp lo ra to ry  and development 
w e l l s ,  o r  n e a r l y  t h r e e - f o u r t h s  of  t h e  t o t a l  w e l l s  d r i l l e d  
from 1956 through 1977, found o i l  and/or n a t u r a l  gas .  

D r i l l i n g  a c t i v i t y  dur ing  t h e  21-year h i s t o r y  
peaked i n  1972, when 258 w e l l s  were d r i l l e d ,  o r  11 per-  ' 

c e n t  of t h e  t o t a l .  However, e x p l o r a t i o n  d r i l l i n g  peaked 
5  y e a r s  p r i o r ,  i n . 1 9 6 7 ,  when 79 e x p l o r a t o r y  w e l l s ,  1 0  
p e r c e n t  of  t h e  t o t a l ,  were d r i l l e d .  

Producina O i l  F i e l d s  

Approximately 130 f i e l d s  produce o i l  i n  N ige r i a .  
Nearly one-half  o f  t h e  o i l  f i e l d s  each have produced 
less than  5  m i l l i o n  b a r r e l s  of  o i l  y e a r l y  a t  t h e i r  peak- 
and over  one- th i rd  have produced l e s s  than  one m i l l i o n  
b a r r e l s  p e r  year ,  a s  shown i n  Table 11-3. 

1/ Produced a t  t h e  s p e c i f i e d  rate f o r  a t  l e a s t  t h r e e  - 
succes s ive  yea r s .  



Table  11-2 

I/ Niger ia  H i s t o r i c .  D r i l l i n g  Record- 
(1956-1977) 

Explora tory  W e l l s  Development Wells 
Y e a r  ' O i l  Gas Dry T o t a l  O i l  Gas Dry T o t a l  

TOTAL 

Grand 
T o t a l  

1/ Source: American Assoc i a t i on  of Petroleum Geologis t s  ( excep t  where n o t e d ) .  - 
2/ Source: P e t r o c o n s u l t a n t s  SA Geneva Swi tzer land .  - 
3/ The t o t a l ' o f  2 w e l l s  shown i n  1956 could  n o t  be  c l a s s i f i e d  a s  t o  s t a t u s ,  t h u s  - 

account ing f o r  the d isc repancy  i n  t h e  t o t a l s .  



Table 11-3 

H i s t o r i c a l  Peak Product ion Rate o f  
Niger ian  O i l  Fi 'e ' lds.  / 

Yearly Average 
Number of Product ion Range 
F i e l d s  2/ - Grea te r  Than: 

50 Mi l l i on  B a r r e l s  
45 M i l l i o n  Barrels 
40. M i l l i o n  ~ a r r e l s  -. 
35 Mil-lion Barrels 
30 Mi l l i on  Barrels 
25, M i l l i o n  B a r r e l s  
20  illio ion Barrels 
15 M i l l i o n  B a r r e l s  
10 M i l l i o n  B a r r e l s  

5  illi ion B a r r e l s  
3 M i l l i o n  Barrels 
1 Mi l l i on  B a r r e l s  

0.5 Mi l l i on  Barrels 
e 0 . 5  Mi l l i on  B a r r e l s  

105 TOTAL 

1/ Peak based on average produc t ion  w i t h i n  t h e  range f o r  - 
a t  l e a s t  3 succes s ive  y e a r s  du r ing  t h e  l i f e  of  t h e  
f i e l d .  See Appendix D f o r  d e t a i l e d  f i e l d  produc t ion  
d a t a .  

21' F i e l d s  w i th  a two-year p roduc t ion  h i s t o r y  o r  less are - 
n o t  inc luded;  t h u s ,  t h e r e  i s  a d i sc repancy  between t h e  
f i e l d  t o t a l s  of  t h i s  t a b l e  and Appendix D. Also,  
aggregated f i e l d  produc t ion  i s  cons idered  a s  one f i e l d .  



Although f i v e  Nigerian f i e l d s  had produced 
more than 30 m i l l i o n  b a r r e l s  year ly ,  through 1977, 
none had produced more than 50 m i l l i o n  b a r r e l s  per year.  

I t  i s  est imated t h a t  seven of Nige r i a ' s  f i e l d s  
a r e  known g i a n t  f i e l d s .  I n  a d d i t i o  t h e r e  a r e  t h r e e  
probable and four  poss ib le  giants.- .  ~ 3 '  The e a r l i e s t  
g i a n t ,  Bomu f i e l d ,  was discovered i n  1958, and t h e  most 
r e c e n t ,  Nembe Creek, was discovered i n  1973. A l l  b u t  
one of t h e  g i a n t  f i e l d s  were discovered wi th in  the  
period 1958 t o  1969, a s  shown i n  Table 1 1 - 4 .  The known 
g i a n t  f i e l d s  account f o r  over one-fourth of N i g e r i a ' s  
h i s t o r i c  production through 1977, bu t  they  provided only 
one- f i f th  of t h e  o i l  produced i n  1977. The seven known 
g i a n t s  and t h e  seven apparent  g i a n t s ,  including a few 
a d d i t i o n a l  f i e l d s  whose production records  cannot be 
disaggregated from t h e  g i a n t s ,  have produced about one- 
ha l f  of N i g e r i a ' s  h i s t o r i c  production, and over one-third 
of t h e  1977 product ion,  thus  i n d i c a t i n g  the  importance 
of these  few major fie1d.s a s  sources of o i l .  

I t  i s  l i k e l y  t h a t  a few more g i a n t  o i l  f i e l d s  
w i l l  be discovered a s  exp lo ra t ion  progresses .  However, 
t h e  s t a t u s  of Nige r i a ' s  development i s  wel l  advanced; 
thus ,  t h e  p r o b a b i l i t y  of f ind ing  many more g i a n t  f i e l d s  

I i s  remote. I t  i s  a l s o  poss ib le  t h a t  a s  development 
cont inues ,  some of t h e  g i a n t s  i n  t h e  probable o r  poss ib le  
category may no t  achieve t h a t  rank. 

The peak number of 17 o i l  f i e l d  d i scover ie s  
occurred i n  1965, and nea r ly  one-third of Nige r i a ' s  
producing o i l  f i e l d s  were discovered during t h e  three-  
year per iod from 1965 through 1967. The cumulative 
production through 19.77 from those d i scover ie s  t o t a l s  
over two b i l l i o n  b a r r e l s .  Since t h a t  time; the  number 
of o i l  f i e l d  d i scover ie s  have decl ined.  Table 11-5 shows 
t h e  number of o i l  f i e l d s  discovered per  year and t h e  
cumulative production backdated t o  t h e  year of discovery.  

2/ P a r t l y  based on t h e  r e p o r t  e n t i t l e d ,  Giant O i l  F i e l d s  - 
and World O i l  Resources, Richard Nehring, Rand, 
June 1978, p. 138. 



TABLE 11-4 

I/ THE MAJOR 'OIL FI'ELDS OF NIGERIA- 

1977 CUMULATIVE PRODUCTION DISCOVERY 
RANK/FIELD PRODUCTION THROUGH 1977 YEAR 

2/ (MILLION BARRELS) GIANTS : - 
1. BOMU 10.9 
2. IMO RIVER 21.2 
3. OKAN* 17.4 
4. MEREN* 26.7 
5. JONES CREEK 30.5 
6. FORCADOS YORKI 38.4 
7. NEMBE CREEK 31 11.7 

TOTAL 156.8 1,715.1 

PROBABLE GIANTS: 

8. KOKORI 
4/ 9. OLOMORO- 

lo. OBAGI?/ 

TOTAL 55.9 714.3 

POSSIBLE GIANTS: 

11. DELTA SOUTH* 13.7 
12. M?BEDE~/ 20.1 
13. EKPE* 12.8 
14. ODIDI 17.7 

TOTAL 64.3 577 ..4 

GRAND TOTAL 277.0 3,007.4 

* Indicates offshore fields. 

1/ Principal Source: Giant Oil F'ields and Florld Oil Resources, - 
Richard Nehring, Xand, June 1978, p. 138. 

2/ Definition: Contains at least 500 million barrels of.recoverable oil. - 
3/  Eianked on the basis of paper presented at AAPG-SEPM Annual Convention, - 

April 1-4, 1.979. 
4/ Also includes the production of the Afiesere, Eriemu and Oweh fields. - 
5/ Obagi field includes the production of the Erema field. - 
6/ M.LBede field i.n.cludes the production of the Ebvcha field. . -.. 



Table 11-5 

The Number of Producing O i l  F i e l d s  I d e n t i f i e d  
By Year of Discovery and Their Cumulative Production 

Year of ' ~ i e l d  No. of Cumulative Production 
Discovery . 

TOTAL 1 2 9  

Through 19772/ 
(Mil l ion Bar re l s )  

- 

1/ F i e l d s  which have produced o r  a r e  on production: - 
non-producers a r e  no t  counted. 

2/ Some d i s t o r t i o n s  occur a s  a r e s u l t  of t h e  production - 
of s e v e r a l  f i e l d s  with var ious  discovery-years 
being aggregated. 

3/ Actual cumulative production is  6 . 1  b i l l i o n  b a r r e l s ;  - 
t h e  d i f f e r e n c e  is  . in  p a r t  due t o  rounding of numbers 
but  a l s o  due t o  minor e r r o r s  i n  f i e l d  production 
d a t a  which cannot be .accounted f o r .  This r e p o r t  
should no t  be considered t h e  o f f i c i a l  source of da ta .  



Domestic Crude O i l  Market and Trade 

Crude o i l  makes' a  s i g n i f i c a n t  c o n t r i b u t i o n  t o  
t h e  Niger ian economy.w The e x t e n t  t o  which c rude  o i l  
w i l l  con t inue  t o  be an  impor tan t  e x p o r t  commodity depends 
on t h e  q u a n t i t y  of c rude  o i l  t h a t  remains t o  be  d i scovered  
and developed,  t h e  ra te  a t  which it can be produced, and 
t h e  a v a i l a b i l i t y  of supply  i n  excess  of domestic consumption. 

N i g e r i a ' s  c rude  o i l  i s  marketed i n  a lmos t  every  
p a r t  of  t h e  world. Approximately t h r e e  p e r c e n t  of  i t s  
produc t ion  i s  consumed domes t i ca l ly .  Table .TI-6 prov ides  
a s ix -year  h i s t o r i c a l  resume of  t h e  Niger ian  c rude  o i l  
e x p o r t s  and markets ,  During t h e  l a s t  t h r e e  y e a r s ,  
Niger ia  consumed an  average  of 23.9 m i l l ' o n  b a r r e l s  
annua l ly ,  65.5 thousand b a r r e l s  p e r  day. During t h e  
same p e r i o d ,  p roduc t ion ,  averaged 743.8 m i l l i o n  b a r r e l s  

. annua l ly ,  2.03 m i l l i o n  b a r r e l s  p e r  day. The p r i n c i p a l  
markets  f o r  Niger ian  c rude  i n  1977 w e r e  t h e  United S t a t e s  
and The NetherlandsZ/; , theyijaccount f o r  ove r  . 50  p e r c e n t .  
of  N i g e r i a ' s  e x p o r t s .  The percen tage  t h a t  Niger ian  c rude  
r e p r e s e n t s  of  t h e  import ing c o u n t r i e s ' s  t o t a l  demand 
is shown i n  Table '11-7. 

Natura l  Gas Produc t ion  and Development 

The n a t u r a l  gas  i n d u s t r y  o f  N ige r i a  is. under- 
developed because of  l i m i t e d  domestic demand and f o r e i g n  
market ing oppor tun i ty .  The oppor tun i ty  t o  u t i l i z e  
n a t u r a l  g a s  f o r  g r e a t e r . d o m e s t i c  use  and e x p o r t s  has  
f u t u r e  p o t e n t i a l  .g 

Domestic consumption of n a t u r a l  g a s  began i n  
1963, when one b i l l i o n  cub ic  f e e t ,  (Bcf)  w e r e  consumed. 
S ince  then ,  consumption has  i nc reased  t o  18.5 Bcf i n  1976. 
This  r e p r e s e n t s  approximately  2 p e r c e n t  of  Niger ian  g a s  
product ion.  To'tal n a t u r a l .  g a s  p roduc t ion  i n  1977 was 
a n '  e s t ima ted  757 Bcf; .  n e a r l y  739 Bcf were f l a r e d  .u 

3/ Crude o i l  e x p o r t s  accounted f o r  91 p e r c e n t  of  N i g e r i a ' s  - 
f o r e i g n  exchange e a r n i n g s ,  e q u i v a l e n t  t o  over  9 b i l l i o n  
U.S.. d o l l a r s  (1978).  

4/ 1974 ,- 24.6 m i l l i o n ' b a r r e l s  of  o i l ;  '1975 - 24.5 m i l l i o n  - 
b a r r e l s ;  and ,1976 - 2 2 . 9 ' m i l l i o n  b a r r e l s .  

5/ Most of  The Ne the r l ands ' s  imports  a r e  r e - expor t ed , ' a s  - 
r e f i n e d  produc ts .  

6/ The e x p o r t  of  Niger ian  l i q u e f i e d  n a t u r a l  gas  (LNG). to  - 
t h e  U n i t e d . S t a t e s  has  been proposed. 

7/ Not marketed. - 



TABLE 11-6 

NIGERIA'S CRUDE OIL EXPORTS, 1972-1977 
(THOUSAND BARRELS PER DAY) 

DESTINATION 

NORTH AMERICA 
o f  which:  

Canada 
USA 

LATIN AMERICA 
.o.f which  : 

B r a z i l  
T r i n i d a d  6 Tobago 
Uruguay 
B r i t i s h  T e r r i t o r i e s  

WESTERN EUROPE 
o f  which:  

Belgium & Luxembourg 
Denmark 
F r a n c e  
Germany (F . R. ) 
I t a l y  
N e t h e r l a n d s  
Norway 
Sweden 
U n i t e d  Kingdom 

AFRICA 
o f  which:  

Ghana 
I v o r y  C o a s t  
S e n e g a l  
S i e r r a  Leone 

ASIA AND .FAR EAST 
o f  which:  

J a p a n  

TOTAL 2 ,030 .2  2 ,013.2  1 , 7 1 3 . 3  2 ,179.4  1 , 9 7 8 . 1  

S o u r c e :  OPEC Annual  S t a t i s t i c a l  B u l l e t i n  1977 - Sep tember  1 9 7 8 ,  p .71 .  
No te :  No e f f o r t  h a s  b e e n  made t o  r e c o n c i l e  b a l a n c e s .  



Table 11-7 

Nigerian Crude Oil Export Markets: 1977 
(Thousands Barrels Per Day) 

Niger'ian 
Crude 

Crude TmpoEes As Percent 
Imports Percent of Total 

Crude :From. of Country ' s Nigerian 
Destination  ema an&/ ~i~eria+/ Demand Crude' Exports 

United States 
Brazil 
British Terr. *. 
Not Specified* 
Belgium & 
Luxembourg 

Denmark 
France 

. Germany (F.R. ) 
Italy 
Netherlands 
Norway 
Sweden 
United Kingdom 
Not specified0 
Ghana 
Ivory Coast 
Senegal 
Sierra ~eone 
Not specified+ 

Totals 2,030.2 81.421 

NA:Not Available 
1/ International Petroleum Annual, June 1, 1979 - 
2/ Organization of Petroleum Exporting countries, - 

Sept. 78, p.71. 
3/ Because of unavailable data, this total is not complete. - 

* in Latin America 
O in Western Europe 
+ in Africa 



SECTION I11 

The Future Petroleum Prospects  of Nigeria  

Ultimatelv Recoverable O i l  

Petroleum exp lo ra t ion  i n  Nigeria through 1977 
r e s u l t e d  i n  t h e  discovery of approximately 18.7 b i l l i o n  
b a r r e l s  of recoverable  o i l ;  cumulative production 
t o t a l l e d  approximately 6.1 b i l l i o n  b a r r e l s .  Therefore,  
12.6 b i l l i o n  b a r r e l s  of proved rese rves  remain t o  be 
recovered from t h e  f i e l d s  of Nigeria  discovered 
through 1977. 

Post-1977 exp lo ra t ion  and development d r i l l i n g  
w i l l  r e s u l t  (and has r e s u l t e d )  i n  f u r t h e r  d i scover ie s  and 
a d d i t i o n a l  c a p a b i l i t y  t o  produce. An a n a l y s i s  of t h e  
h i s t o r i c a l  a c t i v i t y  a n d ' t h e  geology of the '  Niger Delta 
provides a b a s i s  f o r  e s t ima t ing  the  undiscovered q u a n t i t i e s  
of crude o i l  t h a t  may be found a s  explora t ion  and . * 

development c 0 n t i n u e . U  

The analyses  of undiscovered recoverable  o i l  
resources  i n d i c a t e  t h a t  from 1'.8 b i l l i o n  t o  22.8 
b i l l i o n  b a r r e l s  of o i l  remain t o  be 'discovered. 'The 
low es t ima te  has a 95' p e r c e n t . p r o b a b i l i t y  and t h e  high 
es t ima te  has a 5 percent  p robab i l i ty . '  The s t a t i s t i c a l  
mean.estimate of undiscovered re ' . coverab leo i l  i s  8.4 
b i l l i o n  b a r r e l s  .2J 

Based on t h e  s t a t i s t i c a l  mean value of undiscovered 
o i l  resources  and proved rese rves ,  a s  of t h e  e n d ' o f . 1 9 7 7 , '  
21 .0  b i l l i o n  b a r r e l s , o f  o i l  remain t o  be recovered. S ix ty  
percent  of t h e  r e m a i n i n g , o i l  i s  proved reserves '  a s soc ia ted  
with discovered f i e l d s . '  The 'undiscovered recoverable  
resources of 8.4 b i l l i o n  b a r r e l s  w i l l  be found i n  new f i e l d s ,  
most .bf  whlich w i l l  be smal l ,  al though a few g i a n t  or 
near-giant  f i e l d s  w i l l  be discovered. 

1/ The methodology of e s t ima t ing  ' t he  undiscovered - 
recoverable  ' o i l  res0urce.s i s  discussed i n  S ' e c t i o n . 1 ~ .  

2./ The s t a t i s t i c a l  mean value 'has a s t a t i s t i c a l  
p r o b a b i l i t y  of 38 percent .  



An' a l t e r n a t i v e  s c e n a r i o  t o  t h e  s i n g l e  p o i n t  
p r o j e c t i o n  of u l t i m a t e l y  r ecove rab le  o i l  may be made 
by us ing  a  30 p e r c e n t  p l u s  o r  minus v a r i a n c e  from t h e  
u l t i m a t e  r ecove rab le  o i l  volume based on t h e  s t a t i s t i c a l  
mean. N i g e r i a ' s  remaining r ecove rab le  r e s o u r c e s  i n  
t h i s  i n s t a n c e  would range from 18.5 b i l l i o n  t o  23.5 
b i l l i o n  b a r r e l s .  The range is  i l l u s t r a t e d  i n  F igu re  111-1. 
The 30 p e r c e n t  v a r i a n c e  is  w i t h i n  t h e  normal l i m i t s  
exper ienced i n  h i s t o r i c a l  r e v i s i o n s  o f  proved r e s e r v e s  
e s t i m a t e s .  

Fu tu re  Crude O i l  p roduc t ion  Rates 

The methods used h e r e i n  t o  develop p o s s i b l e  
maximum produc t ion  p a t t e r n s  a r e  a  mod i f i ca t ion  of  t h e  
concepts  of  M. King H u b b e r t . 3  The l o g i s t i c  curves  
i l l u s t r a t e d  i n  F igure  111-2 d e p i c t  annual  p roduc t ion  over  
t i m e ;  t h e  a r e a  beneath  t h e  curve r e p r e s e n t s  t h e  u l t i m a t e l y  
a v a i l a b l e  o r  r ecove rab le  o i l .  The modif ied curve i s  
s h i f t e d  o r  " f o r c e  f i t "  t o  t h e  r i g h t  of  t h e  " f i t "  curve.  
The, purpose of t h e  mod i f i ca t ion  i s  t o  compensate f o r  t h e  
r e v e r s a l  i n  t h e  h i s t o r i c a l  p roduc t ion  t r e n d  caused by 
market demand d e c l i n e  and subsequent dampening of  exp lora -  
t i o n  and development. The " f i t "  l o g i s t i c  curve  sugges t s  
t h a t  N i g e r i a ' s  p roduc t ion  t h e o r e t i c a l l y  .would have 
peaked a t  3.8 m i l l i o n  b a r r e l s  i n  t h e  e a r l y  1980 ' s  and, 
subsequent ly ,  p roduc t ion  would have d e c l i n e d  t o  an average 
annual  r a t e  of  more than  20 pe rcen t .  The two curves  
assume t h a t  t h e  s t a t i s t i c a l  mean valu,e of  undiscovered 
r ecove rab le  o i l  would be found and developed.  

I t  i s  assumed, based on t h e  s t a t i s t i c a l  mean, 
t h a t  i f  e x p l o r a t i o n  and.development were a c c e l e r a t e d  a t  
t h i s  t ime ,  a  maximum peak produc t ion  of  3.3 m i l l i o n  
b a r r e l s  p e r  day could be a t t a i n e d  i n  t h e  mid-1980's. 

, The assumption i s  i l l u s t r a t e d  i n  F igure  111-3. . Figure  
111-3 a l s o  shows t h e  h i s t o r i c a l  p roduc t ion  t r e n d  from 
1960 through 1977. The a r e a  beneath  t h e  asymmetr.ica1 
be l l - shaped  curve r e p r e s e n t s  t h e  u l t i m a t e l y  recoverab le  
c rude  o i l  r e sou rces  of  approximately 27.1 b i l l i o n  b a r r e l s ;  
t h e  remaining d i scovered  and undiscovered (based on t h e  
s t a t i s t i c a l  mean) r ecove rab le  o i L ,  p l u s  t h e  cumulati 've 
p roduc t ion .  The f u t u r e  produc t ion  l e v e l s  t h a t  might be 
expected f rom.Nige r i a ,  determined by r e s e r v o i r  and 
geo log ica l  c o n d i t i o n s  and va r ious  r a t e s ' o f  e x p l o r a t i o n  

3/ Discussed i n  d e t a i l  i n  Appendix A. - 
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F i gu re  111-1 - S e n s i t i v i t y  of maximum p r o d u c t i o n  c a p a b i l l  t y  p r o f i l e s .  







and development efforts, are illustrated in Cases I - 
through 3. Case 3 depicts a production growth rate of 
9.3 percent from the 1977 production of 2 million barrels 
per day. That level of production could be sustained 
through 1987. Production would decline thereafter at 
an assumed average annual rate of approximately 10 
percent, and in 1990 it would be about 2.23 million 
barrels; subsequently, declining to 1.35 million in 
1995, to 0.82 million'in the year 2000, and to 0.50 
million barrels per day in 2005. Before the .year 2010, 
95 percent of Nigeria's recoverable oil resources would 
be depleted under the stated condition. 

Table 111-1 shows that production rates.for the 
three cases in five-year increments, the year in which 
production would decline, and the year when 95 percent 
of Nigeria's ultimately recoverable crude oil would be 
depleted.&/  h he lower rates of constant production are 
illustrated by Cases 1 and 2; the durations of the 
lower rates of production are sustained for a longer 
period of time, than for Case 3. 

Implicit in each of the three cases is.that 
the capital investment necessary to provide the ancillary 
processing, storage and transportation facilities would 
be available. Case 3 represents the optimum investment 
rate. Cases 1 and 2 indicate lower rates of investment 
and, therefore, decreased exploratiori and deve.lo.pment. 
Given that exploration and development activity has 
slowed, -it is believed that Nigeria's future production 
trend is most likely to be in the range of Cases 1 and 2. 

The ultimate recoverable resource analysis, 
which drives the production estimates,, is based on the 
information available at this time and the ultimate 
recovery value of the statistical mean. The production 
estimates do not reflect .possible "surprises" or "disap- 
pointments" which cannot be predicted or built into the 
analytical process. However, the sensitivity of a 
30 percent lower or higher ultimate recoverable resource 
estimate changes the estimated maximum annual 
capability only by a plus or minus six percent. 

4 /  The methodology used to determine the production - 
rates is discussed in the Appendix A. 



Table 111-1 - A l t e r n a t e  Produc t ion  Schedules f o r  Niger ia . .  

CASE 1 (2  MM bopd) 

l e v e l s , .  

- 
Probabi 1 i t y  M i l l i o n  B a r r e l s  o f  O i l  Per Day Year Year 

YEAR 
percent  1980 1985 1990 1995 * 203%- begins dep le ted  

CASE I 1  (2,5 MM bopd) 

CASE I 1 1  (3.0 MM bopd) 

9 5 2,. 90 2.10 1.28 0.77 0.47 ' 1981 . 2005 
7 5 2.90 2,44 1.48 0.90 0.54 1983 2006 
38 (Mean) 2.90 3.00 2.23 . 1.35 0.82 1987 2008 
25 2.90 3.00 2.81 1.70 1.03 1989 2009 

- 5 2.90 3.00 3.00 3 . 0 0 .  2.98 2000 201 7 



Therefore ,  t h e  maximum produc t ion  c a p a b i l i t y  p r o f i l e  
i s  no t  very s e n s i t i v e  t o  a  r e l a t i v e l y  l a r g e  percen tage  
change i n  t h e  undiscovered recoverab le  o i l  e s t i m a t e s .  
A l a r g e r  u l t i m a t e  recovery va lue  i n f l u e n c e s  t h e  d u r a t i o n  
of  t h e  c o n s t a n t  p roduc t ion  p l a t e a u  by ex tending  it. 
Conversely,  a  lower u l t i m a t e  recovery e s t i m a t e  from t h e  
s t a t i s t i c a l  mean, 27.1 b i l l i o n  b a r r e l s ,  reduces  t h e  
d u r a t i o n  of  t h e  c o n s t a n t  p l a t e a u  produc t ion  r a t e .  
F igure  1 1 1 - 4  i l l u s t r a t e s  c o n s t a n t  p l a t e a u  d u r a t i o n s  by 
us ing  a  wide range of  u l t i m a t e  recovery  e s t i m a t e s  a t  
t h e  2.5 produc t ion  l e v e l .  Curve 3 i s  based on t h e  
s t a t i s t i c a l  mean e s t i m a t e  of u l t i m a t e  recovery;  Curves 
2 and 4 r e p r e s e n t  75 pe rcen t  and 25 p e r c e n t  p r o b a b i l i t y  
l e v e l s ;  Curve 1 r e p r e s e n t s  t h e  u l t i m a t e  recovery based 
on t h e  95 p e r c e n t  p r o b a b i l i t y  e s t i m a t e  of  remaining 
undiscovered r ecove rab le  r e s o u r c e s ,  and Curve 5 i s  
based on t h e  f i v e  pe rcen t  p r o b a b i l i t y  e s t i m a t e .  

- .. Remaining Recoverable Natura l  Gas Resour.ces 

The l a c k  of domestic markets and e x p o r t  oppor tun i -  
t ies  have l i m i t e d  t h e  i n t e r e s t  i n  n a t u r a l  g a s  e x p l o r a t i o n  
and development. That  which has  been d i scovered  has  been 
found i n c i d e n t a l  t o  t h e  s e a r c h  f o r  c rude  o i l .  

I n  t h e  absence of  a  performance h i s t o r y  f o r  n a t u r a l  
gas  f i e l d  produc t ion ,  th is  r e p o r t  does  n o t  ana lyze  t h e  

. e s t i m a t e s  of N i g e r i a ' s  d i scovered  n a t u r a l  gas  r ecove rab le  
r e s e r v e s .  One publ i shed  source  has  r epo r t ed  N i g e r i a ' s  
proved r e s e r v e s  t o  42 t r i l l i o n  cub ic  f e e t  (Tcf )  SJ and 
ano the r  source  r epo r t ed  51.4 ~ c f . /  E i t h e r  of  t h e s e  
magnitudes show t h a t  t h e  know inven to ry  of  supply i s  
cons iderab ly  g r e a t e r  than  c u r r e n t  product ion;  t h e  r e s e r v e  
t o  p roduc t ion  r a t i o  (R/P) imp l i e s  a  70 t o  86 yea r  supply.  

The p ropor t ion  of  n a t u r a l  gas  a s s o c i a t e d  wi th  
crude o i l  i s  r e l a t i v e l y  high i n  t h e  Niger Del ta .  The 
gas - to -o i l  r a t i o  averages  approximately 800 cubic  f e e t  
f o r  each b a r r e l  of o i l .  

The occur rence  and d i s t r i b u t i o n  of  n a t u r a l  gas  
i n  t h e  Niger De l t a  i s  descr ibed  a s  fo l lows:  

5/ O i l  and G a s  J o u r n a l ,  1978. - 
6/ DeGolyer and MacNaughton. - 



Figure 111-4 - Historical and projected crude o i l  production for  f ive  ultimate recoveries 
(Case ,2 - 2.5 MM bopd). 



O Large'deposits of natural gas are most likely 
to be found south. of the main hydrocarbon- 
rich belt, which extends in a general south- 
east to northwest direction, where there is 
a narrow series of oil-rich zones; the central 
part of the Delta is predominantly a natural. 
gas province; and 

O The potential for finding natural gas vis-a-vis 
crude oil appears to increase seaward in a 
south-easterly direction across the Delta. 

Thus, it-would appear that the opportunity for 
controlling exploration programs to selectively or 
"directionally" search for natural gas is'possible.Z/ 

' The statistical mean estimate of undiscovered 
natural gas indicates that there may be 81.3 Tcf of 
natural gas in-place. Based on a.recovery factor of 
approximately 80 percent, the undisco'vered recoverable 
resources may be 65 Tcf. Thus, the ultimate recoverable 
natural gas supplies, discovered proved reserves p3.u~ 
undiscovered recoverable resources, may total over 100 Tcf. 

The statistical analysis further indicates that 
it is 95 percent pkobable that an estimated 32 Tcf remain 
to be discovered in-place, of which 25.6 Tcf are recover- 
able, 'and a five percent probability that as much as 
162 Tcf remain in-place, of which 130 Tcf are recoverab1e.g 

7/ The term "directionality" applies to an explorer's - 
capability to choose the objective of his search, 
either crude oil or natural ga's, based on geological 
evidence which favors the accurrence of.one or the 
other. 

8/ The methodology used to arrive at these quantities - 
is described in Section IV. 



Fu tu re  Na tu ra l  Gas Product ion C a p a b i l i t y  

The r a t e  a t  which t h e  Niger ian  r ecove rab l e  
n a t u r a l  ga s  w i l l  be  produced i s  d i f f i c u l t  t o  a s s e s s  i n  
t h e  absence o f  n a t u r a l  gas  w e l l  performance h i s t o r y .  
The q u a n t i t y  of  g a s  a s s o c i a t e d  w i t h  c rude  o i l ,  t h e  
r a t e  a t - w h i c h  t h e  c rude  i s  produced,  and f i n a l l y ,  t h e  
t iming  o f  t h e  blow-down p e r i o d  a r e  some of  t h e  f a c t o r s  
which w i l l  a f f e c t  t h e  p roduc t ion  r a t e  o f  a s s o c i a t e d  
n a t u r a l  gas .  

The d e p l e t i o n  of  95 p e r c e n t  of  N i g e r i a ' s  
u l t i m a t e l y  r ecove rab l e  n a t u r a l  gas  r e s o u r c e s  w i t h i n  
t h e  same p e r i o d  a s  t h e  r ecove rab l e  o i l  r e s o u r c e s ,  
30 to,  3 5 , y e a r s ,  would r e q u i r e  t h a t  n a t u r a l  ga s  p roduc t i on  
average  s l i g h t l y  o v e r  3  Tcf annua l l y .  The a c t u a l  
p roduc t i on ,  however, would be c o n t r o l l e d  by s a l e s  con- 
t r a c t s  as w e l l  a s  t h e  r e s e r v o i r  y i e l d  r a t e s .  Also ,  
n a t u r a l  gas  d e p l e t i o n  would t end  t o  l a g  o i l  d e p l e t i o n  
because  of  p r e s s u r e  maintenance programs, e tc .  

9/ The p roduc t i on  and d e p l e t i o n  of  t h e  g a s  cap o f  a  - 
crude  o i l  r e s e r v o i r  f o l l owing  t h e  u l t i m a t e  r ecove ry  
o f  t h e  o i l .  



SECTION I V  

Geology and Resource Analys i s  of Niger ia  

Summary of  Geology and Resource Analys i s  

The known petroleum p o t e n t i a l  of Niger ia  i s  
concen t r a t ed  p r i m a r i l y  i n  t h e  sou thern  p a r t  of  t h e  
count ry  and petroleum occurs  f o r  t h e  most p a r t  i n  t h e  
T e r t i a r y  sediments of t h e  Niger De l t a .  The Niger 
De l t a  covers  an a r e a  of approximately  4 1  thousand 
square  mi l e s  a n d , i t  i s  unde r l a in  by t h i c k  d e l t a i c  
sediments reach ing  an  e s t ima ted  maximum th i ckness  of 
30,000 t o  40,000 f e e t .  

The Agbada Formattion i s  t h e  main o b j e c t i v e  i n  
t h e  e x p l o r a t i o n  f o r  o i l  and gas  i n  sou the rn  Niger ia  
and probably ex tends  a c r o s s  t h e  e n t i r e  Del ta .  

The most impor tan t  geo log ic  s t r u c t u r a l  f e a t u r e s  
i n  t h e  Niger Del ta  a r e  t h e  l a r g e  crescent-shaped growth 
f a u l t s .  Elongated a n t i c l i n e s  have formed i n  f r o n t  of 
t h e  f a u l t  p l ane ,  c r e a t i n g  " r o l l o v e r "  a n t i c l i n e s ,  i n  
which most of  t h e  l a r g e  f i e l d s  have been d i scovered .  

Through 1975, a t  l e a s t  203 f i e l d  d i s c o v e r i e s  
have been r e p o r t e d ,  many of  which have mult i-pay reser- 
v o i r s .  The e s t ima ted  number of o i l  f i e l d s  t h a t  may be 
d i scovered  a f t e r  1977 range from 20 t o  123, a t  t h e  
95 p e r c e n t  t o  5 p e r c e n t  s t a t i s t i c a l  p r o b a b i l i t y  l e v e l s ,  
r e s p e c t i v e l y ,  wi th  a mean e s t i m a t e  of 77 f i e l d s .  S i g n i f i -  
c a n t  undiscovered o i l  p o t e n t i a l  s t i l l  remains i n  some of 
t h e  deeper  f a u l t  b locks  onshore ,  and t h e r e  i s  a prospec- 
t i v e  p a t t e r n  of growth f a u l t s  which occur o f f s h o r e  t h a t  
may be  h igh ly  produc t ive .  

The gas  i n d u s t r y  i n  Niger ia  remains r e l a t i v e l y  
underdeveloped. The p o t e n t i a l  f o r  f i n d i n g  a d d i t i o n a l  
n a t u r a l  g a s  appears  l i k e l y  as development ex tends  
seaward i n  t h e  deeper  sediments  and i n  a s o u t h e a s t e r l y  
d i r e c t i o n  a c r o s s  t h e  Del ta .  



General Observat ions  
I 

The knowledge of  N i g e r i a ' s  geology has  reached 
an advanced s t a g e  a s  t h e  r e s u l t  of t h e  work of  i n t e r -  
n a t i o n a l  o i l  companies, t h e  Niger ian Nat iona l  O i l  
Corpora t ion ,  and t h e  Geological  Survey of Niger ia .  

One-half of  N ige r i a  i s  composed of  marine and 
c o n t i n e n t a l  sedimentary rocks  of Cretaceous,  T e r t i a r y  
and Quate rnary  age which o v e r l i e :  t h e  c r y s t a l l i n e  rocks  
of  Precambrian age,  and t h e  o t h e r  one-half i s  made up 
of igneous and metamorphic rocks .  Over t h r e e - f o u r t h s  
of  t h e  igneous and metamorphic r o c k s a r e  Precambrian 
i n  age,  whi le  t h e  remaining a r e  younger i n t r u s i v e s  and 
vo lcan ic  l a v a s .  

The sedimentary rocks  a r e  concent ra ted  p r i n c i -  
p a l l y  i n  t h e  sou thern  p a r t  o f  Niger ia  and i n  t h e  Niger 
and Benue t roughs  (Anambra B a s i n ) ,  a s '  shown i n  F igu re  
I V - 1 .  The t roughs  a r e  f i l l e d  w i th  Cretaceous sediment 
and have a  b read th  of  95 t o  190 m i l e s .  The o l d e s t  
known sedimentary rocks  i n  N ige r i a  a r e  of t h e  lower 
Cretaceous (Albian Age).  The s t r a t i g r a p h i c  columnar 
s e c t i o n  of N ige r i a  i s  shown i n  F igure  IV-2.. The 
deeply fo lded  sediments a r e  concent ra ted  mainly i n  t h e  
middle b a s i n  of t h e  Cross  River ,  l o c a t e d  on . ~ e  
e a s t e r n  edge of t h e .  Del ta .  They c o n s i s t  of  sandstone,  
s h a l e  and t h i n  s t r i a t i o n s  of  l imestone.  A l l  d r i l l  
t e s t s  i n  t h e  no r the rn  and e a s t e r n  p a r t s  of N ige r i a ,  
which p e n e t r a t e d  Upper Cretaceous sediments ,  w e r e  d r y  
o r  r evea l ed  on ly  minor o i l  and n a t u r a l  gas  d e p o s i t s .  
Lower Cretaceous sediments  have shows of petroleum i n  
ou tc rops  and i n  w e l l s ,  b u t  no major d i s c o v e r i e s  have 
been made t o  d a t e  i n  t h e  Upper and Lower Cretaceous.  
The Cretaceous i n  sou thern  Nige r i a ,  a l though n o t  
cons idered  h igh ly  f avo rab le  f o r  o i l ,  1/ cannot be 
r u l e d  o u t  a s  o i l  p rospec t ive .  

1/ S c h a t z l ,  L .H. ,  Petroleum i n  N ige r i a ,  Oxford - 
Unive r s i t y  P r e s s ,  Idaden,  1969, pp. 1-45 and 
198-210. 





Niger Delta 

Figure IV - 2. Formations of the Niger Delta, Nigeria (Modified from Short and Staihle,  1967) 
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Formations of T e r t i a r y  age a r e  extens ive  i n  
southern Nigeria ,  a s  s i g n i f i c a n t  volumes of such 
sediments have been deposi ted i n  t h e  Delta.  The most 
promising crude o i l  accumulations i n  t h e  T e r t i a r y  have 
been found a t  depths between 9,000 t o  11,000 f e e t  i n  
t h e  Miocene age. Generally,  t h e  T e r t i a r y  sediments 
have proven t o  be t h e  most product ive,  thus  expla in ing  
t h e  concent ra t ion  of d r i l l i n g  i n  T e r t i a r y  formations 
of t h e  Niger Del ta .  Because t h i s  i s  t h e  most prospect ive  
a r e a  i n  Nigeria ,  t h i s  r e p o r t  w i l l  h e r e a f t e r  concern 
i t s e l f  s p e c i f i c a l l y  with t h e  geology of t h e  Niger D e l t a .  

The Geology of t h e  Niger Del ta  

The 4 1  thousand square m i l e s  of t h e  Niger 
Del ta  a r e  under la in  by d e l t a i c  depos i t s  of T e r t i a r y  
age which may reach an est imated th ickness  of 30,000 
t o  40,000 f e e t .  These d e p o s i t s  a r e  divided i n t o  t h r e e  
subsurface formations from t h e  su r face  downward: t h e  
con t inen ta l ,  sandy Benin Formation; t h e  deeper t r a n s i -  
t i o n a l  Agbada Formation of  a l t e r n a t i n g  sands and sha les ;  
and t h e  lower marine, sha ly  Akata Formation. 

Benin Formation: 

The Benin Formation c o n s i s t s  of predominantly 
massive, h ighly  porous freshwater-bearing sandstones 
l o c a l l y  interbedded with t h i n  s h a l e  beds. The sands 
and sandstones of t h e s e  upper d e l t a i c  d e p o s i t s  may 
represen t  point-bar d e p o s i t s ,  channel f i l l s ,  o r  
n a t u r a l  levees .  The s h a l e s  may be i n t e r p r e t e d  a s  
backswamp depos i t s  and oxbow f i l l s  o r  depos i t s  of 
braided-stream o r i g i n .  The depocenter of  t h e  Benin 
Formation i s  i n  t he  c e n t e r  of t h e  Niger Del ta  where it 
a t t a i n s  a maximum th ickness  of a t  least 6,000 f e e t .  

The Benin Formation was deposi ted ac ross  t h e  
e n t i r e  Niger Del ta  from t h e  Benin-Onitsha a r e a  i n  t h e  
nor th  t o  beyond t h e  p resen t  c o a s t l i n e .  The sha l lowest  
marine s h a l e  underlying t h i s  sandy, c o n t i n e n t a l  sequence 
has been da ted  a s  e a r l y  Miocene Age. Thus, t h e  t o t a l  
age span is  Miocene t o  Recent. To d a t e ,  very few 
hydrocarbon depos i t s  have been found i n  t h i s  h ighly  
porous, genera l ly  freshwater-bearing formation. 



Agbada Formation: 

The Agbada Formation is the main objective in 
the exploration for oil in southern Nigeria. Hydro- 
carbons have been found in the sand intervals from 
Eocene to probably Pliocene age. 

The Agbada Formation underlies the Benin and 
extends throughout the Niger Delta subsurface. It 
consists of alternating sandstone and shales of 
delta-front, distributary-channel and deltaic-plain 
origin. The alternating sequence of sandstones and 
shales of the Agbada Formation are cyclic sequences 
of marine and fluvial deposits. The upper part of the 
formation has a higher sandstme percentage than the 
lower part, demonstrating the progressive but highly 
irregular seawaxd advance of the Niger Delta through 
geologic time despite the numerous transgressive 
sequences found in the Agbada Formation. In the centra 
part of the Delta the formation attains a maximum 
thickness of 12,000 feet. The age of the formation 
decreases from Eocene to possible Plio-Pleistocene 
offshore from the present coastline. The base of the 
Agbada Formation is defined as the deepest significant 
sandstone body in all vertical sections throughout the 
Delta. 

Akata Formation: 

The main source rock of the Niger Delta oil 
province is thought to be the shale of the Akata 
Formation. The Akata Formation is characterized by a 
uniform shale development. The prodelta shales are 
medium to dark gray, sandy or silty, undercompacted, 
and may contain lenses of abnormally high-pressured 
siltstone or fine-grained sandstone. The Akata 
Formation is a marine sedimentary sequence laid down 
in front of an advancing delta front. Intervals of 
variable thickness, ranging from 4,500 to 5,000 feet, 
have been penetrated by some wells. The base has been 
reached only along the Delta margin; thus, the maximum 
depth is not known. However, its maximum thickness 
has been estimated at over 18,000 feet. The shale of 
the Akata Formation probably extends across the entire 
Delta area. The known age of the formation ranges 
from Eocene to Recent. 



The Subsurface Structure of the Niger Delta 

The Niger Delta began to build seaward over the 
edge of the African continent in middle to late Eocene 
time. The Oligocene and younger Delta sediments are 
very thick beyond the continental edge. Geophysical 
evidence indicates a possible thickness of 30,000 to 
40,000 feet. Recent marine deposition on the forward 
slope, represented by the continental slope off the 
Niger Delta, is a depositional feature and not a primary 
structural feature.2/ - 

The thick, rapid deposition of sediments across 
the Delta area created conditions which resulted in 
the movement of large masses of sediment under the 
influence of gravity. Much of the resultant fault 
movement is contemporaneous with deposition, producing 
a thickening of the sedimentary section across the 
fault plane on the downthrown blocks. Faults which 
cause such increases in thickness are called "growth 
faults." They are known to occur also in the Gulf of 
Mexico coastal area. In general, faults play an impor- 
tant role in the distribution and accumulation of 
hydrocarbons in the Niger Delta, as shown in Figure IV-3. 

Many of the growth faults are crescent-shaped, 
both in cross-section and in plan view, with the 
concave side toward the downthrown block. Due to this 
curvature, the downthrown block tends to slump or 
rotate along an axis roughly paralleling the fault. 
If sufficient movement has taken place along a curved 
fault plane, an elongated anticline is formed in front 
of the fault, which is called a "rollover" structure. 
In the Niger Delta such rollover anticlines are small, 
ranging from 4 to 5 miles along the long axes and 2 to 
3 miles across the short axes. Structural mapping 
shows that in many places a series of growth faults 
on strike with one another may form a continuous trend 
extending for tens of miles, roughly parallel with the 
coastline. 

2/ Hospers, J.,"~he Geology of the Niger Delta Area,n - 
Institute of Geological Sciences, Report No. 70/16, 
pp. 123-142. 
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The Occurrence of Hydrocarbons 

Most of the hydrocarbon accumulations in the 
Niger Delta have been found in the sandstones of the 
Agbada Formation, mostly in traps formed by rollover 
anticlines. The Benin and Akata Formations have yielded 
some oil and gas in minor amounts in such structures. 
The extent of petroleum accumulation in the Agbada 
Formation may or may not be restricted by subsidiary 
growth faults or antithetic faults cutting the anticline. 
Such fault-formed restrictions are most evident in 
the larger anticlines that normally are expected to 
be effective traps for oil. The efficiency of such 
traps are limited by the faults. In addition to the 
anticlinal traps, hydrocarbons have also been found 
in fault traps that are not closed on all sides by 
regional dip. 

Many of the oil fields, particularly those in 
the rollover anticlines, have multiple reservoirs. 
Few of these reservoirs are full to the structural 
spill-point and many contain no hydrocarbons at all. 
Although multiple reservoir fields are common, their exist- 
ence may not be apparent at the time of a field discovery. 
Subsequent drilling may reveal that the reservoirs 
are not stacked vertically but have been dislocated 
laterally. This is particularly true in the case of 
fault traps associated with a low angle fault, or, in 
a rollover anticline whose crest has shifted with 
depth. This, and the fact that minor faults often 
control the actual distribution of hydrocarbons within 
a structural closure, require constant subsurface 
analysis when developing a field. 

Geological Considerations in Resource Appraisal 

A brief review of the geology and structural 
conditions related to the occurrence of hydrocarbons 
in the Niger Delta is summarized here as a part of the 
basic input necessary for an appraisal of the undiscov- 
ered oil and gas resources in Nigeria. 



A general pattern concerning the hydrocarbon 
distribution throughout the Delta has been observed 
and summarized (by Evamy, et al, 1978) as  follow^: 

-- A hydrocarbon-rich belt cuts across the 
depositional and structural trends of the 
Delta from southeast to northwest, as 
shown in Figure IV-4. North and east of 
the hydrocarbon-rich belt, the gas-to-oil 
ratio3/ is higher, and the recoverable oil 
reserves of the accumulations found to date 
are smaller. South of the main hydrocarbon- 
rich belt is a series of narrow oil-rich 
zones; otherwise, a predominantly gas 
province occupies a fairly wide part of 
the central Delta. 

-- Known commercial oil accumulations occur 
predominantly in the structurally highest 
part of a given macrostructure in the strike 
sense, despite viable trapping conditions 
down plunge. 

-- Dry holes and marginal oil and gas finds 
are located predominantly on the southern 
flanks of the macrostructures. 

-- In a given macrostructure, the gas-to-oil 
ratio increases down plunge and in a gener- 
ally seaward direction. Hence northern 
blocks with pronounced landward dips are 
regarded as being highly prospective for oil. 

-- The more downdip a macrostructure is within 
a megastructure, the greater is the probability 
of a higher gas-to-oil ratio; 

3/ Gas-to-oil ratio denotes the ratio of the volume - 
of gas-bearing reservoir rock to the volume of 
oil-bearing reservoir rock and - not solution gas 
volume to recoverable oil (GOR) . 
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Figure IV-4. Hydrocarbon Rich Belt 

Source: Petroconsultants, S.A. 



-- Because of the intensity of faulting and 
steeply dipping reservoirs of collapsed 
crest structures, the recoverable reserves 
can'be rather low. Exceptions are reser- 
voirs such as that of the Forcados Estuary 
field, where a reservoir with a long oil 
column and concomitantly large areal 
extend exists at shallow depth. Hydro- 
carbons in collapsed-crest structures 
tend to be trapped behind crestal and 
antithetic faults, whereas the collapsed 
crest itself is usually barren; 

-- Although the probability is high of finding 
hydrocarbons behind the numerous faults in 
major structures, commercial discoveries 
have not been made as yek. 

-- Miocene age rocks contain the greater 
percentage of the total known reserves. 

-- Most of the large fields produce from 
"rollover anticlines" associated with 
large regional growth faults. The smaller 
fields are generally associated with 
smaller growth faults and non-growth 
faults. There may be a correlation between 
the magnitude of the throw of a fault and 
the size of the fields. 

-- From the coast to the continental slope 
the main producing formation (Agbada) 
becomes progressively thinner. The bulk 
of the total stratigraphic section offshore 
is shale, with less of a chance for high 
quality reservoir rocks. 

-- The most important geological features are 
the growth fault patterns which form the 
oil and gas field structures and which &SO 
may contribute to the migration route of 
the hydrocarbons from the source beds of 
the Akata Formation into the paralic sand 
layers of the Agbada Formation. The paralic 
cyclic sedimentation pattern is well estab- 
lished. 



P e r t i n e n t  Exp lo ra t ion  S t a t i s t i c s  

Some of  t h e  d r i l l i n g , a n d  f i e l d  s t a t i s t i c s  
used i n  p repa r ing  t h e  o i l  and gas  r e sou rce  assessments  
a r e  shown below. 

A t o t a l  of  759 e x p l o r a t o r y  w e l l s  w e r e  d r i l l e d  
i n  N ige r i a  from 1951 through 1977.. The t o t a l  exp lora -  
t o r y  foo tage  of 8.4 m i l l i o n  f e e t  d r i l l e d .  s i n c e  1951 
i s  shown on an annual  b a s i s ,  i n  Table IV-1.  

The t o t a l  number of  f lowing w e l l s  i n  N ige r i a  
a s  of  J u l y  1, 1978, was 1,299.  Twenty-three o i l  w e l l s  
r e q u i r e  g a s - l i f t ,  and 305 w e l l s  a r e  s h i t  i n .  The 
average produc t ion  f o r  t h e  f i r s t  s i x  months of  1978 
was 1,671,968 b a r r e l s  p e r  day. The t o t a l  cumulat ive  
o i l  p roduc t ion  through J u l y  1, 1978, f o r  Niger ia  was 
6,416,807,589 b a r r e l s .  

The t o t a l  e s t ima ted  proved r e s e r v e s  a s  r e p o r t e d  
by t h e  O i l  and Gas ~ o u r n a l  were: 18.2 b i l l i o n  b a r r e l s  
of  o i l  and 42 t r i l l i o n  cub ic  f e e t  of gas .  DeGolyer and 
MacNaughton, i n  1977, r e p o r t e d  e s t ima ted  proved r e s e r v e s  
of 12.24 b i l l i o n  b a r r e l s  of  o i l  and 51.42 t r i l l i o n  
cub ic  f e e t  of  gas  a s  of January 1, 1977. 

O i l  and g a s  f i e l d  d a t a  w e r e  p a r t l y  compiled 
from t h e  P e t r o c o n s u l t a n t s ,  S.A. "World F i e l d  F i l e s , "  
which inc lude  203 f i e l d  r e c o r d s  of  d i s c o v e r i e s  up t o  
January 1, 1975. Of t h e s e ,  150 o i l  f i e l d  r e c o r d s  w e r e  
used by t h e  eng inee r s  i n  t h e  DOE Energy Informat ion  
Adminis t ra t ion  t o  c a l c u l a t e  t h e  e s t ima ted  remaining 
r e s e r v e s  from produc t ion  d e c l i n e  d a t a ,  recovery d a t a  
p e r ' w e l l ,  r e s e r v o i r  d r i v e  mechanism informat ion ,  and 
p r e s s u r e  da t a .4 /  The o r i g i n a l  o i l - i n - p l a c e  was c a l -  
c u l a t e d  by us ing  recovery  f a c t o r s ,  o r  w a s  determined 
vo lume t r i ca l ly .  These f i e l d  data. ,  p l u s  t h e  d a t a  f o r  1 7 .  
a d d i t i o n a l  f i e l d s ,  r e p o r t e d  as s h u t  i n ,  s t and ing  o r  
awa i t i ng  development, w e r e  used i n  t h e  r e sou rce  a s se s&-  
ment s tudy .  A t o t a l  of 36 f i e l d s  r e p o r t e d  i n  t h e  
"World F i e l d  F i l e s "  d i d  n o t  have s u f f i c i e n t  d a t a  t o .  
make e s t i m a t e s  of remaining r e se rves . .  Twenty-five of t h e  
t h i r t y - s i x  f i e l d s  a r e  o i l  f i e l d s ,  f i v e  a r e  gas  f i e l d s ,  
and s i x  a r e  combination o i l  and g a s  f i e l d s .  Many gas  
f i e l d s  and probably some o i l  f i e l d s  d i scovered  s i n c e '  

4 /  Discussed i n  d e t a i l  i n  Appendix A.  - 



T a b l e  IV-1 

E x ~ l o r a t o r v  F o o t a s e  D r i l l e d  i n  ~ i s e r i a  

Year 

1 9 5 1 - 5 3  
1 9 5 4  
1 9 5 5  
1 9 5 6  
1 9 5 7  
1 9 5 8  
1 9 5 9  
1 9 6 0  
1 9 6 1  
1 9 6 2  
1 9 6 3  
19641/ 
1965-  , , 

1 9 6 6  
1 9 6 7  
1 9 6 8  
1 9 6 9  
1 9 7 0  
1 9 7 1  . 
1 9 7 2  
1 9 7 3  
1 9 7 4  
1 9 7 5  
1 9 7 6 2 /  
1977-  

F o o t a g e  

2 9 , 0 0 0  
3 3 , 0 0 0  
5 2 , 0 0 0  
1 0 , 2 0 0  
3 3 , 5 0 0  

1 7 7 , 5 0 0  
3 9 5 , 9 0 0  
2 8 7 , 0 0 0  
1 6 3 , 3 0 0  

9 2 , 8 0 0  
2 4 4 , 5 0 0 '  
4 6 0 , 3 4 5  
6 9 9 ,  3 3 2  
7 5 3 , 1 9 5  
8 2 7 , 2 7 7  
3 3 3 , 6 3 6  
2 6 1 , 5 6 6  
3 3 3 , 2 6 1  
5 8 0 , 1 0 6  
6 5 2 , 9 6 6  
5 0 1 , 4 1 8  
5 5 7 , 3 6 5  
4 1 7 , 7 0 7  
2 1 9 , 6 9 4  
2 9 0 , 2 3 0  

C u m u l a t i v e  F o o t a g e  

2 9 , 0 0 0  
6 2 , 0 0 0  

114,O.OO 
1 2 4 , 2 0 0  
1 5 7 , 7 0 0  
3 3 5 , 2 0 0  
7 3 1 , 1 0 0 .  

1 ,018 , l 'OO 
1 , 1 8 1 , 4 0 0  
1 , 2 7 4 , 2 0 0  
1 , 5 1 8 , 7 0 0  
1 , 9 7 9 , 0 4 5  
2 , 6 7 8 , 3 7 7  
3 , 4 3 1 , 5 7 2  
4 , 2 5 8 , 8 4 9  
4 , 5 9 2 , 4 8 5  
4 , 8 5 4 , 0 5 1  
5 , 1 8 7 , 3 1 2  
5 , 7 6 7 , 4 1 8  
6 , 4 2 0 , 3 8 4  
6 , 9 2 1 , 8 0 2  
7 , 4 7 9 , 1 6 7  
7 , 8 9 6 , 8 7 4  
8 , 1 1 6 , 5 6 8  
8 , 4 0 6 , 7 9 8  

1/ Data fo r  1 9 5 1 - 1 9 6 5  f r o m :  L. H .  S c h a t z l ,  1 9 6 9 .  - 
2/ Data for  1 9 6 6 - 1 9 7 7  from: AAPG B u l l e t i n s .  - .  



1974, have not. been placed on production, and little 
data is available for them. Thus, reserve informa'tion 
on many recent discoveries is unavailable. 

The ultimate recovery of the 167 fields analyzed 
in detail is discussed in the aggregate in Appendix A. 
These same field data were used in the resource . 
appraisal, below. 

Figure.IV-5 depicts the frequency distribution 
of the 167 oil'fields by size in barrels of oil equiva- 
lent in-place (BOE-IP).~/ The field sizes range from 
approximately 8.3 million barrels to nearly.2 billion 
barrels of BOE-IP. A lognormal distribution provides 
the "best curve fit" for the field size data.  his. 
information is used to estimate the field size 
distributions of the undiscovered resources. 

Resource Appraisal by Analysis. of Finding-Rates 

The ultimate purpose of determining the finding- 
rate or discovery rate within a petroleum province is 
to permit statistically valid projections of resource 
availability based upon historic'data within a given 
geological and economic frame of reference. In an . . 

attempt to minimize the effects of economic and political 
variations, the historical finding-rates areexpressed 
in units of oil or gas discovered .per unit foot of 
exploratory drilling and as a function of.cumulative 
exploratory drilling. Major assumptions must be made in 
applying'finding-rate methods for projecting remaining 
resources. The finding-rate methods, (1) are to be 
applied directly only to semi-mature or maturely drilled 
producing areas, (2) are to be applied to an area of 
fairly.. fixed boundaries (sample size must not change 
radically), and (3) do not allow for any radical "sur- 
'prises" in petroleum exploration.or significant 
"improvements" in exploration technology or economics. 

5/ Barrels of oil equivalent .also includes associated - 
gas converted into barrels: conversion is 6,000 
cubic feet per barrel of oil. 





The relationship of the historic finding-rate 
of oil in the Niger Delta to future resource availa- 
bility, using projected finding-rates, is shown in 
Figure IV-6.5/ 

The historic finding-rate is shown as a 
histogram depicting 7 increments of one-million feet 
of exploratory drilling through 1974.u Although 
another one million feet of exploratory'drilling has 
been reported through 1977, the poor reporting of new 
field discoveries and the lack of information on the 
nature and amounts of these discoveries, make is 
inadvisable at this time to use these most recent data. 

The method of projecting the future finding-rates 
based upon the historic data is as follows: 

-- A "best fit" approach is taken in the 
search for a curve to be fitted to the 
historical data such that the displacement 
between the observed data points and the 
fitted line would be a minimum. The "best 
fit" for the historical finding-rate in the 
Niger Delta is the exponential decline 
curve of the form: Y = A ~ ~ x .  

-- The curve which "best fits" the historical 
data is the projected mean finding-rate for 
a limited time projection. Confidence-limits 
on the projected finding-rates are set for 
the 95 percent'and the 5 percent levels. 
The confidence-limits, or confidence-region, 
is bounded by the minimum and maximum finding- 
rates. The confidence-limits on the regres- 
sion line may be described by the "envelop" 
or the "bundle" of curves which gives an entire 

6/ The Petroconsultants, S.A. "World Field Files" - 
provide the data on the quantities and timing of 
discoveries. 

7/ The data on the exploratory footage drilled by year - 
were taken from Schatzl (1969) and the Annual October 

, AAPG Bulletin, "Foreign Development." 
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spectrum of confidence-.levels ranging 
from 95 to 5 percent. A 95 percent 
confidence insures values equal to the 
minimum finding-rate, and with only a 5 
percent confidence are the values assured 
to equal the maximum finding-rate. 

Example readings on the historical finding-rate 
for Nigeria indicate that at the end of 2 million feet of 
cumulative exploratory drilling nearly 10 billion barrels 
of oil-equivalent in-place were.discovered per one 
million exploratory feet dr'illed, whereas at the end 
of 7 million feet of cunulative exploration drilling 
less than 3 billion barrels of oil-equivalent were being 
discovered ger one million exploratory feet drilled. 
Projected readings for the future using the mean curve 
indicate that at the end of 12 million feet of cumulative 
exploratory drilling, approximately two billion barrels 
of oil will be found .per one million exploratory feet; 
whereas, after 17 million feet of cumulative exploratory 
drilling, less than one billion barrels will be found 
per one million exploratory feet. 

Resource appraisal estimates on the remaining 
potential oil to be discovered can be made by means of 
these finding-rate projections as follows: 

Keep in mind the basic assumptions that control 
the finding-rate methods and make a series of 
assumptions regarding the amount of exploratory 
footage to be drilled in the future. For example, 
assume that another 7 million feet of exploratory 
drilling will be completed (Figure IV-6) - -  that 
is, assume that as much footage will be drilled 
as was drilled through 1974 -- then an estimate 
of the amount of oil to be found at that level 
of effort can be calculated for the minimum, 
mean, and maximum drilling rate. 

-- For 14 million feet of cumulative exploratory 
drilling: 

-- a minimum of an additional 4 billion 
barrels of oil equivalent in-place (BOE-IP);. 

-- a mean of an additional' 15 billion barrels 
(BOE-IP) ; and, 



-- a maximum of an additional 34 billion 
barrels (BOE-IP) . 

-- Double the 14 million feet, or 28 million 
feet cumulative exploratory drilling: 

-- a minimum of an additional 5 billion 
barrels (BOE-IP) ; 

-- a mean of an additional 24 billion 
barrels (BOE-IPO; and, 

-- a maximum of an additional 64 billion 
barrels (BOE-IP) . 

The resource appraisal results by this method 
are compared with the results obtained by other 
resource analysis methods. 

Basic Statistical Data for the Niser Delta 

The following statistical data compiled on the 
Niger Delta are pertinent for resource appraisal: 

-- The area of the Niger Delta considered as 
a potential petroleum province is approxi- 
mately 40,162 square miles; 

-- The estimated volume of sediments in the 
Niger Delta; 

-- 120,046 cubic miles (Hosper, 1967) , 

-- maximum volume 185,500 cubic miles 
(calculated with maximum thickness 
estimates of 3.97 miles, from Hosper, 
1965). 

-- Estimated distance from coastline to upper 
edge of continental slope, 46.6 miles; 

-- Data extracted from an enlargement of a map 
(scale 1:500,000) (from Evamy et al, 1978); 



-- the area of the "main hydrocarbon 
belts" totaxs 16,200 square miles; and, 

-- total area of known "rollover" anti- 
clines is miles. 

-- Total Known oil in-place for the Delta as 
of January 1, 1975: 366,220 bbls/cubic 
mile. of sediment .(based upon an estimated 
43.964 billion barrels in-place and.120~348 
cubic miles, from Hosper, 1965); 

-- The average number of pays reported within 
a field is 24; at the 95 percent level, 
3 pays; and at the 5 percent level, 83 pays; 
when fitting a lognormal curve 'through the 
frequency distribution of number of pays per 
field, as shown in Figure.1~-7; and, 

-- Approximately 50 percent of the known 
"rol10,ver" anticlines contain fields, an 
additional 23 percent of the known "rollover" 
antic1ines.contai.n oil and/or gas shows. 

Resource Appraisal by Geological Analysis 

Resource appraisals made by means of a detailed 
geologic analysis of the province under study depend upon 
the following basic procedures: 

-- A complete analysis of all the available 
geolog'ical and geophysical data by geologic 
province, i.e., Niger Delta; - 8/ 

-- A compilation of all the exploration 
statistics and all the available field data; and, 

.8/ - The basic source of these data for Nigeria consisted 
of approximately 50 or more published references. 
The most significant sources of data ate listed in 
the Bibliography. . / 
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-- The application of at least two or more 
resource appraisal techniques for the 
assessment of the oil and gas resources as 
a means of cross-checking and verifying 
within reason the resource estimates. 

Estimates of Remaining Oil Resources Using Various 
Methods 

Volume'tric 'yield' by province: 

In the .Delta, .the known in-place estimate of 
the amount of oil per cubic mile of sediment is 
366,220 barrels per cubic mile based upon 
exploration in 1965, for an estimated volume of 
120,048 cubic miles (Hosper, 1965) in the Delta. 
Assuming further an additional 65,452 cubic miles 
of prospective sedimen.ts to be explored (65,452 
cubic -miles x 366,220 bbls/cubic miles), there 
remains to be found an average of approximately 
24 billion barrels of oil equivalent in-place. 

Volumetric 'yield' by pr.oductive hydrocarbon belts: 

Using an .average of 24 pays per .field with 
thickness of less than 50 feet per pay, the 
amount of known oil in-place for the total 
hydrocarbon belts is approximately 12 million 
barre1s.h-place per cubic mile of producing 
sediment. 

Assuming some optimum geologic conditions 
occurring in a fairly limited arcuate pattern 
offshore, with increasing pay thicknesses, 
but fewer numbers of pays due to the spacing 
and nature of'the growth faulting, and noting 
the increasing potential for gas over the oil ' 

potential in these structures--the following 
resource estimates were made: 

-- Assume an area equivalent to approximately 
70 percent of the most productive hydro- 
carbon belt onshore, i.e., 11,600 square 
miles and a pay thickness of approximately 
150 feet with 16 pays (50 percentile on 
frequency distribution for number of pays), 
or 2,400 feet of gross pay section. The 
5,220 cubic miles of productive gross oil 
pay with 12 million barrels in-place per 
cubic mile of sediment would yield 62.6 
billion barrels of oil resources in-place. 



Grid-Average Method: 

The original oil in-place in the known onshore . . 
oil fields is disaggregated on the basis of 
the location of the fields within 30-minute 
latitude and longitude grids. Estimating a 
total proportional remaining oil resource for 
each grid, a resource estimate of 26.16 billion 
barrels of oil in-place .remaining to be found 
was made. ' This me,thod, however, does not. 
cover the undrilled offshore areas. 

Final Resource Appraisals for Oil Using Subjective 
Probabilitv Methods 

Using all of the described methods and analyzing 
<he results of these appraisals and the results of the 
finding-rate methods described earlier as scaling factors, 
the final resource estimates were made for the Niger 
Delta using subjective probability procedures as 
described in USGS Circular 725.9/ - 

The resource appraisal estimates for the 
remaining.undiscovered oil in-place in the Niger Delta 
as of January 1, 1978, are' as shown i n ~ a b l ~  IV-2. 

9/ Miller, B., et al., U.S. Geological Survey Circular - 
725, Departnent of the Interior. 



Probabilitv Levels 

Remaining Undiscovered Oil 

(Billion barrels) 

* Recovery factor. 

Oil 
In-Place 

Recoverable 
35% .R.F.* 

In general, the quantity of oil; in-place 'that may be 
extracted or produced from a reservoir may.range from as 
little as 10 percent to as much as 50 percent. The 
recovery percentage (factor) is a function of the 
reservoir's physical characteristics, the drive mechanism 
which forces the o.il to flow from the reservoir into 
the well bore, and the reservoir pressure. These 
parameters, among others, determine. the quantity of 
oil in-place that can be produced. Nigeria's recovery 
factor is estimated to be 35 pereent during'the 
primary, production cycle. 

.Figure IV-8 depicts the lognormal probability 
distribution of the remaining undiscovered oil in-place 
resources in billions of barrels. 
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Figure IV - 8. . Probabi l i ty  d i s t r ibu t ion  of the Remaining 
. Undiscpvered Oi 1 In-P.1 ace Resources. 



Resource Appraisals for Natural Gas 
. . 

The gas industry in Nigeria has remained 
.relatively underdeveloped and even neglected. The 
proportion of gas associated with crude oil is rela- 
tively high in Nigeria. The gas-to-oil ratio averages 
150 cubic meters per cubic meter of crude oil, or 
roughly 800 cubic feet per barrel of crude. 

.Although Nigeria may possess great natural gas 
potential and annually produces billions of cubic 
feet of associated gases from oil fields, dnly a small 
percentage. of that produced is utilized. 

Although specific data on gas fields are 
lacking, the occurrence and distribution of natural gas 
throughout the Delta is summarized briefly and has been 
considered in estimating the remaining undiscovered gas 
resources. 

-- South .of the main hydrocarbon-rich belt 
(SE-NW) is a series of narrow oil-rich 
zones; otherwise, a predominantly gas 
province occupies a fairly wide part of 
the central Delta; 

-- In 'a given microstructure, the gas-to-oil 
ratio increases down plunge and in a 
'generally seaward direction; 

-- The more downdip a macrostructure is within 
a megastructure, the greater, the probability 
of a higher gas-to.-oil ratio; and, 

-- Gas potential appears to increase seaward 
in the deeper sediments and in a south- 
easterly direction across the. Delta. 



Using basically vol~metric-~i&ld analogs fdr 
the Niger Delta, a preliminary estimate of remaining 
undiscovered natural gas resources is made, as shown 
in Table IV-3. 

Table IV-3 

Probability Levels 

Remaining Undisc'over'e'd Gas 

(Trillion cubic feet) 

* Recovery factor. Recovery factor for natural gas . 

is considered greater than it is for crude oil 
because of the inherent flow characteristic of gases 
vis-a-vis viscous liquids. 

Natural Gas 
In- Place 

Recoverable 
at 80% R.F .*  

Figure IV-9 depicts the lognormal probability 
distribution of the remaining undiscovered gas in-place 
resources in trillions of cubic feet. 

Probability 
95% 

at least 32 

at least 30.4 

Probability 
5% 

at least 162 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

.at least 129.6 

Mean 
Estimate 

8.1 . 3 

65.04 



Trilli.on Cubic Feet of Natural Gas 1n-'place 

Figure IV-9 Probabil i ty distribution of the Remaining 
Undiscovered Gas In-Pl ace Resources. 



Estimates of Oil Field Sizes and Numbers for Remaining 
Undiscovered Resources 

A mathematical technique is used to determine 
the probably sizes and numbers of the remaining undis- 
covered oil fields: 

The following data are used for each series 
of estimates: 

-- Assume the field size distribution is 
lognormal based upon the historic 
information; 

-- Given the minimum (95%) and maximum (5%) 
fields sizes (W.95 to W.05) .to be 
discovered under the conditions determined 
by the resource appraisal estimate; and 

-- Given T: toal amounts of remaining 
undiscovered oil resources in-place in all 
future fields are shown in Table IV-4. 

Table IV-4 

Resource Estimates Disaggregated by 
Future Field Size Range and Number 

Number of 
Fields 

(N 
t 

20 

77 

123 

Resource 
Appraisal 

(T) 

95% - 5 billion 
barrels 

- - 24 billion 
X barrels, 

5% - 65 billion 
barrels 

Millions 'of . . 

barrels. .in.-pJace 
W- 
x 

252 

310 

528 

'.95 

5 

4.75 

, 4.5 

W.05 

975 

1200 

2000 



T h e  e s t i m a t e d  f i e l d  s i z e s  as m e a s u r e d  b y  o i l  
i n - p l a c e  are shown i n  T a b l e  IV-5. 

T a b l e  , IV-5 
, . . . 

D i s a g g r e g a t e d  ~ i e l a '  S i z e s  
( M i l l i o n  barrels of o i l  i n - p l a c e ) .  

T h e  e s t i m a t e d  number  o f . f i e l d s  a w a j t i ' n g  d i s c o v e r y  
b y  s i z e  of less t h a n  300  m i l l i o n  barrels o f  o i l  i n - p l a c e  
2 s ~  shown i n  T a b l e  IV-6. 

T a b l e  IV-6 

~ s t i m a t e d  Number of S m a l l  a n d  
I n t e r m e d i a t e  S i z e  F i e l d s  . . 

( M i l l i o n  b a r r e l s  o f  o i l  i n - p l a c e )  

0- 
300 

1 6  

I P e r a n t  , No. of 
~robabilityl fields 

i20i 

0 

0  

2  

95 . . 

- 

300- 
600 

2  

7 

16 - 

20 

x 
5  

600- 
900 

1 

2 

9  

77 62 

123 86 

250- 
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A 

o 
3  

4 
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0  

1 

2 

200- 
2 5 0  

I 
4 

' 5  

1500- 
1800 

0  

1 

2 

900- 
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1 

2 

4 

1 5 0 -  
200  

1 

4 

7 

1200- 
1500 

0  

2  

2  

100-  
1 5 0  

2  

8  

8 

Pe rcen t  I 

P r o b a b i l i t y  0-50 

9 5  9  
- 
x 32 

5  47  

50- 
1 0 0  

3  

11 

1 5  



The estimated number 05 fields to be'discovered 
which have more than 300 million barrels of oil in-place 
is shown in Table IV-7. 

Table IV-7 

Estimated Number of Large Fields 
(Million barrels of oil in-place) 

Percent 
Probability 

95 
- 
X. 

5 

500-600 

0 

2 

2 

300-400 

1 

3 

10 

400-500 

1 

2 

4 
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ABSTRACT 

Th is  paper p resen ts  es t ima tes  o f  t h e  f u t u r e  o i l  supp l y  c a p a b i l i t y  
of  t h e  coun t r y  o f  N i g e r i a ,  t h e  second l a r g e s t  e x p o r t e r  o f  c rude  o i l  t o  
t h e  Un i t ed  STates. Presented he re  a r e  es t imates  o f  (:I) o r i g i n a l  o i l  i n  
p l ace  i n  known f i e l d s ;  ( 2 )  u l t i m a t e  recove ry  f rom known f i e l d s ;  ( 3 )  
rema in ing  reserves  i n  known f i e l d s  ; ( 4 )  U.S. Geolog ica l  Survey es t ima tes  
o f  t o t a l  undiscovered o i l  r esou rce  p o t e n t i a l  f o r  K i g e r i a ;  ( 5 )  und iscovered  
recoverab le  o i l ;  and ( 6 )  p r o j e c t e d  supp l y  p a t t e r n s  f o r  t h e  p r o d u c t i o n  
o f  N ige r i an  o i l  ove r  t ime.  

As o f  January 1,  1976, t h e r e  were 169 known f i e l d s  t h a t  o r i g i n a l l y  
conta ined 44.2 b i l l i o n  b a r r e l s  o f  o i l  and had an es t imated  rema in ing  
proved rese rve  o f  12.3 b i l l  i o n  b a r r e l s .  However, by 1978, proved 
reserves were r e p o r t e d  t o  be 12.6 h i l l i o n  b a r r e l s  w i t h  t h e  a d d i t i o n  o f  
new d i scove r i es  and development d r i l l i n g  d u r i n g  t h e  two-year .per iod ;  
Cumulat ive p r o d u c t i o n  t o  January 1, 1978, was 6.1 b i l l i o n  b a r r e l s  f o r  a 
t o t a l  u l t i m a t e  o i l  r ecove ry  o f  18.7 b i l l i o n  b a r r e l s  f rom known f i e l d s .  

The USGS es t imated  t h a t  und iscovered  o r i g i n a l  o i l  i n  p l a c e  a t  t h e  
5 and 95 pe rcen t  p r o b a b i l i t y  l e v e l s  were 65 and 5 b i l l i o n  b a r r e l s ,  
r e s p e c t i v e l y ,  w i t h  a  mean v a l u e  o f  24 b i l l i o n  b a r r e l s  a t  t h e  38 pe rcen t  
p r o b a b i l i t y  l e v e l .  It i s  es t ima ted  t h a t  35 percen t  o f  t h i s  und iscovered  
o i l  cou ld  be recovered.  

Us ing t h e  mean v a l u e  o f  8.4 b i l l i o n  b a r r e l s  o f  undiscovered 
recoverab le  o i l  r e s u l t s  i n  an es t ima ted  t o t a l  u l t i m a t e  recove ry  o f  
27.1 b i l l i o n  b a r r e l s .  From t h i s  resource- base i t  i s  es t ima ted  t h a t  
N i g e r i a  cou ld  produce a t  a  r a t e  as h i g h  as 3.3 m i l l i o n  b a r r e l s  o f  o i l  pe r  
day which migh t  occur  as e a r l y  as 1984, p r o v i d i n g  t h e r e  a r e  no p o l i t i c a l  
o r  o i l  market r e s t r a i n t s  and t h e r e  i s  a  c o n t i n u i n g  success fu l  e x p l o r a t i o n  
and development program i n  t h e  .country .  A lso,  N i g e r i a  c o u l d  s u s t a i n  
2 m i l l i o n  b a r r e l s  o f  o i l  p e r  day ('MF? bpod) p r o d u c t i o n  t o  1996, 2.4 PM 
bopd t o .  1991 , o r  3 MY1 bopd t o  1987 under  t h e  s t a t e d  c o n d i t i o n s .  

Other es t imates  o f  t h e  u l t i m a t e  r e c o v e r i e s  a t  d i f f e r e n t  p r o b a b i l i t y  
l e v e l s  and p r o d u c t i o n  o f  N i g e r i a n  o i l  ove r  t i m e  a t  d i f f e r e n t  p r o b a b i l i t y  
l e v e l s  a r e  presented i.n t h e  t e x t .  

A d e t a i l e d  d i s c u s s i o n  o f  t h e  methodology used i s  a l s o  presented.  
I n  t h i s  s tudy  o i l  supp ly  i s  l i m i t e d  t o  conven t iona l  p r o d u c t i o n  
recoverab l  e  by d r i  11 i n g  and secondary recove ry  b u t  exc l  udes enhanced 
o i l  recovery  as w e l l  as o t h e r  occurrences such as sha le  o i l ,  e t c .  
The a n a l y s i s  o f  p r o d u c t i o n  p r o f i l e s  i s  l i m i t e d  t o  a  s imp le  t i m e  s e r i e s  
approach and i s  n o t  sub jec ted  t o  exp l  i c i t  economic cons ide ra t i ons .  
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I t  i s  the genera1,concensus t h a t  t h e  Un i ted  S ta tes  w i l l  be s t r o n g l y  
dependent i n  t h e  f u t u r e  on f o r e i g n  ener y sources. I n  1978, t h e  Foreign 
Energy Supply Assessment Program (FESAP 7 ; was i n i t i a t e d  w i t h i n  t h e  
Department o f  Energy (DOE), t o  assess t h e  f u t u r e  supp ly  c a p a b i l i t i e s  o f  
several  o i l  expo r t i ng  coun t r i es .  FESAP i s  conducted under t h e  super- 
v i s i o n  o f  t h e  Foreign Energy Supply Assessment Committee (FESAC) , 
c o n s i s t i n g  o f  repr 'esentat ives from the  Energy I n f o r m a t i o n  Admin i s t ra t i on  
( E I A ) ,  t he  O f f i c e  o f  I n t e r n a t i o n a l  A f f a i r s ,  t h e  O f f i c e  o f  P o l i c y  and 
Evaluat ion,  and t h e  O f f i c e  o f  Resource A p p l i c a t i o n s ,  DOE, and the  
Uni ted States Geological  Survey (USGS), Department o f  t h e  I n t e r i o r  (DOI). 

The s p e c i f i c  o b j e c t i v e s  o f  FESAP a r e  t o :  

1. Develop p r o j e c t i o n s  o f  f o r e i g n  o i l  and gas p roduc t i on  
c a p a c i t i e s  f o r  key producing c o u n t r i e s  based on t h e  
ana lys i s  o f  c u r r e n t  geo log ica l  and eng inee r ing  data.. 

2. Forecast 1  ong-term a v a i l  a b i l  i ty o f  o . i l  ' and gas suppl i e s  
from key producing coun t r i es ,  based on a n a l y s i s  o f  t h e  
petroleum resource base, reserves,  and d e p l e t i o n  r a t e s .  

3 .  Apply t h e  s k i l l s  and techniques developed i n  ach iev ing  
the  o b j e c t i v e s  o f  (1) and (2) above, t o  o t h e r  f o r e i g n  
energy resources. 

W i t h i n  the  pas t  two decades, N i g e r i a ' s  N ige r  De l ta  has become a  
major o i l  producing prov ince.and the  coun t r y  has become t h e  second 
l a r g e s t  expor te r  o f  crude o i l  t o  t he  Un i ted  S ta tes .  I n  l a t e  1978, a  
working group from EIA and the  USGS was formed t o  assess N i g e r i a ' s  f u tu re  
crude o i l  supply c a p a b i l i t y  on a  p i l o t  bas is .  Th i s  s tudy  i s  t h e  f i r s t  
systemat ic  assessment o f  t h i s  t ype  conducted by t h e  U.S. Government o f  a  
f o r e i g n  count ry  and w i l l  serve as a  p ro to t ype  f o r  o t h e r  na t i ons .  

The assessment o f  N i g e r i a ' s  f u tu re  o i l  supp ly  c a p a b i l i t y  requ i res  
several  in terdependent  a n a l y t i c a l  procedures. F i r s t ,  t h e  o r i g i n a l  o i l  
i n  p lace  (OOIP) and reserves i n  known f i e l d s  a r e  determined. These data 
a r e  used t o  assess t h e  undiscovered resources as OOIP and t h a t  p o r t i o n  
o f  t h e  OOIP t h a t  may be recoverable.  Ttiese data  'are used t o  es t imate  
t h e , t o t a l  u l t i m a t e  o i l  recovery fo r  t h e  coun t r y  from which p ro jec ted  
product ion  c a p a b i l i t y  schedules a r e  determined. 

I t  was t h e  EIA 's  responsib i l ' i ty  t o  es t ima te  t h e  proved reserves,  
u l t i m a t e  recqvery and resource base (OOIP) f o r  known f i e l d s  and develop 
the  maximum p roduc t i on  capabi 1  i ty  method01 ogy and 1  ong- term supply 
c a p a b i l i t y .  The USGS's task  was t o  es t imate  t h e  undiscovered o i l  and 
gas resource base. I t  i s  t h e  purpose of t h i s  r e p o r t  t o  p resent  t he  
EIA's  f i n d i n g s  . f o r  N i g e r i a .  



I n  t h i s  r e p o r t  o i l  supp ly  i s  l i m i t e d  t o  conven t i ona l  
p roduc t i on  r e c o v e r a b l e  by d r i  11 i n g  and secondary recove ry ,  b u t  
excludes enhanced o i l  r ecove ry  as w e l l  as o t h e r  occurrences such 
as sha le  o i l  and t a r  sands. Fu tu re  d i s c o v e r i e s  and t h e  
p roduc t i on  f rom those  new f i e l d s  a r e  cons idered  i n  t h i s  a n a l y s i s  
as w e l l  as t h a t  f rom c u r r e n t l y  known f i e l d s .  The resou rce  
app ra i sa l  methods and r e s u l t s  t h a t  were i n p u t  t o  t h i s  s tudy  
were l i m i t e d  t o  t h e  f o l l o w i n g  c o n s i d e r a t i o n s .  These methods: 

( 1 )  a r e  t o  be a p p l i e d  d i r e c t l y  o n l y  t o  semi-mature o r  
m a t u r e l y  d r i l l  ed p roduc ing  areas, 

(2)  a r e  t o  be appli 'ed t o  an area o f  f a i r l y  f i x e d  
boundar ies (.sample si'ze must n o t  change r a d i c a l  l y )  , 
and 

(3) do n o t  a l l o w  f o r  any r a d i c a l  " s u r p r i s e s "  i n  
pe t ro leum e x p l o r a t i o n  o r  s i g n i f i c a n t  " improvements" 
i n  exp l  o - r a t i o n  techno logy  o r  economics. 

I n  t h i s  s tudy  an a n a l y s i s  o f  p r o d u c t i o n  p r o f i l e s  i s  presented.  
The model ing employed i s  l im i ' ted  t o  a  s imp le  t i m e  s e r i e s  approach 
and i s  n o t  sub jec ted  t o  e x p l i c i ' t  economic c o n s i d e r a t i o n s .  ' The 
t imi 'ng o f  f u t u r e  discover i 'es,  , u l  t7mate recove ry  es t ima tes ,  and 
t ime  p r o f i l e s  o f  p r o d u c t i o n  a l l  depend on t h e  r e l a t i v e  economics 
o f  drCl l i 'ng arid r e l a t e d  markets  as w e l l  as t h e  e f f e c t s  o f  
ind igenous and f o r e i g n  demand. Future,  i n s t i t u t i o n a l  , i n f r a -  
s t r u c t u r e  and behav io ra l  f a c t o r s  were s u b j e c t i v e l y  eva lua ted  b u t  
a r e  n o t  e x p l i c i t l y  represen ted  i n  t h e  model.  



DTSCUSSIOM AND SUMMARY 

The assessment of Niger ia ' s  crude o i l  reserves ,  u l t imate  recovery 
and OOIP i n  known f i e l d s  and maximum production capab i l i ty  was begun i n  
October,-1978. Results.-obtained a r e  discussed here i n  chronological 
order as -each task was .accornpl ished .and a de ta i l ed  explanation of t he  
methodology i s  presented i n  succeeding sect ions  o f . t h e  r epo r t .  Also 
presented a r e  a l t e r n a t e  production. p ro f i l e s  developed fo r  t he  country 
as well as  the  s e n s i t i v i t y  of t he  maximum o i l  production capab i l i t y  
model t o  ul t imate recovery. 

Oil Reserves and Original Oil in Place 

The remaining crude o i l  reserves by f i e l d  were estimated by EIA i n  
order to  est imate o i l  recovery fac tors  and ver i fy  the  est imates of re-  
maining reserves reported in t he  l i t e r a t u r e .  The remaining crude o i l  
reserves of known f i e l d s  i n  Nigeria a r e  estimated t o  be 12.3 X lo9 
barr 1s as of January 1 , 1976. This compares favorably t o  t h e  13.0 5 X 10 barre ls  a s  o f  January 1 ,  1978, reported i n  the  l i t e r a t u r e .  The  
OOIP i s  calculated t o  be 44.2 x 10 bar re l s  f o r  known f i e l d s  as  of 
January 1 ,  1976. The OOIP data by f i e l d  were submitted t o  t he  USGS's 
,Resource Appraisal Group ('RAG), t o  be used a s  data input i n  t h e i r  
resource appraisal  methods fo r  undiscovered o i l  i n  place. 

Resource Appraisal 

RAG estimated the  undiscovered o i l  resource (OOIP) f o r  Nigeria 
by geologic analysis  and basin evaluation techniques ( 1 ) .  These 
r e s o ~ r c e  est imates a r e  reported as  continuous probabi l i ty  d i s t r i bu t i on  
curvcs.from l e s s  than a 5 percent probabil i ty.  t o  100 percent 
prob5bil i ty l e v e l .  These p robabi l i ty  l eve l s  mean t h a t  the re  wil l  be 
a t  l e a s t  the  associated volume of undiscovered OOIP occurring.  The. 
remaining undiscovered o i l  resources as  of January 1 ,  1978, f o r  
f i ve  probabi l i ty  l eve l s  read from the  curves a re :  

(1 )  - A f u l l  explanation of  the  techniques used t o  est imate the undiscov- 
ered resources and t i l e  r e s u l t s  obtained will  be pub1 ished by USGS. 



- - 
. . 

Probabi 1 i ty  Levels 
' ' 

S t a t i s t i c a l  . . 

95 pct 75 pct 25 pct 5 pct mean* 
Remaining a t  l e a s t  a t  l e a s t  a t  l e a s t  a t  leak& a t  l e a s t  
undiscovered 5 X 1.09 11 x 109 31 x 109 65 x 10 24 x lo9, 
OOIP bbl bbl bbl bhl bbl 

*Occurs a t  38 percent probabili ty 7evel. 

I t  should be noted tha t  the above undiscovered resource estimates are fo r  
the Niger Delta basin and the offshore continental shelf only. 

Undiscovered Recoverable Resources 

The recovery fac tor  determi ned by EIA on a f ie l  d-.by-f i el d basi s 
under current operating practice as of January 1 ,  1976, f o r  known f i e l d s  
(excl uding potential secondary reserves) averages 34.9 percent. There- 
fore;  i t  i s  assumed tha t  a recovery fac tor  of 35 percent i s  applicable 
t o  the undiscovered o i l  resources, thereby giving the following undiscov- 
ered recoverable o i l ,  provi.ding, of course, a l l  of the undiscovered 
resources a t  the d i f fe rent  .probabi 1 f t y  level s a re  found, 

.- 

~ r o b a b i  1 i t y  Level 5 

Remaiii ng S t a t i s t i c a l  

undiscovered 95 pct 75 pct 25 pct'  5 pct mean* 

rec0verab.i ~3 a t  l e a s t  a t  1eas.t .a t  l e a s t  a t  l eas t  a t  l e a s t  
oi 1 1.8 X 109 3.9.X 109 10.9 X 109' 22.8 X 109' 8.4 X lo9 

bbl bbl bbl bbl bbl 

*Occurs a t  38 percent probabili ty level .  

Ul timate Recovery 

The ultimate recovery from known f i e l d s  each year since production 
began in Nigeria in 1958 were required data fo r  the methodologies employed 
i n  t h i s  study. These data were purchased by DOE and USGS t o  obtain a 
consistent ser ies  of data from a s ingle  source and were found to be 
reasonably accurate by making a point estimate as of January 1,  1976. 
The ultimate recovery volume from known f i e l d s  as of January 1 ,  1978, was 
used ' ( t o  correspond w i ' t h  RAG'S appraisal completed as of January 1 ; 1978), 
t o  calculate to ta l  ultimate recover . Ultfmate recovery from known f i e l d s  4 as of January 1 ,  1978, i s  18.7 X 10 bar re ls ,  of which 6.1 X 109 barrels 
has been produced. Adding the. estimated undiscovered recoverable o i l  a t  
the different  probabili ty levels t o  t h a t  estimate f o r  known f i e l d s  r e su l t s  
in the following estimated to ta l  ultimate oi'l recoveries fo r  Nigeria. 



Probabi 1 i t y  Level s 
S ta t i s t i ca l  

95 pct 75 pct 25 pct 5 pct mean* 
Ultimate a t  l eas t  a t  l e a s t  a t  l e a s t  a t  l e a s t  a t  l e a s t  
oi 1 20.5 x 109 22-.6 x 109 29.6 x 109 41.5 x 109 27.1 x .lo9 
recovery- bbl bbl bbl bbl 

*Occurs a t  38 percent probabi 1 i ty  level.  

Maximum Oil Production Capability 

The maximum o i l  production capabi l i ty  a t  any time i s  the maximum 
deliverabili ' ty r a t e  assuming tha t  there a re  no pol l t ica l  or  o i l  market 
restraints .  Actual production may be f a r  l e s s  than the possible maxi - 
mum. .Nigerian production declined in 1975, increased in  1976 and 1977. 
t o  nearly 2.1 MM bopd and decreased t o  1.9 MM bopd i n  1978. These 
.average production rates  resulted from spec i f ic  government actions 
interacting with the world o i l  market. I t  i s  highly probable tha t  
Nigeria could have produced more o i l  than i t  did during these years. 
However, in January and February of 1979; the Government permitted an 
all-time high production r a t e  of over 2.4 MM bopd. The average daily 
production . ra tes  from 1960 through 1978 a re  plotted in f igure 1. 

The maximum 'production capabi l i ty  ' i s  projected by a mathematical 
model which u t i l i zes  a mod7fied l o g i s t i c  function. This production 
capabili ty is predicted to  ' increase rapidly a t  f i r s t ,  slow with time, 
peak, and then beg.in declining unt i l  a l imiting exponential decline 
ra te  i s  reached. This model wi 11 predict  both the peak maximum produc- 
tion capabili ty and the time of peak production,. using an assumed 
ultimate 'i-:ecovery and a 1 imi t i  ng exponential decl i ne ra te .  For t h i s  
assessment, the limiting, exponential decline r a t e  i s  assumed t o  be 
10 percent per year,  based on the assumption t h a t  a f t e r  production 
decline begins, there will be su f f i c i en t  exploration success and 
development.- ac t iv i ty  to  maintain an o i l  production decline ' rate . tha t  
gradually approximates 10 percent per yea r ,  Considering the wide range 
of possible values fo r  ultimate recovery, attenti 'on i s  focused on the 
s t a t i s t i c a l  mean. value of the estimated ult imate recovery t o .  i l l u s t r a t e  
the maximum production capabi l i ty  model. 

Figure 1 shows the estimated maximum production capabi 1 i ty  prof i 1 e 
(solid curve) fo r  Nigeria with the ultimate recovery (27.1 X lo9 barrels)  
calculated using the s t a t i s t i c a l  mean val ue of undiscovered recoverable 
o i l  (8.4 X .lo9 barrels).  The curve peaks i n  1984 with suggested maximum 
.production capabili ty of 3.3 MM bopd. 
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The behavior of the model with changes i n  ultimate recovery i s  
tested by varying the mean undiscovered recoverable o i l  by plus and 
minus th i r ty  percent of i t s  value. The resul t ing higher and lower 
ultimate recoveries a re  29.6 and 24.6 X 109 barrels  compared t o  the 
estimated-mean value of 27.1 X 109 barrels.  These changes of f ive  
bi l l ion barrels of o i l  did not resu l t  in major changes f o r  the e s t i -  
mated maximum production capabi.1 i ty  profi le .  The general r e su l t  i s  
t ha t ,  i f  ultimate recoveries are  lower or  higher than the mean, produc- 
tion peaks e a r l i e r  or  l a t e r  i n  time' and a t  'a lower or  higher production 
rate .  t 

The variation of plus or minus 30 percent of the undiscovered 
recoverable o i l  i s  used because i t  i s  a large enough quantity t o  
adequately t e s t  the sens i t iv i ty  of ,the maximum production capabi 1 i ty 
model and brackets the 50 ~ e r c e n t i  1 e probabi 1 i t y  1 eve1 (median 
value) being 54 percent probability on the high s ide and 25 percent 
probability on the low side.  

For ultimate recoveries of 24.6, 27.1 and 29.6 X lo9 bar re ls ,  the 
estimated maximum production capabi l i t ies  a r e  3.1, 3.3 and 3.5 MM bopd 
respectively. The corresponding peak production years a re  1983, 1984 
and 1985 ( the actual peak days of the three curves a re  separated by 
less  than a year) .  Changing the mean value of the undfscovered 
recoverable o i l  by plus o r  minus .30 percent changes the estimated 
maximum production capabi l i ty  by plus or minus 6 percent. Therefore, 
the nlaiinium production capabili ty profi les  a r e  not-  highly sens i t ive  to  
re.1a.i;-iv~ly .large percentage changes i n  the mean value f o r  undiscovered 
recoverable of1 . 

A1 ternate Production Schedules 

Nigeria can control i t s  level of o i l  production w i t h i n  1 imits 
determined by i t s  ul timately recoverable oi 1 through continuing expl or- 
ation, s t a t e  of development and the world of1 market. One of the 
objectives of FESAP i s  t o  estimate Nigeria's long-term supply 
capabili ty under various conditions, i ;e . ,  how long Nigeria can 
supply o i l  a t  a given level of production. For the purpose of 
i l l u s t r a t ing  long-range crude o i l  ava i l ab i l i t y ,  three a l t e rna te  pro- 
duction schedules a re  analyzed. These are: 

Case 1 - Annual o i l  production increasing from the 1978 level of 1.9 
MM bopd t o  2.0 MM bopd i n  1979, constant production of 2.0 MM 
bopd t o  the year o i l  production begins declining exponentially 
a t  10 percent per year. 

Case 2 - Annual o i l  production increasing from the.1978 level of 1.9 MM 
bopd to  2.5 MM bopd in 1979, constant production of 2.5 MM bopd 
to  the year o i l  production begins decl.fnfng exponentially a t  
10 percent per year; and 



Case 3 - Annual production increasing from the 1978 1 evel of 1.9 MM 
bopd to  3.0 MM bopd i n  1981, constant production o f  3.0 MM 
bopd to  the year o i l  production begins decl fning exponentially 
a t  10 percent per year. 

The o i l  production for  a l l  three cases are  i l l u s t r a t ed  i n  fygure 2 
. for  the ultimate -recovery. of 27.1 b i l l  ion. barrels based u p o n .  the mean 

value for undiscovered recoverable o i l .  In the case of hi'gher production 
rates ,  decline begins e a r l i e r  and depletion occurs quicker. For constant 
production rates  of 2 ,  2.5 and 3 MM bopd, production decline begins in 
1996, 1991 and 1987', respectively. This represents a range of about 9 
years (past 1987) fo r  which 'some nearly constant r a t e  o f '  production 
between 2 and 3 MM bopd could be maintained. The-above cases are  only 
three of an i n f i n i t e  number of ways t o  schedule possible o i l  production 
up to  the l imit  of 3 . 3  MM bopd, given a mean ultimate recovery of 
27.1 bill ion barrels.  

Other val ues of ultimate recovery would change the predicted 1 ength 
of time tha t  any given constant production ra te  might be maintained. 
The calculated production schedules for  the f ive  predicted ultimate ' 

recoveries are  shown in f igures 3,  4 and 5 for  the.case 1 ,  2 and 3 
'conditions, respectively (2,  2.5 and 3 MM bopd and .I0 percent decline).  
For case I ,  shown in f igure 3, the years in which production decline 
begins. are 1987, 1991, 1996, 2000 and 2016. The increases in  constant 
production times are  simply proportional to  t h e  predicted 'ultimate 
recovery for  a given constant production rate.  The 29-year range in . 

time t o  nroduction decline r e f l ec t s  the large differences i n  estimated 
ultimate recovery associated . w i t h  the probabi 1 i t y  , l  evel s .of 5 .and 95 
percent, The range in time t o .  production decline drops t o  23 and 19 
years for the higher constant production.rates of 2.5 and 3 MM bopd as 
shown i n  figures 4 and 5. This resul t s  from producing a given amount 
of o i l  a t  a f a s t e r  rate .  Note i n  figure 5, i f  Nigeria should have only 
20.5 b i l l  ion barrels of ultimate recovery, a production r a t e  of 3 MM bopd 
could not be maintained f o r  a f u l l  year. 

'Each of the curves in  figures 3, 4 and 5 resul t  from assuming a 
particular ultimate recovery .which corresponds t o  a given probability 
level for the assessment of remaining undiscovered o i l  iri place. . For 
example, i n  'figure 3, curve 1 corresponds t o  a 95 'percent probabi I i ty  
that there will be a t  l e a s t  5 b i l l ion  barrels of undiscovered o i l  i n  
place, 1.8 bi 11 ion barrels of undiscovered recoverable o i l  (assuming a 
35 percent recovery fac tor )  for  a to ta l  of 20.5 billi'on barrels  of 
ultimate recovery. From these estimates i t  i's highqy probable tha t  a 
constant production r a t e  of 2 MM bopd could be.mai'ntained a t  l eas t  until  
1987 under the assumed conditions. Similar ly, . . i t  i s  unlikely tha t  a con- 
s tant  production ra t e  of 2 MM bopd could be maintained past the year 2016, 
since there i s  only 1 chance i n  20 tha t  the ultimate o i l  recovery wi.11 
exceed the 41.5 'bi 11 ion barrels  predi'cted a t  the 5. percent probabi 1 i ty  
1 evel (curve 5). 



A M W  /WRUAL CRUDE OIL PWDUDUCIIa 
MI UION BARRELS OF O I L  PER DAY 



1. ULTIWTE RECOVERY 20.5 BILLION BARRELS) 952 PROBABILITY LEVEL, 

2. ULTIMATE RECOVERY 22.6 BILLION BARRELS) 75% PROBABILITY LEVEL. 

3. ULTIMATE RECOVERY 27.1 BILLION BARRELS) 38% PROBABILITY LEVEL. 

4. ULTIMATE RECOVERY 29.6 BILLION BARRELS, 25% PROBABILITY LEVEL, 

FIGURE 3 .  - Histor ica l  and projected crude oi 1, production ' for  f i v e  ult imate recoveries 
(Case 1 - 2 MM bopd). 



1. ULTIFMTE RECOVERY 20.5 BILLIW BARRELS, 9% PROBABILIT~ ML. 
2. ULTIM~TE RECOVERY 22.6 BILLION BARRELS, 75% PROBABILITY HL. 
3. ULTIM~TE RECOVERY 27.1 BILLION BARRELS, 38% PROBABILIT~ IML. 
4 ULTIM~TE RECOVERY 29.6 BILLION BARRELS, 25% P R O B ~ I L I V  LEVEL. 

. . 
5. ULTIMTE RECOVERY La.5 BILLION BARRELS, 5g PROBABILITY LNEL, 

3.0 

FIGURE 4.  - Histo'rical and projected crude oi l  production .for fi.ve ultimate recoveries 
(Case 2 - 2.5 MM bopd) . 



1. ULTIMTE RECOVERY 20,5 BILLION BARRELS, 9% PROBABILITY LML.  

2, ULTIWTE RECOVERY 22,G BILLION BARRELS, 75g PROBABILITY LEML, 
3. ULTIMATE RECOVERY 27.1 BILLION BARRELS, 38% PROBABILITY WL. 

4, ULTIMATE RECOVERY 29.6, B I  UION BARRELS, 252 PROBABILITY LEVEL, 

5, ULTIMTE RECOVERY 41 5 BI LLI ON ' BARRELS I 5v 10 PROBABILITY LEVEL, 

YEAR 

FIGURE 5 .  - H i s t o r i c a l  and p ro jec ted  crude o i l  p roduct ion  f o r  f i v e  ul timat.e recover ies  
(Case 3 - 3 MM bopd). 



This study presents a broad spectrum of possible a l t e r n a t e  
production schedules. For example, Nigeria may be ab le  t o  produce 
2.5 MM bopd i n to  the  ea r ly  19801s, w i t h  a 5 percent p robab i l i ty  of 
producing tha t .  amount beyond the  year  2000, as depicted i n  f i gu re  4 .  
I t  would be reasonable t o  assume t h a t  the .actua1 time of constant  
production a t  the. 2.5 MM bo'pd level  might be bracketed by t h e  curves 
corresponding t o  the  75 and 25 percent probabi l i ty  values f o r  Nigeria 
i n  curves 2. and 4 i n  f i gu re  4. The range in  time t o  production decl ine  
f o r  curves 2 and 4 i s  7 years  compared t o  23 years  f o r  curves 1 and 5, 
corresponding t o  the  95 and 5 percent probabi 1 i t y  1 evel s. 

The estimated o i l  production by five-year i n t e rva l s ,  the  year  o i l  
production decl ine  begins, and the  year  t h a t  the  cumulative o i l  produc- 
t ion  equals, 95 percent of predicted ult imate recovery under the  th ree  
production schedules f o r  the  f i v e  probabi 1 i t y  values of est imated 
ult imate recovery ' a r e  shown i n '  tab1.e 1.  

TABLE 1 .  - Alternate  Production Schedules f o r  Nigeria 

. CASE 1 (2  MM bopd) 
(Figure 3) 

Probabil i ty Mill ion Barrels  of  .Oil  Per Day Year Year 
1 eve1 s ,  YEAR dec l i ne '  95 pct  
percent 1980 1985 1990 1995 2000 begins depleted 

95 2.00 2.00 1.51 0.92 0.56 1987 2007 
75 2.00 2.00. 1.84 1.23 0.75 1991 2009 
38 (Mean) 2.00 2.00 2.00 2.00 1.38 1996 2013 ' 

?S 2.00 2.00 2.00 2.00 1.86 2000 201 6 
5 . - .  . 2.00 2.00 2.00 2.00 2.00 2016 2029 

CASE I 1  (2.5 MM bopd) 
(Figure 4) 

9 5 2.50 2.14 1.30 0.79 0.48 1983 2005 
75 2.50 2.50 1.65 1-00 0.61 1986 2007 
38 (Mean) 2.50 2.50 2.50 1.'63 0.99 1991 201 0 
2 5 2.50 2.50 2.50 2.15 1.31 1993 201 2 

5 2.50 2.50 2.50 . 2 . 5 0  2.50 2006 2021 

CASE I I I (3.0 MM bopd) 
(Figure 5) 

95 2.90 2.10 1.28 0.77 0.47 1981 2005 
75 2.90 2.44 1.48 0.90 0.54 1983 2006 
38 (Mean) 2.90 3.00 2.23 1.35 0.82 1987 2008 
25 2.90 3.00 2.81 1.70 1.03 1989 2009 
5 2.90 3.00 3.00 3.00 2.98 2000 201 7 



CONCLUDING STATEMENT 

I t  i s  concluded t h a t  enough basic technological information i s  
available to assess the supply capabili ty of many of the o i l  exporting 
nations. .Therefore, i t  i s  recommended tha t  the Foreign Energy Supply 
Assessment Program be continued in order to  assess  the world o i l  
resource base and produc-tion capabi'lity. Because of the energy s i tu -  
ation in the United. States ,  i t  i s  extremely important t o  know the 
potential sources of crude o i l  and i t s  future a v a i l a b i l i t y  in the 
world market. 

METHODOLOGY 

The EIA ' s  responsibi 1 i ty i s  t o  estirna t e  the ult imate recovery, 
remaining reserves, .and resource base fo r  known f i e l d s .  I t  i s  a lso 
EIA's responsibil i ty to  formulate methods f o r  predicting maximum produc- 
t i ve  capabil i t y  and for  estimating the long-term supply capabil i ty  of 
the country. Background information on methods used in estimating 
reserves, ultimate recovery, and OOIP i s  presented, as  well as  the pro- 
cedures used in estimating these quant i t ies  fo r  Nigeria. Also, a 
detailed discussion of the methods for  predicting production capabi 1 i t y  
a re  presented i n  the remainder of the report .  

Backaround Information 

Normal ly  , OOIP, the ultimate recoverable production, and the re- 
.ser\l: < as of a specif ic  date for  a known f i e l d  o r  reservoir  a re  determined 
by 0112 of the four following methods: 

Volumetric, 

0 material balance, 

performance, and 

e nominal. 

The volumetric estimate i s  commonly used during the ear ly  l i f e  of the 
reservoir.  The material balance procedure requires considerable time, 
e f f o r t ,  and expense on the part  of the engineers involved, The perform- 
ance estimate generally consists of the extrapolation of a production ra te  
versus time or  cumulative production plot. A nominal estimate i s  gene- 
r a l l y  a judgmental estimate used when data essent ia l  fo r  more r e l i ab le  
estimates a re  unavailable. In addition to  these four  types of estimating 
procedures, such methods as reservoir modeling t o  dupl icate  past history 
and predict future reservoir behavior a re  often undertaken. 



The vo lumet r ic  method o f  c a l c u l a t i n g  resources and reserves i s  used 
i n  a  newly d iscovered r e s e r v o i r ,  and/or where l i t t l e  i s  known about the  
r e s e r v o i r ' s  p roduct ion  c a p a b i l i t i e s ,  and when the  r e s e r v o i r  i s  n o t  y e t  
d e c l i n i n g  i n  i t s  p roduct ion  r a t e .  The vo lumet r i c  method can a l s o  be used 
on a  f i e l d .  bas is  where there  are nunierous r e s e r v o i r s  i n  the  f i e l d ,  and the  
r e s e r v o i r  data have been v o l u m e t r i c a l l y  weighted o r  averaged. 

The ma te r ia l  balance and r e s e r v o i r  model ing methods o f  es t ima t ing  
resources and reserves a re  p re fe r red  by petro leum r e s e r v o i r  engineers. 
However, bo th  methods r e q u i r e  ex tens ive  knowledge o f  w e l l  p roduc t i on  
and pressure h i s t o r i e s ,  and these a re  r a r e l y  a v a i l a b l e  o u t s i d e  o f  i n d i -  
v idua l  company f i l e s .  

The performance method o r  d e c l i n e  curve a n a l y s i s  works b e s t  on 
i n d i v i d u a l  r e s e r v o i r s  where product ion  i s  d e c l i n i n g  and t h e  r e s e r v o i r s  
are n o t  prorated.  I n  o the r  words, a1 1  w e l l s  completed i n  t h e  r e s e r v o i r s  
should be producing a t  f u l l  p o t e n t i a l  o r  maximum e f f i c i e n t  r a t e  and the  
product ion  i s  d e c l i n i n g .  I f  a l l  w e l l s  a r e  n o t  producing a t  u n r e s t r i c t e d  
ra tes ,  then the m e t h 0 d . i ~  used f o r  i n d i v i d u a l  w e l l s  t h a t  a r e  producing 
a t  u n r e s t r i c t e d  r a t e s  and d e c l i n i n g  i n  p roduct ion .  One f u r t h e r  c o n d i t i o n  
t o  the  use o f  t h i s  method i s  t h a t  t he  r e s e r v o i r  should n o t  be under the  
i n f l uence  o f  an a c t i v e  water d r i ve .  

The nominal method i s  l a r g e l y  a  bes t  guess based on a  judgmental 
fac tor  o r ,  more app rop r ia te l y ,  should be c a l l e d  a  cu rso ry  es t imate .  If 
a f i e l d ' s  recovery i s  known and nearby f i e l d s  have s i m i l a r  c h a r a c t e r i s t i c s ,  
then the  known recovery per  we1 1  can be a p p l i e d  t o  these f i e l d s .  Another 
type o f  nominal es t imate  uses product ion- to - reserve  r a t i o s .  

O i  1 Recovery Es t imat ing  Procedures f o r  N i g e r i a  -- 

The est imates o f  crude o i l  recovery f ro r t  t h e  169 known f i e l d s  i n  N i g e r i a  
were made by a  vo lumet r i c  o r  nominal method. I n  some cases, vo lumet r i c  c a l -  
c u l a t i o n s  were made us ing  publ ished o r  est imated parameters i n  an a t tempt  
t o  v e r i f y  t he  u l t i m a t e  recovery repo r ted  i n  t h e  1  i t e r a t u r e  f o r  s p e c i f i c  
f i e l d s .  Also, o i l  recovery f o r  some f i e l d s  t h a t  were n o t  repo r ted  i n  t he  
1  i t e r a t u r e  were c a l c u l a t e d  by the vo lumet r ic  method when an acceptab le  amount 
of data were a v a i l a b l e .  The vo lumet r ic  c a l c u l a t i o n s  g i v e  the  OOIP which, i n  
t u rn ,  i s  m u l t i p l i e d  by an est imated recovery f a c t o r  t o  g e t  u l t i m a t e  recovery 
These c a l c u l a t i o n s  r e s u l t e d  i n  acceptable est imates o f  o i l  recovery  f o r  62 
f i e l d s .  These f i e l d s  con ta in  the b u l k  o f  t he  o i l  recovery  es t imated f o r  
known f i e l d s  i n  N ige r ia .  However, t he  recovery  est imates f o r  these 62 f i e l d s  
should be considered cursory  est imates based on eng ineer ing  judgment r a t h e r  
than p rec i se  eng ineer ing  ca lcu la t ion :  because much o f  t h e  da ta  u t i  1  i z e d  was 
est imated from l i m i t e d  in fo rmat ion .  

For the  remaining 107 f i e l d s ,  o i l  recovery was es t imated by nominal 
methods. The f i r s t  o f  these methods u t i l i z e d  analogous known f i e l d s .  The 
known r e s e r v o i r  and f l u i d  c h a r a c t e r i s t i c s  o f  t h e  remain ing f i e l d s  were 
compared t o  those o f  t he  62 . . f i e l ds  mentioned above. The o i l  recovery per  
we l l  i n  34 matching f i e l d s  was used as an analogue f o r  e s t i m a t i n g  the  o i l  
recovery per  we1 1. Th is  analogue f o r  o i l  recovery per  we1 1  was a p p l i e d  t o  
the  s e t  o f  34 f i e l d s  t o  est imate t h e  o i l  recovery  per  f i e l d .  



A second .nominal method consisted of averaging the o i l  recovery per 
well from the known 62 f i e l d s  and applying tha t  o i l  recovery per well t o  
wells in the remaining 73 f i e lds .  

0i.l Reserves and Original Oil in Place - 
The procedures fo r  estimating to ta l  o i l  recovery per well provided 

the necessary data fo r  determining the remaining o i l  reserves and O O I P  
for  each f ie ld .  Remaining reserves were calculated by subtracting cumu- 
la t ive  o i l  production from ul timate oi 1 recovery under current operating 
practice. Remaining reserves were estimated f o r  a to ta l  of 169 f i e l d s .  
This i s  more than are  reported to  be productive fo r  the.country because 
some f ie ld  discoveries a r e  shut-in, .pending pipeline connection and fur ther  
development. However, these unreported f i e lds  have exis t ing reserves fo r  
known wells as long as the wells a re  not plugged and abandoned. The to ta l  
remaining crude o i l  reserves for  existing wells in Nigeria as  of January 1 ,  
1976, i s  estimated t o  be 11.3 b i l l ion  barrels under the current. operating 
practices. 

Original o i l  i n  place i s  calculated to  be 44.2 b i l l ion  barrels  by 
dividing ultimate o i l  recovery by a recovery factor  for  those f i e l d s  where 
a volumetric estimate ,was not made. A  recovery fac tor  i s  estimated by E I A  
engineers on an' individual f i e l d  basis and averages 34.9 percent. 

Potential O i  1 Reserves From Secondary Recovery 

Secondary recovery does not appear to  be a major contributing fac tor  
to  the' potentia-l recovery in t h i s  country. Most of the published data indi- 
xate '  that  the f i e l d s  a re  under very act ive water drfves (encroaching edge 
or  bottom water), and , therefore a re  not 1 i kely candidates f o r  secondary 
recovery. A  cursory estimate of conventional secondary recovery potential  
indicates' about 1 bi 11 ion barrels  of eventual secondary oi 1 production. 
Therei'~t.e, the to ta l  proved and potential o i l  reserves from known f i e l d s  
are estimated t o  be 12.3 b i l l i on  barrels.  

The secondary recovery potential-estimating procedure consisted of 
identiiyi'ng those f i e lds  t h a t  were under gas expansion dr ive or  when the 
drive rirechanism was not known. Util izing a rule  of thumb, t h a t  the volume 
of seccndary o i l  recovery w i  11 equal the volume of primary o i l  recovery i n  
successful projects resu l t s  f n  an estimat.ed 1.97 b i l l ion  barrels  of poten- 
t i a l  'secondary recovery oi 1. However, as s ta ted ,  the drive mechanism i n  
some of the f i e lds  was not known and not a l l  projects would necessarily be 
successful. Therefore, the subjective estimate was reduced by approximately 
one-half, resul t ing i n  a to ta l  of 1 b i l l ion  barrels f o r  potential  secondary 
oi 1 recovery. 



The reader may question the 1ogi.c of the foregoing when consideration' 
i s  given to  the reinjection of s o l u t i ~ n  gas,, whi'ch i s  currently being 
f lared,  back into the large,  associated gas caps. However, re inject ion 
of gas into very act ive water drive f i e l d s  i s  more of a gas conservation 
e f fo r t  than i t  i s  a secondary recovery e f f o r t  unless one i s  trying to  hold 
the oil-water contact constant. This practice can also be a highly 
ef f ic ien t  o i l  recovery method (providing two sweeps through the reservoi r 
are made, one being displacement with gas and the other being displacement 
with water) b u t  could r e su l t  in a loss  of a large portion of the gas in 
the blowdown stage. Therefore, the reinjection of solution gas i s  not 
considered in the estimating procedure even though the practice could 
resu l t  in an increase i n  oi l ' recovery.  If  reinjection were considered, 
detailed digi ta l  or numeric modeling would be required t o  make estimates 
of the best method of recovery and quantify the potential secondary o i l ,  
and the data needed a re  not available.  Current plans in Nigeria a re  f o r  
the l iquifaction of the gas being f lared and i t s  sale  as  LNG. 

Data Sources and Reserves Compa'rison 

The data in th i s  study came from various sources such as  the AAPG 
Bulletins, International Petroleum Encyclopedia, World Oil ,  Oil and Gas 
Journal, Journal of Petroleum Technology, Twentieth Century Petroleum 
S ta t i s t i c s ,  Petroc.onsultants Giant Field Files and others. These data 
a re  limited for  Nigeria, and some a r e  suspect. Discussion with cer tain 
s t a f f  of private concerns resulted in a fur ther  e f f o r t  by them t o  obtain 
additional data needed. 

There i s  very close agreement i n  published figures regarding Nigeria's 
proved reserves. I t  i s  believed, however, t ha t  t h i s  may be largely a 
matter of cnlrrces quoting from each other rather  than independent e s t i -  
mates. Scme.o.f the higher estimates ( i n  the range of 18-20 b i l l ion  
barrels as of January 1 ,  1978) a re  believed to  be estimates of ultimate 
recovery. I f  one subtracts Nigeria's cumulative, production of 6.1 1 
b i l l  ion barrels to  January 1 ,  1978,. from the lower l imi t  of these estimates,  
i t  would lesve 12.0 b i l l ion  barrels of remaining reserves which is i n  close 
agreement to  the range of 12.0 t o  13.0 b i l l ion  barrels reported by other 
sources. Also, EIA's estimated 12.3 b i l l ion  barrels agrees with these 
estimates. 

Current industry estimates c i ted  in the l i t e r a t u r e  with respect t o  
natural gas reserves a re  in the range of 43 12) t o  52. (3) t r i l l  ion cubic 
feet .  . A t  the onset of this study, i t  was antTcipated tha t  the ' reserves 
of natural gas could a l so  be estimated by EIA, as well as, the o i l  reserves. 
However, the data necessary for  such estimates were more ,limited than those 
for  o i l .  Therefore, natural gas reserves were not estimated EIA. 

(2 )  - International Petroleum Encyclopedia, The Petroleum Pub1 ishing Co., 
1978, p. 270. 

(3) - Twentieth Centur-y Petroleum Stat. is  t i c s ,  DeGolyer and MacNauyhton, 
1978, p. 16. 



Nevertheless, i t  i s  believed t h a t  l a rge  quan t i t i e s  of natural gas l i qu id s  
and l iqu i f ied  natural gas as  well a s  condensate could be produced i n  the  
country fo r  export o r  in ternal  consumption when and i f  natural  gas l i q u i -  
fact ion plants a r e  ins ta l l ed .  

Range of Possible Production Capa bi 1 i t y  Prof i 1 es  

The method used t o  develop poss ible  supply pat terns  of Nigerian crude 
o i l  i s  based on the  works of Dr. M. King Hubbert (4), and re1 i e s  heavily 
on l o g i s t i c  curves, cumulative proved discovery da ta ,  and cumulative pro- 
duction data. The two data s e r i e s  used i n  t h i s  analysis  were purchased 
from Petroconsul t an t s  SA, Geneva, Switzerland. (Note: Mention of the  
data source does not i n  any way imply endorsement of t h a t  f irm by the  
EIA nor does i t  guarantee the  accuracy of sa id  da ta . )  The data a r e  a l so  
protected by contract  w i t h  the  U.S. Government and by copyright laws f o r  
t he  company. 

From annual production ( p ~  ) , t he  cumulative production (Q ), can be 
calculated and used i n  the  fol l&ing equation: P 

where Q = cmZa t i ve  discoveries, and 
D 

Q~ = remaining reserves a t  the end of mry given year. 

Therefore, transposing: 

That is ,  the cumulative proved discovery of o i l  a s  of any given year i s  
equal t o  ths remaining proved reserves- a t  the end of t h a t  year  plus the  
cumulative production a t  the  end of t h a t  year.  Delta Q ( A Q ~ ) ,  i s  the  
amount of cl-1 discovered in a given yea r  ( r a t e  of changg of cumulative 
discovery) and AQp ( r a t e  of change of  cumulative production),, i-s the  
amount of o i l  production i n  any given year  when aQ and AQp a r e  calculated. 
on an annual bas is .  Delta Qp ( A Q  ), is the  r a t e  o? change. i n  t he  remain- 
ing reserves per year. When Qp rgaches a maximum, [the instantan- 
eous r a t e  of change in remaining rese rves )  i s  equal A t  this 
time, dQdd t  ( t he  instantaneous r a t e  of  change in  proved discovery) i s  
equal t o  dQ /dt ( t he  instantaneous r a t e  of change in cumulative produc- 
t i on ) .   hug, the  der ivat ives  can be wr i t t en  as:  

when dQJdt = 0, then dQ /dt  = dQdd t .  
P 

(4)  - Hubbert, M.  K. U.S. Energy Resources, A Review a s  of 1972, Ser ia l  
No. 93-40 (92-75), Par t  I ,  1974, 267 pp. U.S. Government Pr int ing 
Office, Washington, D.C. 



Hubbert was very  c a r e f u l  i n  h i s  r e p o r t  prepared f o r  t h e  Committee 
on I n t e r i o r  and I n s u l a r  A f f a i r s  ( 4 ) ,  t o  s p e c i f i c a l l y  s t a t e  t h a t  " the  
curve o f  annual p roduct ion  f o r  any g i ven  f o s s i l  f u e l ,  whether f o r  a  
l o c a l  geographical reg ion  o r  fo r  t he  whole wor ld,  must have the  f o l l o w -  
i n g  c h a r a c t e r i s t i c s :  Such a curve must beg in  a t  zero. It must then 
r i s e  u n t i l  i t  reaches one o r  more maxima. . Then, i n e v i t a b l y ,  as the  

. q u a n t i t y  o f  the  resource i n  the  s p e c i f i e d  r e g i o n  e i t h e r  approaches 
exhaust ion o r  b,ecomes p r o h i b i t i v e l y  . d i f f i c u l  t t o  d iscover  and e x t r a c t  
from t h e  ear th ,  t h e  curve o f  annual product ' ion must e v e n t u a l l y  decl ' ine 
t o  zero." He a l s o  i n d i c a t e s  t h a t  f o r  l a r g e r  regions,  such as the  
Uni ted States, t h a t  t he  l o c a l  f l u c t u a t i o n s  wou.ld tend t o  cancel. each ' 

o ther  and t h e  combined product ion s t a t i s t i c s  a r e  f a r  more l i k e l y  to .  
g i ve  a  s i n g l e  c y c l e  having bu t  one p r i n c i p a l  maximum. The f u n c t ~ o n a l  
form he se lec ted t o  descr ibe the  cumulat ive d iscovery  curve f o r  t h e  
Uni ted Sta tes  i s  t h e  l o g i s t i c  equation. Using t h i s  f u n c t i o n a l  form, 
Hubbert w r i t e s  : 

where QD = cwmrZative proved discoveries, 

Q m m  = ultimate recovery, 

a = a constant, 

B = a constant, 

I t .  - to )  demtes the time af ter  some reference peTiod to, mtd 

e denotes the base of the Naperian ~Zogarithms, 

The choice o f  t h i s  func t i on  f o r  & i m p l i e s  t h a t  t h e  growth and decay 
o f  t h e  d iscovery r a t e  i s  symmetrical agout a  g i ven  p o i n t  i n  t ime. 

Hubbert assumes t h a t  t he  cumulat ive p roduc t ion  curve, Q rough ly  
takes the  same pa th  as the  cumulat ive d iscovery  curve, QD, lE iged  by an 
approximate t ime i n t e r v a l ,  ~ t .  

Hubbert 's  method o f  es t imat ing  t h e  parameters used i n  t h e  l o g i s t i c  
equat ion was never publ ished by him us ing formal  s t a t i s t i c a l  methods. 

'.(&) Work c i t e d  on pg. 18. 



However, Noel D. U r i ,  o f  E I A ,  i n  a recen t  p u b l i c a t i o n ,  ( 5 ) ,  has suggested 
a procedure f o r  e s t i m a t i n g  these parameters. The same type of procedure 
as used i n  U r i  ' s  pub1 i c a t i o n  was employed t o  es t ima te  t h e  parameters f o r  
t he  l o g i s t i c  curves developed and presented here in .  The procedure used 
by U r i  i s  'known as t h e  f u l l  in format ion maximum l i k e l i h o o d  (FIML) met'hod 
o f  TSP vers ion 3.1 (6 ) ,  and i s  ob ta inab le  on t h e  EIA computer. However, 
the  product ion capab71 i t y  schedule he re in  was determined by an important  
mod i f i ca t i on  i n  t h i s  method i n  t h a t  Qma i n  t h e  l o g i s t i c  equat ion was 
est imated independently by EIA from an es t imate  o f  t h e  undiscovered O O I P  
prepared under the  I n t e r n a t i o n a l  Resource Appra isa l  Program o f  t h e  USGS. 

Viewing Q, . ( u l t i m a t e  recovery)  as an e x t e r n a l l y  determined param- 
e t e r  has severa43hf fects as fol lows: The parameters c a l c u l a t e d  t o  f i t  
t h e  l o g i s t i c  curves t o  r e s u l t  i n  t h e  e x t e r n a l l y  est imated Qm are  
d i f f e r e n t  than what they would be by l e t t i n g  be a v a r i a R e .  Th is  
r e s u l t s  i n  the  l o g i s t i c  curves being fo rced  upward o r  downward (which- 
ever the  case may be; i n  th ' is  case, upward), t o  reach t h e  constant  Qmm. 
This  i s  e s s e n t i a l l y  what Hubbert d i d  when he s e t  Q,,,, a t  170 X 109 b a r r e l s  
f o r  t h e  Uni ted Sta tes  (4) .  The cumulat ive p roduc t ion  curve i s  a l s o  fo rced 
i n  the  same d i r e c t i o n  ' a5  the  cumulat ive d i scovery  curve r e s u l t i n g  i n  
h igher  o r  lower product ion  scheduling. De l ta  t, t h e  t ime l a g  between 
cumulat ive product ion  and cumulat ive d i scover ies  i s  e i t h e r  shortened o r  
lengthened, depending upon how much l a r g e r  o r  sma l le r  Qma i s  s e t  above 
o r  below t h e  value o f  Qmm one would normal' ly c a l c u l a t e ,  keeping Q,, as 
a parameter t o  be determined. 

As p rev ious l y  s tated,  cons ider ing  t h e  extreme range o f  values, the  
mean u l t i m a t e  o i l  recovery was se lec ted f o r  i l l u s t r a t i v e  purposes t o  
est imate the  maximum product ion  c a p a b i l i t y  p r o f i l e  and i l l u s t r a t e  t h e  
techniques used. I n  these techniques, t h e  parameters a and $ descr ibed 
e a r l i e r  were c a l c u l a t e d  w i t h  Qmm s e t  as a constant  27.1 X 109 ba r re l s .  
Thus, the  cumulat ive d iscovery curve, QD, and cumulat ive p roduc t ion  

curve, 2 , were c a l c u l a t e d  us ing  t h e  l o g i s t i c  equat ion  and a l s o  w i t h  a 
m o d i f i e  vers ion  o f  the  l o g i s t i c  equation. 

(4) Work c i t e d  on pg. 18. 

(2) U r i  , Noel D. A Re-Examination o f  Undiscovered O i l  Resources i 'n the  
Uni ted States.  December, 1978, 16 pp., U.S. Department o f  Energy, 
Energy In fo rmat ion  Admin is t ra t ion ,  Washington, D.C. 

(6)  - Hal 1, Bronwyn H. TSP, Time Ser ies Processor ( ve rs ion  3.1 ) , Energy 
Laboratory, No. MIT-EL 76-002 P, Report submit ted t o  t h e  Federal 
Energy Admin is t ra t i on  under FEA Cont rac t  No. C0-03-60411-00, 
January, 1976. 



A. Fortran program was written that  computes the path of the log i s t i c  
curves. With that  program the del ta  cumulpti,ye production. DQp,  (defined 
herein as the annual capabi l i ty  to  produce), was calculated annually to  a 
point in the future where & .would be obtained. This represents the 
capabili ty to  produce annuayc o u t  to  a 100 percent depletion level.  
That i s ,  the. capabi 1 i t y  to  produce a t  annual ra tes  equivalent t o  AQp{ 
through AQp to  100 percent depletion providing there were n o p o l i t i c a l  
restraints  and there f s  a market for  the o i l .  

Production Capabili'ty Schedule - Standard Logistic Equation 

When using the standard log i s t i c  function to  estimate cumulative 
discoveries fo r  the U.S., i t  Ss assumed tha t  the cumulative discovery 
ra te  and the cumulative production r a t e  will decline a t  some breakover 
point in time. Also, the derivative of the log i s t i c  curves a re  symmetri- 
cal about tha t  point i n  time. 

Figure 6 i s  derived from the log i s t i c  equation predicting discovery 
rates and cumulative production rates .  The r e su l t s  shown suggest t ha t  
Nigeria might have the capabi l i ty  to  produce a t  an unrestr ic ted r a t e  of 
about 3.8'million barrels  per calendar day i n  i t s  peak year which occurs 
in 1982, and also suggests tha t  the annual decline r a t e  a f t e r  peak cap- 
a b i l i t y  is attained would exceed 20 percent i f  the o i l f i e l d s  were produced 
a t . t h i s  unrestricted ra te .  EIA engineers do not consider t h i s  case t o  be 
reasonable because an exploration and development program w i  11 most 1 i kely 
continue for  a long time into the future,  thereby reducing the  r a t e  of 
product? cn dccl i ne . 

X.c:'hi.i;3 seem more reasonable to  s h i f t  the calculated curve shown in 
f igure  6 . ~ 0  it intercepts the l a s t  known data o in t  in 1977. This can be 
done siniply by s e t t i n g . t h e  quantity, - ~ ( t  - to ! in the equation equal t o  
- ~ [ ( t )  - ( t  + 3)]. However, a l l  t h i s  accomplishes is t o  shif t  the peak 
unrestricte8 dai ly  r a t e  of 3.8 million barrels t o  the year 1985. While 
the peak production r a t e  seems t o  be more reasonable f o r  t h i s  point i n  
time, the decline r a t e  a f t e r  t h i s  peak r a t e  again does not seem feasible .  
Nigeria was ~roducing about 6 percent of i t s  proved reserves during 1977 
and s l ight ly  more than 6 percent during the highest output year of 1974. 
Assuming tha t  Ni gerSa could produce 10 percent of t h e i r  reserves r e su l t s  
in an unrestricted productive capabi'lity of 3.45 MM bopd which i s  l e s s  
than the calculated peak production ra te  using the standard l o g i s t i c  
function. I t  i s  cer ta in ,  however, t ha t  the country could have produced 
more than the average actual output of about 2.1 MM bopd during 1977. 
Just  how much more is  conjectural and would have been 1 imited -because of 
surface f a c i l i t y  r e s t r i c t ions .  The Central 1nt6ll i.gence. Agenq rep.0rt.s. 
a sustainable producing capacity of 2.4 MM bopd' which i s  about 90 to  95 
percent of instal led equipment capacity as of June 1979. 





Spec i f i c  government a c t i o n  may have slowed t h e  growth o f  proved 
reserves i n  the  l a t t e r  h a l f  o f  t h e  1970's. Because o f  a l a c k  o f  market, 
the  Niger ian government c u r t a i l e d  p roduc t ion  and t h i s  a c t i o n  may have 
slowed the d r i l l i n g  e f f o r t .  However, by e a r l y  1979, the  government. 
permi t ted product ion s l i g h t l y  above 2.4 MM bopd which i s  N i g e r i a ' s  a l l -  
t ime high. Whether o r  n o t  t h i s  a c t i o n  w i l l  r e s u l t  i n  h ighe r  e x p l o r a t o r y  
a c t i v i t y  by i n d u s t r y  i s  n o t  c e r t a i n .  

I t  i s  be l ieved t h a t  most of t he  undiscovered o i l  resources o f  t h e  
country w i l l  probably be found i n  t h e  near o f f sho re  prov ince o f  t h e  
Niger  Del ta.  These resources probably w i l l  n o t  be developed as f a s t  as 
those i n  the onshore p r o l i f i c  b e l t .  Th i s  i s  due t o  d e f i n i t e  long-term 
t ime lags  invo lved from d iscovery  t o  product ion .  Plat forms have t o  be 
ordered, bui  1 t and p laced on l o c a t i o n  before devel op'mental d r i  11 i n g  can 
begin. P ipe l ines  have t o  be b u i l t  a l s o  be fo re  product ion  commences. 
Furthermore, t h e  undiscovered commerc5al o i  1 f i e l d s  o f f sho re  may n o t  be 
as numerous as those d iscovered onshore. As one progresses south of t h e  
p r o l i f i c  b e l t  t o  the  coast ,  t he  geo log ic  s t r u c t u r e s  seem t o  become 
more "gas prone." However, t he re  may be as many s t r u c t u r e s  o f f s h o r e  as 
onshore and the  second l a r g e s t  o i  l f i e l d  i n  N i g e r i a   e em be creek)  i s  south 
o f  thc  p r o l i f i c  b e l t .  

Because the  method employed by Hubbert f o r  t h e  Un i ted  Sta tes  assumes 
t h a t  the  product ion and reserves a r e  d iscovered a t  t h e  same r a t e  i n  t h e  
f u t u r e  as t h a t  o f  t he  pas t  r e s u l t s  i n  what i s  be l i eved  t o  be too  r a p i d  
a dec l ine  i n  product ion  for N ige r ia ,  some adjustments must be made. Th is  
i s  because i t  i s  be l i eved  t h a t  w h i l e  t h e  c o u n t r y ' s  N iger  De l ta  i s  i n  the  
mature stage o f  e x p l o r a t i o n  and development and t h e  d iscovery  r a t e  w i l l  
slow -down as i t  has i n  o the r  mature areas, i t  nevertheless w i l l  be enough 
t o  reduce the r a t e  of p roduc t ion  dec l ine .  Therefore, E I A  engineers be l i eve  
based on t h e i r  knowledge o f  t h e  geology of t h e  o f f s h o r e  area and t h e  fo re-  
going discussion, t h a t  t h e  r a t e  o f  d iscovery  o f f s h o r e  w i l l  be much s lower 
than i t  was onshore i n  t h e  pas t  b u t  i t  w i l ' l  be enough t o  reduce t h e  r a t e  
of product ion dec l ine .  Hence, a method was devised t o  dece lera te  t h e  
l o g i s t i c  curves a f t e r  peak product ion  c a p a b i l i t y  i s  a t ta ined .  

P r o d u c t i ~ n  C a p a b i l i t y  Schedule - Mod i f i ed  L o g i s t i c  Equation 

As prev ious ly  noted;M. King Hubbert 's  method o f  p r e d i c t i o n  f o r  t h e  
Un i ted .Sta tes  i s  based on a symmetrical mathematical f u n c t i o n  which i s  
t h e  d e r i v a t i v e  of the  s-curve ( l o g i s t i c  curve)  thought  t o  be represent-  
a t i v e  o f  the  cumulat ive d iscovery  func t i on  i n  a c losed system. However, 
one must consider the  f a c t  t h a t  Hubbert 's  rep resen ta t i on  was proposed f o r  
t h e  U.S. i n d u s t r y  experience wh.ich was developed over a pe r iod  of approx i -  
mately 100 years and covers many provinces,  whereas N i g e r i a  i s  o n l y  one 
province. Also, one must consider  when app ly ing  such an a n a l y t i c a l  
approach t o  o the r  producing nat ions ,  t h e  t ime  frame i n  which these 
nat ions  were developed. Technology and t h e  s t a t e  o f  t he  a r t  o f  optimum 
exp lo ra t i on  and development were' being fo rmula ted d q i n g  U.S. h i s t o r y .  



Technology, for  a1 1 practical purposes, had been developed and existed 
as  a rea l i ty  as f a r  as nations w i t h  recent o i l  development are  concerned. 
Therefore, i t  does not seem unreasonable tha t  the method could describe 
the United States  very well but would f a l l  short  in  description of other 
nations t h a t  have been developed in recent years. This i s  especially 
relevant when one considers the speed with which these countries are  
developed and the fac t  that  the best  s t ructures  a re  ident i f ied using 
modern technology and tested in a very shor t  time a f t e r  exploration 
begins. The question, therefore,  is "are there be t te r  ways t o  mathe- 
matically describe the s-curve discovery and production functions for  
younger developing nations?" 

I t  i s  believed tha t  the time r a t e  of change of Nigerian cumulative 
discovery and of cumulative production a r e  not symmetrical functions, 
i . e . ,  reserves found in any year will  be discovered very rapidly a t  
f i r s t  and then begin to  diminish on a per-well-or-footage basis,  as 
well as  slow down with time. In Nigeria, the net e f f ec t  of th i s  assump- 
t ion i s  that annual production will increase rapidly during the f i r s t  
decade plus, r i s e  to  a peak, and then decline with time more slowly than 
i t  rose. 

I t  i s  assumed tha t  there will be su f f i c i en t  exploration success 
acd development ac t iv i ty  to  maintain an o i l  production decline r a t e  tha t  
gradual ly approximates 10 percent per year. Of course, the exponential 
decline ra te  can be varied, b u t  se t t ing  i t  a t  about 10 percent seems 
reasonable. Therefore, for  t h i s  analysis,  the EIA has made the follow- 
ing.  ?r-.v~mptions: 

. I .  The annual discovery function i s  not symmetrical w i t h  time; 
7 . .  The largest  decline r a t e  tha t  wi-11 be experienced i s  fixed 

a f t e r  peak production capabili'ty i s  attai.ned and equal to  . -. 

82; and 
3.  Q,, i s  an externally determined constant. 

The modified form of the log i s t i c  function chosen. t o  incorporate - 
these assumptions i s :  

where Qmat = ultimate recovery, 



al = a constant, 

a = a constant, 
2 

a = a constant, 3 

B = a constant, 1 

6 = a constant f ZO percent), 2 

(t - to) denotes the time a f t e r  some reference period, 

to J 

and e denotes the base o f  the Naperian logarithms. 

This f u n c t i o n  i s  a  sum-of  two l o g i s t i c  f unc t i ons .  The d e r i v a t i v e  
o f  the f i r s t  f u n c t i o n  increases r a p i d l y ,  peaks sharp ly ,  and dec l ines  
r a p i d l y .  The second f u n c t i o n  increases more s low ly ,  peaks l a t e r ,  begins 
d e c l i n i n g  more gen t l y ,  and e v e n t u a l l y  dec l i nes  a t  a  r a t e  o f  10 percent  
per  year .  The d e r i v a t i v e  o f  t he  sum o f  t h e  two curves increases r a p i d l y ,  
peaks a t  a  lower r a t e  than the  r a t e  ob ta ined f rom t h e  d e r i v a t i v e  of the  
standard l o g i s t i c  f u n c t ~  on and decl  i nes  e x p o n e n t i a l l y  a t  a  r a t e  approxi - 
mat ing 10 percent.  

De l ta  t ( A t ) ,  i s  t he  t ime between t h e  l a s t  y e a r ' s  cumula t ive  produc- 
t i o n  .and i t s  corresponding cumulat ive d iscovery  p o i n t  on t h e  dfscovery 
curve. The annual p roduct ion  c a p a b i l i t y  curve, dQ /d t ,  f o r  p r o j e c t i o n  
purposes i s  an exac t  r e p l i c a  o f  t h e  cumula t ive  d isgovery r i t e  curve, 
dQD/dt, b u t  i t  l a g s  by ~ t .  I t  i s  understood t h a t  t he  p roduc t i on  cap- 
a b i l i t y  curve w i l l  n o t  be i d e n t i c a l  i n  shape t o  t h e  cumula t ive  d iscovery  
r a t e  curve b u t  i t  should roughly approximate it, n o r  would i t  be expected 
t h a t  A t  would remain constant  i n  t h e  fu tu re .  The r e s u l t s  ob ta ined us ing  
the fo rego ing  f u n c t i o n  a r e  shown i n  f i g u r e  6 and l a b e l e d  the  modi f ied 
l o g i s t i c  cu rve .  

F igure  6 suggests t h a t  the maximum r a t e  o f  p roduc t i on  t h a t  cou ld  be 
obta ined i s  3.3 MM bopd, which would occur  i n  t h e  y e a r  1984 i f  a l l  
p roduct ion  c o n s t r a i n t s  a re  removed. However, i t  i s  p o i n t e d  o u t  t h a t  
t he re  a re  c u r r e n t  equipment c o n s t r a i n t s  as w e l l  as o t h e r  i n f r a s t r u c t u r e  
c o n s t r a i n t s  on t h e  product ion  r a t e s  i n  N ige r ia .  It i s  s p e c u l a t i v e  as 
t o  what l e v e l  t he  N ige r ian  government w i ' l l  a l l o w  p roduc t i on  t o  c l i m b  as 
i s  the  r a t e  a t  which i n d u s t r y  can increase product ion.  



A1 t e r n a t e  Product ion Schedules 

The purpose o f  t h i s  s e c t i o n  i s  t o  a s c e r t a i n  what N i g e r i a ' s  l ong  and 
s h o r t  term supply c a p a b i l i t y  i s ,  i .e. ,  how long  N i g e r i a  can supp ly  o i l  
a t  a  given l e v e l .  I n  o rde r  t o  make t h i s  de terminat ion ,  c e r t a i n  assump- 
t i o n s  are  necessary.. Poss ib le  annual p roduc t i on  l e v e l s  can be assumed 
a t  any p o i n t  up t o  an approximate peak l e v e l  o f  3.3 MM bopd, f rom t h e  
mod i f ied  l o g i s t i c  curve shown i n  f i g u r e  6. The bas ic  problem i s  t o  
determine when, a t  a cons tant  o i l  p roduct ion  r a t e ,  d e c l i n e  w i l l  begin. 
Th i s  depends upon cumula t ive  product ion,  t h e  se lec ted  p roduc t i on  r a t e  
i n  ensuing years,  the  d e c l i n e  r a t e  t h a t  would occur  when p roduc t i on  
d e c l i n e  s t a r t s ,  and u l t i m a t e  recovery. The o n l y  va lue  t h a t  i s  known 
w i t h  reasonable c e r t a i n t y  i s  t h e  cumulat ive product ion .  The u l t i m a t e  
recovery i s  es t imated by m u l t i p l y i n g  the recovery  f a c t o r  by t h e  mean 
value of the undiscovered OOIP, as est imated by the  U.S. Geo log ica l  
Survey, and adding t h a t  va lue t o  t o t a l  es t imated u l t i m a t e  recovery  as 
o f  January 1, 1978, f o r  known f i e l d s .  For example, t h e  r e s u l t a n t  va lue  
i s .27 .1  b i l l i o n  b a r r e l s  f o r  t h e  mean u l t i m a t e  recovery.  The d e c l i n e  r a t e  
o f  10 percent  i s  a l s o  est imated as p r e v i o u s l y  discussed. 

To determine when o i l  p roduct ion  d e c l i n e  w i l l  begin a t  any g iven 
product ion  l e v e l  i s  a  s imple mathematical exerc ise ,  cons ide r ing  the  
assumptions made as t h r e e  o f  t he  f o u r  r e q u i r e d  v a r i a b l e s  a r e  known o r  
est imated. These are:  ( 1 )  t h e  cumulat ive o i l  p roduc t i on  o f  6.11 X 109 
b a r r e l s  as o f  January 1, 1978; (2)  t h e  annual o i l  p roduc t i on  d e c l i n e  r a t e  
o f  10 percent;  and (3)  t h e  mean u l  t ima te  o i l  recovery  o f  27.1 X 109 
b a r r e l s  as o f  January 1, 1978. One need o n l y  assume a  cons tant  annual 
p roduct ion  l e v e l  equal t o  o r  below the  peak l e v e l  o f  3.3 MM bopd as 
shown i n  f i g u r e  6, c a l c u l a t e  t h e  product ion  d u r i n g  d e c l i n e  t o  near-  
zero  product ion  l e v e l ,  add t h e  cumulat ive p roduc t i on  t o  the  p roduc t i on  
d u r i n g  decl ine,  s u b t r a c t  t h i s  sum f rom u l t i m a t e  recovery, and d i v i d e  t h e  
remaining u l t i m a t e  recovery  by  the  assumed constant  p roduc t i on  t o  o b t a i n  
the  number o f j e a r s  the  cons tant  annual p roduc t i on  m i s h t  be mainta ined.  
Th i s  procedure assumes t h a t  e x p l o r a t i o n  and development would con t i nue  
a t  a  reasonable r a t e .  The r e s u l t s  obta ined u s i n g  t h e  method descr ibed 
above are  i l l u s t r a t e d  i n  t he  summary i n  f i g u r e  2. Also, t he  r e s u l t s  
ob ta ined us ing  t h e  f i v e  d i f f e r e n t  u l t i m a t e  recove r ies  a r e  shown i n  t a b l e  1  
i n  t he  summary. 
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Introduction 

Cretaceous-age and younger sedimentary rocks make up about half t he  
surface  a rea  of Nigeria. The remaining half  i s  made up of igneous and 
metamorphic rocks, which a r e  unprospective f o r  o i l  and gas. The g r e a t e s t  
thickness of sedimentary rocks i s  i n  t h e  southern par t  of Nigeria i n  the  
Niger Delta. The a rea  of the  Niger Delta i s  approximately the  same s i z e  
as the  a rea  of the  Miss iss ippi  River Delta; however t h e  o i l  and gas 
productive a rea  of the  Miocene, Pliocene,  and Pleistocene trends of the  
Mississippi  River Delta i s  considerably l a rge r  than t he  productive trends 
of the  Niger Delta. Three major hydrocarbon trends a r e  found i n  southern 
Nigeria,  and these  a r e  from o ldes t  t o  youngest: (1)  lower Turonian and 
Senonian to lower Maestrichtian sandstones; (2)  Maestrichtian bituminous 
sands; and (3) Eocene t o  Ple is tocene sands (Fig. 1). I n i t i a l  o i l  and gas 
exploration was concentrated i n  the  Cretaceous trend nor th  of the present  
Niger Delta; however, all current  production i s  from Ter t i a ry  d e l t a i c  
sands on which this paper w i l l  focus. 

Evolution of the  Niger Delta Basin 

Evolution of the  Niger Delta sedimentary basin  began i n  Early 
Cretaceous t i m e  (Aptian and Albian) when t he  Benue-Abakoliki Trough 
or iginated a s  an arm of t he  t r ip le - junc t ion  r i f t - r i dge  system t h a t  
i n i t i a t e d  the  separat ion of South America from Africa (Fig. 2). The 
Benue-Abakoliki Trough w a s  flanked by the  Anambra Platform on the northwest 
and t h e  Ikpe Platform/Oban Massif on t h e  east-southeast.  The trough was 
f i l l e d  by more than 10,000 f e e t  of sediments of Albian t o  Coniacian Age 
(Weber and Daukoru, 1975). During t he  Santonian, the  Benue-Abakoliki 
Trough w a s  up l i f t ed  t o  form the  Abakoliki Highl~enue folded b e l t ,  and t h e  
Anambra Platform w a s  downwarped t o  form the  Anambra Basin (Murat, 1970). 
Exist ing from the  Campanian t o  the  Paleocene were the  l a rge  Anambra Basin 
and two smaller basins--the Ofikpo Syncline and t he  Ikang Trough. Within 
the  Anambra Basin was the  Onitsha High, poss ibly  formed by block f au l t i ng  
and t i l t i n g  (Weber and Daukoru, 1975)--a t ec ton ic  s t y l e  common t o  r i f t e d  
cont inenta l  margins. The formation of protodel tas ,  which s t a r t e d  i n  the  
Cretaceous, was terminated by a major marine transgression i n  t he  Paleocene. 
The formation of the  present Niger Delta began with a major regress ion i n  
middle Eocene t i m e .  The g r ea t  th ickness  of sediments t h a t  produce o i l  

a and gas i n  the Niger Delta Basin was deposited between Eocene and Holocene 
time (Fig. 3) (Weber and Daukoru, 1975). 



(1) CRETACEOUS TREND 

(2) CRETACEOUS BITUMINOUS-SAND TREND 
(3) TERTMRY TREND 

Figure 1. General geclogical map and major producingttrends of the Niger 
Delta and environs (Modified from Avbovbo and Ogbe, 1978, and 
Frsnkl and Cordry , 1967). 





Figure 3. Tertiary evolution of Niger Delta (Evamy and others, 1978). B- 4 



negional Stratigraphy and Reservoir Rocks 

The following discussion on s t ra t igraphy,  taken mainly from Short 
and' Stauble (1967) and Frankel and Cordry (1967), i s  l imited t o  the 
present (Eocene to  Holocene) Niger Delta Basin. Beginning i n  the  
Tert iary,  the sea transgressed the whole of southern Nigeria, termi- 
nat ing the  development of Cretaceous protodeltas. As a r e s u l t  of t h i s  
major transgression,  t he  Imo Shale was deposited i n  an embayment with 
an ax i s  roughly coinciding with the  modern lower Niger River. The 
Imo Shale, deposited i n  n e r i t i c  t o  bathyal environments, ranges i n  age 
from Paleocene t o  middle Eocene and i s  composed of shales with l oca l  
interbeds of limestones, sandstones, and marls. Lateral  arenaceous 
equivalents of the  Imo a r e  known i n  Eastern Nigeria. 

After deposition of the t ransgressive Imo Shale, the  bulk of 
Eocene t o  Holocene sediments that make up the  thick wedge of sediments 
from which o i l  and gas a r e  produced i n  the modern Niger Delta Basin 
(Fig. 4)  were deposited during a major regression. Avbovbo and Ogbe 
(L978) estimated that approximately 28,000 f e e t  of Ter t iary sediments 
was deposited i n  the Niger Delta Basin. The th ick  wedge of Ter t iary 
sediments has been divided i n t o  th ree  diachronous (time transgressive) 
rock-stratigraphic formations: Akata Formation, Agbada Formation, 
and Benin Formation (Fig. 5). 

The basal u n i t ,  t he  Akata Formation, i s  composed primarily of marine 
shales  l a i d  down i n  f ron t  of the  advancing de l t a ,  and ranges i n  age from 
Eocene to Holocene. The benthonic foraminiferal  assemblages ind ica te  
deposition of the  prodelta shales  on a shallow-marine shelf .  The Akata 
Formation is  characterized by uniform shale  development with some sand 
and s i l t  beds t h a t  were deposited i n  a deeper water environment (Weber 
and Daukoru, 1975). L i t t l e  is known about the d i s t r i bu t ion  and frequency 
of occurrence of these deep-water sands, because th ick  sect ions  of shale ,  
generally abnormally pressured, have to  be d r i l l e d  before the sands a r e  
found. These r e l a t i ve ly  unexplored sands could be important hydrocarbon 
reservoirs  i n  the future.  The Akata Formation underlies the whole Niger 
Delta and seems t o  be continuous but diachronous with the outcropping Imo 
Shale. The Akata Formation is penetrated i n  most of the onshore f i e l d s  
between 12,000 and 18,000 f e e t  and i n  most of the  offshore f i e l d s  between 
5;000 and 10,000 f ee t .  For all p rac t i ca l  purposes, the  top of the Akata 
Formation (Fig. 6a) represents economic basement, with the possible 
exception of i so la ted  deep-water sands mentioned above. 

The Akata Formation i s  overlain by the Agbada Formation, which 
contains the primary exploratory ob ject ive/reservoir  rocks of the 
Niger Delta. The Agbada Formation i s  more than 12,000 f e e t  th ick  i n  the  

0 cent ra l  par t  of the d e l t a  and ranges i n  age from Eocene f a r  inland t o  
Plio-Pleistocene offshore (Fig. 6b). The Agbada Formation, b u i l t  from 



Figure 4. Schematic dip section of the Niger Delta (Frznkle and Cordry, 1967). 



Figure 5. Type sketch of the Niger Basin stratigraphy and depositional 
environments (Aliu and Novelli, 1974). 
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WLE UWTION 

Figure 6a. Structural map of top of Akata Formation (Avbovbo, 1978). 

Figure 6b. Isopach map of Agbada Formation (Avbovbo , 1978) 
B- 8 



numerous d e l t a i c  o f f l a p  c y c l i c  sequences of marine and f l u v i a l  d e p o s i t s ,  
i s  p re sen t  throughout t h e  whole Niger Del ta  subsur face .  Each deposi-  
t i o n a l  cyc l e  ranges i n  t h i ckness  from 50 t o  300 f e e t  and, i n  ascending 
o r d e r ,  g e n e r a l l y  c o n s i s t s  of a t h i n  f o s s i l i f e r o u s  t r a n s g r e s s i v e  marine 
sand and a n  o f f l a p  sequence of marine s h a l e  and laminated f luv iomar ine  
sediments  (Weber, 1971). Th i s  c y c l i c  sequence of r e s e r v o i r  rock deposi- 
t i o n  exp la ins  t h e  m u l t i r e s e r v o i r s  of most of t he  Niger ian  o i l  and gas 
f i e l d s .  I n  g e n e r a l ,  t h e  upper p a r t  o f ' t h e  t o t a l  Agbada s e c t i o n  i s  
i n t e r c a l a t e d  sands (about  75 pe rcen t )  and s h a l e s  (about  25 p e r c e n t ) .  
The lower p a r t  of t h e  t o t a l  s e c t i o n ,  which probably accounts  f o r  t he  
bulk of t h e  hydrocarbon r e s e r v e s ,  i s  about  5 0 . p e r c e n t  sand and 50 pe rcen t  
sha le .  The sands tones ,  which make up t h e  r e s e r v o i r  rocks ,  a r e  very  
coa r se  t o  ve ry  f i n e  g r a i n e d ,  s l i g h t l y  conso l ida t ed ,  f e l d s p a t h i c ,  f a i r l y  
c l ean ,  and l o c a l l y  ca l ca reous ,  g l a u c o n i t i c ,  and she l ly .  So r t ing  g e n e r a l l y  
i s  poor. The s h a l e s  a r e  medium t o  da rk  g ray ,  f a i r l y  hard and s i l t y ,  and 
c o n t a i n  mainly k a o l i n i t e  (75 pe rcen t )  and small amounts of mixed l a y e r s  
of i l l i t e  and montmor i l lon i te  (Avbovbo and Ogbe, 1978). These i n t e r -  
c a l a t e d  s h a l e s  make up t h e  v e r t i c a l  s e a l s  i n  t h e  f i e l d s  of t h e  Niger 
Delta.  I n  f a c t ,  t h e  product ion  t akes  p l ace  where i t  does because t h e s e  
t r a n s g r e s s i v e  s h a l e s  a c t  a s  v e r t i c a l  s e a l s  t o  t h e  migra t ion  of hydro- 
carbons--the s h a l i e r  than  n o r m a l . i n t e r v a l s  a r e  product ive ,  and t h e  
sand ie r  t han  normal i n t e r v a l s  a r e  nonproduct ive (Da i l l y ,  1976). 

Most of t h e  r e s e r v o i r  rocks of t h e  Nigerian f i e l d s  a r e  p re sen t  i n  
t h e  Agbada Formation and a r e  of e x c e l l e n t  q u a l i t y ;  p o r o s i t i e s  a r e  
between 28 and 32 pe rcen t  and p e r m e a b i l i t i t e s  i n  t he  darcys (Habar ta ,  
1970). The o f f sho re  Okan f i e l d  has p e r m e a b i l i t i e s  a s  h igh  a s  5 darcys.  
The r e s e r v o i r  rock q u a l i t y  and geometry i s  s t r o n g l y  dependent on t h e  
d e p o s i t i o n a l  environinent. For example, t h e  pre-Miocene r e s e r v o i r  rocks  
were depos i ted  a s  widespread cont inuous sands,  p o i n t  b a r s ,  and channel 
sands,  whereas t h e  Miocene t o  Holocene r e s e r v o i r  rocks were probably 
depos i ted  a s  b a r r i e r  b a r s  l e s s  t han  36 f e e t  t h i c k  (Weber and Daukoru, 
1975; Weber, 1971). The pre-Miocene d e l t a  was probably more l o b a t e  i n  
shape, owing t o  t he  sma l l e r  i n f l u e n c e  of longshore  c u r r e n t s ,  t han  the  
Miocene t o  Holocene d e l t a ,  which w a s  s t r o n g l y  inf luenced  by t h e  p reva i l -  
ing south-wester ly winds and t h e  r e g u l a r  p a t t e r n  of long shore  c u r r e n t s .  
Th i s  d i f f e r e n c e  i n  c u r r e n t  p a t t e r n  could  exp la in  t h e  d i f f e r e n c e  i n  
d e p o s i t i o n a l  environment. The m u l t i r e s e r v o i r s  i n  many of t h e  f i e l d s  
a r e  made up of superimposed r e s e r v o i r  rocks  t h a t  were depos i t ed  i n  t h e  
same o r  d i f f e r e n t  sedimentary environments.  This  adds t o  the  complexi ty 
of t h e  reservoir-rock system of most of t h e  Nigerian f i e l d s .  

The uppermost u n i t ,  t h e  Benin Formation, i s  mainly freshwater-  
bear ing  massive c o n t i n e n t a l  sands and g r a v e l s  depos i t ed  i n  an upper 
d e l t a i c - p l a i n  environment w i t h  on ly  l o c a l  s h a l e  i n t e rbedd ings  (Fig.  7a ) .  
The Benin Formation i s  a s  much a s  6,000 f t  t h i c k ;  t he  a r e a  of maximum 
th i ckness  i s  co inc iden t  w i t h  t h a t  of t h e  Agbada Formation (Fig.  7b).  
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Figure 7a. Isopach map of freshwater-bearing Tertiary Formations 
(Avbovbo , 1978) . 
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Figure 7b. Isopach map of Benin Formation (Avbovbo, 1978). 



The h ighes t  occurrence of marine f o r a m i n i f e r a  s e p a r a t e s  the  Benin Forma- 
t i o n  from t h e  under ly ing  Agbada Formation (Shor t  and S taub le ,  1967, and 
Avbovbo and Ogbe, 1978). The sands and g r a v e l s  of t he  Benin Formation 
may r ep resen t  point-bar d e p o s i t s ,  b r a ided  s t reams,  channel  f i l l s ,  o r  
n a t u r a l  l e v e e s ,  whereas t h e  s h a l e s  may be  i n t e r p r e t e d  a s  backswamp 
d e p o s i t s  and oxbow f i l l s .  The sands and sandstones a r e  c o a r s e  gra ined  t o  
very  f i n e  g ra ined ,  ve ry  poor ly  s o r t e d ,  subangular  t o  w e l l  rounded, 'and 
do n o t  show l a t e r a l  c o n t i n u i t y .  The p o r o s i t y  of t h e  sands i s  h igh ,  b u t  
t h e  permeabi l i ty  i s  low. The few s h a l e s  t h a t  a r e  p re sen t  a r e  g r a y i s h  
brown, sandy t o  s i l t y ,  and c o n t a i n  some p l a n t  remains and l i g n i t e .  I n  
t he  subsu r face ,  t h e  Benin Formation i s  Oligocene i n  t h e  n o r t h  and 
Holocene near  t h e  c o a s t l i n e .  Although t h e  c o n t i n e n t a l  Benin Formation 
i s  g e n e r a l l y  f r e shwa te r  bea r ing ,  h i g h l y  porous , .and  has  v e r y  few s e a l s ,  
a  few f i e l d s ,  bo th  onshore and o f f s h o r e ,  produce from c o n t i n e n t a l  
r e s e r v o i r s .  F igure  8 i s  a  r e g i o n a l  east-west s t r a t i g r a p h i c  c r o s s  s e c t i o n  
through t h e  N i g e r , D e l t a  showing t h e  Akata, Agbada and Benin Formations. 

Regional S t r u c t u r e  and Petroleum Traps  

The Niger De l t a  has  produced hydrocarbons from lower Turonian t o ,  
probably,  Pleis tocene-age rocks. However, v i r t u a l l y  a l l  t h e  c u r r e n t  
Nigerian product ion comes from Ter t ia ry-age  rocks  i n  t h e  Niger Del ta .  
The o i l  and gas  product ion  from t h e  Niger De l t a  i s  t y p i c a l  of T e r t i a r y  
d e l t a i c  product ion such a s  t h a t  from t h e  U.S. Gulf Coast. Seventy-seven 
percent  of t h e  proven o i l  r e s e r v e s  has  been discovered i n  a  narrow 
a r c u a t e  t r end  t h a t  c u t s  a c r o s s  t h e  d e p o s i t i o n a l  and s t r u c t u r a l  t r ends  
of t h e  d e l t a  from t h e  o f f s h o r e  wes t e rn  f l a n k  of t h e  Niger De l t a  t o  i t s  
o f f sho re  southwestern f l a n k  (Fig. 9 )  (Avbovbo and Ogbe, 1978). The 
f i e l d s  n o r t h  and sou th  of t h i s  p r o l i f i c  a r c u a t e  product ive  t rend  account  
f o r  only 8 percent  and 15  percent  of t h e  r e s e r v e s ,  r e s p e c t i v e l y  (Avbovbo 
and Ogbe, 1978). Like t h a t  of t h e  Gulf Coast ,  t h e  age of t h e  product ion  
dec reases  i n  a  seaward d i r e c t i o n  (Fig.  10).  The f i e l d s  l o c a t e d  i n  t h e  
p r o l i f i c  a r c u a t e  t rend  produce from rocks  of Miocene t o  P l iocene  age. 

These product ive  t r e n d s ,  l i k e  t hose  of t h e  Gulf Coast ,  a r e  de l in -  
ea t ed  by l a r g e  r e g i o n a l  growth f a u l t s ,  o r  a  s e r i e s  of c l o s e l y  spaced 
en  echelon growth f a u l t s  (Fig.  11) .  The throw of t h e s e  major r e g i o n a l  
growth f a u l t s  i s  probably g r e a t e r  than 2,500 f e e t .  The f a u l t  t r e n d s  a r e  
p a r a l l e l  t o  t he  pa l eoshore l ines  and s h e l f  edge. Because growth f a u l t s  
a r e  syndepos i t i ona l ,  t h e i r  age dec reases  toward t h e  present-day shore- 
l i n e .  The major r e g i o n a l  growth f a u l t s  t h a t  bound the  product ive  t r ends  
updip "expand" the  th i ckness  of t h e  downthrown time-equivalent s e c t i o n  
t h a t  produces w i t h i n  t h a t  trend. 

Most of t he  t r a p s  i n  t he  Niger De l t a  a r e  a n t i c l i n e s  produced by 
d i f f e r e n t i a l  compaction and r o l l o v e r  of s t r a t a  on t h e  downthrown block 
of r e g i o n a l  growth f a u l t s .  The f a u l t  g e n e r a l l y  does no t  provide the  
updip l a t e r a l  s e a l  bu t  on ly  t h e  mechanism f o r  t rapping.  Gentle  undula- 
t i o n s  of t he  r eg iona l  s t r u c t u r a l  d i p  along the  a x i s  of the  downthrown 
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F i g u r e  9. Successive stages of  d e l t a  grwth and the p r o l i f i c  b e l t ,  
(Dailly, 1976). 



Figure 10. Tertiary depocenters (productive trends 1 )  o f  the Niger Delta 
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Figure 11. Regional fault trends and hydrocarbon distribution of the Niger Delta 
(Evamy and others, 1978). 



an t i c l i nes  p r w i d e  closure  i n  d i rec t ions  p a r a l l e l  t o  the f a d t .  The 
l a rge  f i e l d s  a r e  on r o 4 o v e r  an t i c l i nes  immediately downghrowa to  the 
k g e  regional growth tau1 t s . XiTy * ~ i i ? i "  -EiitKtr xrq5-r~ ad;scr 
on both upthrown and downthrown b l o c h a  These cons is t  of growth f a u l t s  

' and ap f i the t i c  fau l f  s i n  which the  f 4 t  does provide ,the latemil seal. 
These t rap  types are typical of Gulf Coast production. I n  general, 
because of the souffrwest regional d ip  (seaward), most of the f i e l d s  
are ,in duxj,throm f a d t  b l o c b .  

The productive rol lover  an t i c l i nes  i n  Nigeria average 4-5 miles i n  
length and 2-3 miles i n  width (Owen, 1975). Most of the a n t i c l i n a l  
reserrroirs (70 percent) have o i l  columns of less than 50 f e e t  on the 
structdxes not f i l l e d  to  t h e i r  s p i l l  points. Only about 5 percent of 
the reservoirs  have o i l  columns 'g rea te r  than 150 f e e t ,  and only a rela- 
t i v e l y  few reservoi rs  have o i l  columns grea te r  than 300 f ee t ;  these a r e  
the l a rge  f i e l d s  (Fig. 12) (Evamy and others ,  1978). A few shale  
d i a p i r i c  s t ruc tures  have been noted on the Continental Slope off the  
Niger Delta (Mascle and others,  1973) and i n  the proximal par t  of the 
eas te rn  Continental Shelf area  (Evamy and others ,  1978). Some o i l  i s  
produced from d iap i r i c  shale  o r  shale  ridge-related t r aps  near the 
coas t l ine  and i n  the  offshore (Fig. 13) (Habarta, 1970; Merki, 1972). 
A few of the offshore f i e l d s  (i.e., Ubit, Unam, and Utue) produce from 
unconf ormi t y  truncation t raps  ( Avbovbo and Ogbe , 1978). 

In general, from an updip pos i t ion  i n  the d e l t a  toward the Continental 
Slope, the i n t e n s i t y  of s t r u c t u r a l  deformation and t r a p  complexity 
increases,  i.e., simple rol lover  a n t i c l i n a l  t raps ,  t o  complex, highly 
fau l ted  an t i c l i nes ,  t o  fau l ted  sha le  d i ap i r s  and shale r idges  with 
associated unconf onni t ies  . 
Source Rocks 

The sourcerock  proper t ies  of the shales  i n  the  Niger Delta a r e  "very 
poor" despi te  the f a c t  t ha t  subs t an t i a l  amounts of o i l  and gas have 
been generated (Evamy and others ,  1978). Shales deposited i n  a wide 
v a r i e t y  of environments, ranging from f u l l y  marine t o  para l ic ,  were 
analyzed f o r  sou rce rock  proper t ies  and were found t o  be low i n  organic 
mater ia l  of the humic and nixed types, which a re  precursors f o r  gas and 
l i g h t  o i l ,  respectively.  Unpublished research by K. deGroot, 
K. &iman, and T. T. Hartog (Evamy and others ,  1978) showed t h a t  the  
Nigerian crudes originated from source rocks containing land-plant 
matter. The most e f fec t ive  source rocks a r e  believed to  be marine 
shales  of the  Akata Formation and the  shales intercalated with the 
pa ra l i c  sandstones of the Agbada Formation. In  terms of shale  volume, 
the Akata and the lower par t  of the Agbada Formations a r e  more important 
i n  the  generating of hydrocarbons. However, Evamy and others (1978) 
suggested t h a t  any o i l  generated i n  the Akata Formation had only a 
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Figure 13. Seismic dip-section across shale diapir/ridge 
structure, offshore Nigeria (Merki, 1972). 



remote chance of f inding i t s  way i n t o  the overlying Agbada rese rvo i r s  
because the  f a u l t s  a t  depth, wi thin  the  Akata sha les ,  a r e  not e f f ec t i ve  
migration paths. 

Unpublished She l l  research suggests that 240'F and 300'F represent the  
highest  temperatures of t he  oil-generating zone and gas-generating zone, 
respectively,  f o r  Te r t i a ry  provinces (Evamy and others ,  1978). Over a 
l a rge  par t  of the  a rea  west of t he  Niger and Nun Rivers,  the  top of the  
oil-generating zones l i e s  wel l  above the  cont,inuous shales  of t h e  Akata 
Formation, within the  para l i c  and paralic-to-marine sequences of the  
Agbada Formation. I n  the e a s t ,  however, t h e  oil-generating zone 
general ly  l i e s  e n t i r e l y  within t he  continuous marine sha les  of t he  
Akata Formation. This i s  because the  Agbada Formation is genera l ly  
th inner  over t he  eas te rn  pa r t  of t h e  del ta .  By t racing the  o i l -  
generating zone through geologic time, Evamy and others  (1978) found 
t h a t  the  boundary between t h e  pa ra l i c  sequence and t he  continuous marine 
shales  reached a l e v e l  of o i l  maturi ty much l a t e r  i n  the  e a s t  than i n  
t he  w e s t .  In  the  e a s t ,  even a t  present ,  t he  f a c t  t ha t  the Agbada 
Formation i s  only l o c a l l y  wi thin  the  oil-generating zone implies that 
the  eas te rn  o i l  was derived not only l a t e  but  a l s o  from source rocks 
mainly i n  the  continuous marine shales.  Evamy and others  (1978) con- 
cluded t ha t  primary migration took place a t  a very late s tage,  c e r t a in ly  
a f t e r  most of the  sedimentation and t r a p  formation, and t h a t  the  o r i g i n  
and migration of t he  o i l s  i n  t h e  w e s t  were e a r l i e r  than t h e  very l a t e  
o r i g in  and migration of the  eas t .  

Geothermal Gradients and Geopressuring 

The geothermal gradient  v a r i e s  from l.O'F/lOO f t to  1.6'F/100 f t f o r  
the  Ter t i a ry  of the  Niger Delta t o  3.O'F/100 f t  i n  the Cretaceous rocks 
to the  nor th  (Fig. 14). I n  general ,  t he  geothermal gradients  increase  
seaward and northward toward t he  basement areas  from the  center  of the  
Niger Delta. Nwachukwu (1975) suggested that the higher thermal 
regime i n  the  Cretaceous rocks of the  Benue Trough i s  r e f l ec t ed  i n  t h e  
r e l a t i v e  s ca r c i t y  of l i q u i d  hydrocarbons f o r  the Cretaceous to  the  
nor th  of t he  delta.  The value of t h e  geothermal gradient  appears t o  
co r r e l a t e  inversely  with sediment thickness. A low geothermal gradient  
occurs i n  t h e  center  of t h e  d e l t a  where t he  thickness of sediments i s  
maximum. Higher gradients  t o  the  northwest, nor th ,  and nor theast  
co r r e l a t e  with the  thinning of sediments toward the  basement. The 
increase to the southeast  may a l s o  r e f l e c t  proximity t o  the "Cameroon 
hot spot" (Nwachukwu, 1975). The gradient  increases  offshore 
(1.2'F/100 f t  - 1,6'F/100 f t )  probably because of the  thinning of 
sediments over basement highs. There i s  a c lose  co r r e l a t i on  between 
the 212'F isothermal contour and t he  depth to  the  top of the  geo- 
pressures (Figs. 15a and 15b). This i s  probably due to  t h e  diagenesis 

a of c l ay  minerals and dewatering, causing the  temperatures t o  rise and 



Figure 14. Corrected geothermal gradients in the Niger delta 
(Nwachultwrr, 1975). 
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Figure 1%. Isogeothermal surface for  212'~ (Nwachukwu, 1975) .  

Figure 15b. Depth t o  the top of the overpressure zone 
Nwachukwu, 1975) .  



leading to the creation of a higher than normal pressure zone (Jones, 1970; 
Nwachukwu, 1975). A distinct relation also exists between temperature 
gradient and sandstone to shale ratio. As sand percentages diminish, 
the temperature gradient increases from less than l.O°F/lOO ft in the 
continental sands (Benin Formation) to about 1.5°F/100 ft in the paralic 
section (Agbada ~onaation), to a maximum of about 3.0°F/100 ft in the 
continuous shales (Akata Formation) of the Niger Delta (Evamy and others, 
1978). This fact could also explain the high geothermal gradients off- 
shore, where the total sedimentary section overlying oceanic crust is 
made up mostly of marine shales. 

Properties of Niger Delta Crudes 

Two basically dffferent crudes are present in the Niger Delta Basin, 
a light crude that is characteristically paraffinic and waxy with pour 
points in the range of about 20°F to 90°F and a medium crude that is 
dominantly naphthenic, nonwaxy, and has a pour point generally lower 
than -13'F (Evamy and others, 1978). Waxy crudes are generally assumed 
to have been generated from terrigenous vegetable matter in nonmarine 
source rocks. In general, the heavy, low-pour-point naphthenic crudes 
occur c~nsistently above the lighter, high-pour-point paraffinic crudes. 
Geochemical investigations (unpublished) by K. deGroot confirm that the 
naphthenic crudes of the Niger Delta orginiate through bacterial trans- 
formation of the deeper paraffinic crudes (Evamy and others, 1978). 
This transformation takes place between 150°F and 180°F. 

As suggested in the previous section, the source rocks for the eastern 
oils are believed to be the homogenous shales of the Akata Formation. 
The source rocks for the western oils are believed to be the hetero- 
geneous paralic and marine-to-paralic shales of the Agbada Formation. 
This is reflected in the oil properties in the following ways 
(Evamy and others, 1978): 1) The gradual diminution of oil gravity 
into the condensate range relative to temperature (and indirectly to 
depth) is shown more regularly in the east than the west. 2) Extremes 
of pour point (waxiness) of the western crudes are apparently greater 
than those of the east. 3) Extremes of tank-oil viscosity of 
untransfonned crudes in the west are apparently greater than those in 
the east. 4) The segregation of hydrocarboas into oil-rich trends and 
gas belts appears to be more extreme in the west than the east. This 
fourth point is important in the expioration for oil versus the explora- 
tion for gas. Evamy and others (1978) observed that, within the major 
growth fault blocks, the ratio of the volume of gas-bearing reservoir 
rock to the volume of oil-bearing reservoir rock increases downdip. 
In other words, the oil fields are located on rollover traps on the 
major growth faults, and the fields downdip have more and more gas- 
bearing zones (Fig. 16). The reason for this is not entirely clear; 
heterogeneity of source rocks, coupled with segregation during 
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Figure 16. Distribution of oil and gas within a major fault 
block (Evamy and others, 1978). 



migration and remigration, is believed to be responsible for the observed 
hydrocarbon distribution. Because this phenomenon repeats itself for 
each fault block, this would suggest that each major block trend behaves 
as a separate oil province. 

Description of a Representative Field - Okan 
The following description of Okan field is taken primarily from Habarta 
(1970) and Frank1 and Cordry (1967). Okan field was the first commercial 
offshore field and is 8 miles from shore in the western part of the delta, 
Okan field produces from a low-relief elongated anticline (Fig. 17). 
The trap is produced by the northdip rollover into two closely spaced 
regional growth faults with about 5,000 feet of combined throw at about 
the 10,000 foot level. Numerous small secondary faults are on the crest 
of the structure, separating the productive horizons into many reser- 
voirs. The structure has 1,200 feet of closure and a productive area 
of 6,000 acres at a depth of 10,000 feet. Although deposition was 
fairly uniform throughout the field, differential rates of subsidence 
downthrown to the major faults caused local unconformities throughout 
the field. The field produces from lower Pliocene to middle Miocene 
sands of the Agbada Formation. Oil columns in the larger reservoirs 
are greater than 200 feet. Gas caps are present in most of the oil 
reservoirs, although there are also nonassociated gas sands. Porosities 
in the oil sands average 30 percent, and the permeabilities are as high 
as 5 darcys. In discussing the probable origin of the hydorcarbons in 
Okan, FrZinkl and Cordry (p. 208, 1967) wrote: 

"The derivation of the hydrocarbons in the multiple reservoirs 
of the Okan field should probably be attributed to the shales 
immediately adjacent to any particular sand body. Evidence 
of this includes random (though not marked) variations in 
gravities, sharp differences in gas, oil, and water content 
from sand to sand in vertical vector." 

This origin of hydrocarbons is probably typical for most of the fields 
in the western delta. 

Okan crude has the following average properties: 

Gravity 
Viscosity, SUV 
Flash, P-M 
Pour point 
Color 
Sulphur 
Salt as NaCl 
Refractive index 

34.6' AE'I 
Sec. 100'F; 37.8 
Below 60'F 
-25'F 
Greenish-brown 
0.15% 
16/1,000 bbl:5 
1.4816 



The average hydrocarbon analysis: 

% wt. 

Ethane 
Propane 
i - Butane 
n - Butane 
i - Pentane 
n - Pentane 
C and heavier 

The cross section through Okan (Fig. 17) also illustrates many of the 
points previously discussed on the typical Niger Delta geology: 1) roll 
of strata into the fault on the downthrown block, 2) increase of the 
throw of the fault with depth, 3) expansion of the stratigraphic section 
on the downthrown block, 4) the shift of the structural axis in a down- 
dip direction with depth, and 5) the expansion of the stratigraphic 
section (i.e., age of maximum fault movement) is progressively younger 
in a downdip direction. 

Geological Observations and Conclusions 

The stratigraphy, age of rocks, trap type, production character- 
istics, reservoir rock properties, and field-size distributions 
of the Niger Delta Basin are very similar to those of the U.S. 
Gulf Coast Basin. 

e The Agbada Formation that produces in Nigeria is the same facies 
equivalent that produces in the U.S. Gulf Coast, although in the 
Gulf Coast, production is designated by "age of productive trend," 
not by formation name. 

e As in the U.S. Gulf Coast, Nigerian Miocene-age rocks contain 
the bulk of the reserves. 

e Most of the large fields produce from rollover anticlines 
associated with large regional growth faults. The smaller fields 
are generally associated with smaller growth faults and non- 
growth faults. 

a Aclosecorrelationexists between the throwof a fault and reserves. 

6 In a downdip direction within major regional growth fault blocks, 
the chance of discovering gas is greater than the chance of dis- 
covering oil. The large oil fields are immediately downthrown 
to the major regional growth faults. 
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Figure 17. Structure map, cross section, and type log from 
Petroconsultants, S.A. 



e A large part of the lower central delta, both onshore and offshore, 
contains predominantly small fields, where gas, rather than oil, is 
dominant. Future discoveries of large gas fields might be expected 
in this 'area. 

e In general, structures become increasingly more complex in a dow~1di.p 
(seaward) direction. Hence, more exploratory wells would be needed 
downdip to evaluate traps and more development wells to produce 
the hydrocarbons. Greater reserves would be required for commercial 
use. 

0 From the coast to the Continental Slope, the main producing forma- 
, tion, the Agbada, becomes progressively thinner. The bulk of the 

total section offshore is shale, where we have less chance of 
penetrating quality reservoir rocks. 

e' In general, the totai offshore area is probably more gas-prone 
than oil-prone, and most of the future discoveries,, both onshore 
and offshore, will be gas. 

e Most of the potential traps upthrown to major regional growth 
faults offshore will not contain reservoir rocks. 

e Marginal to the main depocenter of the central delta, rollover 
anticlines will become less important as a trap -type, and "pure" 

. . 
fault traps, low relief anticlines, and diapirs will become more 
important. 

o The depth to the top of the overpressured zone is relatively 
shallow (8,000 ft-13,000 ft). Offshore, the depth is shallower 
than onshore and probably limits the total section available for 
large oi1:reserves. 

a In general, the physical properties of the Niger '~elta crudes are 
more varied in the west than in the east. 

. .  . . 
. . 

. . , 2 .  

m The  e en in Forniation and the Akata Formation have limited explora- 
tion potential. 

'The future potential for methane from .geopressure formation waters 
appears to be greater per unit volume of sediment'in Nigeria than 

. . 
in the Gulf Coast because of the higher geothermal gradient 
(1.4°F/100 ft-1.6°F/100 ft) and lower salinities (less than 
40,000 ppm).'in the Niger Basin. 
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APPENDI'X C 

GEOLOGIC TIME SCALE C.l 

DEFINITIONS C.2 



GEOLOGIC TIME SCALE 

Notable Events I n  Evolut lon 

o f  Organisms 

Man appears 

Elephants, horses. la rge carnlvores 
become dm1 nant 

Marnnals d l ve r s l f y  

Grasses becom abundant, grazlng 

anlmals spread 

Prlml t l v e  horses appear 
M a m l s  develop rap id l y  

Dlnosaurs become ex t lnc t .  

flowering p lants  appear 

Dlnosaurs reach c l  lmax 

Bfrds appear 

Prlml t l v e  m a m l s  appear. 
conlfers and cycads become , . 
abundant 

Dlnosaurs appear 

Rept l les .spread; con i fe rs  develop 
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Insects become abundant 

Coal-fonnlng forests widespread 
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Land p lan ts  and animals f l r s t  recorded 

Pr iml t l ve  f lshes, f i r s t  known 

vertebrates appear 

Marine invertebrate faunas 
become abundant 

Seas characterized by simple 

Apparent Ages 
(m l l l l ons  o f  years 
before the present) 

marine p lan ts  

From Longwell, F l i n t  and Sanders (1970) 
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APPENDIX E 

DEFINITIONS 

Proved Reserves: 

Estimated quantities which geological and engineering' 
data demonstrate with reasonable certainty to be re- 
coverable in future years from known oil and gas 
reservoirs unde,r existing. economic and operating 
conditions. . . 

. . 
, Reservoirs are-'considered proven if economic produci-. 

bility is supported by either actual production or " ' 

conclusive formation tests. . The area of a reservoir. ' -  

considered proved includes: (1) that portion delineated 
by drilling and defined by gas-oil, gas-water, or 

- oil-water contacts, if any; and (2) the immediately 
adjoining portions not y@t.drilled but which can be . 

reasonably judged as economically productive on the 
basis of available geological and engineering data. " 

In the absence of information on fluid c.ontacts, the 
lowest known structural occurrence of hydrocarbons 
controls the lower proved limit of the reservoir. 

Reserves of crude oil which can be produced economically 
through application of'improved recovery techniques are 
included in the "proved" classification when successful 
testing by a pilot project or the operation of an 
installed program in the reservoir provides support for 
the engineering analysis on which the project was,based. 

Reserve estimates are for total recoverable 
natural gas, nonassociated gas and associated-dissolved . 

gas. 

Indicated reserves: those quantities .believed to he 
recoverable under existing secondary and tertiary 
recovery technology and economics, but where current 
technology has not yet been applied. Because advanced 
recovery techniques have not been,'needed or applied in. .. . 

the conventional production of.gas, there are.no , 

"indicated gas reserves" categories.. 



Some oil and gas remains to be discovered in known 
fields through drilling to reservoirs at greater depths 
and beyond the proved boundaries of those fields. The 
portion of such resources which is believed to be 
recoverable once found is known as inferred reserves. 

. . 

Resource : 

A concentration,of naturally-occurring solid, liquid or ..., 

gaseous materials in or on the earth's crust.in such form 
that economic extraction of a commodity is currently 
or potentially feasible. . . 

The recoverable resource is that portion of the resource 
which will, when discovered, become new reserves. Thus . , . .  

resource estimates, like reserves, have technological, 
and economic, as well as geologic, implications. A more . . 
accurate appraisal of remaining resources can only 'be 
achieved by expanded exploration of frontier areas, 
orderly marshalling and analysis of data generated by 

' 

exploration in new and oil areas and development-of . . 

discovered fields. . . 

The following definitions are used by most of the 
oil industry: 

A Proved field has been drilled, has known reserves 
which can be produced at a profit. A Potential field, 
even though indicated by an exploratory well, may not 
yet be economically producible. A Probable field looks 
good enough to risk a wildcat well, but valuable reserves 
are not yet found. A Possible field may hold undiscovered 
reserves, based on geological indications, but- the 
information is still insufficient. A Speculative field 
is largely unexplored, what little is known seems encourag- 
ing but actual oil and/or gas reserves after-explora-tion 
may range from "enormous" through "uneconomic" to 
"non-existent." 

References: 

API Technical Report No'.- 1, Second Edition; 1976 . 
. . .  . .  - 

~edekal Energy ~dministration Initial ~eport, ~ u n d  1975 

Standard Oil Co. of California, 19'75 . . 
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H i s t o r i c a l  Resume o f  O i l  F i e l d  ~ r o d u c t i o n ~ /  
(1000 b a r r e l s )  

NIGERIA: 

* Offshore  f i e l d .  
** Year o f  d iscovery .  

I 

F i e l d  

~f am 
O l o i b i r i  
Banu 
~ b u b u  
E h l a m a  
Krakama 
Obigbo 
Soku 
A l a k i r i  
Bonny 
Elslenwa 
Im.2 River  
Ko~okoro  
Ughe l l i ,  Eas t  
Umuechen 
Agbada 
Apara 
Buguma Creek 
Egbema, E a s t  
Nun River  
Oza 
Ughe l l i ,  West 
Uzere, Eas t  
Assa 
Eriemu 
Kckori 
Ubie 
Warri River  
Bolo, West 
O p ~ k u s h i  
Caxthorne Channel 
Nkali  
Obigbo, North 
Olcmoro 
Uzere, West 

*OkmZ/ 
Isianiri 
Obagi 3' 
ObeLe 
O g h i  

1953 

650 
1004 

'"155 
i n  
a* 
na 
it* 
n n 

1956 

n n  
n n  

1959 

1104 
1799 

370 
759 - - - 

- 
n n  
na 
n* 
fi fi 

fin 
i n  
fin 

1957 

2 
- 

1960 

464 
1665 
3813 

422 - - 
- 
- 
- 
- 
- 
- 
- - - 

an 
n n 
n fi 
Y • 
n n 
l fi 

O Y  

nn 

1961 

665 
1120 

13602 
963 - - 

- 
- 
- - 

20 
449 - 

- - 
- - - - - - - 
- 

n n  
18 

n* 
n n 
n 1 

1962 

694 
584 

18615 
475 - - 

- 
- 
- 
- 

, 153 
2373 - 

- - 
- 

438 - - 
- 

166 - - 
- 
- 
- - - 

n n  
nn 

1966 

728 
1571 

28036 
1386 - - 

- 
- 
- 
- 
- 

23994 
8165 

758 
10541 

6307 
451 - 

- 
- 
- 
- 

2681 - 
9 1 

6329 - 
- 
- 
- 
- 
- 

10846 
15956 

8794 
18615 

544 
4296 - - 

1963 

712 
1168 

18615 
402 - - 

- 
- 
- - 

140 

3285 584 - - - 
621 - - 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- * fi 

fin 
n a 
*n 
*a 

1964 

840 
1807 

20075 
767 - - 

- 
- 
- - 
- 

E760 
2928 - - 

474 - - 
- 
- 
- 
- - 
- 
- 
- 
- 
- 
- 
- 

4 36 - 
- 

l n 
n n 
n Y 
n n  
n Y 

1965 

880 
1667 

24512 
1725 - 

- 
- 
- 
- - 
- 

18590 
9362 - 

14245 
1840 

647 - - 
- 
- 
- 

1087 - 
- 
- 
- 
- 
- 
- 
- - 

5063 
5533 
9667 
9667 - 

- 
- - 
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NIGERIA: 

APPENDIX D 

Historical Resume of Oil Field ~roductionl/ 
(1000 barrels) 

*:Offshore field. **  Year of discovery. 

.. 

Field 

. . .  
Af am 

. Oloibiri 
~ o m u  . . ' 

. ~bubu 
Ekulama , 

Krakama 
Obigbo 
S O~U 
Alakirl . 
~ O M Y  

' Elelenwa 
. ~ m o  River 
Korokoro 
Ughelli, East 
Umuechen 
Agbada 
Apara 
Buguma Creek 
Egbema, East 
Nun River 
Oza 
'Ughelll, West 
Uzere, East 
Assa 
Eriemu 
Kokorl . . 
Ubie 
Warri River 
Bodo, West 
Opukushi 
Cawthorne Channel 
.Nkali 
Obigbo, North 
Olomo,ro 
Uzere, West 
*Okan 21 
Isimiri 
Obagi , 3 1  
Obele 
Ogini 

. 

1967 

1752 , 
531 

28215 
1497 - 

- - - ! - - - 
34058 
621 
185 
1014 
9125 ' 
402 - - - 

- 
- 

400 - 
1121 
14092 - 

- - 
- 
- - 

1094 
1603 
700 
1591 
317 
7273 - 

- 

1968 

- 
- 
- - - - 
- .  - - 
- .  - 

441 
1172 , 
914 
1571 
1409 
4 1 - - - - - 
704 - 
2598 - - - - - - 
2044 
2767 
810 

21866 - 
0 - - 

1969 

1531 
- .  

19816 
392 - - 

- - - - - 
13061 
6005 
2563 
10838 
7245 
354, - 

- - 
- 
2 

4 6 4.3 - 
6 4.3 
9728 - 
63; - 
. - 
480 

12892 
18100 
7051 
22208 
2273 . 

0 - 
- 

1970 

3015 - 
22915 
712 
. - 
- - 
- 

525 - 
36556 

1:%:8 
11429 
7945' 
4 34 - 
3276 - 

- 
4015 
6800 - 
1.983 
32576 - 

- 
8469 - 
14805 
3719 
10995 
29148 
8800 
25227 
2586. 

0 - - 

1971 

3033 
1330 
16558 
918 
4 - 

. - 

. - 
13743 - 
1044 
37115 
5804 
12169 
12576 
9705 

. 367 - 
5543 - - 
4299 
7105 

2 
2216 
30541 

18; 
11209 - 
29967 
2 0.5 4 
10859 
29546 
8624 
23475 
3177 
8991 
257 
1110 

1972 

3589 
1356 . 
15449 . 
1445 
2318 
1156 . - - 
12763 

1 
304'2 
34706 
5551 
9856 
10873 
10118 

' 403 ' 

1471 
6011 - - 
2861 . 
5618 
424 ' 
1844 
30449 - 
.i900 
9'252 , 

2633; 
2020 
3397 
24165 
7184 . 
25603 . 
. 2816 
20213 
741 
8261 

1973 

3800. 
1202 
14555 
1367 
5586 
1966 
3 0 

7876 
2758 
3024 
31314 
5456 
7442 
7464 
11047 

' 384 
3242 
5175 
399 - 
2645 
6515 
432 
2926 
29133 
1265 
i981 
7894 - 
19037 
1611 
7772 
17794 
2645 
26258 
2612 
22367 
690 
2045 

1974 

3800 
1063 
12396 
835 
9535 
1958 
234 

13491 
6109 
8957 
2810 
26551 
4953 
7747 
6052 
11022 
1091 
3216 
4159 
3635 - 
2197 
6842 
372 
2260 
25655 
2989 
1563 
7116 

1636; 
1258 
7233 
15041 
5783 
25094 
2394 
23112 
394 
1608 



~ a g l  

NIGERIA: 

H i s t o r i c a l  Resume o f  O i l  F i e l d  ~ r o d u c t i o n l /  
(1000 b a r r e l s )  

Offshore  f i e l d .  
** Year of  d iscovery .  

F i e l d  

Afan . , 

O l o l b l r i  
Bomu . 
~ b u b u  
Ekulama 
Krakama 
Obigbo 
Soku 
Alal.:iri 
Bonny 
Elelenwa 
Imo River  
Korokoro 
Ughel l i ,  Eas t  
Umuechen 
Agbzda 
Apara 
Bugma Creek 
Egbuna, Eas t  
Nun River  
Oza 
Ughe l l i ,  West 
Uzere, Eas t  
Assa 
Eriemu 
Kokori 
Ubie 
W a r d  River  
Bodo, West 
O p u h s h i  
Cawthorne Chame l  
Nkall  
Oblgbo, North 
O l o m r o  
Uzere, West 

*Okan 2/ 
I s i m i r i  
Obagi 31 
Obels 
Oginl  

1975 

2946 
: 945 
11341 

837 
10424 

1474 
104 

8982 
4743 

11030 
2394 

22609 
4202 
5613 
5229 
8939 
1166 
1344 
3848 
4031 

268 
1240 
5367 

392 
984 

18709 
2580 
1552 
5937 

1398; 
1309 
5798 
9947 
5039 

14284 
1764 

19818 
370 

1096 

1976 . 2758 
942 

; 10505 
,715 

14449 
1349 - 
7949 
2506 

11826 
2842 

23017 
3527 
4859 
5666 
8993 
1649 

592 
3526 
3290 

5 2 
1807 
4699 
.542 

1421 
19233 
. 2468 

1113 
4668 
3595 
9484 
2265 
,6735 

11894 
5140 

16322 
2382 

19396 
307 

1219 

1977 

. 3211 
208 

10870 
924 

16466 
1570 

7976 
2479 
8769 
2597 

21185 
3053 
3530 
4720 
8806 
1744 

565 
3075 
3007 

100 
1430 
4959 

563 
2458 

13138 
2771 
1027 
4014 
9128 

10807 
1592 , 

8467 
10148 

3741 
17388 

2352 
20445 

216 
1630 

. . .  
' C u m u l a t i v e  

t h r u  1977 

36894 
19961 

290412 
16541 
62529 
. 9483 

368 
38398 
50740 
43340 
19048 

338601 
66331 
67483 

102219 
102504 

10665 
10429 
34612 
14362 

586 
20512 
57422 

2728 
17947 

232179 
12073 

9324 
59194 
127.23 

16309 
139739 

93629 
'191642 

73978 
247516 ( i n c l u d e s  Mefa 652) 

23217 
145857 

- 10969 
2976 



Historical Resume of Oil Field ~roduction&/ 
(1000 barrels) 

NIGERIA : 

2 1  0ffshore.field. 
11 Year of discovery. 

1970 

1980 
14515 
16132 - 
6752 
6965 
17952 
640 - 

- - - 
8342 
26544 - 

- 
869 - - - 

- 
6070 
945 - 

- - 
9100 - 
160 - - 

- 
1783 
4555 - 
868 - - - 

- 

Pield 

Oroni 
Oweh 
Utorogu 
Akpor 
Ahia 
*Delta 
*Delta, South 
Ebocha 
Egbema, West 
Enwhe 
Ibigwe 
Mefa 21 
*Me j 1 
BMeren 
Oguta 
Onne 
apennington 
Rapele 
Ta i 
Upomani 
Adibawa 
~f iesere 
NAsabo 
A kub a 
Diebil Creek 
NEku 
NIdoho 
'Inin 
M'bede 
Obodo-Jatumi 
Ugada 
'Utue 
Egwa 
Evwreni 
Idu 
Jones Creek 
*Malu 5/ 
Ajokpori 
Obiafu 61 
Obrikum g/ 

1967 

- 
449 - - 

- - - 
- 
- 
- 
- - 
- 
- 
- 
- 
- 
- 
- - - 
- 
- 
- - 
- 
- - 
- 
- 
- 
- 

ail 
11 
1 1 
11 
11 
11 
1 1 
11 

1971 

2606 
13373 
15869 - 
11087 
6816 
17180 
4754 - 

- 
- 
- 

6407 
31174 
4041 
213 
3770 
552 - 
6 7; 
8585 
9500 - 

- 
- 

7200 
+ 

9306 - - 
7988 
5941 - 
39698 
17021 - 

- 
- 

1964 

11 
11 
1 1 

1968 

- 
1272 
12 - 
- 

3093 
8422 - 

- - 
I - 
I 3 - - 

2610 - - 
- 
- 
- - - 

153 - 
- - - 
- - - - - 
- 
- - 
- 
- 
- 
- 
- 
- 

1972 

2676 
7916 
14700 - 
11219 
6772 
18715 
35935 - 

- 
- 

582; 
34603 
11100 
891 
3657 
3228 - 

6462 
3874 

12900 - - 
- 

3600 
5000 
13109 - 

- 
768i 
3656 
148 

49813 
28180 - - - 

1969 

- 
8914 
1292 - 
756; 
10825 - - - 

- 
- 

7250 
20021 - - - - - - 
898 - - - - 

- - 
- 
- 
- 
- 
3 

322 - 
17 - 
- 
- 
- 

1965 

- - - 
11 
11 
1~ 
1 1 
a* 
1 1 
a* 
1 1 
i* 
Y Y  

a* 
11 
11 
11 
11 
11 
*a 

1966 

- 
1528 - - 

- - 
- 
- - 
- 
- - 
- 
- - - 
- - - - 

*a 
*a 
11 
CI 
it 1 
a # 
• 1 
YII 
a 1 
11 
1 1 
11 



Offshore field'. 
** Year of discovery. 
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H i s t o r i c a l  Resume of  O i l  F i e l d  Product ion  
(1000 b a r r e l s )  

81  
82 

l Offshore  f i e l d .  
** Year o f  d i s cove ry .  

NIGERIA: 

F i e l d  

Odidi  
Okpoko 
Osioka 

noso 
Unan I /  
Batan 

*Etim 
*Ek0 
Forcados Yorki 

*Mf em 
*parabe.  5' 
*Ubit 2/ 
*Ekpe 

Escravos Bea'ch 
Otumara 
Sape l e  
Abi teye  
AJ uJ u 
Amukpe 

*Enang 
* I san  5 /  
Saghara 
Yorla 
Ete lebou 
Kolo Creek 
O r u b i r i  
Utonana 

* I san ,  West 
Adua 
Aghigho 
Akri 
Erema 

*Middleton 
Oben l/ 
.Odugri 
Oshi  
Tebidaba 

*Apol, North 
Makaraba 
Obama 
Oben, North 81 
Ogharef e 
Obogene 
Otamini 
Nembe Creek 

1967 

** 
** 
** 
** ' 

1966 1968 

- 
- 
- 
- 
- 

N 
** 
** 
** 
l 

NN 
*B 

1970 

- - - 
- - - - 

7494 - - 
- - - - - 

B B  
N' 

N B  
IN 
I* 
I N  
NN 

1969 

- 
- 
- 
- - - - 
- - 
- - - 

B N  
** 
(IN 

N 

. 1971 

3634 - 
37 - 
- 

641 - - 
27239 - - 

- - - - 
4 - 

2 8 - 
- 
- 
- 

I - ** 
11 
** 

. , 

1972 

7926 - 
1317 - 
437; - - 

35965 - - 
- 

20000 
2926 
1778 

' 1289 
1105 

860 
560 - - 
4 30 

2784 - 
- - - 
- ** 

** 
l 

** 
N O  

(IN 

** 

. 

1973 

- 16351 

889 - 
10491 

5766 
9594 - 

- 47573 

- - 
23750 

11559 
4095 

11388 
4052 
1239 
2880 - - 
2311 
8385 
2496 
3931 - .. - - - 
1356 - - - 

240 - - 
** 
** 

1 

** 
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H i s t o r i c a l  Resume o f  O i l  F i e l d  Product ion  
( 1000 b a r r e l s )  

Offshore  f i e l d .  
** Year o f  d i s cove ry .  

F i e l d  

o d i d i  
okpoko 
Osioka 

'Oso 
Unan 
Batan 

*Etim 
*Eko 
Forcados Yorki  

*Mf em 
*Parabe 2/ 
*Ubit I /  
*Ekpe 
Escravos Beach 
Otumara 
Sape l e  
Abiteye 
AJ u5 u 
Amukpe 

*Enang 
* I san  51 
Saghara 
Yorla 
Ete lebou 
Kolo Creek 
Orub.ir1 
Utonana 

*Isan ,  West 
Adua 
Aghlgho 
A k r l  
Erema 3/ 

*Middleton 
Oben 8 1  
Odugri 
O s h i  
Tebidaba 

*Apol, North 
.Makaraba 
Ob ama 
Oben, North a/ 
Ogharef e 
Obogene 
Otamini 
Nembe. Creek 

1974 

22010 
1943 

672 
5 

11548 
6590 

12019 - 
48280 - - - 
23842 

5514 
14608 
14243 
,3089 
1341 
2141 
3396 

23911 
10388 
10386 
11269 - 

- 
- - 

1301 
6023 - - 
1975 
,478 

2594 - - - 
4 39 - 

- 
1645 

0 

1975 

17812 
1411 

782 - 
7086 
4767 
9109 - 

31674 - - - 
18451 

5110 
8261 
6065 

. 679 
886 

6168 log2 , - 
2244 
5336 

8843 
868 
299 - 

- 
1476 
5318 - 
1323 
3582 

345 
5268 - - 
1144 

1 3  
1449 - 

- 
1862 

0 

1976 

21451 
1529 

7 39 
, - 

15488 
4650 
9213 - 

35590 - - - 
20128 

5568 
12164 

. 8127 
2222 

883 
885 

10020 - 
2 5 i j  
5133 

13138 
12351 
1984 

917 - 
0 

1928 
1959 - 
2247 

( s e e  #121) 

5549 
13516 

9288 
5921 
5915 
9115 
1730 

509 
1323 

0 

1977 

17669 
1354 

605 

1976; 
4722 
8081 - 

' 38421 
1502. - 

12814 
. 4976 

12781 
8979 
2982 
895 
649 , 

11089 - 
2406 . 
3566 

,13376 
i0879 

1665 
1185 - 
2263 
1807 
5594 - 
2319 

( s e e  #121) 

13841 
15237 

5290 
9037 
8396 

815 

11735 
1515 

Cummulatlve 
t h r u  1977 

106853 
6237. 
5041 

5 
60880 ( i n c l u d e s  #92) 
31509 
48015 

- (no p roduc t ion )  
272236 

- ( i nc luded  i n  #77) 
1502 

- ( i nc luded  i n  #85) 
118942 

28189 
61152 
500.95 
14127 

6133 
8207 

- ( i nc luded  i n  #77) 
30673 

. 12300, 
35592 
48292 
47273 

4517 
2401 

(no p roduc t ion )  
2263 
6512 

20250 
- ( i nc luded  i n  #38) 

5889 - ( Inc luded  I n  #121) 
1063 ( i n c l u d e s  #129) 

18438 
29170 
24525 
12355 

24956 ( Inc ludes  a l l  o f  #114) 
14965 

1730 
1324 

11735 
6345 

L 
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APPENDIX D 

Historical Resume of Oil Field Production 
(1000 barrels) 

NIGERIA: 

1/ Source: Petroconsultants, S.A., Geneva, Switzerland. 
-/ ~roduction of Okan , (:#.36) .and"M@fa. ('$52). flelds .combined. 
3/ Production of Obagi : (138) and Erema (#112) fields combined. 
4/ 1976 and. 1977 production 'of ~bocha (#48) and Mfbede (#69) .fields combined. 

z/ Production of Malu (8771, Parabe ($91). and Isan '(#l01) fields 'combined. 

$/ 1976 and 1977 production of Obiafu ($79) and Obrikwn (#80) fields combined. 
I /  Production qf Unan (885) and Ubit ($92) fields combined. 
8/ 1976 and. 1977 productidn of 0bkn (#114) and Oben North (#121) fields combined. 

Offshore field. 
**  Year of discovery. 




