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ABSTRACT 

The primary purpose of this study is to develop a re2l istic 

model of an oil company which can be used to evaluate alternative 

systems of petroleum accounting. The model is used to simulate 

several accounting variables produced by the full cost and success-

ful efforts methods of accounting. The simulated accounting variables 

are net operating income, net oil properties, operating expenses and 

return on investment. This study also evaluates the oil company models 

used in prior petroleum accounting research. 

There are currently two systems of petroleum accounting 

(full cost accounting and successful efforts accounting) that are 

generally accepted. The full cost method basically requires the 

capitalization of all exploration and development costs while the 

successful efforts method does not permit the capitalization of 

either geological survey costs or the costs of dry exploratory wells. 

A petroleum accounting model should satisfy three require

ments. The model should incorporate all significant revenues and 

expenditures. The value$ of these revenues and expenditures should 

be realistic and the timing of the business transactions must be 

realistic. 

Earlier accounting studies employed deterministic and 

stochastic models which failed to satisfy one or more of the three 

requirements of a petroleum accounting model. Because there are many 

significant differences between these models and the oil companies 

xi 



which they claim to represent, the findings of these studies cannot 

be considered to be realistic. 

The model developed for this study represents the explora

tion, development and production activities of an oil company. 

Multinomial probability distributions are used to model exploratory 

drilling success. A binomial distribution is used to model develop

ment drilling success. Exponential decline curves are used to 

represent oil production. The model displays the type of behavior 

that is predicted by the economic theory of exhaustible resources 

and it satisfies the three modeling requirements stated previously. 

xi i 



CHAPTER 1 

INTRODUCTION 

Objectives of the Dissertation 

The primary objective of this study is to develop a realistic 

model of an oil company whi·ch can be used to simulate accounting 

variables under a variety of economic conditions. Another objective 

of this study is to evaluate the claims of four accounting researchers 

concerning the behavior of several variables produced by two systems 

of petroleum accounting. The claims that are evaluated are found in 

the works of Klingstedt (19691. Eskew (1973), Myers (974) and 

Sunder (1976). This study also evaluates the modeling techniques 

used in these earlier studies of petroleum accounting. The prior 

studies employ relatively simple models of petroleum companies to 

generate streams of accounting variables for PCA and SEA. This study 

uses a more realistic model to investigate the behavior of several 

variables under full cost accounting (FCA) and successful efforts 

accounting (~EA). 

The four prior studies contain a number of claims 

regarding the relative behavior of FCA and SEA in generating the 

following accounting variables: net operating income, operating 

expenses, net oil properties and return on investment. K1ingstedt 

and Myers employ deterministic models of oil companies that are 
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capable of producing only point estimates of each accounting variable. 

Eskew and Sunder employ stochastic models of oil firms to produce 

distributions of certain accounting variables. The latter statistical 

approach permits fuller descriptions of the two accounting systems 

than is possible with the deterministic models. However, all of these 

analytic models are qurte simple and may produce numbers that are 

misleading and unrepresentative. The ability of these studies to 

faithfully represent the behavior of FCA and SEA systems is limited 

by the realism of their models. 

In this study a model of oil exploration, development and pro

duction is used to evaluate the claims of prior research. The princi

ples of capital budgeting are the foundation of this model. Decisions 

to drill new field wildcats (extensive explorationl are based upon 

the goal of maxrmizing the return on each dollar invested in that 

activity. Development and production decisions are made to maximize 

the net present value of each oil reservoir subject to the constraint 

that each reservoir has a fixed quantity of reserves. These decisions 

are based on economic variables such as the price of oil, the firm's 

discount rate, the cost of drilling, the production tax rate and the 

lifting cost of oil. 

The capital budgeting model i's used in a computer simulation 

to generate distributions of a firm's net operating income, net oil 

properties, operat:ng expenses and return on investment. Accounting 

net operating income rs defined in this study to be net revenues 

less dry hole costs and lifting costs (i~e. income before taxes and 



interest). The study covers a period of twenty years. During each 

year the means and variances of the four accounting variables are 

calculated. The relative v~lues of these variables are compared to 

the relationships that are asserted in the prior accounting studies. 

The computer simulation approach used in this study was 

proposed by Sunder 0976} as an area of possible future research. 

While Sunder recognized the value of employing a more realistic model 

than he used, he expressed concern over the loss of generality. The 

trade-off between realism and generality is inherent in all modeling 

studies. However, "in the petroleum accounting area it appears that 

added realism is warranted. The K1ingstedt and Myers models produce 

one dimensional output and the models used by Eskew and Sunder are 

so general that they bear only a very modest resemblance to an oil 

company. The current model is designed to portray a more accurate 

representation of the differences between FCA and SEA in a realistic 

environment. 

Backoround 
" 

There has been a great controversy during the past 20 

years regarding the competing methods of petroleum industry account-

ing. The traditional method of accounting in the oil industry is 

SEA which is the method used by oil companies that are generally 

larger and older than the firms that use FCA. FCA made its first 

appearance around 1960. Collins and O'Connor t1978, p. 2331 list 

3 

86 firms that are classified by their accounting method (see Table 1). 

There are significant differences between FCA and SEA rules and 
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Table 1. Oil Firms Classified by Accounting Method. 

FULL COST SUCCESSFUL EFFORTS 

Apache Corporation 
Aquitaine of Canada 
Ashland Oil Canada 
Ashland Oil Inc. 
Austral Oi 1 
Aztec Oil and Gas 
Belco Petroleum Corporation 
Bow Valley 
Buttes Gas and Oil 
Canadian Homestead Oils 
Coastal States Gas Producing 
Columbia Gas 
Consolidated Oil and Gas 
Dome Petroleum 
Falcon Seaboard 
Great Basins Petroleum Corporation 
Great Plains Development Co. 

of Canada, Inc. 
Home Oil Company 
Houston Natural Gas Corporation 
Husky Oi 1 
Kewanee Oi 1 
Magma Oil Corporation 
Mesa Petroleum 
North American Royalties, Inc. 
Occidental Petroleum Corporation 
Pacific Petroleum 
Pan Canadian Petroleum, Ltd. 
Pennz6il Company 
Petrofina of Canada, Ltd. 
Reading and Bates Offshore Drilling 
Scurry-Rainbow Oil 
Southern Union Gas 
Standard Oil of Ohio 
Tenneco Oil Company 
Tesora Petroleum Corporation 
Texaco Inc. 
Texas Oil and Gas Corporation 
Total Petroleum 
U.S. Natural Resources, Inc. 
Westates Petroleum Company 
Western Delcata Petroleum 
Wilshire Oil of Texas 

Ame r i'can Pet rof i na, Inc. 
Apco Oil Corporation 
Asamera Oil Corporation 
Atlantic Richfield 
Barnwell Industrial Inc. 
Baruch Foster Corporation 
Canadian Export Gas and Oil 
Canadian Superior Oil 
Cities Service 
Clark Oil and Refinery 
Continental Oil 
Creole Petroleum 
Crestmont Oil and Gas Co. 
Crown Central Petroleum Corp. 
Crystal Oil Company 
Dixilyn Corporation 
Exxon Corporation 
Felmont Oil Corporation 
General American Oil of Texas 
Getty Oil 
Gulf Oil 
Helmrich & Payne, Inc. 
Kerr-McGee Corporation 
Kin-Ark Corporation 
Louisiana Land Exploration Co. 
Marathon 011 
Midwest Oil Corporation 
Mississippi River Corporation 
Mobile Oi 1 
Murphy Oil Corporation 
Phillips Petroleum 
Quaker State Oil Refinery Corp. 
Reserve Oil and Gas 
Scope Industries, Inc. 
Shell Oil Co. 
Signal Companies 
Ske 11 y 0 il 
Standard Oil of California 
Standard Oil of Indiana 
Sun Oil Company 
Superior Oil Company 
United Canso Oil and Gas, Ltd. 
Union Oil--California 
Wichita Industries 



between the accounting numbers generated by these two systems. 

Basically SEA expenses the costs of geological surveys and the costs 

of dry exploratory wells whereas FCA capitalizes these costs. 

Prior to the Financial Accounting Standards Board's 

(FASB) adoption of the Statement of Financial Accounting Standards 

No.19 (SFAS #19) in 1977 there was a great deal of variation in the 

accounting practices of firms using ~EA. There was also variation 

in the practices of FCA firms. Lilien and Pastena (1981) found that 

intramethod accounting differences within FCA and SEA had signifi

cant effects upon net income, retained earnings and asset balances. 

Past practices included the use of various sized cost centers 

ranging from the well, to the lease, to the oil reservoir, to the 

oil field, to an oil district, to a country and ultimately to the 

entire world. The oil lease is a convenient cost center for SEA 

firms since records are kept on a lease basis to satisfy an oil 

company's contractual obligations. However leases can vary widely 

in size from units of a few dozen acres to units containing thou

sands of acres. Field (1969) criticized lease accounting for this 

reason. Not only did the cost center vary from one company to 

another, but there was a great deal of latitude within specific 

cost categories regarding the decision to capitalize or expense a 

specific item (Porter 1965). The great variety of accounting 

methods made intermethod and intramethod financial comparisons 

difficult. 

5 



The Accounting Principles Board (APB) in the early 

1970 l s attempted to establish SEA as the standard system of account

ing for the petroleum industry, but backed away from this goal in 

the face of strong opposition from the FCA firms (Patz and Boatsman 

1972). Public dissatisfaction with the petroleum industry rose 

dramatically following the Organization of Petroleum Exporting 

Countries (OPEC) directed crude oil price increases of 1974. 

Congress responded with the Energy Policy and Conservation Act 

of 1975 (EPCA) which directed the Securities and Exchange Commission 

(SEC) to establish a set of uniform accounting rules or to oversee 

the writing of an acceptable set of regulations by the FASB. The 

FASB complied with the directive and issued SFAS #19 in December 

1977. SFAS #19 ordered the use of a particular version of SEA 

rather than FCA or other versions uf SEA. In August 1978 the SEC 

overruled the FASB in Accounting Series Release No.253 (ASR #253) 

and ordered that a new system, reserve recognition accounting (RRA) , 

be developed for use by the oil and gas industry. Reserve recog

nition accounting requires the inclusion of the present value of 

proved oil and gas reserves in the statement of financial position. 

The value of petroleum discoveries are to be included in the income 

statement. While RRA was to be developed, the SEC permitted firms 

to use SEA as defined by SFAS #19 or FCA as defined by the SEC. 

In February 1981 the SEC announced in ASR #289 that the SEC had 

decided to abandon RRA as a means of producing the primary finan

cial statements of petroleum companies. The uncertainty associated 

6 
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wi~11 reserve estimates was judged to be an insurmountable problem 

with RRA. Currently the SEC is working with the FASB to develop a 

comprehensive set of financial disclosures for petroleum companies. 

The SEC continues to express a commitment to value-based disclosures. 

However, FCA and SEA are the currently acceptable methods of 

accounting in the oil and gas industry. 

Importance of the Dissertation 

This study is important because it develops a model 

of an oil firm which comes closer to reality than the models used 

in prior accounting research on this subject. The new model is used 

to generate FCA and SEA distributions of net operating income, net 

oil properties, return on investment and operating expenses. These 

distributions are used to evaluate the accuracy of the conclusions 

of previous accounting studies. The evaluation of prior accounting 

research models and findings is an important component of this 

study. In any discipline it is worthwhil~ to test the results of 

prior research and to refine and improve these efforts whenever 

possible. This study has added significance because it analyzes 

assertions about the behavior of SEA and FCA generated accounting 

variables. The FASB is currently engaged in the development of a 

comprehensive set of financial disclosures for petroleum companies 

and this study should provide the members of the FASB with a clearer 

understanding of the operational characteristics of the FCA and SEA 

systems. 



Prior studies on this topic rely upon three dissimilar 

types of models of an oil firm. Klingstedt (1969) and Myers (1974) 

use deterministic models which yield only one dimensional output. 

These models are very mechanical and require an industry specialist 

to select all of the model IS variables before each simulation run. 

Eskew (1973) and Sunder (1976) utilize probabalistic models of an 

oil firm. These models are quite dissimilar from each other and 

from the deterministic models. Eskew uses a uniform distribution 

to model drilling success whereas Sunder uses a binomial distribu

tion. Although the Eskew and Sunder models yield distributions of 

the accounting variables under a variety of economic conditions, 

the models are so simplistic that it is doubtful whether they are 

realistic representations of oil firms. 

Although the models of Klingstedt and Myers are fairly 

complex they are basically mechanical. All of the economic con

ditions and model parameters are preselected. These items include 

the price of oil, the lifting cost, the quantity of oil discovered 

each year, the quantity of oil produced and the productive life 

span of each well. The variables operate independently of each 

other within the simulations and are related only by the skill of 

the researcher in selecting economically consistent values. The 

Myers and Klingstedt models are only capable of producing point 

estimates of accounting variables such as net income and net oil 

properties. Point estimates permit very limited comparisons of FCA 

and SEA generated accounting numbers. Klingstedt uses his model to 

8 



answer a very modest set of questions and it is possible that a 

~echanical model is sufficient for that task. Myers uses his model 

to answer a broad range of questions about the behavior of FCA and 

SEA under a variety of economic conditions. He is able to show 

whether a FCA variable is greater than, less than or equal to a SEA 

variable. Myers also shows trends In these relationships. A prob

abalistic model would have permitted fuller descriptions by Myers. 

The current stydy1s model matches economic variables within the 

internal framework of the model and thus eliminates a major problem 

with which Myers struggled. 

Eskew (1973) uses a uniform probability distribution 

to model drilling success rates. His expressed reason for selecting 

a uniform distribution is a lack of knowledge. In addition to the 

problem with the drilling model Eskew makes no distinction between 

exploration and development activities. Sunder (1976) uses a bino

mial distribution to model drilling activity. This selection is 

based upon broad national averages of drilling success and it is a 

clear improvement over the uniform distribution. However, Sunder 

also fails to distinguish between exploration and development. 

Production rates are predetermined and are not affected by any of 

the cost or revenue variables within either Eskew1s or Sunder1s 

study. In these studies all of the oil fields are the same size 

and have the same life span. These are some of the simplifying 

assumptions found in the previous accounting studies which diminish 

their ability to faithfully represent the behavior of FCA and SEA 

9 



generated numbers. The prior accounting studies will be described 

more fully in Chapter 3. 

If a researcher wishes to model variables such as net 

10 

income (especially SEA net income) then it is necessary to model the 

activities which generate expenses and revenues. The researcher should 

be interested in the variability of the expense stream, the vari

ability of the revenue stream and the covariability of the blo 

streams. The stream of operating expenses is produced by the com-

plex interaction of the accounting rules with the occurrence and 

timing of the economic events. SEA requires .the expensing of certain 

costs in the exploration phase of operations while other costs are 

not expensed until the point of sale. Oil revenues are recognized 

at the point of sale. In this and in prior studies the point of 

sale is assumed to occur at the wellhead. If a researcher employs 

a model which is incomplete or unrepresentative then a mismatching of 

reVenues and expenses will result. By omitting the development 

phase of operations the researcher distorts the revenue stream of 

an oil company. The streams of simulated FCA and SEA variables and 

the relationships between these variables will be more representative 

as the realism of the oil company model is increased. Prior 

accounting studies rely upon oil company models which have severe 

limitations. This study deals with many of those weaknesses and 

thereby produces data which are more reliable. 

In addition to evaluating the conclusions of prior 

studies this research provides a model of an oil company that can 



be used in the future to study in depth the behavior of FCA and SEA 

generated ar.counting numbers under a variety of economic conditions. 

The effects of a change in the price of oil or in a firm1s cost of 

capital could be studied. The petroleum industry is very complex 

and this makes petroleum accounting far more complicated than the 

rules of FCA and SEA might indicate. The accounting numbers are 

generated by the interaction of th~ accounting rules and the 

economic events that occur in the life of a firm. By using this 

study1s model to generate FCA and SEA output under a variety of 

conditions, researchers can gain a better understanding of how these 

systems operate. 

Company Model 

The oil company model developed for this study con-

sists of several sections which define the company1s economic 

environment and other sections which represent the exploration, 

development and production activities of the firm. This model is 

used to simulate typical business transactions of an oil company. 

The rules of FCA and SEA are applied to the simulated transactions 

to produce distributions of several accounting variables. 

The economic environment is composed of a 100,000 

square mile search area which contains approximately 37 billion 

barrels of recoverable petroleum. The petroleum is distributed 

among 50,000 reservoirs which range in size from 1,000 barrels to 

pools containing more than 500 million barrels of recoverable oil. 

11 



The reservoirs are located among four depth intervals (0 to 4,000 

feet; 4,001 to 8,000 feet; 8,001 to 12,000 feet; and 12,001 to 

16,000 feet). 

The model assumes that the total annual industry budget 

for extensive exploratory drilling is 100 million dollars. This 

industry budget is used in conjunction with the Arps and Roberts 

(1958) discovery process model to represent the pattern of reservoir 

discoveries for the search area. Oil reservoirs can be discovered 

only by engaging in extensive (new pool) exploration. Multinomial 

probability distributions are used to determine the size and depth 
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of each pool that is discovered. A binomial probability distribution 

is used to model the outcome (success or failure) of each develop

ment well. The current study assumes that development decisions 

are based on the goal of maximizing the expected present value of 

each oil pool. A capital budgeting equation is employed to repre

sent the cash flows associated with development and production 

activities. The rate of oil production from each well is assumed 

to decline exponentially over the life of the well and the initial 

production rate is assumed to be a function of the pay zone1s 

thickness. The details of the oil company model are described in 

Chapter 5. 

Hypotheses of the Study 

An objective of this study is to evaluate the accuracy 

of several prior accounting research efforts. Ten items have been 

selected from these earlier works for testing in this study. A 
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number of issues examined by prior researchers are not evaluated in 

this study because these items appear to be merely reflections of the 

simplifying assumptions of the models employed. For example, Sunder 

claims that the FCA net oil properties account of a steady-state 

firm has a variance of zero. It would be difficult if not impossible 

to find a firm using FCA whose oil property account never varies. 

The reason for this difficulty is that Sunder's type of steady-state 

firm does not exist. Most of the model parameters are held constant 

by Sunder in the steady-state firm. It is neither surprising nor 

particularly meaningful to discover that net oil properties do not 

vary whenever a firm drills a constant number of wildcats each year 

and discovers a constant number of physically identical oil pools. 

Sunder assumes that all oil fields in the model have the same size 

and depth characteristics and all oil wells produce at the same rate. 

Several assertions found in the earlier studies are 

judgmentally selected for analysis in the present study. These 

assertions yield ten hypotheses. Four of the hypotheses deal with 

the behavior of net operating income; two hypotheses deal with 

operating expense distributions; three hypotheses are concerned with 

the distributions of net oil properties, and the final hypothesis 

is concerned with the return on investment (ROI) of an oil company. 

Several of these hypotheses are supported by more than one of the 

earlier studies and in fact there is a good deal of agreement among 

the previous researchers despite the differences in the models used. 

Although some of the prior models are quite different, the simplifying 



assumptions are fairly similar across these studies. It is posited 

that a more realistic set of assumptions may result in the rejection 

of some of the conclusions of the prior studies. The detachment of 

oil production from the other economic variables is of particular 

concern since this could result in the mismatching of revenues and 

expenses. The assumption that all wells have the same expected 

productive lives could also distort the results. The ten hypotheses 

are given below by accounting variable categories. 

Net Operating Income Hypotheses 

H-l. For a new firm SEA net operating income is always 

less than FCA net operatin9 income. This assertion is supported by 

all four of the prior studies. The definition of a new firm is open 

to question but firms that are less than five years old are con

sidered to be new in this study. 

H-2. For a new firm the difference between FCA and SEA 

net operating income will gradually approach zero over time as the 

firm matures. This assertion is supported by all four of the prior 

studies. 

H-3. A decrease in a firmls extensive exploration efficiency 

increases the differences between the average FCA and SEA net 

operating incomes. A firm with an exploration efficiency of two is 

twice as efficient at finding oil pools as it would expect to be if it 

drilled wells randomly without conducting prior geologic surveys. 

This assertion is supported by the works of Sunder and Eskew. 



H-4. The variance of SEA net operating income is always 

greater than the variance of the FCA net operating income. This 

assertion is supported by Eskew's study. However, Sunder would dis

agree with this claim in certain special circumstances. In both 

studies the variance is determined on an annual basis and it is due 

to the distribution of dry and successful wells. 

Operating Expense Hypotheses 

H-S. For a new firm the average operating expense is 

always less under FCA than under SEA. This assertion is supported 

by the works of Myers and Eskew. 

H-6. The variance of SEA operating expenses is always 

greater than the variance of FCA operating expenses. This assertion 

is supported by Eskew. 

Net Oil Property Hypotheses 

H-7. FCA net oil properties are always as large as or 

larger than the SEA net oil properties. This assertion is supported 

by the work of Sunder. Myers illustrates in his third case an 

economic scenario where this hypothesis is false. 

H-S. Average net oil properties under FCA are always 

as large as or larger than the average SEA net oil properties. 

This assertion is supported by the work of Sunder. 

H-9. Changes in the extensive exploration efficiency. of 

an oil company alter the difference between FCA and SEA net oil 

property. An increase in the extensive exploration efficiency 
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reduces the difference between FCA and SEA net oil properties. This 

assertion is supported by the works of Myers and Sunder. 

Return on Investment Hypothesis 

H-10. For a mature firm the return on investment is always 

greater for SEA as opposed to FCA. This assertion is supported by 

Klingstedt and Sunder. 

Limitations of the Study 

There are several limitations to the model employed in 

the present study. Each of the components of the company model can 

be made more complex and thereby more realistic. This is true of 

any modeling study. 

The current exploration model is a logical extension 

of the type of model used by Sunder. Extensive exploration is 

modeled by a set of four multinomial probability distributions 

rather than a single binomial distribution such as Sunder used. 

Each of the four distributions represents the chances of discovering 

one of 20 sizes of oil pools located in a given depth interval. 

Thus this modification permits the representation of size and depth 

characteristics of oil pools. While this exploration model is an 

improvement over the ones employed by Eskew and Sunder, it does not 

permit the modeling of all exploratory drilling practices. There 

are two general categories of exploratory drilling, ambient drilling 

and drilling in oil plays. Ambient drilling is conducted in regions 

or to depths where geological evidence indicates the possibility of 

16 
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oil but previous drilling has not yet discovered any oil. The first 

wells drilled in Saudi Arabia, Pennsylvania and West Texas are all 

examples of ambient drilling. Since oil fields tend to occur in 

clusters, after an ambient driller discovers oil many others usually 

begin to explore in the neighborhood of the strike. The increase 

in exploratory drilling \'Jhich follows the original strike is known 

as an oil play. Some firms specialize In following oil plays while 

others engage in ambient exploration. The risks and rewards are 

greater for ambient exploration. Since the large oil companies can 

bear these higher risks, most ambient drilling is conducted by the 

larger companies. Smaller oil companies tend to follow oil plays. 

The present model is unable to model this interesting type of 

behavior. In practice an oil executive must allocate funds between 
,-

geological and geophysical surveys and exploratory drilling invest-

ments. The surveys provide information that is used to select the 

sites of exploratory wells. The executive must decide if the 

expected value of the additional information is greater than the 

cost of gathering the information. The current model is not capable 

of representing this decision process. The earlier accounting 

studies are also deficient in this area. 

Land department leasing activities are not modeled in 

the current study nor are they modeled in the Eskew and Sunder 

studies. Actual industry leasing practices are quite complex with 

many types of leasing agreements and great variation in the working 

interests of a firm1s oil leases. The working interest of a lease 



is often divided among many joint venturers as a method of risk 

minimization. The current study assumes that the firm's working 

interest is 87.5 percent for all leases and it also assumes that 

the firm is always the operator. 

Offshore oil activities and operations in foreign nations 

are not modeled in this study. The study assumes that all explora

.tion is· conducted in an onshore region of the contiguous 48 states. 

The study also assumes that significant quantities of natural gas 

do not exist in the search area and this implies that all of the 

oil wells must be pumped. A model which includes the presence of 

natural gas would be more complete and much more complex. The 

absence of natural gas reservoirs is an implicit assumption of the 

earlier accounting studies. Governmental regulation of the wellhead 

price of oil is not modeled. Finally the current model assumes that 

there is no secondary nor tertiary recovery of oil from old 

reservoirs. 

While the limitations of the model represent areas for 

future improvement, these limitations are not unique to this study 

but are present in the earlier petroleum accounting models as well. 

Organization of the Study 

The dissertation is organized into seven chapters. 

The first chapter describes the study's objectives, importance, and 

limitations •. It also describes the model developed for this study 

and lists the study's hypotheses. This chapter contains a descrip

tion of the organization of the study. 
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Chapter two describes the rules of FCA and SEA. The 

SEA rules are based on SFAS #19 while the FCA rules are based on 

SEC guidelines. 

Chapter three describes four earlier modeling studies 

of petroleum accounting. These studies are written by Klingstedt, 

Eskew, Myers and Sunder. The chapter consists of a description of 

the structure of each model and this is accompanied by a discussion 

of the weaknesses and deficiencies of each model. 

Chapter four describes several models of oil companies 

that are found in non-accounting studies of the industry. These 

models are considerably more sophisticated than are the models that 

are found in the accounting studies. Several of the components of 

these models are used in the current study. 

Chapter five describes the design of the oil company 

model which is used in the current study. This model is employed 

in a computer simulation to generate distributions of several 

accounting variables. 

Chapter six describes the distributions of simulated 

accounting variables. These variables are net operating income, 

operating expenses, net oil properties and return on investment. 

The simulated accounting distributions are used to evaluate the 

study's hypotheses. 

The seventh chapter summarizes the important findings 

of the study. This chapter describes the study's contributions to 

the field of petroleum accounting. It also discusses several areas 

for future research. 
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Because some of the terms which are used in this study 

are technical and not widely known outside the petroleum industry, 

a glossary of terms is provided in an appendix to the study. 
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CHAPTER 2 

ACCOUNTING METHODS 

Introduction 

This chapter provides a general description of the rules 

of SEA and FCA. It is divided into two sections with the first section 

describing the SEA rules as promulgated by the Financial Accounting 

Standards Board (FASB) in the Statement of Financial Accounting 

Standards No.19 and the FASB Interpretation NO.36, and the second 

section describing the FCA rules as set forth by the Securities and 

Exchange Commission in the Accounting Series Release No.2S8. Prior to 

1977 there was a significant amount of intramethod variability in both 

the FCA and SEA systems (Lilien and Pastena 1981). This variability 

has been reduced considerably in recent years by the FASB and the SEC, 

and this in turn has greatly simplified the modeling task of the 

present study. Each of the following sections describes the rules of 

accounting for the exploration, development and production costs under 

the two systems which are currently accepted within the industry. 

Successful Efforts Accounting 

Exploration costs include the costs of reconnaissance 

surveys, detailed surveys, wildcats and exploratory stratigraphic 

test wells. Under SEA rules the following three broad classes of 
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exploratory costs are expensed when incurred: geological and geo-

physical costs (G&G) , carrying costs for undeveloped properties, and 

dry hole and bottom hole contributions. Geological and geophysical 

costs include the costs of topographical studies, photogeology, 

seismic surveys and gravity surveys. The SEA accounting treatment 

for G&G costs is to expense them regardless of whether these costs 

are incurred by an oil company's own staff or by independent con

tractors. Other examples of G&G costs include the costs of operating 

support facilities and the costs of shooting rights (the rights to 

conduct seismic surveys). The carrying costs of undeveloped prop

erties include delay rentals, property taxes, title defense legal 

fees and the costs of maintaining land and lease records. Dry hole 

and bottom hole contributions are payments for information that are 

made by one oil lease owner to the owner of an adjacent oil lease 

to encourage the drilling of an exploratory well on the adjacent 

lease. The dry hole contribution is paid only if the exploratory 

well is dry whereas a bottom hole contribution is paid regardless of 

the outcome of the well. 

The costs of exploratory wells in proce~s and exploratory 

stratigraphic test wells in process should be capitalized as part of 

the company's oil property accounts. If a well is proved to be dry 

following the close of a firm's fiscal year but prior to the release 

of the financial statements, the costs of the dry well that are 

incurred through the end of the year should be removed from the wells 



in process account and charged to the dry hole expense account. 

After an exploratory well reaches its total depth it is evaluated 

for the presence of oil and if an economically producible deposit is 

discovered, then the cost of the well should be transferred from 

wells in process to the firm's producing well property account. If 

the well is found to be dry, the net cost of the well should be 

charged to the dry hole account. 

Development costs should be capitalized as they are 
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incurred. These costs are depleted on a units of production basis. 

Development costs include the costs of drilling and equipping 

development wells. The distinction between exploratory and develop

ment wells is not always obvious (Burrow 1982). This could lead to 

differences in the way that various firms apply the rules of SFAS 

#19. Types of development costs include the costs of building roads 

to drilling sites, rig usage, bits, laying water lines, leveling and 

draining well sites, mud, fuel, labor, cementing, trucking and the 

cost of well equipment such as casing, tubing, the pumping unit and 

the Christmas tree. Development costs also include the costs of 

lease equipment such as flowlines, separators, heater-treaters, 

manifolds, meters and lease stock tanks. The cost of salt water 

disposal wells and pressure maintenance wells are treated as develop

ment costs. 

The proper successful efforts accounting treatment 

for dry holes is to expense dry exploratory wells but to capitalize 

dry development wells. However, it is not always easy to distinguish 
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between an exploratory and a developmental well. The original 

wildcat well which discovers a new oil field is obviously exploratory 

in nature. Drilling production wells into a largely delimited and 

structurally simple oil pool for the purpose of increasing the rate 

of production from the pool is clearly a development activity. 

However, the wells which are drilled during the first few years 

following the field1s discovery may be regarded as either exploratory 

or developmental. The proper classification depends upon the geo

logic complexity of each field (i.e. the number of reservoirs in the 

field, the continuity of the reservoirs, the amount of faulting and 

the type of trap). The exploration process may terminate with the 

discovery well for a geologically simple field with a single reser

voir. In structurally complex regions like the Overthrust Belt 

Region exploration would not terminate with the discovery well. 

The proper classification of many early post discovery wells depends 

upon the subjective assessments of geologists, accountants and 

engineers. However, once a field1s limits are fully defined then 

further drilling should be considered to be a development activity. 

Capitalized exploration and development costs are 

depleted on a units of production basis. The unit of depletion 

may be computed on a property by property basis or on a reasonable 

aggregation such as a reservoir or group of reservoirs with a common 

geologic structure. An SEA firm may have a substantial quantity of 

exploratory costs which are associated with newly discovered reser

voirs and are not yet subject to depletion. This does not occur 
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under FCA rules where the basis of depletion is a country rather than 

an oil field or ,reservoir. The total SEA reservoir costs incurred 

to date are divided by the total developed reserves on a reservoir 

by reservoir basis to determine the unit of depletion per barrel of 

oil produced. Exploration and development costs may be excluded 

from the previous calculation in cases such as the construction of 

an offshor ~ ~;oduction platform. A firm using SEA should never 

include anticipated future development costs in the unit cost of 

production. 

Current period production costs ar~ matched with 

current revenues to determine the firm1s net operating income. The 

depletion and depreciation of previously capitalized exploration and 

development costs are some of the current costs of production. 

Other kinds of production costs include the annual operating costs 

of wells, the costs of repairs and maintenance, property taxes, 

materials, supplies and fuel. Property taxes, depletion and depre

ciation are directly related to the quantity of oil that is produced. 

The other production costs may be considered as either the annual 

cost of operating each well or the annual cost of operating each oil 

field. Production costs can vary from one field to another depending 

upon the location, topograp~y and geology of each field. These costs 

also vary depending upon whether the well is flowing, flumping or 

being pumped (in the current study all wells are assumed to be 

pumped). 



Full Cost Accounting 

This section describes the rules of full cost accounting 

as promulgated by the SEC (ASR #258). Under FCA an oil company 

should establish a full cost account for each country in which the 

firm operates. The full cost account is an asset account which 

accumulates a variety of costs. Items that should be capitalized 
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in the full cost account include all of the exploration and develop

ment costs that are incurred within a given country. The full cost 

account should not include any production related expenses or any 

general corporate overhead. Drilling department, land department 

and geological department costs should be accumulated in cost pools 

and then regularly allocated to the appropriate full cost accounts. 

Purchases of oil reserves should be treated as additions to the full 

cost account. Sales and abandonments of oil and gas properties 

should be treated as adjustments to full cost account with no gain 

or loss recognized on the transaction, unless an extraordinary sale 

occurs which significantly alters the ratio of costs to oil reserves. 

Depletion is calculated separately for each full cost 

account. In the present study there is only one full cost account 

since all business activities are assumed to be conducted within 

the boundaries of a single country. Costs which are to be depleted 

are comprised ~f the sum of all capitalized costs including unde

veloped oil properties ~nd wells in the process of being drilled 

less the accumulated ·depletion plus the estimated future costs 

required to develop all proved reserves and all costs to abandon 



old wells and salvage equipment and restore the well sites. In 

successful efforts accounting a company should not anticipate future 

development costs. However, firms do anticipate future development 

costs under the full cost method. FCA.depletion is calculated by 

the unitsof production method. The method determines the unit of 

cost depletion by dividing the total depletable costs by the total 

number of physical units of proved oil and gas reserves. Oil 

and gas reserves should be converted to a common unit of measure 

based upon the relative energy content of the firm's reserves. 

There is an upper limit on the size of the full cost 

account so that the capitalized costs do not exceed the value of 

the proved reserves. Without this upper limit it is possible that 

the cost of producing a barrel of oil would exceed the associated 

revenue. The full cost ceiling is defined as the sum of the present 

values of the future net revenues from proved reserves of petroleum 

plus the lower of the cost of unproved properties or their fair 

market value less the related income tax effects. The full cost 

account less accumulated depletion less related deferred income 

taxes may not exceed the upper limit. Whenever charges to the full 

cost account exceed the ceiling, the excess should be charged to an 

expense account and reported separately on the income statement. 

These expensed costs should not be reinstated to the full cost 

account in subsequent periods. 

All production costs should be expensed as they are 

incurred. This includes costs incurred to maintain and increase 
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production but this does not include drilling activities. The 

depletion of the full cost account is a major component of total 

production costs. Oil companies should charge to expense accounts 

all lifting costs and all general and administrative costs. FCA 

and SEA require the same treatment of production costs. However, 
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there are potentially significant differences between the annual 

depletion expenses that are generated by the two methods of accounting. 



CHAPTER 3 

PRIOR ACCOUNTING RESEARCH MODELS 

Introduction 

The first section of this chapter describes the important 

elements of a petroleum accounting model. Oil companies engage in 

a wide variety of activities such as leasing, exploration, develop

ment, production, transportation, refining and marketing. An attempt 

to model all of these activities would be a formidable task and an 

unnecessary one. There are important differences in the FCA and SEA 

treatments of exploratory costs and these differences may affect a 

firm1s accounting numbers. To capture these effects a model should 

represent exploration, development and production. The differences 

in the accounting numbers which originate during the exploration 

phase will remain in the accounting system through the production 

phase, but no further, if all oil is assumed to be sold at the 

wellhead. The petroleum accounting model should include all important 

costs and revenues. It should insure that the relationships between 

the costs and revenues are realistic. In addition it is essential 

for a petroleum accounting model to represent correctly the timing 

of expenditures, expense recognition and revenue recognition. The 

characteristics which are described in the first section of this 

chapter are used as a standard for evaluating models of petroleum 

accounting. 
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The next four sections of this chapter describe the 

petroleum accounting models that are found in prior research studies 

and evaluate these models in the light of the standards developed in 

the first section. These prior studies were conducted by Klingstedt 

(1969), Eskew (1973), Myers (1974) and Sunder (1976). Klingstedt 

and Myers employ deterministic models which are adapted from an 

earlier model designed by Porter (1965) and their models are there-

fore quite similar to each other. There are a number of limitations 

associated with these models. Eskew uses a stochastic model with a 

uniform probability distribution representing drilling success. 

Sunder employs a stochastic model with a binomial distribution 

representing exploratory drilling. 

Required Elements of a Petroleum 
Accounting Model 

The general characteristics of variables generated by 
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the FCA and SEA methods can be simulated by a partial model of an oil 

company. This partial model should include exploration, development 

and production. A model must include exploration to capture the 

important accounting differences. If a firm intends to produce the 

oil which it discovers rather- than be simply an exploration company 

then development and production activities must be modeled as well 

as exploration. 

There are differences between FCA and SEA in the 

classification of the costs of geological surveys and the costs of 

dry exploratory wells. FCA requires the capitalization of such costs 



while SEA requires that these items be expensed. These differences 

will directly affect the balance sheet and the income statement of 
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an oil company. Thus exploratory survey and drilling costs should be 

included in any model of petroleum accounting. The exploration costs 

which are initially capitalized are depleted in subsequent periods 

on a units of production basis. The basic unit for depletion is 

the oil field, reservoir or lease under SEA rules while it is an 

entire country under FCA rules. The differences in the size of the 

property unit should affect the distributions of FCA and SEA 

depreciation and depletion expenses. 

The oil pools which are discovered during the 

exploratory phase of operations are subsequently developed and 

placed in production. Development costs are often quite significant. 

Arps and Roberts (1958) show that approximately 50 percent of all 

wells drilled in the Denver-Julesburg Basin were development wells. 

In recent years over 70 percent of all wells drilled in the United 

States have been developmental (American Petroleum Institute 1979). 

All development costs are capitalized under FCA and SEA rules. 

However, the FCA property unit (i.e. a nation) is generally much 

larger than the SEA property unit (i.e. a reservoir), and this will 

affect depletion expenses. The capitalization of development 

expenditures adds large and equal amounts of costs to the balance 

sheets of both FCA and SEA firms, and this tends to obscure the 

differences between the two methods. 
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Development activities should be included in any model 

of petroleum accounting because (1) development costs are significant, 

(2) FCA and SEA depletion of these costs may differ, and (3) pro

duction rates are related to the previous levels of development 

drilling. A model of exploration and production activities which 

ignores development drilling is not a realistic model of an oil company. 

A representative production model requires a development model since 

the number of successful development wells determines the rate of 

production from an oil pool. The distributions of revenues, depletion 

expens~s and the total lifting costs of each field are related to the 

intensity of prior development drilling. All three of these items 

affect the income statement and the depletion expenses also directly 

affect the firm's net oil properties balance. For these reasons 

developmental activities should be included in order to add realism 

to a model of petroleum accounting. 

Production activities are essential to a model of 

petroleum accounting. By assuming that all oil is sold at the 

wellhead the production model yields the revenue function for a 

hypothetical firm. This assumption eliminates the need for modeling 

transportation, refining and marketing activities, and thereby 

greatly simplifies the study. In addition the FCA and SEA methods 

do not relate directly to the activities which occur after the 

production of oil. The revenue function is an essential component 

of a firm's net operating income. The production model is also 

important because the depletion of oil property costs is based 
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on a units of production method. Depletion expense is a significant 

component of net operating income and it directly affects the net oil 

properties balance of a firm. For these reasons a production model 

should be included in a realistic model of petroleum accounting. 

By representing exploration, development and production 

all of the major costs and revenues associated with FCA and SEA will 

be modeled. However these costs and reVenues should not only be 

represented in the model, but they should also display the proper 

relationships. For example development costs should be related to 

the exploratory drilling costs. All drilling and lifting costs 

should increase with depth. Another expected relationship is that 

the cost of a new field wildcat normally should be a little more 

than the cost of development wells. 

Another important characteristic of a petroleum 

accounting model is the timing of the simulated activities. 

Without proper timing the revenues and expenses will be mismatched 

and the net operating income numbers will be unrepresentative. 

The timing of exploratory and developmental drilling expenditures 

has a direct effect on the balance in the oil properties account. 

The timing of additions to the oil properties account and the pro

duction of petroleum reserves is necessary for the depletion 

expenses to be representative. 

Thus any petroleum accounting model should possess 

three characteristics. First, all relevant transactions should be 



included in the model. These tran5actions are those that are 

associated with exploration, developm~nt and production activities. 

The second characteristic is that the components of the model should 

display reasonable relationships. The third trait deals with the 

timing of transactions. The timing of expenditures and revenues 

must be realistic to insure the proper matching of these items. 

These three characteristics are used as a set of standards for 

evaluating the models used in four earlier accounting studies and 

for evaluating the model which is developed in this study. 

The Klingstedt Study 

Klingstedt (1969) utilizes a deterministic model of 

an oil firm to study FCA and SEA net incomes, net assets and return 

on investment for oil companies that are stable and ones that are 

declining. Klingstedt's model is very similar to the model used by 

Myers (1974) differing in only a few minor details. The basic 

Klingstedt model is as follows: 

Exploration Activity: 

prel iminary surveys (25 areas COmpriSing 
500,000 ac res @ $0. 10) •••••••••.••••••••••••••••• $ 50,000 

detailed surveys (20 prospective fields 
comprising 200,000 acres @ $1.50} ••••••••••••.••• $300,000 

Land Activity: 

acreage acquired (10 prospective fields 
comprising 50,000 acres @ $10.00) ••••••••••••••.• $500,000 

acreage released (including 9 prospective 
fiel~s @ 5,000 acres each} ••••••••.•••••••••••••• $ 48,500 

acreage transferred to producing properties ••.•••.• $ 1,500 
total undeveloped acreage maintained at. •..••••••.• $250,000 
delay rentals paid on 200,000 acres •••••••••••••••. $200,000 
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Drilling Activity: 

10 exploratory wells, with 9 dry ho1es •••.•••••• $1,500,000 
20 development wells, with 4 dry ho1es •••••••••. $1,500,000 

Wells Equipped: 

17 wells at an average cost of $15,000 each •••••••• $255,000 

Other Production Investment ••••••••••.••••••••••••••••• $300,000 

Recoverable reserves added •••••••••••••••••••• 4,200,000 barrels 

Production rate (based on original reserves} •••• ~.67% 

Field price of oil per barre1 ••••••••••••••••••• $3.00 

Lifting cost per barrel (including overhead and 
production taxes but excluding depletion and . 
depreciation) •••••••••••••••••••••••••••••••••••••• $ 0.80 

Other Assumptions: 

Exploratory surveys are conducted before 
properties are acquired. 

Exploratory drilling is conducted in the 
fifth year of each block of leases. 

One exploratory dry hole is taken as 
justification for abandonment of a 
prospective field. 

Each year's development is assumed to be 
one field and production starts the 
first of the next year. 

No consideration is given to federal income 
taxes since comparison of pre-tax earnings 
is sufficient. 

Both depletable and depreciable assets are 
written off using a unitsofproduction method. 

K1ingstedt concludes from the simulation that for a 

new firm FCA produces higher and smoother net income streams and 
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larger balances for net oil properties than SEA produces. The FCA 

and SEA net income streams converge as the firm approaches matu r i ty (i. e. , 

16 years). However, the return on investment (RO I) for a mature fi rm is far 
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greater under SEA than under FCA since the FCA denominators (net oil 

properties) are considerably larger than the SEA denominators while 

the net operating incomes are approximately the same. Klingstedt 

shows that the gap between FCA and SEA net incomes disappears more 

quickly as the rate of oil production increases. He does not explain 

how production rates are increased nor does he consider the costs of 

such an increase in output. 

The basic model for a stable firm is modified to 

represent a declining firm. This declining firm is one which is 

increasingly less successful at finding oil. The first modification 

of the basic model is that the quantity of oil discovered declines 

by 10% annually. The second change is that the number of 'dry develop

ment wells increases from four to five out of twenty wells drilled 

in the third and all subsequent odd numbered years. There is also 

a change in the production rate from 6.67% to 10%. Klingstedt finds 

that the reported net income is higher and smoother for a declining 

firm using FCA rather than SEA. These relationships hold for the 

twelve year period of the simulation. If the simulation time period 

had been extended for another twelve years perhaps the net income 

relationships would have changed. Over the life of a firm the 

cumulative FCA and SEA net incomes must be the same. This implies 

that the SEA net income will exceed the FCA net income in the last 

years of a firm's life. However, Klingstedt ' s study indicates that 

for several types of companies the FCA net income can exceed the 

SEA net income for many years. 



The strength of this model is the close attention that 

it pays to the various types of expenditures and revenues. It 

includes all of the exploration, development and production costs. 

Not only should the important expenditures and revenues be included 

in a model, these items should be represented by reasonable values. 

The costs of drilling wells seems to violate this requirement. 

Exploratory wells cost $150,000 each to drill while development 

wells cost $75,000 each. Although an exploratory well generally 

does cost more to dri 11 than a development well, a ratio of two to 

one seems rather extreme. In the author's opinion it would be more 

reasonable if each development well costs approximately 80 percent 

of the cost of the associated exploratory well. In addition all of 

the exploratory wells cost the same to drill. This is not a real

istic assumption if such wells are drilled to a variety of depths. 

A I so the mode I on I y cons i ders the case of a firm that a I ways discovers 

one new oil field each year and these oil fields are always the 

same size (4,200,000 barrels). The assumption of a constant rate 

of exploratory drilling success is not realistic, and neither is 
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the assumption that all oil fields are the same size. The model 

assumes that each new discovery can be developed in the year in which 

it is found and that 20 development wells are drilled into each new 

oil field. These assumptions are not realistic. The basic production 

model assumes that each oil field has a life of 15 years and produces 

at a constant rate of 6.67 percent of the original reserves. The 

assumption of a constant annual rate of oil production from a field 



is not consistent with actual industry experience. Klingstedt 

assumes that the lifting cost is $0.80 per barrel of oil and this 

cost per barrel of oil does not change throughout the life of the 

oil field. However, lifting costs do tend to increase over the life 

of a field in the re~l world. The lifting cost of a barrel is 

assumed to be the same for all of the firm's productive wells. This 

is consistent with a model in which depth is ignored since lifting 

costs should increase with. the depth of the reservoir. Because the 

lifting cost is assumed to be constant over time and the same for 

all deposits, the production cost model is unrealistic. The timing 

of the revenues and expenditures in the Klingstedt model is not 

real istic. The assumption that any newly discovered oil field can 

be fully developed during the year of its discovery does not produce 

a stream of development expenditures which is representative of 

many fields found in nature. The assumption that the production 

rates remain constant over time results in a revenue function which 

is not realistic. The model's revenues and expenses are mismatched 

because of timing problems ~nd chis results in the misstatement of 

the net income and net asset numbers. Thus the Klingstedt model has 

deficiencies in two of the three important requirements of a 

petroleum accounting model. The model does include all of the 

relevant business transactions, but these transactions are not 

always represented by reasonable values and the timing of these 

transactions is not always very realistic. 
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In addition to the previously mentioned deficiencies 

there are certain other weaknesses which warrant discussion. The 

model assumes that there are no post discovery exploratory wells 

associated with any oil field. This is not realistic because 

exploration does not terminate with the discovery of a field. The 

wells which are drilled to delimit the boundaries of a newly dis

covered oil field should be classified as exploratory wells. This 

is a serious weakness of the model. The model assumes that each 

oil field contains exactly 4.2 million barrels of recoverable crude 

oil. The Ghawar field originally contained over 75 billion barrels 

of oil and this indicates a significant difference between the real 

world and the Klingstedt model. There is an implicit assumption in 

the model which is quite unrealistic. This assumption is that all 

oil fields occur at the same depth. The drilling cost functions 

and the lifting cost function imply this unrealistic relationship. 

Finally the results of the model are quite limited because it con

siders only one exploratory drilling scenario (i.e. 9 dry wells and 

1 successful well). This pattern is repeated for each year of the 

study and in each year exactly 4.2 million barrels of oil are 

discovered as a result of drilling 10 exploratory wells with only 

one being successful. The model does not consider the highly 

probable case of the number of successful wells varying from year 

to year. 
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The Myers Study 

The Ad Hoc Committee on Full Cost Accounting engaged 

John H. Myers to conduct a study which would show that FCA is 

superior to SEA (Myers 1974). The Myers model is very similar to 

the Klingstedt model. The annual operating assumptions of Myers' 

basic model are as follows: 

Acquisition of Exploration Privileges 
and Mineral Rights: 

acreage leased •••••••••••••••••••••••••••••••••• $ 
delay rentals •••••••••••.••••••••.•••••••••••••• $ 

Exploration Geological 
and Geophys i ca 1 •••••••.••••••••••••••••••••••••••• $ 

Intangible Drilling Costs: 

500,000 
200,000 

350,000 

exploration 10 wells $1.500.000 
(1 product i ve) 

development 20 wells $1,500,000 
(16 productive) 

Equipment in Productive Wells ••••.•.•••.••••••••••••••• $255,000 

Tanks. Flow lines and Other ••••••.•••.•••••••••••••••••• $300.000 

Estimated Addition to Reserves: 

exploration wells 
development wells 

(16 wells @ 243.750 
barrels per well) 

Total reserves 
pe r 0 i 1 fie 1 d 

Production: 

300,000 barrels 

3.900.000 barrels 

4.200.000 barrels 

1/15 of reserves discovered in 
each of preceding 15 years 

Field Price ••••••••••••••••••••••••.•••••••••••• $3.00 per barrel 

Lifting Cost •••••••••••••••••.•••••••••••••••••• $0.80 per barrel 
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Myers uses this basic model to generate accounting 

variables for each year of a 34 year simulation. The parameters 

of the basic model represent a specific economic scenario. By 

varying one or more of these parameters Myers is able to model the 

accounting numbers associated with 26 sets of economic conditions. 

The first scenario represents the basic model, and this scenario is 

used as a standard for determining the effects of changes in the 

economic parameters. In the next four cases Myers investigates the 

effects of a change in the firm's level of exploration. In the 

sixth through the ninth economic scenarios the effects of a change 

in the exploration efficiency of a firm is investigated. The tenth 

through the thirteenth scenarios simulate the effects of changes 

in the production rate. The changes in production rates are not 

accompanied by other changes which might be expected such as a 
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change in the lifting cost or a change in the number of development 

wells per oil field. The effects of a crude oil price change is 

analyzed in the fourteenth through the seventeenth economic scenarios. 

The seventeenth case involves a situation where an increase in the 

price of oil is associated with an increase in exploration, an 

increase in the rate of production and a decrease in the firm's 

exploration efficiency. However an increase in the price of crude 

oil increases the value of all oil fields and many fields which 

would previollsly have been considered to be submarginal are now 

classified as economically exploitable. The reclassification of oil 

fields results in an increase in the exploration efficiency of an 
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oil firm, net a decrease in the efficiency as is assumed in the 

seventeenth economic scenario. The final nine economic cases involve 

firms engaging in offshore exploration and firms switching from SEA 

to FCA. 

Because of the similarities between the models used by 

Klingstedt and Myers a detailed discussion of the strengths and 

weaknesses of the Myers model is not necessary. This model repre

sents all of the important business transactions which affect the 

accounting variables. However these transactions are not always 

represented by reasonable values and the timing of the transactions 

is frequently unrealistic. Myers assumes that there is only one 

exploratory well associated with any oil field and that is the 

discovery well. One other point is of interest concerning this 

model. Myers assumes that each oil field contains 4.2 million 

barrels of oil. He does not explain the reason for using this size 

of oil field. If the choice is arbitrary, one might expect the 

field size to be a round number such as 1 million, 10 million or 

100 million barrels. The discovery well contributes 300,000 barrels 

and each of the 16 development wells contributes 243,750 barrels to 

the total reserves of the field. If the field size is based on the 

fact that there are 42 gallons in a barrel, then it is improper. 

In addition the use of a single size field to represent .the oi 1 industry 

is highly unrealistic. The deficiencies of the Myers and Klingstedt 

models are sufficient to justify the assertion that these are not real istic 



models of petroleum accounting because the accounting rules are 

being applied to models which only vaguely resemble oil companies. 

The Eskew Study 

Eskew (1973) uses a statistical model of an oil company 

to simulate the characteristics of accounting variables that are 

produced by FCA and SEA. The simulation is conducted for a variety 

of economic scenarios. His goal is to demonstrate that FCA numbers 

differ significantly from SEA numbers produced under the same set of 

economic conditions. The Eskew model Is quite different from the 

earlier Klingstedt model. While Klingstedt uses a preset number of 

dry and successful wells to model drilling activities, Eskew employs 

a probability distribution to determine the number of successful 

wells. By using a probability distribution Eskew is able to model 

a large number of oil firms for each set of conditions. Except for 

the use of a probability distribution, Eskew1s model is less sophis

ticated than Klingstedt1s in most respects. 

Eskew models the accounting variables pl"oduced by five 

data sets (i.e. economic scenarios). Data set one utilizes basic 

assumptions to generate a single set of accounting numbers as in the 

Klingstedt model. The first scenario does not employ a statistical 

model, whereas the remaining scenarios do use statistical models. 

A number of simulations are conducted for each of the data sets, 

except the first data set. Each simulation covers a period of 40 

years. The simulations differ from each other with respect to the 

proportion of successful wells drilled annually. The percentage of 
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successful wells is determined by sampling from a uniform probability 

distribution. The upper and lower limits of this distribution are 

preselected for each economic scenario. The actual n~mber of success

ful wells drilled in a particular year is obtained by mUltiplying the 

total number of wells drilled by the percentage of success. Success

ful wells are assumed to commence production in the year following 

the discovery with output declining over the life of each well. The 

de~line in the production rate follows a sum of the years digits 

pattern. A declining production rate is more realistic than the 

constant rates that Klingstedt and Myers assume. 

The number of wells drilled each year is predetermined 

for each data set. In the first and the second data sets ten wells 

are drilled annually. In the third, fourth and fifth data sets the 

annual number of wells drilled increases at a constant rate from 

ten wells drilled in the first year. Growth rates of 2.5 and 5.0 

percent are used in the study. With a 2.5 percent growth rate a 

firm which drills 10 wells in the first year will d·rill 10.25 wells 

in year two, 10.506 wells in the third year and 10.77 wells in the 

fourth year. Eskew does not explain what it means to drill 10.25 

wells nor does he give an interpretation of the concept of one 

quarter of an oil well. One possible explanation is that a firm 

drills ten wells that are 4,000 feet deep and one well that is only 

1,000 feet deep. However other explanations are just as reasonable. 

Not only can a fractional number of oil wells be drilled each year 

by Eskew's model but a fractional number of these wells may be 



successful. No interpretation is given for a fraction of a success

ful well. Eskew's drilling model does not include the concept of 
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oil pools occurring at various depths. Eskew's model also does not 

adjust for the fact that the size of oil pools can vary significantly. 

An oil firm's predrilling geological and geophysical 

costs are assumed by Eskew to be a linear function of the number of 

wells drilled. The same type of assumption is found in the work of 

Attanasi et al. (1981). King (1971) developed a model which provides 

a better representation of predrilling exploratory activities. 

However, King's model of predrilling exploration is much more com

plicated than Eskew's entire model of an oil company. An analysis 

of FCA and SEA may not require such sophistication. 

Eskew uses four control variables to define his five 

economic scenarios. The first variable is the initial annual rate 

of drilling. The number of wells drilled in the first year is set 

at ten in each of the economic scenarios. The second control vari

able is the growth rate for the number of wells drilled annually. 

In data sets one and two the growth rate is zero while the remaining 

scenarios have positive annual growth rates. The third control 

variable is the distribution of drilling success. Eskew IJses a 

uniform probability distribution and he sets the upper and lower 

limits for this distribution for each data set. In data set two 

the distribution ranges from .30 to .90 with a mean probability of 

success of 6rn'percent. The mean probability of success is .60 in 

four of the data sets. In data set number four the mean probability 



of success is set at .50 for one simulation and at.70 for another. 

The fourth control variable is the life span of a productive well. 

The first four scenarios use a life span of 14 years. Life spans 

of 10 and 20 years are employed in the fifth data set. 

The first requirement of a petroleum accounting model 
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is that all significant expenditures should be represented. Eskew's 

model does not satisfy this requirement. The Eskew model does not 

distinguish between exploratory and developmental drilling. Eskew's 

drilling model accounts for only exploration activities. The omission 

of development drilling has a direct and significant effect on the 

financial statements. The second requirement of a petroleum account

ing model is that the values of the model's expenditures and revenues 

should be realistic and the relationships between these items should 

be reasonable. The assumption that every field contains exactly 

140,000 barrels of oil is not realistic and this affects the revenue 

function of the model. The assumption that the lease operating 

expense is $6,000 per year for each well is not realistic if oil 

pools are located at various depths. Eskew uses probabilities of 

drilling success that are unrealistically high for exploration 

(American Petroleum Institute 1976) and thus he understates the dry 

hole expense and overstates the net assets under SEA rules. The 

third requirement of a model is that the timing of the expenditures 

and revenues should be realistic to insure the proper matching of 
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revenues and expenses. The omission of development drilling results 

in an improperly timed revenue function. The Eskew model is deficient 

in each of the three important requirements of a petroleum accounting 

model. The assumption that all oil fields are located at the same 

depth and the assumption that all oil fields are the same size are 

not representative of nature. The assumption that newly discovered 

oil fields do not need to be developed is unrealistic. Because of 

the deficiencies in this model, it cannot be asserted that this model 

generates representative petroleum accounting numbers. 

The Sunder Study 

Sunder (1976) employs a stochastic model of an oil 

firm to study the behavior of accounting variables produced by FCA 

and SEA under several sets of economic conditions. He analyzes FCA 

and SEA numbers for steady-state firms, expanding firms, new firms 

and shrinking firms. While Eskew relies on a uniform probability 

distribution to determine the proportion of successful wells, Sunder 

uses a binomial distribution to evaluate drilling success. Sunder 

does not perform a simulation as Eskew does. Instead he formulates 

the mathematical expressions for the expected values and variances of 

an oil company's net operating income and net assets under FCA and 

SEA rules. He is able to determine these mathematical expressions 

because of the simplicity of his model. Sunder models the exploration 

and production activities of an oil company. Development activities 

are assumed not to exist. 
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When discussing the exploration submodel Sunder refers 

to the nonrecoverable costs of each well. It is not clear what costs 

are included in these nonrecoverable exploratory costs. If the 

outlays for reconnaissance surveys and detailed exploration are 

included, then Sunder is assuming that these costs are fixed 

expenses of locating each drill site. Eskew makes the same assump

tion in his study. However, if the predrilling exploratory costs 

are not included then they are simply being ignored. The FCA and 

SEA treatments for predrilling exploratory costs do differ, and 

these costs are significant (Attanasi et al. 1981). These costs are 

capitalized under FCA rules while they are expensed under the rules 

of SEA. Thus these costs should not be ignored when modeling FCA 

and SEA. 

The drilling of an exploratory well is viewed by Sunder 

as a Bernoulli event and the sum of such events has a binomial prob

ability distribution. By using a binomial distribution Sunder 

assumes that the probability of success remains constant over time, 

that the outcome of one well does not affect the chances of success 

of subsequent wells, and that there are only two possible outcomes 

(i.e. success or failure). The assumption of constant probabilities 

of success is based upon broad national averages which obscure a 

much more complex situation. Constant probabilities are not observed 

at the regional level within the United States or at the level of 

individual firms. Sunder acknowledges that within an actively 

explored region one would expect the percentage of successful wells 
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to decline over time. The national statistics on the percentage of 

successful wells are the result of the complex interaction of many 

economic variables. The market price of oil, the cost of capital and 

the costs of development and production all affect the determination 

of whether a well is successful or not. Sunder's second assumption 

is that the outcome of prior drilling does not affect the chances of 

success of future wells. This ignores several facts. First there 

are a finite number of oil fields on the earth. The more fields tbat 

have been discovered previously the fewer that remain to be found. 

As the number of remaining oil fields becomes smaller the probability 

of discovering one should also diminish in the long run. In the 

short run firms might experience a temporary increase in the prob

ability of finding oil. The reason for this is that oil fields tend 

to occur in clusters. The best place to search for oil fields is in 

oil country, a pla~e where oil has already been discovered. Sunder's 

third assumption is that there are only two possible outcomes, 

success and failure. In the oil business there are many kinds of 

success and many levels of failure. A firm could succeed by dis

covering ti -field with 75,000 barrels of recoverable oil or a field 

with 75 billion barrels of oil (e.g. the Ghawar). Failure could 

involve the drilling of a dry hole that is 1,500 feet deep or one 

that is 15,000 feet deep. 

Sunder's assumption that there are only two possible 

outcomes for each exploratory well is unrealistic. It is closely 

associated with two equally dubious assumptions. First Sunder assumes 



that all oil fields come in one size or he assumes that oil firms 

are capable of finding only one size of oil field. Next he assumes 

that all wells cost the same to drill. A possible interpretation 

of this is that all oil fields occur at the same depth. 

Sunder·s production model assumes a constant annual rate 

of output for each well. All wells have identical annual rates of 

production and the same life span. If a firm decides to increase 

the rate of production of one well it must also increase all of the 

other wells· output by exactly the same amount. Production from one 

well does not affect the ultimate cumulative output from any of the 

other wells. The reason for this noninterference in Sunder·s model 

is that he assumes that no more than one well penetrates a given oil 

pool. Each successful well produces from a separate pool of oil. 

Sunder models new field wildcat exploration (extensive exploration). 

Once a new field is discovered there is no intensive exploration and 

no development drilling. The oil field is produced solely by the 

discovery well. If an exploratory well is successful it is placed 
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in production at the start of the following year, without the services 

of any well equipment. This is evident because the cost of a,dry 

hole which does not require equipment is the same as the cost of a 

productive well. Capitalized costs are depleted on a straightline 

basis over the productive life of a well. Because production levels 

remain constant straightline depletion is analogous to the units 

of production method in this study. 
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Sunder's assumption of a constant production rate 

throughout the entire life of a well is unrealistic. In actual 

practice (Nind 1981) the output of crude is likely to decline over 

the life of a well. Declining production rates result from physical 

and economic factors. Decreases in formation permeability, static 

pressure and oil saturation will cause a decline in the rate of 

production. In addition declining production rates are consistent 

with the theory of exhaustible resourses as formulated by Gray 

(1914). The predictions of Gray's theory result from the assumption 

that the resource is exhaustible and the assumption that the resource 

producer faces a U-shaped marginal cost curve per unit of output. 

By seeking to maximize the present value of its economic rents, a 

firm will require progressively higher marginal rents over the life 

of the deposit. A finn can achieve this by shifting production 

toward the present. This results in steadily declining production 

rates throughout the life of each deposit. 

The rate of production from an oil field is directly 

related to the number of wells that produce oil from that field. 

By increasing the number of development wells, a firm can increase 

current production rates at the expense of having lower future 

production rates from a given field. The production rate of a well 

is related to the porosity and permeability of the reservoir rock, 

the static formation pressure, the oil saturation, the formation 

thickness and the bottom hole pressure (BHP) of the well. Formation 

pressure and oil saturation decline as the field's oil reserves are 



depleted. This results in a decrease in the inflow performance 

relationship (IPR) and a decrease in the rate of production of each 

well. An oil company must balance the benefits of faster production 

against the cost of drilling additional development wells. 

There is no discussion of development drilling in the 
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Sunder study. There is no need since each oil pool is produced 

through a single well, the discovery well. If an exploratory well 

finds oil it is placed in production within one year and no additional 

wells are drilled into this particular oil field. However, there is 

a basic difference between exploration and development and there are 

differences in the way that SEA treats these two activities. If one 

is to model FCA and SEA successfully then it is important to make 

this distinction. Success in exploratory drilling is a function of 

the size of the search area, the number of undiscovered oi'l fields, 

the size and depth of these oil fields, the geologic expertise of 

the fi rm and a certain amount of luck. 

Oil exploration by itself is a fairly complex activity. 

Drew (1975) identified two types of exploratory behavior, ambient 

g~fd drilling (extensive exploration) and drilling in oil plays 

(intensive exploration). Generally grid drilling is conducted by 

the larger oil companies. The success rate for extensive exploration 

is quite low but there exists the potential of finding giant oil 

fields. Smaller firms will acquire oil leases in regions where the 

large firms are conducting extensive exploration. Leasing is much 

cheaper than drilling new field wildcats. If a big company discovers 



a significant oil field, smaller oil firms often begin exploring in 

the neighboring leases which they hold. The probability of finding 

additional oil fields is good since fields occur in clusters. 

Since the largest field in a group of fields provides the biggest 

target, it is likely to be found early by extensive exploration. 

The sudden increase in drilling which follows a significant 

discovery is known as an oil play. The small firms have the oppor

tunity of discovering the small and medium size fields which remain 
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in the oil play at the time they begin drilling. The expected present 

value of ambient grid drilling is greater than that of drilling in 

oil plays. However, the risk of gambler's ruin is also hi~:-'er for 

grid drilling. A firm can go broke if it drills a sufficient number 

of consecutive dry holes because of a run of bad luck. The risk of 

too many dry holes is known as gambler's ruin. The risk of gambler'S 

ruin is directly related to the size of each gamble (the cost of 

drilling a well) and inversely related to the firm's risk capital. 

The play driller reduces his probability of a dry hole but he also 

accepts a lower payoff. 

Exploration and development submodels are not adequately 

set forth in Sunder's study. His model would be improved by including 

development activities. Exploration is conducted to discover new oil 

fields, new pools within oil fields and to delineate oil pools. 

Development wells are drilled into reservoirs that are believed to 

be productive to achieve an optimal rate of production. The prob

ability of a dry hole is much lower for development drilling than 
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it is for exploratory drilling. In the Permian Basin only about 

16 percent of development wells have been dry. Often more than 90 

percent of exploratory wells are dry. In addition to the cifferences 

in the chances of success, development wells generally cost less to 

drill than exploratory wells. When exploring, a firm will be fairly 

cautious unless it wishes to lose a drilling rig in a blowout. 

These precautions might result in a more costly mud and casing pro

gram. As a firm gains geologic knowledge of a region it can dispense 

with some of these precautions. 

The Sunder model fails to include all of the significant 

activities and expenditures which occur between the exploration for 

and the production of crude oil. The costs of equipping exploratory 

wells and all of the costs associated with development activities are 

omitted from this model. The model also fails to represent the costs 

of exploratory wells that are drilled to delineate a newly discovered 

oil field and this results in the understatement of SEA dry hole: 

costs. The Sunder model assumes that all oil fields are the same 

size and occur at the same depth. These two assumptions result in 

the misstatement of the firm's costs and revenues. The omission of 

development activities causes the revenue function's timing to be 

unrealistic. In addition the assumption that the production from a 

field remains constant over the life of the field is unrealistic and 

it produces an unreliable revenue function. The Sunder model fails 

to represent all of the important transactions; it assumes unrepre

sentative values for some of the items which are included, and the 



timing of the activities are not representative of nature. Sunder's 

model appears to be the least realistic of the prior accounting 

models. 
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CHAPTER 4 

RELATED OIL AND GAS STUDIES 

Introduction 

The purpose of this chapter is to describe several 

models of petroleum activities which were developed by industry 

experts. These models are found in the works of Arps and Roberts 

(1958), Grayson (1960), King (1971), Drew (1974) and Attanasi et al. 

(1981). The chapter is divided into five sections. The first section 

describes the Arps and Roberts study. The second describes the 

Grayson study. The third section discusses the King study. The 

next section describes the Drew study and the fifth section describes 

the study by Attanasi et al. The Arps and Roberts study contains a 

model of the number of dry delineating wells per oil field, a model 

of the relationship between the areal extent and the volume of oil 

reserves per field, and a model of exploratory drilling success. 

The Grayson study comprehensively describes the petroleum industry 

decision making practices. Grayson also develops a mechanical model 

of an oil company and proposes its use in employee training programs. 

King develops a normative model of petroleum exploration. Drew 

proposes a normative model of petroleum exploration which involves 

grid drilling a prospective region. Attanasi et al. integrate 

economic variables into the task of estimating the future avail

ability of oil resources in the Permian Basin. It is the opinion of 
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this author that each of these studies employs a higher degree of 

realism and sophistication than is demonstrated in any of the 

accounting studies that are described in the previous chapter. 

The Arps and Roberts Study 

Arps and Roberts (1958) describe and analyze the oil 

drilling activities on the east flank of the Denver-Julesburg Basin 
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in Colorado and Nebraska. This region covers an area of approximately 

5,700,000 acres and it contains hundreds of oil fields and thousands 

of oil wells. Several interesting mathematical relationships are 

presented. Arps and Roberts find that the size distribution of 

discovered oil fields is log normal. However they are skeptical 

about this result since they believe that many subeconomic fields 

(e.g. le~s than 30,000 barrels of reserves) are never reported. 

Only six percent of all fields are larger than 905 acres in area. 

Yet these large fields contain over 50 percent of the region1s oil 

reserves. Nearly 40 percent of all development wells have been dry 

holes. This is a high proportion and it is due to the reservoirs 

being composed of lenticular sands. Almost 69 percent of all traps 

are stratigraphic, 23 percent are combination stratigraphic

structural, and only eight percent are purely structural. Some of 

the stratigraphic traps are associated with anomalies while others 

are not. This reduces the ability of geological surveys to locate 

oil fields. 

The method of ordinary least squares is used to determine the 

relationship between field size and the number of dry holes drilled 
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when delineating the field. One might expect the number of dry 

delineating wells to be directly related to the perimeter of the oil 

field. However, this is not the case. As the area of a field 

increases the number of dry holes increases more slowly than the 

perimeter does. The relationship is as follows: 

N = .76(A)·345 

N is the number of delineating dry holes and A is the field1s area 

measured in acres. If the number of dry holes is proportional to 

the field1s perimeter then the exponent should be .500 rather than 

.345. Least squares is used to derive the relationship between the 

reserves and area of an oil field. The equation is as follows: 

u = 530(A)l.275 

The field1s reserves measured in barrels are represented by U. 

The field1s area in acres is represented by A. An exponent of 1.275 

indicates that the reserves increase more quickly than does the area 

of an oil field. This is quite reasonable and is easily explained. 

As the area of an oil field increases the thickness of the pay zone 

also normally increases. 

Another significant contribution of Arps and Roberts 

is the mathematical model of exploratory drilling success. For 

random drilling the model is as follows: 

F = F (1 _ e-AW/B ) 
w 0 

F = w the number of discovered fields 

F = the initial population of fields 
0 

A = the area of a field size clas~ 
W = the cumulative number of wildcats 
B the size of the search area 
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The probability of finding a given size of field is proportional to 

the size (areal extent) of the field and the number of fields that 

are in the same size category. The chances of success are also 

proportional to the number of wells drilled. The probability of 

success is inversely related to the size of the region that is being 

explored. The ratio AlB represents the proportion of the total basin 

area that is occupied by a single oil field. One randomly drilled 

wildcat will have a probability of success that is equal to AlB. 

By conducting geological and geophysical surveys a fi rm can increase 

the chances of finding oil. Statistics from the American Association 

of Petroleum Geologists (Arps and Roberts 1958, p. 2564) indicate 

that predrilling exploration increased the chances of success by 2.75 

times. Arps and Roberts feel that the complex stratigraphic traps 

of the Denver-Julesburg Basin reduce the value of predrilling surveys 

and therefore a factor of 2 is used. The discovery process model 

modified for predrilling exploration is as follows: 

F w 
F (1 _ e-CAW/B ) 
o 

C = 2 

The efficiency of predrilling exploration is represented by the 

value of C. If C is equal to 1 then the discovery rate is comparable 

to that of random drilling. This discovery model is used by Attanasi 

et al. (1981) to model the exploration of the Permian Basin and to 

estimate future oil discoveries. 
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The Grayson Study 

Grayson (1960) provides a comprehensive but easy to 

understand description of decision making in the petroleum industry. 

His book is divided into two sections. The first section describes 

the geologic and economic factors influencing drilling decisions. 

The goals and risk preferences of explorationists are also important 

influencing factors. Grayson discusses the decision processes used 

by actual oil companies. The second section illustrates several 

formal decision aids. These aids include preference theory, payoff 

tables and decision trees. The final chapter describes a mechanical 

model of leasing, exploration, development and production. The model 

is called Gusher. 

In a survey of major and independent oil producers 

Grayson discovered that all of the firms conducted some sort of 

project evaluation prior to drilling exploratory wells. Most inde

pendents and majors used informal decision procedures to size up 

investments. An informal process involves the implicit consideration 

of all related costs, rewards and risks. The employees of firms 

using informal decision processes expressed the belief that the risks 

of exploration cannot be quantified in any meaningful way. However, 

this is precisely what they were doing implicitly. A few firms used 

formal decision processes that require the decision maker to explicitly 

estimate costs, revenues and geologic risks of each project. Grayson 

describes in great detail the rather elaborate decision process used 

by a medium size independent, Helmerich and Payne. This process 
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calculates the expected internal rate of return and investment cost 

of each investment. Decisions were not made solely upon the size 

of the internal rate of return. The annual exploration budget was 

about $500,000 and the firm displayed an aversion to investing too 

large a percentage of the budget in any single project. The firms 

largest single project investment was $80,000. Projects were re-

jected if they failed to exceed a preset minimum acceptable rate of 

return. By using a formal decision process all projects can be com-

pared on a standard basis. Several other firms including one major 

used formal decision processes to determine profitability indexes. 

The profitability indexes were used to evaluate oil prospects. 

Grayson discovered that most of the oil companies that were surveyed 

used formal decision procedures to evaluate development drilling 

activities. 

In the second section of the book Grayson recommends 

the use of decision trees to choose among alternative exploration 

strategies. A similar procedure is used by King (1971) in his 

exploration model. Prior probabilities are used by Grayson to 
/ 

determine the expected values of alternative exploration strategies. 

He addresses the question of whether or not to conduct se~smic 

surveys prior to drilling wildcat wells. Past drilling experience 

or subjective assessments are used to establish the prior probability 

estimates. These prior probabilities are revised as additional 

experience is gained from exploratory drilling. 
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Gusher simulates land and exploration department 

activities for a small independent oil company. Each player starts 

with an income of $100,000 for the first three month period. The 

income' decreases by $2,000 per round. A round of the game represents 

one quarter of a year. The purpose of Gusher is to train oil company 

employees and to provide a better understanding of the overall 

operation of a firm. It illustrates the value of planning, record 

keeplng and following a consistent course of action. 

The game is played on a three dimensional board that has 

oil fields located at shallow and deep zones. A referee seeds the 

oil fields in each depth zone prior to the start of the simulation. 

The top of the board represents the surface of an oil province. It 

is divided into rectangular leases and the leases are divided into 

40-acre drilling sites. The referee owns all of the leases at the 

start of the game. There are two holes in each 40-acre drilling 

location. One hole is for shallow test wells and the other is for 

deep test wells. A player drills a wildcat by first paying the 

drilling cost and then pushing a metal rod through the appropriate 

hole. If the rod encounters an obstruction then the well is a 

. success. If the rod passes freely through the board then the well 

is a dry hole. Obstructions are placed within the board by a 

referee before the game commences. Each obstruction represents 

an oil pool. 

The simulation models several petroleum company 

activities. Players nominate leases for bidding, make sealed bids 
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on leases and maintain land department records. Reconnaissance 

geologic information may be purchased or drilling may be conducted 

without such data. Once a firm acquires leases it must either drill 

on the properties or pay an annual delay rental. Failure to pay the 

delay rental will result in the loss of a lease. The production model 

is quite simple. All wells produce at a constant annual rate. 

Shallow wells produce $5,000 net operating income per round for 20 

years while deep wells produce $30,000 per round. The discovery 

well for a new field produces at four times the normal rate. Cash

flows should be monitored very carefully since a firm will be de

clared bankrupt if it is unable to meet its obligations. Additional 

cash can be raised by selling properties by either negotiated or 

distress sales. A negotiated sale will yield more than a distress 

sale but it takes longer to receive the cash. 

The King Study 

King (1971) simulated petroleum exploration, development 

and production activities using a model that is considerably more 

sophisticated than those employed by accounting researchers. This 

model involves a sequential multistage Bayesian decision theoretic 

approach to petroleum exploration which is intended to be a normative 

model of exploration activities. The subjective probability assess

ments of professional explorationists are used in this study. Prob

abilities are revised as information is gathered during the operation 

of the model. King studies the effects of variations in the search 



area's endowment upon the performance of the model firm. The 

sequential model's performance is compared to the performance of 

Drew's grid drilling model. Within the framework of the study the 

sequential model appears to be more cost effective than the grid 

drilling model. 

The exploration model is more complex than the develop-
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ment and production models. The model of exploration includes recon

naissance surveys, detailed surveys and exploratory drilling. There 

are six types of reconnaissance surveys: photogeology, surface 

geology, seismic geophysics, gravity geophysics, stratigraphic test 

wells and subsurface geological evaluations. Reconnaissance surveys 

may be conducted at three levels of intensity. As the search inten

sity increases the surveys become more comprehensive and more 

expensive. The ability of the reconnaissance survey to identify 

potential oil deposits (anomalies) depends upon the nature of the 

oil deposits. There are three types of oil anomalies: surface 

structural, subsurface structural and stratigraphic. The ability of 

a survey technique to locate an anomaly depends upon the type of 

anomaly. Surface geology and photogeology are very good at finding 

surface structural anomalies but are of no value in finding strati

graphic anomalies. Subsurface geology is very useful for finding 

stratigraphic anomalies. However, the surest way of discovering an 

anomaly is to drill an exploratory well. The discovery of an 

anomaly does not insure the presence of an oil field. Each oil 

field is associated with a geologic anomaly, but there are many 



anomalies that do not contain any oil. Reconnaissance exploration 

can identify and locate geologic anomalies but it cannot determine 

the size of the anomaly or if there is any oil present. Only by 

drilling a wildcat well can a firm tell whether oil is present or 

not and even then the firm cannot immediately know the ultimate 

value of the deposit. 

Detailed surveys are conducted to determine the exact 

size and shape of anomalies that have been discovered through recon

naissance surveys. If oil is present, the geologic anomaly is 

assumed to be the same size as the oil field. The size of an oil 

field is assumed to be directly related to the quantity of oil 

reserves. Thus detailed surveys provide information concerning the 

values of potential oil fields. A firm drills the more valuable 

prospects which usually are associated with the larger anomalies. 

Information on the size of anomalies is of value to the firm. An 

explorationist must decide whether the cost of a detailed survey is 

exceeded by the value of the information which is obtained. 

Exploration decisions in King's study are based upon 

the minimization of the expected opportunity loss. Expected net 

present values and expected opportunity losses are related concepts. 

This rule gives the same exploration decisions as are obtained by 

the maximization of the expected net present values from operations. 

During each year of the simulation the expected opportunity losses 

of various combinations of actions are calculated. A portion of the 

exploration decision is illustrated in Figure 1. 
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Figure 1. Structure of the Exploration Decision from King (1971). 
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One of the first tasks of the simulation is the 

calculation of the net present value for each size and depth of 

oil field. The oil fields are distributed among three depth inter

vals. These intervals are 0-5,000 feet; 5,000-10,000 feet; and 

10,000-15,000 feet. The oil fields occur in six class sizes (see 

Table 2). Both the population of oil fields and the population of 

geologic anomalies are lognormally distributed. The price of oil 

and the various cost functions are assumed to be stable throughout 

the simulation to facilitate the calculation of the net present 

values of the oil fields. 
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The development model is quite simple. If an economic 

quantity of oil is discovered then development drilling will begin. 

The areal extent and the total reserves of a field are assumed to be 

known as soon as the field is discovered. Development wells are 

drilled at a spacing of one well for every 160 acres of areal extent. 

During the development of a field the production rates of the wells 

will remain constant. Following the completion of development 

drilling the production rate will decline exponentially. The initial 

production rates and the decline rates are a function of the size of 

the field and the type of reservoir. 

The Drew Study 

Drew (1974) describes a normative model of petroleum 

exploration. The model involves the rando~ drilling of grid inter

section points. A simulated exploration program is conducted in the 
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Table 2. Oil Field Size Classification from King (1971). 

SIZE CLASSIFICATION 

Size A greater than 500 million barrels 

Size B 100 to 500 million barrel s 

Size C 10 to 100 mi 11 ion barrels 

Size D 1 to 10 mill ion barrels 

Size E 0.1 to 1 mi 11 jon barrels 

Size F less than 100 thousand barrels 
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Powder River Basin, a region of approximately 27,000 square miles. 

The simulation involves 3,000,000 iterations to determine the prob

abilities of success for various sizes of drilling programs. Explora

tion is conducted upon a resource base that is composed of all of the 

oil and gas deposits which were discovered between 1889 and 1970. 

Since many areas of the basin have never been drilled it is possible 

that the resource base is understated in the simulation and should 

contain many more oil fields. Drew concludes that the risk of 

gambler1s ruin decreases as the size of the drilling program increases. 

He also demonstrates that as the size of a firm's drilling program 

increases the quantity of oil discovered also increases but the 

quantity of oil increases at a decreasing rate. The exhaustion of 

a region's oil reserves results in a decline in the average quantity 

of oil discovered per well. Drew also determines the probability of 

finding several specific fields at various levels of cumulative 

exploratory drilling. 

The random drilling model is fairly simple. It does 

not require or allow any predrilling geological or geophysical sur

veys. One might expect that such surveys would improve the chances 

of finding oil. Thus the probabilities of finding oil by random 

drilling should be less than the probabilities actually faced by 

oil companies. A grid with parallel lines spaced at 1/4 of a mile 

intervals is superimposed upon a map of the region to be explored. 

Exploratory drilling occurs only at the grid intersection points. 

Each grid square has an area of 40 acres. This is a commonly used 



spacing for development wells. The more grid intersection points 

that a field contains the more likely is the field's discovery. The 

size of a field is loosely related to the volume of oil res~rves in 

the field. Thus there is a bias to finding the large fields in the 

early stages of exploration. The location, shape and size of every 

oil field is noted on the map. An index number is assigned to each 

grid intersection point. If a point falls outside the area of an 
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oil field it is considered to be dry. If a point falls within the 

boundary of an oil field it is a productive site. An index is 

established to indicate the identity and size of each oil field 

associated with a productive drilling site. Thus the file on a 

specific grid intersection point tells if it is dry or productive, 

and if productive it identifies the name of the field and the volume 

of reserves discovered. An intersection point can be drilled only 

once but may never be selected for drilling. After a site is drilled 

it is removed from the population of prospective drilling locations. 

Once an oil field has been located all of the grid points within the 

boundary of the field are removed from the inventory of potential 

future drilling sites. A field can be discovered only once. Explor

atory drilling begins by randomly selecting one of the original 

population of grid points and sinking a well. The next site is 

randomly selected from the remaining grid points but it must be a 

minimum distance (2 to 10 miles) from the previous location. All 

wells are drilled to a preselected depth. In the Powder River Basin 

all wells are drilled to 13,000 feet or to the Minnelusa Formation 

whichever is less. 
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The Attanasi Study 

Attanasi et al. (1981) employ an economic analysis to 

predict future reserve additions i~ the Permian Basin. Attanasi 

et al. feel that resource estimates should be sensitive to economic 

conditions such as costs and the wellhead price of oil. According to 

Attanasi et al. an oil deposit will not be a resource unless it is 

economically worthwhile to discover, develop and produce the petroleum. 

A decline in the price of oil or an increase in the costs will result 

in the reclassification of some oil deposits from the status of a 

marginally economic resource to that of an uneconomic accumulation 

of hydrocarbons. Attanasi et al. investigate the effects of various 

wellhead oil prices and discount rates upon the region's quantity of 

potential oil reserves, and they determine the marginal finding 

costs and marginal development and production costs in the Permain 

Basin. Exploration, development and production activities are 

modeled in this study. 

There is no time element to the exploration model. 

The concern is not when exploratory drilling occurs but whether it 

is profitable. Predrilling exploratory expenses are assumed to be 

a linear function of the cost of drilling each wildcat. The function 

is as follows: 

Geol. Expense = $135,000 + (1/3)*Drilling Cost 

The Arps and Roberts discovery process model is used to estimate the 

number, size and depth of future discoveries of petroleum. Explor

atory drilling is conducted in increments of 1,000 wells. The costs 



of drilling each increolent is compared with the expected present 

value of the hydrocarbons discovered. As long as the expected value 

exceeds the costs of exploration, additional increments are drilled. 

The drilling depth of each 1,000 well increment is determined by 

extrapolating prior drilling trends. At a price of $25 per barrel 

and a 15 percent discount rate, it is estimated that 22,000 wildcats 

will be drilled in the Permian Basin after January 1, 1975 and that 

approximately 2.2 billion barrels of oil equivalents will be dis

covered. Prior to 1975, 30,000 exploratory wells had been drilled 

and 37.4 billion barrels of hydrocarbons had been discovered. 

Development drilling is assumed to follow historical 

patterns of well spacing. Sixteen percent of all development wells 

are assumed to be dry holes. The costs of these dry holes are added 

to the costs of drilling productive wells. Production rates and 

schedules also follow historical patterns. A well continues to 

produce until the cash outflows associated with production exceed 

the revenues that are generated. The lifting costs are assumed to 

be a linear function of the depth of the deposit. The relation

ship is as follows: 

Lifting Cost = $3,000 + ($.60/ft)*Depth 

Attanasi et al. use 1977 costs throughout the analysis. They assume 

that the operating interest is 87.5 percent in all wells. A federal 

tax rate of 48 percent and a combined property and severance tax 
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rate of 6.4 percent for oil are used in the present value calculations. 



CHAPTER 5 

THE OIL COMPANY MODEL 

Introduction 

This chapter describes the petroleum company model that is 

used in this study to simulate the accounting numbers that are 

produced under the FCA and SEA rules. The first section provides 

an outline of ~he structure of the overall model. The second sec

tion describes the economic environment in which the simulated oil 

company operates. This includes the size of the search area, the 

population of oil pools and the size and depth distr~bution of the 

oil pools. The third section explains the method employed to 

determine the value of the various sizes and depths of oil reservoirs. 

The fourth section describes the wildcat drilling submodel which 

produces a pattern of exploratory drilling decisions. The fifth 

section evaluates drilling decisions to determine the success or 

failure of each wildcat. The sixth section models the development 

of each reservoir that has been previously discovered by an oil 

company. The seventh section represents the production activities 

of each oil pool and generates a revenue function for the firm. The 

model that is described in these sections is considerably more 

sophisticated and realistic than the models that are used in prior 

accounting studies. 

73 



74 

Genera 1 t~ode 1 

The model of an oil company produces a 20 year simulation of 

activities in a previously unexplored hypothetical region. The 

model is composed of six components. The model is illustrated in 

Figure 2. The first component describes the economic environment of 

the simulation. The size of the basin, the size and depth ~istribu-

tion of the oil pools, the wellhead price of oil and the income tax 

rate are all facets of the environment of the model. The second 

component of the model calculates the expected present value of each 

size and depth of pool'. There are 20 sizes of oil pools in the 

study and four depth zones through which they are distributed. 

Exploratory wells may be drilled only to the four following depths: 

" 
4,000 feet, 8,000 feet, 12,000 feet and 16,000 feet. The third 

component calculates the annual number of wildcats that are drilled 

through each depth zone in the basin. This section uses the Arps 

and Roberts discovery process model to estimate the probabilities 

of success during each year of the simulation. The final three 

components model exploration, development and production for an 

individual firm. The costs and revenues associated with these activ-

ities are classified by FCA and SEA rules to generate streams of 

accounting variables. The generated accounting numbers are used to 

evaluate the claims of prior accounting r~search studies. 

The Economic Environment 

All simulated oil company activities take place in a hypo-

thetica1 basin with an area of 100,000 square miles. There are 
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50,000 oil pools located in the search area (i.e. 1 pool for every 

2 square miles). The total of the combined reserves of these pools 

is 37,490,565,000 barrels ot crude oil. The basin is divided into 

four depth zones, 0 to 4,000 feet, 4,001 to 8,000 feet, 8,001 to 

12,000 feet and 12,001 to 16,000 feet. The 50,000 oil pools are 

randomly distributed among the four depth zones based upon percent

ages such that 24 percent of the pools are located in the shallowest 

zone, 42 percent are located in the second zone, 28 percent are 

located in the third zone and 6 percent are located in the fourth 

and deepest zone. This is approximately the same depth distribution 

as is found in the Permian Basin. The size of the search area and 

the total quantity of reserves are also similar to the corresponding 

characteristics of the Permian Basin. The Permian Basin is used as 

a model for the environment because this increases the realism of 

the study. If hypothetical characteristics are used then one might 

question the realism of the size of the search area, the population 

of oil reservoirs and the size and depth distribution of the oil 

pools. The Permian Basin is selected instead of other petroleum 

regions because of the availability of data. 

The oil pools are distributed among 20 categories by size. 

The 20 categories represent a truncated lognormal size distribution 

with the first category containing all reservoirs that have less 

than 2,000 barrels of oil and the twentieth category containing 

all of the pools that have more than 524,288,000 barrels of crude 

oil. The reservoir size distribution has a mean of slightly over 
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20,000 barrels and a standard deviation of 14,880 barrels of oil. 

All pools in a given class are assumed to have the same quantity of 

oil r-eserves. The frequency distribution of pool sizes is shown 

in Table 3 and the combined size and depth distribution is shown in 

Table 4. The first size category represents all oil pools that range 

in size from 1 to 2,000 barrels of physically recoverable oil with 

a midpoint of 1,000 barrels. The second size category represents 

all reservoirs that range in size from 2,000 to 4,000 barrels of 

oil and have a midpoint of 3,000 barrel~. The third size category 

contains all pools ranging in size from 4,000 to 8,000 barrels of 

oil with a midpoint of 6,000 barrels. Data on the recoverable 

reserves of each size category are shown in Table 5. 

The basin contains a total of nearly 37.5 billion barrels of 

physically recoverable petroleum. Not all of this oil will actually 

be produced even though it may be discovered and not all of this oil 

will be discovered. Generally the oil in the smaller pools is not 

economically recoverable. The smallest pools do not yield enough 

oil per year to cover the costs of production. The parameters of the 

model IS environment determine if a pool is large enough to justify 

developing and producing its reserves. Even in the larger pools 

that are worth developing and producing a certain amount of oil is 

left in the reservoir at the time the pool is abandoned. This is 

because the production rates of a pool IS wells decrease over the 

life of the pool. Eventually the production rates drop below the 

level needed to justify the continued operation of the pool IS wells. 
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Table 3. Frequency Distribution and Cumulative Frequency Distribu
tion of Oil Pools by Size. 

Size Frequency Cumulative 
Category Frequency 

1 9,888 9,888 
2 3,937 13,825 
3 4,519 18,344 
4 5,004 23,348 
5 5,227 28,575 

6 4,738 33,313 
7 4,425 37,738 
8 3,616 41,354 
9 2,845 44,199' 

10 2,115 46,314 

11 1,456 47,770 
12 1,001 48,771 
13 592 49,363 
14 331 49,694 
15 169 49,863 

16 76 49,939 
17 35 49,974 
18 17 49,991 
19 4 49,995 
20 5 50,000 
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Table 4. Frequency Distribution of Oil Pools by Size and Depth. 

4,001 
Deeth Zones 

Size Zero to to 8,001 to 12,001 to 
Cateflory 4,000 ft. 8,000 ft. 12,000 ft. 16,000 ft. 

------- Frequency of Pools Within Depth Zones ----------
1 2,359 4.166 2,755 608 
2 934 1,676 1,085 242 
3 1,103 1,823 1,312 281 
4 1,238 2,083 1,442 301 
5 1,268 2.177 1,442 340 

6 1,143 1,989 1,303 303 
7 1,060 1,857 1,261 247 
8 877 1,526 971 242 
9 693 1 ,187 804 161 

10 521 896 573 125 

11 383 588 413 72 
12 241 415 277 68 
13 130 246 173 43 
14 70 153 87 21 
15 47 65 43 14 

16 22 29 20 5 
17 8 14 12 1 
18 6 9 2 0 
19 1 3 0 0 
20 2 3 0 0 



Table 5. Recoverable Oil Reserves by Pool and Pool Size Category, 
and Cumulative Basin Reserves 

Reserves Total Reserves Cumulative Basin Size per Pool per Category of Reserves 
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Category (barrels) Pool Size (l,OOO's of bb1s) (l,OOO's of bb1s) 

1 1,000 . 9,888 9,888 
2 3,000 11 ,811 21,699 
3 6,000 27,114 48,813 
4 12;000 60,048 108,861 
5 24,000 125,448 234,309 

, 
6 48,000 227,424 461,733 
7 96,000 424,800 ·886,533 
8 192,000 694,272 1,580,805 
9 384,000 1,092,480 2,673,285 

10 768,000 1,624,320 4,297,605 

11 1,536,000 2,236,416 6,534,021 
12 3,0]2,000 3,075,072 9,609,093 
13 6,144,000 3,637,248 13,246,341 
14 12,288,000 4,067,328 17,313,669 
15 24,576,000 4,153,341f 21,467,013 

16 49,152,000 3,735,552 25,202,565 
17 98,304,000 3,440,640 28,643,205 
18 196,608,000 3,342,336 31,985,541 
19 393,216,000 1,572,864 33,558,405 
20 786,432,000 3,932,160 37,490,565 
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The quantity of residual petroleum remaining in the pool at the time 

of abandonment is a function of the depth of the oil reservoir, 

the wellhead price of uil and the discount rate. 

Most of the entire basin1s reserves are contained in a few 

large oil reservoirs. The hope of discovering a giant oil pool is 

a factor which motivates many oil men. One percent of the basin1s 

oil pools contain over 40 percent of the basin1s reserves. The 

relative pool size and frequency distributions are illustrated in 

Table 6. 

The basin is assumed to contain only 011 deposits. In nature 

gas reservoirs and reservoirs containing oil and gas occur quite 

frequently. However to include these reservoir types in the study 

would greatly increase the complexity of the simulation. The depth 

distribution of gas reservoirs is likely to be different than the 

corresponding distribution of oil reservoirs. Theproduction costs 

of gas and oil also differ significantly. The recoverable reserves 

per acre are likely to differ for oil and gas deposits. Because gas 

is assumed not to be present in the current study, the oil must be 

produced by means of artificial lift (i.e. pumping). In the present 

study each reservoir is assumed to be composed of a single ·.continuous 

pool of crude oil. The model assumes that a reservoir, no matter 

how big, can be depleted through a single well if the firm wishes. 

However by dri11ir.g additional wells a firm can deplete a reservoir 

more rapidly than is possible with fewer wells. The largest pools 

are normally drained by many wells. The oil pools are assumed to 



Table 6. Frequency Distribution of Oil Pools and Oil Reserves by 
Size of the Pools. 

Pool Relative Number Relative Barrels 
Size of Oi 1 Pools of Petroleum 

1- 5 57.15% .62% 

6-10 35.48% 10.84% 

11-15 7.10% 45.80% 

16-20 .27% 42.74% 
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be shaped like elliptical cylinders with the ellipse lying parallel 

to the earth's surface. The reserves of each pool are assumed to be 

directly related to the volume of the pool. In nature many other 

factors such as porosity, permeability and oil saturation can affect 

the relationship between a reservoir's volume and its recoverable oil 

reserves. The current study assumes a simpler environment without 

these complexities. 

The price of oil is assumed to be the same for all pools 

throughout the basin. This implfes that there are no quality differ

ences in oil from one pool to another. There are also no differences 

in locational factors such as a well being located near an oil 

refinery or distribution center. This study does not permit the 

simulation of governmental price regulation that could result in old 

oil receiving a lower field price than oil from newly discovered 

reservoirs. Another type of government regulation could permit a 

higher field price for oil from deep pools as opposed to shallow 

pools and this might occur if the government wishes to encourage 

exploration in deeper zones. 

Several cost functions are required for the operation of the 

current model. The drilling cost function relates the cost of drill

ing to the depth of the well. It is assumed to increase geometri

cally with the depth of the welT. The function has the following 

form: 
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DC a + b(Depth)e 

DC the total drill ing cost of a well 

a the fixed cost of drilling a well 

Depth = the well IS depth in feet 

The fixed costs of drilling a well include road building, site prep

aration, laying water lines and moving a rig into position. These 

costs may vary from one field to another and they may even vary 

within an oil field and these costs are likely to decline over the 

life of a reservoir. However this study assumes an average fixed 

cost which is the same for all wells. There can be significant 

differences between the fixed costs of onshore and offshore wells. 

Offshore drilling has a very high fixed cost per well. This study 

is restricted to a simulation of onshore drilling. The parameters 

of the drilling cost equation are estimated by the least squares 

method and are based on national 1977 data (American Petroleum 

Institute 1979) for dry onshore wells. The equation is as follows: 

DC ~ 20,000 + .00025l(Depth)2. 32l 

This function represents a national average of the cost of drilling 

a well in 1977. In this study all wells of a given depth cost the 

same amount to drill (i .e. no formation differences). No attempt 

is made to distinguish between dry exploratory and dry developmental 

wells except by the depth of drilling. Extensive exploratory wells 

are drilled to depths that are multiples of 4,000 feet. However 
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the depth of developmental wells are assumed to be less. If a pool 

is discovered in the second depth zone (4,000 to 8,000 feet) it is 

assumed to be located at a depth of 6,000 feet. While the wildcat 

that found this pool has to be at least 8,000 feet deep the develop

mental wells will be 6,000 feet deep. All oil pools are assumed to 

be located at the midpoints of the depth zones in which they are 

found. It is reasonable to expect that a dry exploratory well should 

cost more than a dry developmental well. The cost of drill ing and 

equipping a productive oil well is estimated to be as follows: 

DEC = $46,000 + .000168(Depth)2.397 

DEC is the cost of drilling and equipping an oil well. 

The production cost function used in this study was developed 

by Attanasi et al. (1981) for operations in the Permiam Basin. It 

is based on 1977 costs and it is as follows: 

LC $3,000 + .60(Depth) 

LC represents the annual lifting cost for a single oil well. In 

nature the annual 1 ifting cost could be expected to increase over 

time due to changes in the formation as a result of oil production. 

This cost relationship assumes that the quantity of oil produced 

does not affect the annual lifting costs and that these costs are a 

linear function of the depth of the oil reservoir. Since the annual 

lifting cost remains fixed over time and the output of each well 

declines exponentially, the average annual 1 ifting cost of a barrel 

of oil will increase exponentially over the 1 ife of the well. 



There are several economic parameters that are specified 

at the start of each simulation run. These parameters include the 

wellhead price of crude, the discount rate, the royalty interest, 
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the effecti ve income tax rate, the product i on tax rate and the i ndust ry I s 

exploration efficiency. The wellhead price of oil is employed in 

the model since all oil is assumed to be sold as soon as it is 

produced. This assumption eliminates the need to model activities 

such as the transportation, refining and marketing of petroleum prod

ucts. A product ion tax rate of 6 percent and an effect ive income tax rate 

of 40 percent are used in this study. The operator1s working interest 

is assumed to be 87.5 percent of all revenues and 100.0 percent of 

,all costs. These shares of costs and revenues are assumed to remain 

constant for all reservoirs and wells in this study. In the real 

world the firm1s \"Jorking interest is negotiated on a lease by lease 

basis and the result is often very complex. Oil companies will some

times decrease their share of each oil property and use the extra 

funds to invest in a larger number of properties. This reduces the 

firm1s risk of business failure and it is analogous to portfolio 

diversification. In the current study a uniform discount rate is 

used for all firms in the model. 

The industry is assumed to be composed of three types of oil 

companies which are distinguished by their commitment to exploration. 

There are two firms that have 'I major commitment to exploration, ten 

firms with medium budgets and fifty firms with small budgets. The 

structure of this hypothesized industry is not very important to the 
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operation of the wildcat drilling submodel in determining the 

probabilities of drilling success. The size of the total industry 

exploration budget is important because it determines the rate at 

which the basin's reserves are discovered and this budget is 

$100,000,000. The annual exploratory drilling budget is $17,150,000 

for a large firm, $2,460,000 for a medium size firm and $822,000 

for a small firm. The structure of the model's industry and the 

size of the drilling budgets are representative of the general 

characteristics of the American oil industry. Because there are 

probably as many drilling budgets as there are companies, the selec

tion of just three budget values to represent the industry is a 

simplifying assumption. If exploration were restricted to the 

shallowest depth zone (i.e. 4,000 foot wells), then the large firms 

could drill a maximum of 221 wells, the medium size firms could drill 

31 wells each and the small firms could drill a maximum of 10 wells. 

These numbers are significantly lower for deeper exploratory wells. 

National data (American Petroleum Institute 1976) show that approxi

mately 80 percent of American oil companies drill fewer than 25 wells 

annually and this includes both exploration and development wells. 

Nearly 15 percent of oil companies drill from 25 to 99 wells each 

year and only about five percent of the firms drill 100 or more 

wells each year. 

The exploratory drilling budgets remain fixed throughout the 

20 years of the simulation. In the real world these budgets do 

change in response to changing economic conditions and in response 
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to previous drilling success or lack of success. A firm which has 

previously discovered large oil deposits should have more funds 

available for exploration than a firm which has drilled only dry 

holes. In order to represent a firm with a changing drilling budget, 

one would need a model of how a firm determines its total drilling 

budget. This determination is affected by such factors as the 

company's plans and objectives, the resources that are available 

for investment, the expected value of oil exploration and the value 

of alternative investments. This issue is left for future research 

and is considered to be a limitation of the current study. The 

exploratory drilling budgets are shown in Table 7. The relative 

exploration expenditures are derived from industry statistics 

(Srock, Klingstedt and Jones 1981, p. 33). Since the larger firms 

conduct a good deal of exploration in foreign nations, these statis

tics may understate the relative importance of domestic drilling 

by small companies. However because of the design of the model in 

the present study, the assumed structure of the industry does not 

have a significant impact upon the simulation. 

A simple model of predrilling geological and geophysical 

costs is used in this study. The annual geological and geophysical 

budget for each size firm is assumed to be the same size as the 

firm's budget for exploratory drilling. While this provides a model 

of the quantity of funds that are spent on reconnaissance and 

detailed surveys it does not model the actual exploratory activities. 

These activities involve the search for and evaluation of geologic 
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Table 7. Drilling Budgets for Extensive Exploration. 

Firm Exp lora tory Number Total Re leo t i ve 

Size Drilling Budget of Budgets Exploration 
per Company Firms Expenditures 

Large '$17,150,000 2 $ 34,300,000 .343 

Medium 2,460,000 10 24,600,000 .246 

Small 822,000 50 41,100,000 .411 

TOTALS 62 $100,000,000 1.000 
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anomalies. A geologic anomaly mayor may not contain an oil deposit. 

An oil company will drill the anomalies with the largest potential 

for oil reserves. King (1971) presel:ts a model.of this type of pre-

drilling exploratory behavi'or. However the King model is fairly 

costly and difficult to implement. Because of this a simpler model 

is use~ in this study. The additional refinement of the exploration 

model is left to future research efforts. In the current study it 

is assumed that equal amounts are spent annually on predrilling sur-

veys and on drilling wildcats. There is no connection between the 

two budgets in thi~ study. A more sophisticated model might employ 

a single exploration budget with funds being allocated between pre-

drilling surveys and wildcat drilling. 

Expected Present 
Value Submodel 

Once the economic parameters of the model have been specified, 

the next step is to calculate the expected present value of each 

size and depth of oil pool. Since there are 20 sizes of reservoirs 

and four depth zones, there are 80 expected present values to calcu-

late. In this section exploration activities are not considered. 

This section determines the values of the targets of exploration. 

The expected cashflows associated with post discovery drilling and 

production are modeled. These cashflows are discounted to the year 

of discovery in order to determine the present value of each oil 

pool. 
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Development drilling decisions are based upon the maximiza

tion of the expected present value of the oil reservoir. The firms 

must determiile the proper rate of production for each oil peo1. This 

determination is subject to such constraints as the depth of the 

pool and the fixed quantity of oil in a given pool. After a pool is 

discovered, it is evaluated to determine whether or not to conduct 

additional drilling in the reservoir. The first wells drilled 

attempt to delineate the pool and determine the total quantity of 

oil in the reservoir. These wells are classified as intensive ex

ploration. After the shape and size of the pool is fairly well 

known, additional wells may be drilled to increase the rate of pro

duction of the pool's reserves. These wells are classified as 

developmental wells. in the present study 25 percent of all post 

discovery wells are assum~d to be dry, and a binomina1 distribution 

is used to model tbis relationship. Attanasi et a1. used this type 

of development model in their study of the Permian Basin. The per

centage of dry development and dry intensive exploration wells is 

related to the complexity of the oil reservoir. Approximately 16 

percent of the development wells were dry in the Permian Basin 

wbereas about 40 percent were dry in the Denver-Julesburg Basin. 

The number of dry wells that are drilled to delineate a field is 

shown by Arps and Roberts (1958) to be related to the area of the 

field. In the current study all intensive exploration is assumed 

to occur in the year of discovery or in the year immediately 

following the reservoir discovery. Production decisions are made 
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annually on a pool by pool basis in this study's model. Production 

continues until the daily rate falls below two barrels of oil per 

day or until the lifting costs exceed the net sales value of the oil 

produced (whichever comes first). The two barrel per day limitation 

is fairly low and it may overstate ultimate production. The pro

duction and development models are described more fully in a subse

quent section of this chapter. 

Because of the nature of the development and production 

models the distributions of expected present values display certain 

characteristics that are predicted by economic theory. The present 

value of an oil pool is a function of the pool's initial reserves, 

the depth of the deposit, the drilling cost, the lifting cost, the 

discount rate and the income tax rate. The expected present values 

of oil pools (assuming the wellhead price of oil is $25 per barrel 

and the discount rate is 10 percent) is illustrated in Table 8. The 

present value of a pool is an increasing function of its size and 

a decreasing function of the depth. Neither production nor develop

ment will occur unless there are sufficient reserves to cover a 

fixed reservoir development charge. The size of this fixed charge 

depends upon the site of oil and gas operations. The fixed charge 

for development in the North Sea is quite large whereas it should 

be fairly small in western Texas. This fixed charge largely explains 

why the first five sizes of reservoirs have an expected value of 

zero. Not only do the economic variables affect the present values 

of the pools but they also affect the rate of production. An 
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Table 8. Distribution of Expected Present Values of Various Sizes 
and Depths of Oil Pools. 

Pool DEPTH 
Size 2,000 ft 1>,000 ft 10,000 ft 14,000 ft 

1 $ -0- $ -0- $ -0- $ -0-
2 -0- -0- -0- -0-
3 -0- -0- -0- -0-
4 -0- -0- -0- -0-
5 -0- -0- -0- -0-

6 -.'" ,- 109,807 99, 0l!6 79,861 68,697 
7 353,315 340,244 326,420 312,456 
8 924, 192 723,438 707,861 692,134 
9 2,078,533 1,519,861 1 ,177,975 1,162,270 

10 4,659,016 3,364,602 2,158,993 1,765,308 

1 1 10,156,659 7,530,808 4,755,569 2,838,306 
12 21,440,359 16,625,472 10,838,787 6,339,796 
13 44,383,458 35,686,932 24,502,342 14,943,548 
14 94,150,637 75,182,827 54,911,778 35,762,766 
15 189,902,717 156,370,715 118,925,793 80,707,069 

16 366,858,709 303,071,637 240,840,235 163,205,950 
17 690,245,429 552,954,671 445,908,163 296,489,849 
18 1 ,246, 879, 199 963,818,736 778,159,899 502,482,563 
19 3,671,362,058 1,615,775,135 1,292,011,087 801,401,052 
20 3,671,362,058 2,605,733,089 2,048,476,272 1,210,751,259 

Wellhead price = $25 per barrel 

Discount rate = 10 percent 
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increase in the wellhead price of oil or an increase in the discount 

rate or a decrease in the expected future price of oil will motivate 

a firm to deplete al I of its oil pools more rapidly. The rate of 

pool exhaustion is directly related to the number of wells tapping 

the oil reservoir. In Table 9 the number of producing wells per 

reservoir is illustrated for several combinations of wellhead prices 

and discount rates of pools located at a depth of 2,000 feet. 

Wildcat Drilling 
Subrilodel 

The Arps and Roberts discovery process model is used in this 

section to determine the probabilities of discovering various sizes 

of oil pools within each of the four depth zones. A distinct multi-

nomial probability distribution is estimated for each depth zone and 

for each year of the simulation. This requires a total of 80 prob-

abi lity distributions. Wells have a chance of finding oil every time 

they penetrate any given depth zone. There are 21 possible outcomes 

for a well that penetrates a depth interval. It can be a dry hole 

or it can discover one of 20 sizes of oil pools •. This study assumes 

that if a well penetrates an oil pool the firm will never fail to 

realize that a pool has been drilled. In natlJre there is always the 

possibility that a well could be drilled through an oil pool and the 

company would not realize this fact. This study also assumes that 

an exploratory well can discover no more than one pool within a 

given depth zone. Exploratory wells are assumed to be drilled only 

in mUltiples of 4,000 feet which is the thickness of a depth zone. 
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Table 9. Optimal Well Frequency for Each Oil Pool Under Three Sets 
of Economic Conditions. 

Price per 
Pool Barre 1 $25.00 $25.00 $10.00 
Size Discount 

Rate . 10 .20 .20 

1-5 -0- -0- -0-

6 1 -0-

7 1 -0-

8 2 2 2 

9 3 4 3 
10 5 6 4 

11 9 10 8 

12 15 17 13 

13 24 33 23 

14 50 68 42 

15 96 113 81 

16 158 203 158 

17 293 321 256 

18 458 493 428 

19 698 743 653 

20 1,013 1,058 923 
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A 4,000 foot wildcat can discover a single pool at most. An 8,000 

foot well can discover as many as two oil pools (one in the 0 to 

4,000 foot zone and one in the 41~00 to 8,000 foot zone). A 12,000 

foot wildcat can find as many as three oil pools and a 16,000 foot 

well can find as many as four oil pools. The probabilities of dis-

covering an oil pool are represented by the multinomial distribu-

tions and these probabilities are always greatest at the start of 

the simulation when the number of undiscovered pools is at a 

maximum. 

The par~meters of the discovery process model are distinct 

for each combination of pool size and depth. The model is as 

follows: 

F = F (1.0 - e-AWC/B) 
w 0 

Fw = the number of discovered oil pools 

F = the initial population of oil pools o 

A = the area in acres of an oil pool 

W the cumu1atfve number of wildcats 

B = the size of the search area in acres 

C = the exploration efficiency 

This is an exponential decay type of relationship. When W is equal 

to zero (i.e. no wells have been drilled) F is also equal to 
w 

zero. As the number of wildcats becomes very large the number of 

discovered oil reservoirs approaches the total population of reser-

voirs located in the basin. The initial population of oil pools, 
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F , is defined for each size and depth of pool. The shallowest depth o . 

zone contains 2,359 size 1 oil pools while the second depth zone con-

tains 4,166 class 1 reservoirs. The complete reservoir size and 

depth frequency distribution is given in Table 4. 

The area, A, of each size of pool is reiated to the pool IS 

volume of physically recoverable reserves. All things being equal 

one would expect the length, width and thickness of an oil pool to 

increase by equal proportions as the poolls volume increases. The 

following equation was estimated by the method of least squares using 

data for all oil pools located in the upper 5,000 feet of the Permian 

Basin: 

A (Res/2.35) .539 

The area of each size category of oil pool is measured in acres. The 

initial quantity of oil reserves, Res, is measured in barrels of oil. 

The estimated areas for the 20 size categories are shown in Table 10. 

The area of each category of pool size increases by a factor of 

1.453 as one goes from one size to the next. Each pool size category 

contains twice the reserves of the immediately preceding size of 

pool. The area function shows a relationship where the reserves of 

an oil reservoir increase more rapidly than the area. This is 

explained by increases in the thickness of the oil pool. In nature 

the relationship between pool area and reserves can be quite complex. 

The porosity and type of reservoir rock can have a significant 

impact upon the relationship between area and reserves. The previous 



98 

Table 10. Estimated A"reas of Oil Pools. 

Pool Area ill Area in 
Size A':res Sq. Mil es 

26.12 .04 

2 47.23 .07 

3 68.61 . 11 

4 99.69 . 16 

5 144.85 .23 
6 210.47 .33 

7 305.80 .48 

8 444.32 .69 

9 645.58 1.01 

10 938.00 1.47 
11 1,362.89 2.13 

12 1,980.22 3.09 

13 2.,877.20 4.50 
14 4,180.48 6.53 

15 6,074.07 9.49 
16 8,825.24 13.79 

17 12,823.02 20.04 

18 18,631. 40 29.11 

19 27,070.77 42.30 

20 39,332.88 61.46 



function is derived from Permian Basin data. This region contains 

many reef deposits. The lenticular sand reservoirs of the Denver

Julesburg Basin produced a different relationship. 
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The exploration efficiency, C, is a measure of the industry's 

drilling success relative to random drilling. If C is equal to two 

then the oil companies are twice as efficient at finding oil as they 

would be if they followed a program of randomly selecting drilling 

sites. The explanation for C having a value greater than one is that 

the industry is using geological and geophysical surveys to locate 

sites for drilling wildcats. If the industry relied on random 

drilling then C should be equal to one on average. 

The area of the basin is assumed to be 100,000 square miles. 

Exploratory drilling is assumed to penetrate to a depth of 16,000 

feet. Not many oil pools are li'kely to occur below 16,000 feet in 

nature. The cumulative number of wildcats, W, is the total number 

of extensive exploratory wells that are drilled through a given 

depth zone. This number does not include just the wells drilled to 

a specific depth. A 16,000 foot well is counted as one additional 

well in each of the four depth intervals. A 12,000 foot well is 

treated as an additional well in the shallowest three depth zones. 

There can never be more cumulative wells drilled in the second depth 

zone than in the first depth zone, since one must drill through the 

shallower zone to reach the deeper. Because a wildcat can penetrate 

more than one depth zone, it may discover more than one oil pool. 
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Each year in the simulation an estimate of the cumulative 

number of discoveries at the end of each year is compared to the 

cumulative number of discoveries at the beginning of the year. The 

year end estimates are based upon assumed annual increments of 

exploratory drilling. These increments are 1,000 wells in the 0 to 

4,000 foot zone, 300 wells in the 4,000 to 8,000 foot zone, 100 

wells in the 8,000 to 12,000 foot zone and 35 wells in the deepest 

zone. The drilling increments are close approximations of the 

maximum number of wildcats which can be drilled within the constraints 

of the company budgets. The annual number of expected discoveries 

for each size and depth of field is divided by the corresponding 

drilling increment to yield an estimate of the probabil ity of dis

covery. 

A multinomial distribution is calculated for each depth zone 

in a given year. The estimated level of exploratory drilling is 

based upon these probability distributions. The actual number of 

wildcats drilled in a given year is added to the number of cumulative 

wells from the previous year to obtain a new year end total. The 

revised cumulative number of wells is used to calculate the proba

bility distributions in the next year of the simulation. The process 

is repeated until the entire 20 year history of exploratory drilling 

is modeled. 

The firms are assumed to be risk neutral decision makers. 

Exploratory drilling decisions are based upon the selection of the 

investment programs having the highest profitability index. The 
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profitability index is the ratio of the expected reward to the 

investment cost. According to Grayson (1960) many firms use formal 

decision processes that are based upon profitability indexes. This 

is a very simple decision rule within the context of the current 

simulation since there are only four types of investments. These 

investments are wildcats with depths of 4,000 feet, 8,000 feet, 

12,000 feet and 16,000 feet. The investment cost is the after tax 

cost of drilling a dry exploratory well. The reward is the after 

tax expected present value of an oil well. The present value of an 

oil well is the expected value of the potential discoveries. A 4,000 

foot wildcat can discover one of 20 sizes of oil reservoirs. The 

present values of these 20 pools are calculated in an earlier section 

of this chapter. The probabilities of discovery are calculated in 

this section. The expected value of a 4,000 foot well is the average 

of the present values weighted by the probabilities of discovery. 

The expected value of deeper wildcats is the sum of the expected 

values of drilling through each 4,000 foot interval. The expected 

value of an 8,000 foot exploratory well is equal to the sum of the 

value of one 4,000 foot well and the value of drill ing from 4,000 to 

8,000 feet deep. The expected value of an exploratory well increases 

with depth. The cost of drill ing also increases with depth. 

The profitability index is calculated for each depth of ex

ploratory well. The indexes are then arranged in descending order. 

Firms drill wells in the same order as the profitability indexes. 

First a firm drills as many wells as its budget permits to the depth 
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with the highest profitability index. If funds remain in the 

budget, the firm drills wells to the depth with the next highest 

index. The firm dril Is as many of these wildcats as its remaining 

funds permit. This process is repeated until the firm's explora

tory drilling budget is exhausted or until suitable investments 

no longer remain. A firm rejects an investment if its profitability 

index is equal to or less than one. 

All firms of a given size are assumed to make the same 

exploratory dril ling decisions. Thus the total number of wildcats 

drilled is equal to the sum of 50 times the number of wells sunk by 

a small firm, 10 times the number of wells drilled by a medium size 

firm and 2 times the number of wells drilled by a large firm. The 

basin's drilling history is a function of the economic parameters 

of the model. A sample drilling hfstory that is generated by the 

model is illustrated in Table 11. A wellhead price of $25 per 

barrel and a discount rate of 10 percent is assumed in Table 11. 

The price of oil and the discount rate affect the drilling pattern 

by changing the expected present values of the various sizes and 

depths of oil pools. The data in Table 11 represent the cumulative 

number of holes which penetrate each depth interval. By the end 

of year 20, a total of 124 wells have been drilled to a depth of 

12,000 feet. These 124 wells contribute to cumulative penetra

tions in each of the first three depth zones. Of the 4886 

cumulative penetrations in the second zone in the twentieth 



Table 11. Cumulative Number of Times Each of Four Depth Zones is 
Penetrated by Wildcat Drilling. 

DEPTH ZONE 
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Year o - 4,000 4,000 - 8,000 8,000 - '12,000 12,000 - 16,000 
feet deep feet deep feet deep feet deep 

1252 -0- -0- -0-

2 1668 280 -0- -0-

3 2084 560 -0·· -o-
Il 2500 840 -0- -0-

5 2916 1120 -0- -0-

6 4168 1120 -0- -0-

7 4584 1400 -0- -0-

8 5000 1680 -0- -0-

9 5416 1960 -0- -0-

10 5832 2240 -0- -0-

1 1 6248 2520 -0- -0-

12 6664 2800 -0- -0-

13 7080 3080 -0- -0-

14 7496 3360 -0- -0-

15 7912 3640 -0- -0-

16 8328 3920 -0- -0-

17 8744 4200 -0- -0-

18 9160 4480 -0- -0-

19 9576 4760 -0- -0-

20 9726 4886 124 -0-

Wellhead Price = $25 per barrel 

Discount Rate = 10 percent 
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year, 124 are attributed to 12,000 foot wells and the remaining 4782 

are due to 8000 foot deep wildcats. After 20 years 4840 wells have 

been drilled to a depth of 4000 feet, 4762 wells have been drilled to 

a depth of 8000 feet, and 124 wells are 12,000 feet deep. The 9726 

holes that penetrate the first depth zone in year 20 are composed 

of these three depths of wildcats (i .e. 4840 + 4762 + 124). Table 

11 indicates that in year 20 the industry drills 124 wildcats that 

are 12,000 feet deep, 2 wells (4886-4760}-124) that ~re 8000 feet 

deep and 24 wells (9726-9576)-(J~124» which are only 4000 feet deep. 

The data concerning the basin1s cumulative exploratory drill

ing are used in the discovery process model to estimate the number 

of pools in each size and depth category that are discovered during 

the simulation period. The expected number of discoveries by the 

end of the twentieth year is shown in Table 12. By the end of the 

simulation one would expect that nearly all of the pools in the 

largest size categories would have been discovered. The expected 

quantity of oil reserves that are discovered by the end of year 20 

is 18,351,651,000 barrels and this is approximately 49 percent of the 

original quantity of recoverable oil in the basin. While additional 

exploration is worthwhi Ie the number of undiscovered large shallow 

pools has declined dramatically during the first 20 years of 

exploration. The model shows a discovery pattern in which larger 

reservoirs and shallower reservoirs tend to be discovered in the 

early stages of exploration. 
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Table 12. Initial Endowment of Oil Pools, Expected Discoveries and 
Undiscovered Pools by the Twentieth Year of the Simulation. 

Pool Initial Undiscovered Expected 

Size Endowment Fields Discover i es 
-(poo 1 s) (pools) (pools) 

9,888.00 9,852.49 35.51 

2 3,937.00 3,911.45 25.55 

3 4,519.00 4,476.89 42.11 

4 5,004.00 4,935.05 68.95 

5 5,227.00 5,123.96 103.04 

6 4,738.00 4,603.21 134.79 

7 4,425.00 4,244.72 180.28 

8 3,616.00 3,403.45 212.55 

9 2,845.00 2,608.10 236.90 

10 2,115.00 1 , 86lL 12 250.88 

11 1,456.00 1,213.45 242.55 

12 1,001.00 781.62 219.38 

13 592.00 426.84 165.16 

14 331.00 207.06 123.94 

15 169.00 89.13 79.87 

16 76.00 33.37 42.63 

17 35.00 14.56 20.44 

18 17 .. 00 2.40 14.60 

19 4.00 .05 3.95 

20 5.00 .01 4.99 



Exploratory Success 
Submode1 
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The multinomial probability distributions and the exploratory 

drilling programs that are developed in the previous section are 

used in this section to simulate the results of a firm's exploratory 

activities. The drilling results are simulated on an annual basis. 

There are four multinomial probability distributions for each year. 

The first distribution represents the prob~bi1 ity of finding oil in 

the 0 to 4,000 foot depth interval. The second distribution repre-

sents the 4,000 to 8,000 foot depth zone. The third models drilling 

success in the 8,000 to 12,000 foot zone and the fourth distribution 

models exploratory success probabilities in the deepest zone. 

In the first year of the simulation all of the exploratory 

wells that are drilled by a small firm are evaluated on an individual 

basis. If a well is only 4,000 feet deep the model randomly samples 

from the corresponding multinomial probability distribution to 

determine whether oil is discovered. If an oil pool is discovered 

the sampling procedure determines the size of pool that is found. 

The model evaluates all 4,000 foot wildcats before proceeding to 

the evaluation of wildcats that are 8,000 feet deep. An 8,000 

foot wildcat can result in a dry hole or it can discover one or two 

oi 1 pool s. If an 8,000 foot wildcat discovers a single pool, that 

pool may be in either the first or the second depth zone. The 

model uses random sampling from two multinomial probability distri-

butions to determine the outcome of exploratory drilling. First 

the model samples from the distribution that represents the 4,000 



to 8,000 foot zone to determine whether oil pools are discovered 

in that depth interval. Next the model samples from the distri

bution associated with the shallowest depth zone. This procedure 

of determining drilling success is repeated for each well until 
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all of the 8,000 foot wildcats have been evaluated. The same general 

procedure is applied to 12,000 foot and to 16,000 foot wildcats. 

A 12,000 foot exploratory well can discover as many as three oil 

pools. The possible outcomes of a 12,000 foot well are illustrated 

in Table 13. Although multiple discoveries are possible with a 

single wildcat, subsequent pool development ignores the possibility 

of drill ing production wells that tap more than one pool. This is 

needed because of the nature of the exploration model. The precise 

locations of oil pools are not specified in the exploration model. 

Without these types of data it is impossible to determine the degree 

to which vertically separated pools overlap each other. 

Exploratory wells are evaluated on a year by year basis. 

After all of a firm's first year exploratory wells are evaluated 

the model evaluates the wells that are drilled in the following 

year. This process is repeated until the entire 20 year program 

of drilling wildcat wells is analyzed. The output of this section 

is placed in an array of oil pool discoveries. This array contains 

information about the number of discoveries, the size of the dis

coveries, the depth of the oil pools and the year of the discovery 

of each pool. This section also counts the annual number of dry 

holes and all wells that fail to discover any economically 
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Table 13. Drilling Results for a 12,000 Foot v/ell. 

Depth 
Zones ------- ... --- -- ----------- Outcomes --- -- -- -- ---- ---- -- ------

2 

3 

4 

Oi 1 

Oi 1 

Oi 1 

Oi 1 

Dry 

Oi 1 

Dry Dry 

Oi 1 Dry 

Oi 1 Oi 1 

Dry Oi 1 Oi 1 Dry 

Oil Dry Oil Dry 

Dry Dry Dry Dry 
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exploitable deposit of oil. Even though a pool contains oil if its 

expected present value is equal to zero, then the pool will not be 

worth exploiting. Wildcats that fail to discover oil or that dis-

cover only uneconomic pools are classified as dry holes for account-

ing purposes. 

The accounting variables are simulated for small firms with 

annual exploratory drilling budgets of $822,000. One hundred 

iterations of the model are conducted for each set of economic 

parameters. The average quantity of oil discovered is shown in 

Table 14. These numbers are based upon a wellhead price of $25 

per barrel and a discount rate of 10 percent. A general trend of 

declining discoveries illustrates the effects of the exhaustion of 

the basin's reserves of undiscovered oil pools. The distribution 

of the annual quantities of oil discovered is quite variable and 

this is due to the wide range of reservoir sizes. 

Development Drilling 
Submodel 

The development of an oil pool and the production of its 

reserves ar~ closely related activities. Development drilling de-

cis ions are based upon the goal of maximizing the present value of 

the oil pool's future cashflows. This is achieved by balancing the 

cost of development against the value of an increased rate of 

production. The maximization Is constrained by the company's esti-

mates of the pool's remaining reserves of oil. This study does not 

assume that the size of an oil pool is known as soon as the pool is 
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Table 14. Oil Discoveries for a Small Firm. 

Average 0 i 1 Cumulative 
Year Discoveries Di scoveri es 

(barre 1s) (barre 1s) 

9,973,000 9,973,000 

2 17,014,000 26,987,000 

3 13,895,000 40,882,000 

4 15,398,000 56,280,000 

5 9,093,000 65,373,000 

6 5,869,000 71,242,000 

7 3,241,000 74,483,000 

8 9,843,000 84,326,000 

9 2,588,000 86,914,000 

10 3,371,000 90,285,000 

11 3,835,000 94,120,000 

12 1,200,000 95,320,000 

13 2,031,000 97,351,000 

14 5, 125,000 102,476,000 

15 2,745,000 105,221,000 

16 2,533,000 107,754,000 

17 2,334,000 110,088,000 

18 3,417,000 113,505,000 

19 1,773,000 115,278,000 

20 2,828,000 118,106,000 

Hell head Price = $25 per ba rre 1 

Discount Rate = 10 percent 
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discovered. A function is used to model the time trend of a firmls 

estimates of the size of each pool IS reserves. The quantity of 

reserves that are believed to remain in an oil pool is equal to the 

firmls estimate of total pool reserves less all prior production. 

During each year of the simulation the desirability of conducting 

additional development drilling is determined for each oil pool that 

has been discovered and not yet abandoned. This evaluation considers 

such factors as the number of wells which are currently tapping the 

pool, the daily rate of production, the cost of drilling, the cost 

of production and the estimated quantity of reserves. 

The number of development wells that can be drilled into a 

specific reservoir in a given year is limited by the depth of the 

pool and the number of available drilling rigs. Drilling time, the 

interval from spud date to total depth, is an increasing function of 

well depth. Generally it will take considerably more than four times 

as long to drill a 16,000 foot well as it takes to drill a 4,000 foot 

well. Several factors explain this relationship. For example, for

mation pressures increase with depth and to offset these pressures 

the weight of the drilling mud must be increased. However the rate 

of drilling decreases as the weight of the mud is increased. Another 

factor that is responsible for slower penetration rates as depth 

increases is the time required to make a trip (i.e. pull the drill 

string out of the hole). During drilling operations bits must be 

replaced periodically as they wear out. Since the bit is located 

at the bottom of the drill string, all of the pipe must be pulled 
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out of the hole in order to change the drill ing bit. It obviously 

takes much longer to pull 15,000 feet of pipe than 3,000 feet of 

pipe. 

Drilling rigs are designed for specific depths of wells. 

While a rig designed for 12,000 foot wells can drill shallower wells 

this is not an efficient use of the rig. A rig with a deep drilling 

capability costs a good deal more to build than a rig designed for 

shallow wells. If a rig is used to drill wells that are shallower 

than those for which the rig was designed, it will not earn a suitable 

return on the owner's investment. Thus the drilling contractor will 

prefer to accept jobs that are within the rig's depth capabilities. 

A rig cannot be used to drill wells beyond its capabilities. The 

derrick and drawworks are not designed for the added load. A census 

of rigs indicates general limitations on the number of wells that can 

be drilled to various depths. The Reed Rock Bits Company provides 

an annual census of the rotary rigs in the United States as shown in 

Table 15. 

If there is an equal number of rigs capable of drilling to 

each depth zone, then more 4000 foot wells can be drilled annually 

than 8000 foot wells and more 8000 foot wells than 12,000 foot wells, 

because it takes longer to drill the deeper wells. The regional 

availability of rigs is as important as the national availability. 

While a rig can be moved from one district or region to another, 

such moves occur infrequently. If a rig is moved from one region 

to another the rig owner will lose drilling time (revenues) and may 
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Table 15. Number of U. S. Rotary Rigs by Depth and Year. 

Drill ing Depth Capabilities 
(thousands of feet) 

YEAR OF 3-5 6-9 10-12 13-15 16-0ver 
CENSUS Numbers of Rotary Rigs 

1975 396 579 380 225 448 

1976 468 633 366 239 498 

1977 542 628 461 274 577 

1978 557 723 565 313 693 

1979 546 783 631 350 872 

1980 605 885 704 419 1059 

1981 773 1080 950 595 1405 

1982 821 1285 1103 717 1717 
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lose a number of employees who are um'Jilling to move. Rotary rigs 

are operated out of district offices and supply centers. The crews 

generally commute to work and 1 ive in the district centers. If a 

contractor accepted a job that is too far from the district office 

for commuting, the crews would have to move their homes or quit their 

jobs. Since businessmen do not like to lose revenues or employees, 

they tend to resist moving rigs to new regions. To capture some of 

these effects the following rule is used in the simulation. In any 

given resel'voir that is located in the shallowest depth interval no 

more than 60 post discovery wells can be drilled each year. No more 

than 30 post discovery wells can be drilled annually to a pool 

located in the second depth zone. No more than 20 wells can be drilled 

annually into a pool in the third depth zone and only 10 or fewer 

wells can be drilled into a pool located in the deepest zone. These 

drilling limitations result in about 10,000 wells being drilled in 

each year of the simulation. This represents about 16 to 25 percent 

of the annual drilling activity for the entire United States. 

Following the discovery of an oil reservoir the firm seeks 

to delimit the boundary of the pool and to determine the pattern 

of well spacing that is best for the production of the pool's 

reserves. Wells that are drilled to delineate a reservoir are 

classified as intensive exploration. Generally these occur early 

in the life of an oil pool. In the model IS environment intensive 

exploration is conducted only for the purpose of delineating the oil 

reservoir and not for the purpose of finding satellite reservoirs. 
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Time is the only factor in the model which distinguishes intensive 

exploration from development drilling. The time required for inten

sive exploration is related to the geologic complexity of the search 

area. All post discovery drilling conducted in the discovery year 

or the following year is considered to be intensive exploration. 

Drilling that is conducted in later periods is considered to be a 

developmental activity. 

All pools discovered in a given year are assumed to be found 

at the midpoint of the year. One half of a year of post discovery 

dr ill i ng can be conducted in the yea r that a poo 1 is found. Thus 

30 wells can be dri lIed to a shallow pool in the discovery year. 

The post discovery drilling limitations are illustrated in Table 16. 

Basic Present Value Model 

The following portion of the development model is adapted 

from Ni nd (1981). A firm attempts to max imize the present value of 

each oil pool through its development decisions. Twenty-five percent 

of all post discovery wells are assumed to be dry holes. All wells 

tapping a given pool are assumed to have identical production rates. 

There are no differences in the lithology or formation pressures 

within a given reservoir in the model. In addition it is assumed that 

one part of a reservoir does not become dry before any other part of 

the reservoir. The production rate of each well is assumed to decline 

at a constant rate (i.e. exponential decline). The constant rate 

of production decline is a function of the number of wells that drain 

the oil reservoir. The variables used.in this sectiqn are listed 
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Table 16. Post Discovery Drill in9 Limitations. 

Depth Discovery Subsequent 
Zone Year Years 

30 wells per pool 60 wells per pool 

2 15 we 11 s per pool 30 wells per pool 

3 10 wells per pool 20 wells per pool 

4 5 well s .per pool 10 wells per pool 
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in Table 17. The basic present value model of oil production over 

T years is as follows: 

PV 
T .t J uqe - J dt 

o 

However the production rate of each well is assumed to be a declining 

function of time. An exponential decline function is as follows: 

q 
-bt * e 

By substituting the previous expression for q into the PV equation 

the following equat10n is obtained. 

PV 

o 

(solution) 

Let z = -(b+j)t ; then dz -(b+j)dt 

Thus 

PV 

dt = -dz/(b+j) and when t T, z = -(b+j)T 

when t = 0, z = 0 

or 

f 
-T(b+j) 

o 
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Table 17. List of Variables. 

b the constant rate of decline in the production 
rate of an oil well 

bt the production decl ine rate in year t+l 

Cost the expected after tax cost of a development well 

D the net fixed cost of developing an oil pool 
excluding costs associated with wells 

DC the cost of drill ing a dry hole 

DEC the cost of drilling and equipping a well 

DTE the cashflow effect of the tax deduction for well 
equipment depreciation 

FIT the federal income tax rate 

IDC intangible drilling costs 

j the discount rate 

L 

LC 

n 

n 
p 

PT 

PV 

q 

Qf 

r 

R 

the present value of future lifting costs 

the annual cost of operating a well 

the number of wells that are depleting a pool's 
oil reserves 

the number of wells that are depleting a pool at 
the start of year t 

the number of development wells to be drilled into 
a pool in year t 

the production tax rate 

the present value of future net revenues 

the annual production rate of a well 

the cumulative production from an oil pool over a 
given period of time 

the well's initial rate of production 

= the annual production rate per well at the end of 
year t 

the cumulative production from a well over a given 
period of time 

the rate of change in the net revenue per barrel 

the initial quantity of recoverable reserves in a 
given oil reservoir 
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Table 17--Continued 

R e 
RI 

Rm 

t 

T 

TIDC 

u 

an estimate of the true value of R 

the ownership share of the royalty interest 

the oil reserves estimated to remain in the oil 
reservo i r at the end of year. t 

time in years 

the length of time during which a pool is produced 

the tax effect of the IDC deduction 

the after tax net revenue form a barrel of oil 

the after tax net revenue from a barrel of oil 
produced at the end of year t 
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and 

PV eqn. #1 

Equation #1 represents the present value of the net revenues that 

are generated by selling the output of a specific well. The net 

revenues per barrel are represented by u and they are calculated 

by deducting the royalty interest, the production taxes and the 

income tax effect from the price of a barrel of oil. 

Since all wells which tap a given reservoir are assumed to 

be identical, the present value of total field production is as 

follows: 

nuqo 
PV = (b+jf eqn. #2 

This equation assumes that no additional wells are drilled into the 

oil pool. If the economic limit of production is assumed to be zero 

barrels of crude per day, the productive life of the well approaches 

infinity and equation #2 reduces to equation #3. 

eqn. #3 

By assuming an economic 1 imit of zero barrels per day the model 

slightly overstates the present value of production since the actual 

limit may be greater than zero. However this is not considered· to 

be a,serious distortion. Equation #3 is a capital budgeting model 

of production. It does not include important items such as the 



costs of development drilling or the costs of operating the 

wells. 
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Operating expenses are often called 1 ifting costs, the costs 

of lifting oil from the reservoir to the surface. The annual 

lifting cost of a single well, LC, is a linear function of the 

depth of the reservoir. The present value of the lifetime 1 ifting 

costs associated with a well are represented by the variable L. 

The present value of lifting costs is obtained by dividing a well IS 

annual lifting cost by the discount. This procedure is consistent 

with the assumption that the economic limit of production is zero 

barrels of oil per day. The total present value of a poolls lifting 

costs is equal to the product of the number of producing wells times 

the present value of the lifting costs per well. This is calculated 

on an after tax basis and has the following form: 

PV = -nL 

L = LC/J 

eqn. #4 

The cost of drilling development wells must also be con

sidered. In the current study 25 percent of all development wells 

are assumed to be dry. The cost of the discovery well should not 

be included in the calculations of the present value of the field. 

The pool IS present value is the potential reward for exploration. 

The cost of the discovery well is the money risked to gain the 

reward. The cost of drilling a development well is divided into 

two categories for income tax purposes. These categories are 
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equipment and IDC, intangible drill ing costs. IDC includes well 

site preparation costs, drilling costs, and the cost of installing 

well equipment. The taxpayer in this study elects to deduct IDC 

in the period when it i·s incurred. However equipment costs must 

be capitalized and then depreciated in subsequent periods. The cash 

investment in each development well is reduced by the tax effect of 

deducting IDC as it is incurred. 

The cost of drilling and equipping a well is estimated from 

1977 national statistics (American Petroleum Institute 1979) to be 

as fo 11 ows: 

DEC 46,000 + .000168(Depth)2. 397 

The cost of drill ing a well without equipping it is estimated to be 

as follows: 

DC 20,000 + .000251 (Depth)2. 321 

DC is the cost of drilling a dry hole and it is assumed to be composed 

entirely of IDC. The first drilling cost function includes both IDC 

and equipment costs. The cost of equipment is estimated to be the 

difference between the two drilling cost functions. The tax effect 

of currently deducting IDC is equal to the product of the income tax 

rate times the cost of a dry hole. 

TIDC (20,000 + .000251 (Depth)2. 321)*FIT 
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The tax effect of the IDC deduction is subtracted from the 

cost of drilling and equipping a productive well. Since a certain 

percentage of development wells do not find oil, the cost of a 

successful development well is adjusted appropriately. In the model 

development drilling is simulated by sampling in a random fashion 

from a binomial probability distribution with a 75 percent probabili

ty of success and a 25 percent chance of failure. The cost of drill

ing a successful development well is increased by 33 percent of 

the cost of a dry hole to adjust for the expected number of dry holes. 

The expected addition to drilling costs, DHC, due to some development 

wells being dry is represented by the following equation: 

DHC = .33(20,000 + .000251(Depth)2.321) *(l-FIT) 

The cost of drilling a successful development well adjusted for the 

IDC tax deduction and th.e 25 percent chance of drilling a dry hole 

is as follows: 

Cost'=(46,000 + .000168(Depth)2. 397) +DHC-TIDC 

This equation does not include the tax effect of depreciating the 

well's equipment. Well equipment is depreciated on the units of 

production basis for financial purposes. For tax purposes this 

equipment is depreciated on a sum of the years digits basis with an 

estimated equipment life of 14 years. The net present value of the 

investment cashflows associated with a development well is obtained 
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by deducting the depreciation tax effect, OTE, from the previous 

equat ion. 

Cost Cost l 
- OTE 

The cost equation represents a net cash outflow. It is combined with 

the revenue equation and lifting cost equation to yield a model of 

the present value of an oil pool as follows: 

- n(L) - (n-l)Cost - 0 

The prior equation is restated in equation #5. It assumes that all 

development is conducted in the first year of the pool IS life. 

nuqo 
PV = b+J - n(L+Cost) - (O-Cost) eqn. #5 

Since each of the wells in a given reservoir produces crude 

oil at the. same rate as all others, the total reserves, ~, that will 

be produced by an individual well are equal to the pool's total 

reserves, R, divided by the number of producing wells, n. 

~ = R/n 

However a well's cumulative production will approach ~ as time 

approaches infinity. The cumulative production function is as 

follows: 



This relationship is derived from the function for the rate of 

output per unit of time. The production rate function is an ex-

ponBntial decay equation and it is as follows: 

-bt 
q = qoe 

When time approaches infinity the cumulative production function 

reduces to the following form. 

However ~ has already been shown to be equal to R/n. Thus q /b 
o 
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is equal to R/n and b is equal to q n/R. This expression for b, the 
o 

production decline rate, is substituted into equation #5 so that 

the present value relationship is constrained by the pool's total 

reserves. The equation becomes as follows: 

PV n(L+Cost) - (D-Cost) eqn. #6 

Equation #6 represents the present value of an oil pool with all 

development occurring in the first year of the pool's productive 

life. The firm attempts to maximize the present value of each oil 

pool by drilling the optimal number of development wells. This 

number of wells can be determined by differentiating the present 

value equation #6 with respect to n. 

Equation #6 forms the basis of the production and develop-

ment models. This equation is based upon the simpl ifying assumption 



that the reservoir can be fully developed during the year that the 

reservoir is discovered. This assumption is fairly accurate for .: 

the smaller and the shallower oil fields. However equation #6 can 

overstate the present value of the deeper and larger oil pools 

because these pools cannot be developed as quickly as the model 

assumes. The model overstates the optimal number of development 

wells for the larger and deeper oil pools. These weaknesses are 

dealt with in the fo110wi.ng secti.on. 

Iterative Present Value Model 
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This section presents a method of estimating the present 

value of an oil pool which cannot be fully developed during the year 

of discovery. The reason that a pool cannot be fully developed is 

that there are a 1 imited number of drilling rigs available for 

development. The drilling rig Hmitations are described in a prior 

section of this chapter. The method of calculating present values 

involves a technique of maktng development decisions on a year by 

year basis. The proposed method is not a multi period optimization 

technique but it is a reasonable model of pool development decision 

making under conditions of uncertainty. In the current study 

annual lifting costs and the costs of drilling development wells are 

assumed to be constant over the planning horizon. Once a well is 

completed and placed in service it will produce oil throughout the 

economic life of the reservoir. These conditions tend to favor the 

drill ing of development wells as quickly as possible. 
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The current study uses the following method of estimating the 

present values of the larger and deeper oil pools. The model first 

calculates the optimal number of development wells to be drilled dur

ing the discovery year assuming that there is no restriction upon the 

number of wells which actually may be drilled. This number is com

pared to the annual well limitation which is imposed by drilling rig 

availability. If the allowable number of wells is greater than the 

desired number then the reservoir can be fully developed during the 

year of discovery. If the allowable number of wells is less than the 

optimal number-of wells," then the allowable number of wells is drilled. 

The procedur~ for calculating the optimal number of development wells 

is based upon the company's estimates of pool reserves. 

A company is not likely to know the exact size and shape of an 

oil reservoir in the year of the pool's discovery. Development 

decisions are based upon the estimates of reserves. These estimates 

change over time and are revised from one year to the next. Sometimes 

these estimates are revised upwards and other times they are revised 

downwards. However according to Arrington (1960) these estimates are 

generally conservative estimates of the actual total value of pool 

reserves. The degree of conservatism is dependent on the individual 

who makes the estimate and the policy of the firm regarding reserve 

estimation. Arrington found that the reserve estimates of the Carter 

Oil Company followed fairly consistent patterns. The initial estimate 

was less than 30 percent of the actual volume of reserves. Each year 

following the pool's discovery the reserve estimate is revised. On 
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average the revision is in the direction of the true value and the 

percentage revision decreases over time. In the current study the 

fo1 lowing equation is used to model the estimation of reservoir 

reserves: 

The estimated pool reserves, Re , are 20 percent of the actual total 

in the year of discovery. 

After determining the reservoir's development in the discovery 

year, the iterative model determines the optimal number of development 

wells that should be dri lIed in the following year. Hells that are 

drilled in the discovery year are placed in production in the first 

year of operation of the reservoir. The cumulative production from 

these wells is deducted from the estimates of pool reserves when 

calculating the optimal number of development wells to be drilled 

each year. The optimal number of development wells is calculated for 

each year of the model. The optimal number is always compared to the 

allowable number of wells to determine the actual levels of develop

mental dri 11 ing. 

The proposed method is an iterative technique since decisions 

are made on a year by year basis for each oil pool. It considers the 

number of existing wells that are depleting the reservoir and the 

effect of cumulative production from the pool. It uses the simple 

present value model described in the previous section for first year 

drilling decisions. During each year fol lowing the year of discovery 



investment decisions are based upon the following model: 

PV 

and 

Since bt is a function of nt' equation #8 is substituted into 

equation #7 to yield the following expression. 

PV 

or 

PV 

uqt(np+n t ) 

qt(np+n t ) + j 

R m 
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eqn. #7 

eqn. #8 

eqn. #9 

Equation #9 models the present value of a reservoir at the end of 

year t. This expression accounts for the previous development of and 

production from an oil pool. The number nt of successful develop

ment wells to be drilled in year t is the only controllable variable 

in equation #9. By differentiating with respect to nt' the optimal 

number of current year development wells can be determined. As addi-

tional development wells are drilled the pool's production rate 
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increases and the rate of decline in the production rate increases. 

The optimal number of development wells is calculated in equation #10. 

eqn. #10 

Equation #10 is used to calculate the desired number of suc

cessful development wells to be drilled in each year following the 

year of the pool's discovery. Since the ~UCCeSS rate for development 

wells is assumed to be 75 percent, the desired number of wells to be 

drilled should be 1.333 times nt . This insures that the number of 

successful development wells is expected to equal the optimal number. 

For each year following the pool's discovery, the optimal number of 

wells is compared to the allowable number of wells. The smaller of 

these two numbers is the number actually drilled. This procedure is 

repeated for each of the succeeding years of the pool's life. Develop

ment may continue for many years in the larger categories of oi 1 

pools. 

The current study's model determines each year's production 

throughout the life of the oil pool. It also determines the actual 

number of development wells which are drilled and the year in which 

they are drIlled. These data are used to calculate the expected 

present value of each oil pool in the expected value submodel. !n 

that submodel the expected number of dry holes, 25 percent, is 

assumed to be the actual number of dry holes. When actual develop

ment drilling is modeled random sampling is used to determine whether 
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a development well is dry or not. A binomial distribution with a 

25 percent probability of failure is used for this sampling procedure. 

Since a firm drills 133.3 percent of the desired number of addition

al productive wells, it is possible that the firm will tap the 

reservoir a few more times than is optimal. However this cannot be 

avoided since there is no way to tell in advance whether a development 

well is going to strike oil or not. On the other hand the sampling 

procedure could result in fewer than the desired number of development 

wells succeeding in a given year. 

The simulation procedure permits the consideration of the 

economic and accounting consequences of various changes in the param

eters of the model. The effects of a change in the income tax rate 

or a change in the price of oil can be studied. By modifying the 

model slightly the effect of an expected constant rate of change in 

the wellhead price of oil can be studied. If the rate of change in 

the price is expected to be greater than the firm's discount rate, 

then no development or production should occur. The value of leaving 

the oil in the ground exceeds the value of producing and selling the 

oil. If the price of crude is expected to grow at a rate that is less 

than the discount rate, then production will occur but fewer wells 

are drilled and the production rate is less than when prices are 

expected to remain fixed. To estimate the optimal number of wells 

to drill in year t when prices are expected to change at a constant 

rate over time, equation #10 is reformulated as follows: 
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- (j-r) 1 - n 
p 

eqn. #11 

The constant rate of change in the net revenue per barrel is repre-

sen ted by the variable r. Equation #9 can be modified to account 

for an expected constant rate of change in the price of crude oil. 

This modification is shown in equation #12. 

PV {j-rJR m 
eqn. #12 

Equations #11 and #12 are used to plan the development of a reservoir 

for each year of the simulation. In the year of the discovery of an 

oil pool these equations must be adjusted for the fact that n equals 
p 

one since the only previously drilled well is the wildcat which dis-

covered the pool. The value of the variable D, the fixed cost of 

developing field support facilities, is assumed to be zero in all 

years except for the discovery year. In the discovery year D is 

assumed to equal $200,000. This cost is incurred whenever a new oil 

pool is developed. 

Production Submodel 

The model of oil production is based on several assumptions. 

The first assumption is that the rate of oil production declines 

exponentially over time. The second assumption is that the reserves 

of each oil pool are finite and exhaustible. The third assumption 

is that the initial production rate of a well in a newly discovered 
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pool is proportional to the size of the pool. All successful wells 

are assumed to be placed in production in the year that immediately 

follows the period in which the~e wells are dri lled. \o/hen an oi 1 

pool is abandoned all of the production wells are shut down simul-

taneously. The model does not permit the partial abandonment of an 

oil poo 1 • 

The rate of decline in the production rate of each well in 

a given pool is an increasing function of the number of wells that 

are depleting the pool's reserves. This number is equal to np+n t . 

At the start of ea6h time period the decline rate is determined from 

the following expression. 

q (n +n, t) o p 

The decline rate is directly related to the initial production rate 

of each well. The faster the production rate the faster the 

reserves of a pool will be depleted. The decline rate is assumed 

to be inversely related to the quantity of oil that remains in the 

pool at the start of each period. The decline rate is determined 

for each pool at the start of each year of the simulation. 

After calculating the decline rate, the annual quantity of 

oil produced by an individual well is determined using the following 

equation. 
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Since each well in a given oil pool produces at the same rate, the 

total annual pool output is determined by mUltiplying the number 

of producing wells by the output per well. 

Many factors can affect the initial rate of well production. 

These factors include the formation porosity, permeability, oil 

saturation, temperature and statfc pressure. Other variables include 

the specific gravity of the oil, the difference between the bottom 

hole pressure and the tubing head pressure, the diameter of the 

well bore, and the thickness of the pay zone. The current model 

assumes that the pools all possess the same general physical traits. 

However even with that assumption, one would expect the thickness 

of the pay zone to be directly related to the size of the oil pool. 

Larger pools normally have thicker reservoirs. The following equa-

tion captures this effect. 

q = 365*l7*(1.2599) (pool 
o 

size 

The initial production rate is assumed to be seven barrels per day 

for the smallest category, size 1, oil pool. The initial production 

rate is assumed to increase by a factor of 1.2599 for each increase 

in the pool size. This represents an increase of 1.2599 in the 

reservoir's thickness each time the quantity of oil reserves is 

doubled. The volume of the pool is assumed to double whenever the 

quantity of recoverable reserves doubles. The reservoirs are assumed 
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to be shaped like right elliptical cylinders. An increase in the 

reservoir's volume is accompanied by proportional increases in each 

of the three dimensions. When the volume doubles the semimajor axis, 

the semiminor axis and the height of the reservoir are each assumed 

to increase by the cube root of two (1.2599). The reservoir height 

and the thickness of the pay zone are equivalent concepts within the 

framework of the model. 



CHAPTER 6 

RESULTS OF THE SIMULATION 

Introduction 

The results of the computer simulations are described 

in this chapter. The chapter is divided into three sections. The 

first section evaluates the assertions of prior accounting researchers 

by comparing the simulated accounting distributions with the hypoth

esized characteristics of these distributions. The second section 

presents illustrations of several distributions of accounting vari

ables which are simulated in the current study. The third section 

summarizes the results of the computer simulations. 

Evaluation of the Hypotheses 

The current research project involves the evaluation 

of ten hypotheses. These hypotheses are based on the assertions 

that are found in four prior studies which modeled petroleum 

accounting. The accounting and company models that are used in 

this study differ from those employed in the prior research efforts. 

The present study is interested in the accuracy of the assertions 

of the prior studies and it is also concerned with the quality 

of the oil company models used in these studies. 

136 
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The results of the simulation indicated that three of 

the ten hypotheses are consistent with the numbers that are simulated 

in this study. In general these three hypotheses are more broadly 

defined than the seven hypotheses which are rejected. Hypothesis 

#2 is the first hypothesis that is not rejected. It states that the 

difference between FCA and SEA net operating incomes· diminishes as 

the firm matures. The next hypothesis which is not rejected is 

hypothesis #5 which states that for a new firm the expected operating 

expense is always less under FCA than under SEA. The final hypothesis 

not rejected is the eighth, which asserts that the average net oil 

properties account is always greater under FCA than it is under SEA 

rules. 

Hypothesis #1 states that the FCA net operating income will 

always exceed the SEA net operating income for a new firm. In the 

current study's simulations this is true by assumption during the 

first year of company operations and a firm which is less than one 

year old is certainly a new company. However if the definition of 

a new firm is extended to cover the first five years of operations 

the~ hypothesis #1 is rejected. FCA net operating income is not 

always greater than SEA net operating income during the first five 

years of operations. Three simulations, edch containing 100 

iterations, are conducted to test this hypothesis. Since only one 

contra example is required to reject the hypothesis, additional 

simulations were unnecessary. In one simulation the hypothesis is 

rejected 4.8 percent of the time. It is rejected in 4.6 percent of 

the cases in another simulation and it is rejected in 6 percent of 
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the cases in the third simulation. Thus a new firm is not assured 

of a higher net operating income by selecting the FCA method. How

ever the odds are strongly in favor of this result since FCA produces 

a higher net operating income in over 90 percent of the cases. 

The second hypothesis is that the difference between FCA and 

SEA average net operating income approaches zero as a firm matures. 

The difference between these two variables is plotted in Figures 3. 

4. and 5. These figures are based on three distinct economic 

scenarios. In each of these figures the observed behavior is the 

same as the hypothesized behavior. Thus hypothesis #2 is not re

jected. 

The three figures (3. 4 and 5) are based on an assumed well

head price of $25 per barrel and an income tax rate of 40 percent. 

In addition Figure 3 assumes a discount rate of 20 percent and an 

efficiency in extensive exploration that is twice the efficiency of 

random drilling. Under these conditions the difference is greatest 

in the first year and by the tenth year there is essentially no dif

ference in the average net operating incomes produced by the two 

systems. Figure 4 assumes a discount rate of 20 percent and an 

exploratory efficiency of 4. The greatest di fference is in the second year 

of the simulation and FCA continues to produce higher income numbers 

through the first ten years of the simulation. Figure 5 assumes a 

discount rate of 10 percent and an exploratory efficiency of 2. Its 

pattern of net operating income differences is very similar to the 

pattern shown in Figure 3. In all three of the scenarios the 
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the diffe,-ence is greatest near the start of business operations and 

the difference diminishes as the firms mature. The initial differ

ence bet\rJeen the FCA and SEA average net operat i n9 incomes is 

approximately $1,600,000 in each of the economic scenarios. This is 

the sum., of. the annual budgets for exploratory drilling and for 

predri11ing exploration. 

The third hypothesis asserts that a decrease in a new firm's 

exploration efficiency increases the difference between the average 

FCA and SEA net operating incomes. This assertion is supported by 

the works of Sunder and Eskew. Neither of these researchers make 

any distinction between intensive and extensive exploration. ~ow

ever their models appear to represent extensive exploration. This 

hypothesis is evaluated by varying the drilling efficiency parameter 

of the extensive exploration model. Figures 3 and 4 show the distri

but ions of net operat i ng income differences for two scena ri os wh i ch 

differ only w)th respect to drilling efficiency. The wildcat drill

ing efficiency associated with Figure 4 is twice the efficiency 

that is associated with Figure 3. The relationship which is illus

trated is the exact opposite of that which is hypothesized. An 

increase in exploratory efficiency increases the differences between 

the FCA and SEA net operating incomes. The explanation for this is 

quite simple. An increase in extensive exploratory efficiency 

results in the discovery of a larger number of oil pools than would 

have been discovered without the change. This in turn results in 

an increase in the level of intensive exploration. As more 
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intensive exploratory wells are drilled each year the number of dry 

intensive exploratory wells increases. This more than offsets the 

decrease in the number of dry wildcats because there are generally 

more intensive wells than extensive wells drilled annually within 

the framework of the modei. SEA rules do not distinguish between 

extensive and intensive exploration. Thus all dry exploratory wells 

which are drilled are accounted for in the same way. The cumulative 

differences between FCA and SEA net operating incomes are shown in 

Figures 6 and 7. Figure 6 is based on a drilling efficiency of 2 

and Figure 7 is based on a drilling efficiency of 4. The effect of 

a change in the wildcat drilling success rate is quite clearly 

demonstrated by these cumulative differences. As a consequence, 

hypothesis #3 is rejected. 

The fourth hypothesis asserts that the variance of the 

SEA net operating income is always greater than the variance of the 

FCA net operating income. There are two different interpretations 

which are possible. The first is to consider each simulated oil 

company1s stream of net operating incomes over the 20 year study to 

be a separate distribution. The variance of each firm1s time series 

distribution can be calculated. This would produce 100 variances for 

a given simulation (one for each of the iterations). The second 

interpretation is to focus on each of the 20 annual distributions that 

are generated by a simulation. In this case there are 20 distributions 

each containing 100 observations. Klingstedt employs the first con-

cept, the variability of an individual 'firm1s time stream. However, 
; ...... 
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hypothesis #4 refers to the second concept which is used by both 

Eskew and Sunder. 

If hypothesis #4 is correct then the SEA variance must 

exceed the FCA variance in each of the 20 years of the study. This 

failed to occur in five out of 20 years in a simulation that was 

. based on a wellhead price of $25 per barrel and a discount rate of 

10 percent. The hypothesis was rejected in 12 out of 20 years in a 

simulation that assumed a well head price of $25 per barrel and a 

discount rate of 20 percent. The second simulation data are shown 

in Table 18. This table illustrates the ratio of the FCA net 

operat.lng income vari.ance to the SEA variance. The FCA variance 

is always equal to zero in the first year of the simulation because 

of the design of the model. The FCA and SEA variances are nearly 

identical with the difference generally being less than one percent. 

The size of the variances are related to the average size of the 

distributions. As the net operating income increases the variance 

increases as well. Hypothesis #4 is rejected. 

The fifth hypothesis asserts that for a new firm the 

expected operating expense is ~lways less under FCA than under SEA. 

This claim is supported by the works of Eskew and Sunder. All firms 

that are less than five years old are assumed to be new firms for 
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the purposes of evaluating this hypothesis. Six simulations of 100 

iterations each were conducted to test this hypothesis. In each case 

the distributions are consistent with hypothesis #5. Thus hypothesis 

#5 is not rejected. The distributions of the average expenses of 

severai simulations are shown in Table 19. 
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Table 18. Net Operating Income Variance Ratios. 

Year FCA Variance/SEA Variance 

0,0000 

2 1 .0288 

3 1.0095 

4 1.0078 

5 1.0045 

6 1 .0044 

7 1.0011 

8 0.0998 

9 0.9995 

10 1.0002 

11 0.9984 

12 1.0006 

13 1.0027 

14 0.9972 

15 1.0006 

16 0.9995 

17 0.9975 

18 1.0012 

19 1.0024 

20 0.9947 
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Table 19. Average Operating Expenses. 

Average Expense 
YEAR FCA SEA 

$ -0- $ 1,631,471 Price $25.00 

2 1,961,952 3,407,402 Discount Rate .20 

3 4,621,107 5,832,312 Efficiency 2.00 

4 7,737,838 8,545,945 

5 10,223,029 10,853,044 

.......................................................... 
$ -0- $ 1,670,777 Price $25.00 

2 2,494,067 4,114,163 Discount Rate .20 

3 7,029,443 8,251,025 Efficiency 2.00 

4 11,302,685 12,228,108 

5 13,496,773 14,042,522 
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Hypothesis #6 states that the variance of SEA operating 

expenses is always greater than the variance of the FCA operating 

expenses. This assertion is supported by Eskew1s study. The current 

study1s simulations indicate that there is a direct relationship 

between the average operating expense and the variance of the anriual 

operating expense distribution. The expense distribution is truncated 

at a value of zero dollars per year, since firms can only have posi

tive operating expenses. During periods when the average FCA opera

ting expense exceeds the SEA operating expense, hypothesis #6 is 

likely to be proved incorrect. Table 20 illustrates the FCA and SEA 

distributions of operating expenses which are based upon an assumed 

wellhead price of $25 per barrel, a discount rate or 20 percent and 

an exploration efficiency of four. This simulation provides several 

exceptions to the hypothesis. Thus hypothesis #6 is rejected. 

The seventh hypothesis asserts that the net oil properties 

account is always greater when measured by FCA methods rather than 

SEA methods. There are a number of reasons why one might expect 

this to be true. The amount of costs which are capitalized under 

FCA is much larger than the quantity of costs capitalized under 

SEA. The costs of reconnaissance and detailed geological surveys 

and the costs of dry exploratory wells are capitalized under FCA 

but not under SEA. Sunder models an environment in which hypothesis 

#7 is always correct. However, Myers provides an example which dis

proves this hypothesis. The model employed by Myers is more com

prehensive than Sunder1s and its results are believed to be accurate 
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Table 20. Net Operating Expense Variances. 

Year FCA SEA 

1 -0- .0046 x 10 13 

2 .7743 x 10 13 1.1441 II 

3 6.9285 II 8.0662 II 

4 16.4020 II 18.2820 II 

5 25.1230 II 26.4790 II 

6 35.67(0 II 36.3570 II 

7 40.8000 II 43.4490 II 

8 50.1860 II 54.1030 II 

9 54.5730 II 60.0120 II 

10 .. 58.3570 II 60.9610 II 

11 55.7380 II 56.4970 II 

12 57.7300 II 58.3670 II 

13 53.4200 II 52.5830 II 

14 51.1300 II 52.]280 II 

15 50.5350 II 46.0620 II 

16 43.4860 II 41.5750 II 

17 43,8990 II 41.2050 ·11 

18 43.9010 II 40.3780 ·11 

19 39.0140 II 35.]280 II 

20 38.8640 II 38.2970 II 
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on this point. In the current study the FCA net oil properties 

account is generally larger -than the SEA net oil properties account. 

However, there are examples where the opposite is true, and these 

examples occur more frequently in the second half of the simulated 

time period. There are several possible explanations for this 

behavior. The FCA method anticipates future development costs when 

determining current depreciation and depletion charges. If a giant 

reservoir is discovered these anticipated costs can be quite signifi

cant. In addition work in process is included in the depletion base 

under FCA rules. Under SEA rules successful exploratory and all 

developmental wells are capita1iz~d but these costs are not depleted 

until the oil reservoir in which they are located is placed in 

production. As was expected hypothesis #7 is rejected. 

Hypothesis #8 states that the average net oil property 

account is always greater under FCA rules than under SEA rules. The 

simulation study supports this hypothesis. Table 21 shows the FCA <p 

and SEA net oil property averages for firms with an assumed well

head price of $25 per barrel, a discount rate of 20 percent and an 

exploration efficiency of two. Tables 22 and 23 show the average 

net oil properties under other sets of economic conditions. 

The ninth hypothesis states than an increase in a firm's 

extensive exploratory efficiency reduces the difference between 

FCA and SEA net oil property accounts. This assertion is the com

plement of hypothesis #3 since net operating income effects are 
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Table 21. Average Net o.il Properties Economic Scenario No.1. 

Year FeA SEA 

$ 2,891,890..75 $ 1,221,113.75 
2 6,140.,50.0..23 2,849,627.0.0. 

3 8,993,833.28 4,481,378.47 
4 11,151,535.10. 5,713,656.44 

5 13,460.,693.37 7,477,0.65.78 
6 14,862,449.96 8,791,290..23 

7 16,224,90.8.89 9,778,760..65 
8 18,0.23,973.19 11,0.40.,0.69.15 

9 19,219,972.87 11,942,523.0.7 
10. 20.,661,368.51 13,10.1,667.28 
1 1 21,366,989.87 13,640.,276.50. 
12 21,531,452.0.3 13,928,447.23 

13 21,140.,833.20. 13,831,725.79 
14 21,0.94,957.23 13,830.,564.0.5 
15 21,151,352.25 13,889,538.0.6 
16 21,0.56,0.44.21 13,90.5,515.14 
17 21,0.78,692.26 13,732,538.74 
18 20.,971,588.0.8 13.766,1'44.76 

19 21,0.0.8,169.60. 13,971,0.0.0..86 
20. 21,0.53,152.90. 13,926,939.83 

Wellhead Price = $25.0.0. 
Discount Rate = .20. 
Exploration Efficiency = 2.0.0. 
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Table 22. Average Net Oil Properties Economic Scenario No.2. 

Year FCA SEA 

$ 3,599,514 $ 1,920,556 
2 8,353,119 4,932,754 

3 12,996,311 7,850,670 
4 16,722,400 10,239,931 

5 20,283,034 12,575,365 
6 23,679,353 15,233,743 

7 27,192,707 17,722,929 
8 30,845,866 20,008,282 

9 32,888,777 20,578,165 
10 34,362,400 21,436,515 
11 34,978,502 22,177,906 
12 35,107,693 22,579,584 
13 35,260,456 23,335,702 
14 34,932,601 23,160,447 

15 35,051,403 23,561,453 
16 36,141,610 24,888,368 

17 36,632,956 26,113,160 

18 37,307,510 26,544,354 

19 37,749,719 27,359,947 
20 38,447,971 28.333,690 

Well head Pri c~ = $25.00 
Discount Rate .20 

Exploration Efficiency = 4.00 
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Table 23. Average Net Oil Properties Economic Scenario No.3. 

'!'ear FCA SEA 

$ 2,602,490.82 $ 971,019.42 
2 5,355,418.09 2,278,496.96 

3 8,078,000.03 3,789,873.74 
4 "10,460,066.23 5,363,833.10 

5 12,423,128.92 6,696,881.46 
6 14,183,932.99 7,831,221.92 

7 15,102,634.78 8,639,460.70 
8 16,820,1.32.33 9,308,789.44' 

9 16,015,203.55 9,655,944.25 
10 16,617,457.30 10,177 ,296.06 
1 1 16,875,277.84 10,469,387.16 
12 17,415,418.35 10,969,565.01 
13 18,291,848.85 11,465,776.13 
14 18,605,494.89 11,940,868.44 

15 19,311,816.03 12,321,691.69 
16 19,949,457.20 12,578,383.97 
17 20,340,867.33 12,884,108.60 
18 19,976,386.35 12,734,072.69 
19 19,570,898.16 12,441,366.28 
20 19,398,236.53 12,451,851.27 

Wellhead Price = $25.00 
Oi scount Rate .10 .. 
Exploration Efficiency = 2.00 
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mirrored in the net oil property accounts. Because of this relation

ship and the rejection of hypothesis #3, the ninth hypothesis should 

also be rejected. The difference between FCA and SEA net oil prop

erties are illustrated in Table 24. The observed relationship is 

the opposite of that which is hypothesized. Within the structure 

of the model an increase in the success rate of wildcat drilling 

leads to an increase in the level of intensive exploration. If the 

success rate for intensive exploration remains constant, then there 

will be more dry exploratory wells and the difference between the 

FCA and SEA net oil properties will increase. Even a modest in-

crease in the success rate may not be sufficient to offset this 

effect. Thus it is possible that the efficiency of both extensive 

and intensive exploration could increase and at the same time the 

difference between FCA and SEA property numbers could increase. 

Hypothesis #9 is rejected. 

The tenth hypothesis states that the return on inVest

ment is always greater for SEA numbers as opposed to FCA numbers. 

The simulation demonstrated this to be false. Thus hypothesis #10 

is rejected. This hypothesis is supported by the works of Klingstedt 

and Sunder. It is derived from the concept that the FCA net oil 

property account is always significantly greater than the SEA net 

property account. The evaluation of hypothesis #7 showed this 

concept to be incorrect. Generally the FCA property account is 

greater than the SEA property account. However the amount of differ

ence depends upon the economic parameters of the model and the prior 
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Table 24. Difference in Net Oil Properties (FCA - SEA). 

Year ----------- Drilling Efficiencies ---------------
C=2 c=4 

$ 1,670,777 $ 1,678,958 
2 3,290,873 3,420,366 

3 4,512,455 5,145,640 
4 5,437,879 6,48'-,470 

5 5,983,628 7,707,669 
6 6,071,160 8,445,611 

7 6,446,148 9,469,778 
8 6,983,904 10,837,583 

9 7,277,450 12,310,612 
10 7,559,701 12,925,885 
11 7,726,713 12,800,595 
12 7,603,OQ4 12,528,109 
13 7,309,107 11,924,754 
14 7,264,393 11,772,155 

15 7,261,814 11,489,949 
16 7,150,529 11,253,243 
17 7,346,154 10,519,796 
18 7,205,443 10,763,156 
19 7,037,169 10,389,773 
20 7,126,213 10,114,281 

We'll head Price = $25.00 

Discount Rate = .20 
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exploratory success of the oil company. The net operating income 

of an oil company is usually greater under FCA rules during the 

early years of the firm's life. In the mature stage of a firm there 

is usually very little difference between the FCA and SEA net incomes. 

In the final stages of a firm's life when it is winding down its 

operations either voluntarily or because of the exhaustion of the 

resource base, SEA is likely to produce higher net operating income 

numbers. However, there are always exceptions. It is always possible 

that a firm drills only one well and ends up discovering a giant oil 

field. During any period in the life of a firm or an industry it is 

difficult to predict the exact outcome of the exploratory program. 

Because of the complex interaction of the variables of the model 

FCA occasionally produces a higher return on investment than is 

produced by SEA methods. 

Distributions of Accounting Variables 

This section contains illustrations (Figures 8 through 35) 

of several FCA and SEA distributions of accounting variables. These 

figures are based on a wellhead price of $25 and a discount rate of 

20 percent. Figure 8 illustrates the time series of average net 

operating income produced by FCA rules. Figure 9 shows the time 

series of average net operating income produced by SEA rules. These 

distributions are quite similar. Figure 10 shows the FCA time series 

of the average net oil properties account. Figure 11 shows the SEA 

times series of the average net oil properties. The FCA and SEA 

average net oil properties level off after the tenth year. During 
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the first ten years the capitalized exploration and development 

expenditures exceed the depletion charges. The size of the firm's 

~xploration budget and the abundance of oil within the region are 

important factors affecting the average net oil property distributions. 

Although the distributions have very similar shapes, the SEA numbers 

are much smaller. This relationship is due to the fact that SEA 

capitalizes fewer costs than FCA does. Figures 12 through 15 

illustrate the annual FCA net oil property distributions for years 

5, 10, 15 and 20. The distributions are strongly skewed with most 

firms having a net oil property balance of less than 20 million 

dollars. The distribution's variance increases over time. Figures 

16 through 19 show the annual SEA net oil property distributions for 

years 5, 10, 15 and 20. While these distributions are similar to 

the FCA distributions, they are more strongly skewed with approximately 

60 percent or more of the firms having net property balances of less 

than 10 million dollars. Figures 20 through 27 illustrate the 

relative frequency distributions of FCA and SEA operating incomes 

for years 5, 10, 15 and 20. The difference between FCA and SEA net 

operating incomes is less significant for the highly successful firms 

which discovered the largest oil pools •. Development drilling is 

relatively more important for these firms than is exploration. 

Figures 28 through 35 illustrate the relative frequency distributions 

of the FCA and SEA return on investment variables for years 5, 10, 15 

and 20. The variance of FCA and SEA distributions are greatest in 

year 5 and decrease in variability over time. The SEA distribution 
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Figure 12. Relative Frequencies of the FCA Net Oil Property in Yr 5. 
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Figure 14. Relative Frequencies of the FCA Net Oil Property in Yr 15. 
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Figure 15. Relative Frequencies of the FCA Net Oil Property in Yr 20. 
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Figure 16. Relative Frequencies of the SEA Net Oil Property in Yr 5. 
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Figure 17. Relative Frequencies of the SEA Net Oil Property in Yr 10. 
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Figure 18. Relative Frequencies of the SEA Net Oil Property in Yr 15. 
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Figure 22. Relative Frequencies of the FCA Net Operating Incoliles in 
Yr 15. 
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Figure 24. Relative Frequencies of the SEA Net Operating Incomes in 
Yr 5. 
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Figure 25. Relative Frequencies of the SEA Net Operating Incomes in 
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Figure 26. Relative Frequencies of the SEA Net Operating Incomes in 
Yr 15. 
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of return on investment is more variable than the FCA distribution 

in each of the four years. 

Summary of Results 

Ten claims, regarding the relative behavior of accounting 

variables -generated by FCA and SEA methods, are evaluated in this 

study. These claims are found in the studies of Klingstedt, Myers, 

Eskew and Sunder. The assertions of these studies related to such 

accounting variables as net operating income, operating income, 

operating expenses, net oil properties and return on investment. 
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Three of the assertions are supported by the current study and seven 

of the claims are rejected. The previous acc~unting studies rely on 

very simple models of petroleum company activities. The lack of 

realism in these models is believed to be the principal cause of the 

seven false assertions and possibly the three correct ones. However, 

there are also differences in the FCA and SEA rules employed in the 

current study and the rules used in the prior studies. There are even 

differences among the prior accounting studies with respect to the 

FCA and SEA rules. This variatIon in the rules may have contributed 

to the differences in the distributions of simulated accounting vari

ables. Regardless of the cause, the prior accounting studies 

(especially Eskew's and Sunder's) are unreliable sources of infor

mation about the behavior of the accounting variables that are 

produced by the FCA and SEA models. Table 25 lists 12 contributions 

of the current study in modeling petroleum accounting variables. 



Table 25. Contributions of Current Model. 

1. Oil pools have a log normal size distribution. 

2. Oil pools occur at several depths. 

3. The production function declines exponentially. 

4. The rate of production decline is directly related to the 
number of wells depleting the oil pool. 

5. More than one well can tap a given oil pool. 

6. Exploratory drilling proceeds from shallow to deep horizons. 

7. In general shallower pools are dIscovered first. 

8. In general larger pools are discovered first. 
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9. An increase in the price of oil causes production to be shifted 
toward the present. 

10. An increase in the production tax rate shifts production into 
the future. 

11. An increase iOn the discount rate shifts production toward the 
present. 

12. There is a finite number of oil pools. 
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The first hypothesis states that for a new firm FCA rules 

always produce a higher net operating income than SEA rules. While 

this is usually true it is not always true. Thus hypothesis #1 is 

rejected. The expected net income is greater under FCA rules rather 

than SEA rules for the first five years of operations. This assertion 

is similar to hypothesis #1 but it is less specific. The second 

hypothesis is supported by the current study. It states that the 

difference between the FCA and SEA expected net operating incomes of 

a new firm will gradually disappear as the firm matures. In the 

various simulations of the model the difference between FCA and SEA 

expected net operating incomes disappears within a five to ten year 

period follcwing the start of operations. Hypothesis #3 states that 

the difference between the expected FCA and SEA net operating incomes 

of a new firm increases if the firm's extensive exploration efficiency 

decreases. This hypothesis is rejected within the framework of the 

current model. A decrease in the effi"ciency of extensive exploration 

results in fewer new fields being discovered. If fewer new fields are 

discovered then fewer wells need to be drilled to delimit newly 

discovered fields. Since delimiting wells are treated as intensive 

exploration, a decrease in extensive exploration efficiency results in 

a decrease in the number of dry intensive exploratory ~ells. This 

can result in an overall decrease in the annual number of dry explora-
.,.. 

tory wells and this decreases th- difference between the expected FCA 

and SEA net operating incomes. Hypothesis #4 asserts that the variance 

of the SEA net operating income is always greater than the variance of 
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the FCA net operating income. This assertion is shown to be incorrect 

as often as it is correct. Within the framework of the model the 

variance of a dtstribution is related to the mean of the distribution. 

The variance of the FCA net operating income is usually greater than 

the SEA variance in the first half of the simulation. The FCA and 

SEA net operating income variances are generally quite similar. The 

study supports hypothesis #5 which states that for a new firm the 

expected net operatinge~pense is always less under FCA rules than 

under SEA rules. Hypothesis #6 states that the variance of the SEA 

operating expenses is always greater than the variance of the FCA 

operating expenses. This hypothesis is rejected. Hypothesis #7 is 

based on the structure of Sunder's model and it asserts that the FCA 

net oil properties are always as large or larger than the SEA net oil 

properties of a firm. The current study concurred with Myers in re

jecting this hypothesis. Hypothesis #8 states that the average net 

oil properties under FCA rules are always as large or larger than the 

average net oil properties produced by SEA rules. This hypothesis is 

supported by the current study. Hypothesis #9 asserts that an 

increase in the efficiency of extensive exploration reduces the dif

ference between FCA and SEA average net oil properties. This hypothe

sis is closely related to the third hypothesis. It is rejected as is 

hypothesis #3. The last hypothesis to be evaluated is #10. It states 

that for a mature firm the return on investment is always greater for 

SEA numbers as opposed to FCA numbers. This hypothesis is rejected 



based on an analysis of the accounting numbers for firms that are 

between eight and twelve years of age. 

Several generalizationscan be made about the behavior 
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of the FCA and SEA variables that are produced by the current model. 

Most of these generalizations deal with the expected values of the 

accounting variables. For example a new firm (less than five years 

old) can expect a higher net operating income under FCA rules than it 

can expect under SEA rules. As a new firm matures the difference 

between the expected FCA and SEA net operating incomes gradually 

disappears. The expected net·operating income of a mature firm is 

the same under either accounting method. The depletion of the resource 

base of the model causes the drilling success rate of a firm to decline. 

This resource exhaustion leads to a reversal of the income relation

ships that are associated with young firms. The expected net oper

ating income in the later years is greater under SEA than under FCA 

rules. The expected net oil property account is larger under FCA 

rules than it is under SEA rules. The difference between the expected 

net oil properties grows at a steadily decreasing rate for new oil 

companies. At the point when the difference ceases to grow the 

firm is assumed to have reached maturity. In the later years after 

the oil resources have been significantly exhausted the difference 

between the FCA and SEA expected net oil properties gradually 

diminishes. The return on investment is generally more variable when 

measured by SEA rules and the expected return on investment is larger 
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under SEA rules. Although the relationships between the expected 

values of the accounting variables are as described above, there are 

always exceptions at the level of an individual company. 



CHAPTER 7 

REVIEW AND CONCLUSIONS 

Introduction 

This chapter provides a general review of the dissertation. 

The chapter is divided into four sections. The first section reviews 

the prior accounting studies which utilized models to simulate 

petroleum accounting numbers. Deficiencies in these studies provided 

the motivation for the current study. The second section uses 

criteria which are described in Chapter 3 to evaluate the model that 

is developed for the current study. The third section discusses the 

contributions of the present research study. The fourth section sug

gests areas for future research. 

Review of Prior Accounting Studies 

The models that are used by earlier accounting researchers 

are considered to be too simplistic for the task of studying the 

behavior of the FCA and SEA methods. The Klingstedt and the Myers 

models are very similar. They are deterministic models of oil 

companies and these models are only capable of producing point 

estimates of the accounting variables. The accuracy of these models 

depends upon the proper selection of the economic parameters so that 

the parameters are individually reasonable and that the sets of 

model parameters are internally consistent. This type of procedure 

181 



is not well suited to study a number of economic scenarios. 

Klingstedt is cognizant of these limitations in his model and he 

employs his model to support only a few assertions. The current 
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study generally supports Klingstedt. Myers uses his model to support 

a broad range of assertions. However the amount of information that 

Myers generates with his simulations is far less than that which is 

produced by the stochastic models of Eskew and Sunder. There are a 

number of obvious model ing errors in the Eskew study. Eskew does not 

model development drilling and he does not distinguish between exten

sive and intensive exploration. The Eskew model may be unique in 

the history of oil exploration modeling because it uses a uniform 

distribution to model drilling success. The Sunder model may have 

even more deficiencies than the other models. The Sunder study uses 

a binomial distribution to model extensive exploration. He does not 

model intensive exploration or development activities. His model 

ignores the costs of reconnaissance surveys and detailed surveys. All 

of the oil fields appear to occur at the same depth and to have the 

same quantity of reserves. All of the oil wells have the same life 

span and they produce at a fixed annual rate. An unrealistic model 

of an ofl company produces an unrealistic schedule of oil production 

and it produces an unrealistic model of exploration and development. 

Since the exploration, development and production activities are 

reflected in the accounting variables, an unrealistic company model 

generates unrealistic distributions of accounting numbers. 



183 

Evaluation of the Study's Model 

A petroleum accounting model should possess three charac

teristics in addition to the correct application of the accounting 

rules. First the model should represent all of the important 

expenditures and revenues that are associated with petroleum explora

tion, development and production activities. Next the components 

of the model should be represented by values which are individually 

reasonable and which are realistically related to each other. Finally 

the timing of the model's activities must be realistic in order to 

ensure the proper matching of costs and revenues. The current study's 

model sati~fies the first requirement by representing exploratory 

drilling, development drilling and oil production activities. The 

model's drilling cost, equipment cost and lifting cost functions are 

based on 1977 data and these costs are directly related to the depth 

of the oil pool. The components of the model are related by a 

decision rule which calls for the maximization of the expected 

present value of each oil reservoir. The model responds to changes 

in the economic parameters (e.g., the discount rate and the wellhead 

price of oil) in a manner which is consistent with the theory of 

exhaust i b 1 e resources. For these reasons the mode I sat i sf i es the second 

requi rement. The thi rd requi rement, timing, is enhanced by the interaction 

of the economic parameters of the model with the behavior of the firm. 

The model also uses exponential production decline curves and relates 

total reservoir production rates to the level of prior development 

drilling. Thus the current study's model attempts to deal with each 



of the three significant requriements for accurately representing 

petroleum company activities and thereby generating representative 

petroleum accounting numbers. 

Contributions of the Current Study 

The current study of oil company accounting employs a 
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model which is more sophisticated than those used in earlier account

ing studies. The earlier studies used either mechanical deterministic 

models or naive stochastic models. The mechanical models of Klingstedt 

and Myers are not well suited for a detailed analysis of the behavior 

of FCA and SEA variables. These models produce only a few point 

estimates of the accounting variables and therefore it is difficult 

to get an overall view of the behavior of the accounting numbers. 

The stochastic modeling approach of Eskew and Sunder is considered to 

be superior to the mechanical modeling approach. However both Eskew 

and Sunder developed models with serious deficiencies. This study 

attempts to adjust for most of these deficiencies. 

The current exploration model incorporates the concepts 

of reservoir size and depth. A lognormal pool size distribution is 

used in the present study. The smallest category of pool size has 

1,000 barrels of rec0verable petroleum. The largest category has 

over 780 million barrels of oil. The oil pools are found at several 

depths within the search area. The original population of 50,000 

oil pools are distributed among four depth zones. Each depth zone 

is 4,000 feet thick. Exploration is conducted by drilling various 

depths of wells (4,000 feet, 8,000 feet, 12,000 feet and 16,000 feet). 



The stochastic models used in"the earlier accounting studies assumed 

that all oil reservoirs contained exactly the same quantity of oil 

and occurred at the same depth. The addition of size and depth 

characteristics is a significant contribution of this study. 
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Another contribution of the current study is the incorporation 

of the concept of resource exhaustion. Petroleum is an exhaustible 

resource. Each oil pool that is discovered reduces the world's in

ventory of undiscovered pools by one. The previous accounting studies 

do not model this characteristic while the present study does. 

The study demonstrates that a firm just starting in the 

oil business can initially expect to have a higher net operating 

income if it adopts the FCA method. After several years of operations 

the expected net operating income of a firm is the same under FCA and 

SEA methods. The return on investment is generally larger and more 

variable under the SEA rules than it is under the FCA method. Finally 

the study shows that the expected net oil property account is larger 

under the FCA rules. 

Suggestions for Future Research 

Chapter 1 describes the limitations of the current study. 

These limitations represent areas where the model can be improved 

in future research studies. The realism of the simulated accounting 

variables can be increased by making improvements in the model. 

Oil companies incur a number of costs to acquire and 

maintain mineral leases. A land department is normally established 

in each oil company to perform these types of activities. The costs 
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associated with the land department include the costs of lease bonuses, 

delay rentals and title defense. The current study does not model 

land department activities. The Klingstedt and Myers studies did 

model some of these types of activities. 

The exploration model that is used in the current study 

is quite simple and there Is room for improvement. The King model 

of exploration could be used in a future research study, This type 

of model provides a more realistic representation of predrilling 

exploration. The King model also permits a realistic simulation 

of drilling in oil plays, extensive exploration and intensive explora

tion. Oil fields tend to occur in clusters and oil fields are usually 

composed of several reservoirs each. The current model does not 

capture these effects. 

The current study ignores the possibility of secondary 

and tertiary production from oil pools. In addition the present 

study assumes that there are no gas fields in the search area and 

therefore does not model the production of gas. Each of these areas 

represent important topics for future research. A future study 

could model exploration, development and production from a basin 

which contains both oil fields and gas fi'elds. This is not an easy 

task since gas fields tend to have depth distributions that are 

different than that of oil fields. Gas fields also have production 

cost functions that differ from oil fields. Offshore operations and 

operations in foreign nations are important activities for many oil 

companies. These activities could be modeled in a future study. 
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Finally the present study employs a simple model of the estimation 

of a poolls reserves by its geologists and engineers. This model 

assumes that the estimate is a function of the true value of a pool IS 

reserves and the time since the discovery of the oil pool. In this 

model the estimate is always less than the true value. The possi

bility of overestimating the poolls reserves does not exist. 

However, this must occasionally happen in practice and a more 

realistic model would include this possibility of overestimating 

the size of the reservoir. 



APPENDIX A 

GLOSSARY OF TERMS 
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Ambient drilling--Another name for extensive exploratory drilling. 
The purpose of ambient drilling is the discovery of new oil 
fields. 

Christmas tree--An assembly of valves attached to the top of an oil 
well's surface casing. 

Delineating well--An exploratory well which is drilled to determine 
the bound8ry of an oil reservoir. A delineating well is an 
example of intensive exploration. 

Development--The activity of drill ing wells into a known reservoir 
for the purpose of increasing the production rate. 

Drilling string--An assembly of drilling equipment that consists of 
drill pipe, drill collars and the bit . 

. Exp10ration--The activity of searching for mineral deposits or 
extending the limits of a previously discovered deposit. 
New field wildcats are examples of extensive exploration. 
Delineating wells are examples of intensive exploration. 
Exploration for new pools within a known oil field is also 
intensive exploration. 

FASB--Financial Accounting Standards Board. 

FCA--Fu11 Cost Accounting. 

Fie1d--An area containing one or more oil reservoirs that are 
geologically related to each other. 

F10wing--The movement of petroleum from the formation to the surface 
without the assistance of a pump. 

Flumping--A combination of flowing and pumping. An example is a 
well which is being pumped through the tubing while it is 
flowing through the well's annulus. 

Gambler's Ruin--The risk of business failure as a result of a very 
long run of bad luck (e.g. too many consecutive dry holes). 

IDC--Intangible drilling costs. These are the costs of drilling a 
well that have no salvage value at the end of well's 1 ife. 

IPR--The inflow performance relationship is the relationship between 
the production rate and the flowing bottom-hole pressure 
of an oil well. 

Lenticular sand--A lens shaped body of sandstone that is thickest near 
the center and thins towards the edges. 



Lifting cost--The cost of .operating an oil well. 

Majors--Any of the large vertically integrated international oil 
companies. 

Oil play--This is the increase in the level of exploratory drilling 
in a region that normally follows the discovery of a new 
oil field. 
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Operating interest--The ownership share in an oil well which is 
responsible for all of the costs of development and produc
tion but is entitled to only those revenues which remain 
after deducting the royalty interest. 

Pool--An oil reservoir. This is an underground deposit of oil. 

Reservoir--A naturally occurring underground accumulation of petroleum. 

Royalty interest--An economic interest in an oil well that entitles 
the owner to a share of the gro·ss revenues from production 
without any obligation to pay for development or production 
costs. 

RRA--Reserve Recognition Accounting. 

SEA--Successful Efforts Accounting. 

SEC--Securities and Exchange Commission. 

SFAS--Statement of Financial Accounting Standards. 

Shooting rights--The rights to conduct seismic surveys. 

Spud date--The day on which the drilling of a well begins. 

Stratigraphic traps--Oil traps that result from changes in the 
lithology of the strata which prevent the migration of oil 
from a reservoir. 

Structural trap--An oil trap which is formed by folding or faulting 
of the rock strata. 

Total depth date--The day during which the drilling of a well is 
completed. 

Trip--The activity of pulling all of the drill string out of the well 
and then putting tt back in the well. A driller must make 
a trip in order to change drilling bits. 
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Wi1dcat--An exploratory well that is drilled in an area where oil has 
not been found previously. Wildcats are examples of 
extensive exploration. 

Working interest--A1so known as the operating interest. This interest 
is responsible for all costs of operations. It is entitled 
only to those revenues which remain after paying the royalty 
interest. 
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