NOT FOR QUOTATION
WITHOUT PERMISSION
OF THE AUTHOR

A MODEL FOR RESOURCE ASSESSMENT
AND EXPLORATION/PRODUCTION
PROCESSES

E. Medova

April 1980
WP-80-0414

Working Papers are interim reports on work of the
International Institute for Applied Systems Analysis
and have received only limited review. Views or
opinions expressed herein do not necessarily repre-
sent those of the Institute or of its National Member
Organizations.

INTERNATIONAL INSTITUTE FOR APPLIED SYSTEMS ANALYSIS
A-2361 Laxenburg, Austria



PREFACE

Over the last few years, many studies (WAES, WEC, CIA, oil
companies, etc.) have popularized the idea that world oil pro-
duction will reach a maximum in the 1980's or 1990's and pro-
gressively decline. If cumulative production up to the maximum
is calculated and compared to the remaining resources to be
recovered or produced (taken from the WEC Delphi Study, for
instance) it is possible to assume other types of evolution for
world oil production as well, in particular a plateau extending
over a few decades. Because of the continuing importance of oil
in the world economy, such an evolution would be far more desir-
able than a prompt decline. But of course it is important to
assess whether this is even possible and/or realistic.

The IREP model (IIASA Resources, Exploration and Production
model) has essentially been designed, in the initial version
which is presented here, to explore such a possibility. Prelim-
inary ideas for the resource model came from the Enerdym model
(which was developed with Igor Zimin), especially the conceptual
aspects of describing the "life" of a resource, from its initial
status of "speculative resource" to its possible production.

The IREP model is composed of a number of submodels:
resource assessment (the most developed to date), an explo-
ration submodel primarily aimed at obtaining an idea of the
effort necessary (drilling, investment, etc.) to discover
the assumed resources, and a production submodel directly
linked to the exploration submodel but allowing the exam-
ination or various scenarios influenced by politico-economic
decisions.

In addition, the IREP model can also be used as a sensi-
tivity analysis tool to explore how changes in some parameters-
-generally linked to the progress of exploration and/or knowledge
of petroleum prospects or basins--can influence 0il resources and

-iii-




their future production potential. As such, this model is not
only a tool which can be used in a preliminary way for forecast-
ing or assessing, but also a working tool for enabling a better
understanding of world oil assessment.

The resource assessment submodel has been developed in
detail and tested with an application case. Results--although
preliminary--are encouraging, and it was thought that this work
could usefully be presented and offered for discussion. The
input data for the application case will be refined, and more
importance should be attached to the potential validity of the
approach than to the first results, shown here in a sample run.

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

1. INTRODUCTION

The forecasting of o0il supply, including o0il from non-OPEC
sources, is based mainly on two types of analysis (Adelman and
Jacoby 1979). An example of the first type of method is "Disag-
gregated pool analysis". This requires the geological interpre-
tation and statistical analysis of the exploratory process, and
the economic evaluation of the pools found. By this method a
forecast of the total recoverable reserves to be discovered, and
the distribution of the pool size itself, and of the sequence of
discoveries by size, can be made. These attributes, together
with cost factors, determine the economic viability of a reser-
voir. "Disaggregated pool analysis" requires detailed informa-
tion on previous discoveries and their resources. Therefore
for regions where the exploration has not yet begun, or is in
an initial stage, this method cannot be used.

The other method, which is called "aggregated country
analysis”, is based on historical data and forecasting of rig
activities and assumptions made on proven reserves added per
rig-year. Reserve additions then become an input to the
calculation of capacity expansion and likely oil production.
On this basis an evaluation of new capacity and production

plans can be made. "Aggregated country analysis" does not
analyze the main property of the country being studied, which
is the ability to contain oil or "oil in place". The production

plan should also be made with regard to the undiscovered resources.

The proposed model may be considered an attempt to combine
the attractive sides of both the above methods. One of the uses
of this model will be to suggest alternative production plans,
based on an assessment of resources in the country and future
discoveries and exploration.
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The sequence of procedures of the model is shown in a
condensed form in Figure 1. As shown in the diagram, the
problem is analyzed by a model consisting of a number of
stages which are described in the following sections.

2. DETERMINING THE FUTURE PRODUCTION RATE

Although it is an unusual approach, we begin the analysis
with the determination of the future production rate. This
gives us the possibility of checking whether the desirable po-
tential level of production can be supplied and, if so, under
which conditions.

The determination of the future production rate relates
to general problems of forecasting and is based on the extrap-
olation of historical data.

The information collected on o0il production allows us to
draw production curves. We may treat the data on production
differently depending upon whether the general tendency in the
production process or a precise picture of changes in the annual
production rate is needed.

With respect to this, it is possible to use different inter-
polation methods. Also the choice of the interpolation method
depends on the degree of accuracy of the available data (i.e. if
significant jumps in the rate of production over a small period
of time are present, then the existence of error can be assumed).

In this case "polynomial interpolation" is the most desir-
able and polynomials of various degrees may be tried. As a
series of experiments shows, a polynomial of the second degree
is appropriate when reproducing the tendency of the production
process.

The "cubic-spline interpolation" method is optimal in the
case of existing precise data on oil production for a relatively
long period of time (at least fifteen to twenty years). Here
the resulting production curve passes through all points reflec-
ting the annual rate of production.

Since production is an inertial process, having a delay of
five to six years, we can extrapolate a production curve for
that period of time. Delay times may be different for different
countries (the period of time over which the mathematical methods

of extrapolation may be applied should be the subject of additional

study) .

When extrapolation is required, the production curve obtained
from the "cubic-spline interpolation" method contains more infor-
mation and is generally more useful for prediction than the "sec-
ond degree polynomial interpolation" method. Production curves
obtained by "second degree polynomial interpolation" may be used
for the extrapolation of processes on the basis of inadequate or
inaccurate information.
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Figure 1. Outline of model procedures
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The determination of the production curve for subsequent
periods can be made on the basis of tabular functions reflecting
the subjective judgement of experts.

We propose to explore three alternative levels of production
which are chosen according to the following criteria:

1. domestic demand;
2. additional production for export;
3 adaptation of exports to the
requirements of development
(i.e. the development plan).

In general, the above criteria must apply to any country, although
it is necessary to take into consideration national peculiarities.

There are two possible (complementary) ways of achieving the
proposed production level:

-~ through the improvement of existing technologies,
i.e. additional recovery;

-— through the discovery of new deposits,
i.e. the intensification of exploration.

3. ASSESSMENT OF REQUIRED RESERVES

The resources required to achieve the proposed production
level can be determined as the integral of the function P(t)
(the production curves), throughout the period under considera-
tion, added to the rate of production at the final instance and
multiplied by the chosen reserve to production ratio (RPR),
expressed in number of years. This is done in order to keep
the level of production constant over the period, which depends
on the reserve to production ratio:

Required reserves = t final P(t)dt + P(t final) RPR
t initial

In order to ensure that the required reserves will be available,
we have to make an assessment of the country's resources (oil in
place), i.e. to simulate the discovery process and to calculate
undiscovered resources.

4. THE RESOURCE ASSESSMENT SUBMODEL

The model is designed for the purpose of assessing the
undiscovered resources in the country under consideration.
According to the most useful definition (USGS Bulletin 1976),
using the McKelvey Classification Diagram of Reserves and
Resources, undiscovered resources are "unspecified bodies of
mineral-bearing material surmised to exist on the basis of
broad geological knowledge and theory". Therefore the geo-
logical characteristics of prospective areas are taken as the
basis of analysis.




-5-

Information on the traps, reservoir rocks, source, migra-
tion and generation of hydrocarbons should be collected and
analyzed to enable decisions to be made concerning the richness
of the prospective petroleum basins. In addition, the size and
thickness of the basins should be delineated.

Undiscovered resources are assessed by the volumetric method

(Myer 1978 and Levorsen 1967). We designate the amount of re-
coverable o0il per unit volume of sediment as the richness factor
(R.F.). With this designation the amount of undiscovered re-

sources may be calculated as follows:
Un. Resources = R.F. X Area x Thickness

It is obvious that parameters for the R.F., the Area and
the Thickness are very uncertain for a region where drilling
has not yet been implemented, or has led to no discovery.

For unexplored basins these values are given by geologists
as the description of the potential sedimentary volume and depth
of burial. This information is used to construct the probability
distribution of the Area and the Thickness parameters.

The R.F. may be defined by analogies to similar, mature
producing basins and we therefore need to have some basin
classification scheme.

One basin classification scheme has been proposed by Klemme
(1975). Klemme examined the o0il recovery (or its gas equivalent)
in terms of barrels per cubic mile of sediment and suggested
a "yardstick", which, in conjunction with the rating of the main
geological parameters, could assist in the determination of the
R.F. for a general type of geological basin (Table 1).

The R.F. of an unexplored basin will lie within a range of
values, which for similar types of basin can be defined, and the
probability distribution of the R.F. can be constructed.

Thus the geological analysis of the area under consideration
provides us with the critical data for input to the model, as
shown in Figure 2. The area of country is divided into a number
of potential petroleum basins, identified by K (K = 1,...N).

Each basin is described by the distribution of the main para-
meters: the Area, the Thickness and the R.F., which are indexed
by the appropriate K subscript. The type of distribution depends
on one's knowledge about the behaviour of a parameter.

For example, the R.F. can be represented by the lognormal
distribution for a given producing formation by a common reser-
voir mechanism. However, in the case of an unexplored basin
the R.F. is a very difficult parameter to define and we can
simplify the R.F. distribution as triangular with minimum, maxi-
mum and most likely values of the random variable R.F.




Table 1. "Yardstick" for basin evaluation
““Yardstick”’ for Basin Evaluation
Richness factor Chance of —’ Field size®
bbl per cubic Commerciai Presence largest field
Basin type mile of sediments production of giants {10th fargest fieid)
1. Cratonic 35,000 High 30% 20%
interior 18,000 Average
- 3.500 Low
<
‘@ | 2. Cratonic 250,000 80% 65% 10% to 50%
ﬁ multicycle 120,000 (19% to 0.6%)
2 {Large) 25,000
S
] (Small) 75,000 50% 30% 30% =
& 40,000 (2% =)
7.500
3. Cratonicrift 450,000 70% 50% 30%
140,000 (1.7%)
20,000
4. Intermediate 600,000** 50% 50% 14%
extracontinental 150,000 (2%)
4A Closed 10,000
4B Foredeep 60,000 40% 10% 14%
25,000 {2%)
1,000
& 4C Open 300,000 50% 65% 30%
2 160,000 (0.6%)
g 3,000
S| 5. Puli-apart ? 30% 20% ?
g Presently
5 average 40,000
= 6.-7. 4,000,000 20% 40% 35%
Intermontane 180,000 (1.3%)
5,000
8. Delta 220,000 50% Few giants 6%
190,000 {1.5%)
?
Average ail basins 50,000 to 100,000 50% 50% 25%
(1.5%)

*Based on ultimate recovery of total basin reserves.

**Middle East
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The simulation model is presented in the flow chart
Figure 3, where "A" is the set of distributions of the Area,
Thickness and the R.F. The expected value of the undiscovered
resources is calculated using Monte-Carlo techniques.

One simulation pass begins with the test to see whether
0il exists in basin K and goes on to the next basin. Each
test is performed by a comparison of the individual probability
P(Bk) of 0il occurrence in the Kth basin with the random number

Wk,O < Wk < 1,

and goes on to the next basin, If

0 < W, < P(Bk),

k

then basin K has oil. If

P(Bk) < Wk < 1,

then basin K has no oil.

The individual probability P(B,) is assigned to each basin
based on past experience of exploration or, if exploration has
not yet been started, on past experience in areas with similar
geology. One set of past experience is readily available in the
form of national drilling statistics (national success ratio)
which have been systematically recorded for many years. Unfor-
tunately, most geologists feel that the national statistics are
of little use in considering a particular venture and they are
more willing to regard the local past experience in order to
make a decision on a particular venture. Thus assigning proba-
bilities is one of the critical parts of resource assessment.

Resources of the Kth basin are assessed only after the
test has been completed successfully by sampling the value of
the Area, Thickness and R.F. and computing their product.
Each iteration yields a value for total resources in the country.
This simulation process is repeated i times, where i = 1,...I-
-the number of iterations. The mean, variance, etc. of total
resources can then easily be calculated. Also, the frequency
distribution and cumulative distribution graphs can be plotted
to represent the result of the modelling.

5. THE EXPLORATION MODEL

The exploration submodel performs the calculations of
resources at basin level by introducing oil structures or
targets.




Do | iterations
i=0

v
% |:i=+01

v

/ Set to initial conditions
TOTRESQURCE = TOTRESOURCEZERO:;

N; pl;p2; ....;pN

v

— P K=K+ 1

Test K basin
Rand No. <{1 - pK)

Sample the area

No > thickness, richness factor
compute RESOURCE

of K basin

I

TOTRESQURCE =
TOTRESOURCE +

RESOURCE K

End of ith passtore
TOTRESOURCE

No

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

Figure 3. Flow chart of the resource submodel
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An example of a similar simulation analysis is described
by Newendorf (1975). The proposed model is an application of
this example to resource assessment in the basin and the deter-
mination of the amount of exploratory drilling required to find
the expected value of resources in the basin. This expected
value is defined by the parameter CONT--the number of structures
which are hypothesized to contain oil:

CONT = NZERO x pZERO,

where, NZERO is the number of structures which have to be tested
and pZERO is the probability of success (assigned according to
the exploratory success ratio in a given or similar basin).
Index ZERO reflects the initial conditions of simulation.

When searching for o0il, success and failure are considered
as random trials, so the test for each k structure is made by
the comparison of a random number with the probability of success
P. In this model the occurrences of oil in each structure are
the dependent event, and after each test the N, the p and the
CONT parameters are revised. Each iteration is performed until
all hypothesized oil-containing structures have been found.

The simulation model is presented in the flow chart
Figure 4, where "B" is the set of input distributions of the
Area, Thickness and the R.F. for each structure.

The result of modelling gives the amount of resources in
the basin in the form of a cumulative probability graph with
the means and standard deviation and the distribution of the
random value k. This value represents the number of structures
that had been drilled on each iteration pass before discovering
all the CONT = NZERO x PZERO expected oil-containing structures.
The minimum value of this distribution would be k = CONT--the
case in which no dry structures were drilled. The maximum
value of the distribution would be k = NZERO--the case in which
the last oil-containing structure was not found until the very
last structure had been drilled.

With the distribution of k values we could gain insight
into the amount of exploratory drilling required to find all
the resources in the basin.

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

This part of the model produces the forecast of future
production, and depends on the results of the exploration model.
In general, the submodel attempts to restore the balance between
producing facilities and resource supply. The mean value of
prospective resources is compared with the amount of required
reserves obtained from the extrapolation of the initially
accepted production rates. The impact of economic, technological
and political factors must be taken into account. Without doubt
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Do | number of iterations

{

Set to initial conditions
TOTRESOURCE = TOTRESOURCEZERO
N = NZERO,

p = pZEROQ,

CONT = NZEROXPZERO

Sample the area,

No thickness, richness factor

compute RESOURCE of
KD structure

Test KO structure
Rand No. <{1 — p)

Compute new

:

P for (K + 1) structure N=N -1
= CONT/N =N-
P TOTRESOURCE =
T TOTRESOURCE +
" + RESOURCE K
— N=0?
Yes
- : NaN-1
P=it] CONT = CONT — 1
+
‘ Yes \ISCONT
No
i, N
v

End of one passtore
TOTRESOURCE

.

End of one passtore K

No Is

Simulation run is finished — Print distributions
of TOTRESOURCE and K, means, variancas

Figure 4. Flow chart of the exploration submodel
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these factors are quite unpredictable--also the comparison of
prospective resources with various probabilities may be made.
All this leads to some correction of the production curve
obtained through the selected criteria of experts in the first
part of the model. Several revised alternative curves could
be taken into account for the establishment of the production
policy.

7. THE TEST CASE

The first run of the model was made for Mexico. The
determination of the future production rate was based on
information from the ENERTREE Data Base Retrieval System using
data from the IIASA OilData Base. Our sources of information for
the resource assessment submodel are published data, in partic-
ular "Development in Mexican Petroleum" by Meyerhoff and Morvis.

Geological analysis was accomplished for the determination
of the richness factor by using Klemme's classification scheme
(1975)--see Table 1. We considered 19 prospective basins
in Mexico. For each basin the geoclogical analysis was performed
and the distribution of the main parameters was constructed.

The individual probability is assigned using Meyer's description
of geological features (1978).

The results of the determination of future production rates
and of the required resources to supply these rates are presented
in Appendix 1. Table A1.1 shows the input data and results for
polynomial extrapolation. Figure A1.1 shows the production curve
derived from this method. 25,549 billion barrels of resources
are required to supply this form of oil production curve.

Table A1.2 shows the input data and results for cubic-spline
interpolation. The production curve derived from the cubic-spline
method is presented in Figure A1.2. 49,9229 billion barrels of
resources are required for these rates of production.

The input data, some intermediate statistics and the output
of the resource assessment submodel are presented in Appendix 2.
The results show the resources in Mexico in the form of the
probability distributions. Frequency distribution is shown in
Figure A2.1 and cumulative distribution in Figure A2.2. The
minimum value is 8,0934 billion barrels and the maximum value
is 140,34 billion barrels. The mean value of resources in
Mexico is 58,3726 billion barrels. On the cumulative graph
the value 11,574 billion barrels with a probability of 1 may
be interpreted as proven reserves.

The comparison of results of the resource assessment sub-
model with the amount of resources derived from the extrapola-
tion of the production curve (25,5490 or 42,9229) shows that
with the probability 0.98 or 0.7 this amount of reguirable
resources can be supplied from future discoveries.

It is necessary to mention here that some of the data used
in the test case are not verified and are sometimes "speculative."
Detailed work on input data could greatly improve the result
of modelling.
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