| st ‘.":5;;“} COMMITTES PRINT

TAX REFORM STUDIES AND PROPOSALS
U.S. TREASURY DEPARTMENT

JOINT PUBLICATION
COMMITTEE ON WAYS AND MEANS
oF THE
U.S. HOUSE OF REPRESENTATIVES
AND
COMMITTEE ON FINANCE
OF THE
US. SENATE

W

MARCH 11, 1969

PART 4

Norz: This document has not been considered by either the Committes
on Ways and Means of the House of Representatives or the
Committee on Finance of the Senate. As indicated in the let-
ters of Chairman Mills and Chairman Long, the document is
being printed for information purposss only so as to make it

generally available.

U.8. GOVERNMENT PRINTING OFFIOR
W4n0 WASHINGTON : 1960

For sale by the Buperintendent of Documents, U.8. Government Printing Ofios
Washington, D.C. 20403 « Prioes $1.80 cents '

41 Sy




NINETY-FIRST CONGRRSS
OOMMITTEE ON WAYS AND MEANS
U.8. Houss or REPRESENTATIVES
WILBUR D. MILLS, Arkansas, OAsirmon

HALE BOGGS, Loulsiana JOHN W, BYRNES, Wisconsin

JOHN C. WATTS, Kentucky JAMES B, UTT, California
AL ULLMAN, Oregon ) JACKSON E. BRTTS, Ohto
JAMES A, BURKE, Massachusetts HERMAN T. SCHNEEBELI, Pennsylvania

MARTHA W. GRIFFITHS, Michigan HAROLD R. COLLIER, Iilinols

DAN ROSTENKOWSKI, Illinols JOBL T, BROYHILL, Virginia

PHIL M. LANDRUM, Georgia BARBER B. CONABLE, J&,, New York

CHARLES A. VANIK, Ohlo GEORGE BUSII, Texas

RICHARD H. FULTON, Tennessee ROGERS C. B. MORTON, Maryland
CHARLES E. CHAMBERLAIN, Michigan

 JACOB H, GILBERT, New York

OMAR BURLESON, Texas
JAMES C, CORMAN, Calitornla WiLLsaM H. QuEALY, Minority Counsel
WILLIAM J. GREEN, Pennsylvania
BAM M. GIBBONS, Florida

JouN M, MARTIN, Jr., Ohief Counsel

J. P, Bakun, Aesistant Ohief Counsel

OOMMITTEE ON FINANOR
U.8. Smnars
RUSSBLL B. LONG, Loulsiana, CAsirman

CLINTON P, ANDERSON, New Mexico  * JOHN J, WILLIAMS, Delaware
WALLACE F. BENNETT, Utah

ALBERT GORB, Tennessee v
HRERMAN B, TALMADGBE, Georgia CARL T. CURTIS, Nebraska

BUGENE J. NCCARTHY, Minnesota BVERETT McKINLEY DIRKSEN, Iliinols
VANRCE HARTKE, Indlana JACK MILLER, Iowa

J, W, FULBRIGHT, Arkansas ‘ LEN B. JORDAN, Idaho

ABRABAM RIBICOFYYF, Connecticut PAULJ. FANNIN, Arisona

FRED R. HARRIS, Oklaboma
~ HARRY F. BYRD, Ju,, Virginia
Toxt Vair, Ohief Counsel

Bvavan R, TROMPRON, Aseletant Ohief Olerk
’ (m



THE UNDER SECRETARY OF THE TREASURY
WASHINGTON. D.C. 20220

John M. Martin, Esquire

The Chief Counsel March 11, 1969
Comnittee on Ways and Means

House of Representatives

Washington, D. C. 20513

“Dear Mr. Martin:

Pursuant to the request of Chairman Wilbur D.
Mills, Committee on Ways and Means, I am enclosing
herewith three copies of a report, dated December 27,
1968, entitled "The Economic Factors Affecting the
Level of Domestic Petroleum Reserves," prepared by
CONSAD Research Corporation for the Office of Tax
Analysis of the Treasury Department.

We understand that this report will be published
as Part 4 of the Committee Print of the 'Tax Reform
Studies and Proposals," which were developed by the
Treasury Department during the administration of
President Johnson.

This report, which has not been reviewed by
this Administration, is forwarded without comment.

Sincerely Mu ’

178

Charls E. Walker






THE ECONOMIC FACTORS AFFECTING
THE LEVEL OF DOMESTIC
PETROLEUM RESERVES

Prepared for:

Office of Tax Analysis
U.S. Treasury Department
Washington, D.C.

Prepared by:
CONSAD Research Corporation

5600 Forward Avenue
Pittsburgh, Pennsylvania 15217

December 27, 1968






PREFACE

This ia the final report of a study of the potential effects of changes
in the special Federal tax provisions relating to the oil and gas industry
on the level of domestic petroleum reservea, The ytudy was performed
under U,S. Treasury Contract No. TAS68-8,

The final report was prepared by Dr. Robert Byrne, Project
Director, and Dr. Robert Karg. Other CONSAD personnel contributing
to the study include Dr, Jacqueline Anderson, Mrs, Sally Strietcr,

Mr. Luke Sparvero, Mr, David Marshall, and Mr. Dennis Green.
Dr. Wilbur Steger served as Program Director,

Dr, Dale Jorgenson, of the University of California at Berkeley.
Mr, Simon M, Simon of New York University, Dr. Robert Lucas of
Carnegie-Mellon University, and Mr, Arthur Wright of Yale University,
- served as consultants during the study.

Numerous contributions were made by Treasury Department per-
sonnel during the progress of the study, in particular, by Dr, Gerard

Brannon, Dr, Richard Pollock, and Dr. Seymour Fiekowsky.
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1. STATEMENT OF THE PROBLEM

Special Federal tax provisions which, in offect, favor the oil and
gas industry have been supported partly on the grounds that they provide
the extra etonomic incentives required to stimulate the exploration and
development of domestic petroleum reserves. In this study, the question
under investigation is whether a change in special Federal tax provisions
concerning the oil and gas industry would !uve a substantial effect on the

level of known domestic petroleum reserves (through changes in the level

%

of expenditures for expenditure and development).
The special tax provisions in question are:
1. Percentage depletion, a standard deduction of 27. 5%

of gross income from oil and gas production, which
results in a reduced effective tax rate for the industry,

2. The option to deduct as current expense certain
exploration and development costs which, by most
criteria, would be considered investment in capital
assets and would, therefore, be subject to gradual
depreciation. This results in a deferred tax liability,

To answer the questions posed, the study investigated the inter-
actions among three components:
1. The size and nature of the petroleum reserves,

2. The structure and operation of the petroleum
industry, and

3. The special Federal tax provisions affecting
the industry.
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Although much had been written about each of these elements indi-
vidually, little study based on empiri;al evidence of the relationships
among them had ﬁreviounly been undertaken. Thus, much of the instant
research was devoted to uubl;lhing the links and relationships between
the major components and the elements within the components themselves.

1t is recognized that the effects of.a change in the tax laws would
not be limited to changes in reserves, since producers might react in
a variety of ways. The study was aimed at determining the reserve
change which might occur if producers reacted to the change solely by
modifying their reserve holdings, which provides an estimate of the

.

maximum reserve impact,

1.2
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11, CONCLUSIONS

The study develops numerical estimates of the changes in liquid
hydrocarbon and natural gas reserves which would occur if the percentage
depletion allowance were reduced (or eliminated) and if the option to
expense intangible drilling costs were removed, and the resultant tax
increase was absorbed by the petroleum producers.

It seems clear that reduction of the percentage d;pletion allowance
or ollmimélon of the option to expense intangible drilling costs will tend
to result in a reduction in reserves. It is more meaningful, however,
to compare the magnitude of the reserve decrease with the tax loss
required to avoid it, Such a comparison may indicate that there are
less coltly' methods for achieving the objecﬁw of maintaining desired
levels of reserves,

~ Although it is evident that the available data concerning the level
of reserves, as well as data on various economic factors, such as
finding cost, are oucl; that a perfect prediction of the effects of changes
is not possible, the approach taken in the study was to develop as good
& numerical prediction as possible and thus provide a base point for
consideration of the further effects of changes in tax policy.

The study was limited to estimating the effects of tax changes on

reserve levels under the assumption that any resultant tax increase was

2.1
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absorbed by petroleum producers and not passed forward to consumers

or backward to landowners.
The major conclusions of this study are:

1. The elimination of percentage depletion as an
option would reduce existing reserve levels by
3% and result in an additional $1. 2 billion in
tax revenue at current production levels.

2. Elimination of the option to expense intangible
drilling cost would reduce existing reserve
levels by from 1, 9% to 4. 0%, depending on
the alternative tax policy.

3. Percentage depletion is a relatively inefficient
method of encouraging exploration and the
resultant discovery of new domestic reserves
of liquid petroleum. This is in part due to the
low sensitivity of desired reserve levels to the
price subsidy represented by percentage

depletion, and in part to the inefficiency of the
allowance for this purpose, since over 40% of

it is paid for foreign production and non-operating
interests in domestic production,

These estimates represent what might be expected if producers
were unableé to shift the tax increase resulting from the indicated tax
law changes, i.e., if the increased taxes were paid entirely out of
after-tax profits. They thus represent maximum, or "worst case"
impacts, since there are a number of other ways in which producers
might react to these tax changes, all of which would lessen the effect

of the changes on the profitability of holding reserves and, consequently,

on reserve stocks. That is, if the net increase in tax payments by the

2.2
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producers of domestic crude and natural gas can be passed on to con-
sumers, or be compensated for by a ;educuon of costs, then the effect
on reserve stocks will be smaller than that estimated in this study. In
actuality, the probable result of such tax changes will be a combination
of all possible effects discussed here.

As such, care should be taken in analysing the possible impacts
of tax changes one at a time. Quantitative estimates of such impacts
are almost certain to be in excess of actual impacts,

The most obvious of these methods of reducing the impact of tax
changes is the sale of reserves as capital assets. In such s case, the
difference between sale price and discovery cost would be u.xcd at
capital gains reates, and the new owner would obtain a cost basis approx-
imately equal to true value to be recovered through cost depletion deduc-
tions. * In this manner, the difference between the actual cost of dis-
covery and the discovery gain under present tax policy would be taxed
at a maximum 25% (capital gains) rate, rather than at the 48% (or higher)
rate which would otherwise prevail if percentage depletion were elimi-
nated. The lack of data on the discovery value of deposits makes it

impossible to determine the extent to which this method might be used

#Deductions based on the actual cost of obtaining reserves. For
a detailed explanation, see Section V. B.
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in the event of elimination of percentage provisions, As a rough estimate,

however, one might expect the sale o} reserves as capital assets to re-
duce the increase in tax revenues to about onc-half the projected amount
and, similarly, to halve the percentage change in rcserves.

There are two methods by which producers might, in reaction to
changes in tax policy, effectively shift to others the total burden of
paying the additional taxes. " One would be to shift the burden forward
by increasing prices to ultimate consumers of petroleum and natural
gas products. The other would be to shift the burden backward by
reducing the royaltics paid to landowners. To the cxtent that either or
both of these occurred, the economic effect of the tax chang;u on the
producers would be reduced, as would bo the conscquent effect on
reserves.

Davidson® has presented a case for the backward shift, based pri-
marily on the weaker bargaining position of royalty owners., Various
industry sources indicate that the forward shift will take place, **

perhaps in an effort to enlist public support of the present tax laws,

*Davidson, P., "Public Policy Problems of the Domestic Crude
Oil Industry, " Amecrican Economic Review, 53, March, 1963, pp. 85-
108.

ME, g., Minor Jameson, Executive Vice-President of the Independ-
ent Petrolcum Asesociation of America, news service interview,
September 11, 1968,
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The industry might also react by attempting to reduce direct costs,
for example, by shutting down exceu. wells in overdeveloped ficlds, *
There is considerable evidence that substantial cost reductions could be
made by this method, ** and the impact of a substantial increase in tax
payments may be sufficient to overcome some of the resistance to cost
cutting. Another possible reaction might be an attempt by the integrated
major producers to recoup the tax increase from other parts of their
operations, such as refining, This is & possibility owing to the large .
share of production controlled by these firms., The economic power of
these firms may be great onough to enable them to force independent
producers to bear the burden of the increased taxes, by rcdl;cing field
prices and thus increasing the profitability of refining operations.

In assecssing the desirability of any specific tax change, one rele-
vant question is whether the economy as a whole benefits from tho change,
even though certain groups may be adversely affected. This question
was not specifically addressed in this study. However, the investigations
reviewed dur;ns the course of the study were in substantial agreement

*Such attempts have been made, sce, e.g., Oil and Gas Journal,
August 22, September 26, and Decembar 5, 1962,

*#S5ce, ¢.8., Oll and Gas Journal, June 21, 1965, p. 100, and
Journal of Petroleum Technology, 10, 1958, p. 12. .
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that the current situation was one of economic incfficiency, and that any
changes were almost certain to be beneficial to the sconomy in the long
run,

Another important consideration in evaluating these estimates is
the accuracy of the economic models used to explain past changes in
reserves (and then to project future changes as the result of modification
of tax policies). The existence of a significant relationship between
changes in reserves and technological changes in oil production, as has
been suggested, * would effect the accuracy of models explaining reserve
behavior in economic terms, Data on well productivity** shows that,
in the period from 1948 to 1965, the average capacity of non:nrlppor
wells*** has risen from 35 barrels per day to 55 barrels per day, or
57% over the 17-year period.

This large increase in well productivity, when combined with a

fairly stable valuo of average-proved reserves per well, implies that

*U.S. Department of the Interior, United States Petroleum
Through 1980, Washington, D.C., Government Printing Office, July,
1968,

#4lbid., p. 30, :

**:A stripper '3 a well which is unable to produce more than ten
barrels of oil a da, Non-stripper wells provide over 90% of United

States production. .
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the reserves needed to support a given level of production on a techno-
logical basis have declined by 36% since the period 1944 to 1948, four
years during which crude oil capacity and production were virtually

identical. The economic significance of this point is stated in a Depart-

ment of the Interior report:

"In view of this fact, it no longer appears necessary
to maintain a ratio of proved reserves to production in the
vicinity of 12 to 1 to insure the producibility of reserves at
required rates. Since there are substantial costs attached
to creating and maintaining inventories, whether above or
below ground, it might be expected that operators would
avail themselves of opportunities to reduce the portion of
their assets so invested, and this appears to be occurring.
Proved reserves of crude oil have been stable at around
31 billion barrels since 1959, while production has risen
by 22%. As a result, the ratio between reserves and pro-
duction has declined slowly from 12,7 to 10.4. This
follows by several years a similar reduction in the pro-
portion of above ground crude oil inventories to production,
made possible by increased efficiency and capacity in trans.
portation and processing facilities, including the important
contribution of Lease Automatic Custody Transfer to the
reduction of lease storage requirements. In 1930 there
was a five months' supply of crude oil held in tanks and
pipelines. By 1940 the stock had decreased to 74 days.

By 1950 this figure had dropped to 42, and in 1966 the
above ground crude inventory averaged 28 days' production, "*

1f this analysis is correct, the reserve ratio should be expected

to drop further even if there is no change in tax policy or other eco-

nomic factors.

S———
.

*United States Petroleum Through 1980, ibid., p. 31,
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- There are threc major rcasons for holding reserves:

4
’ 1) To support (technologically) the anticipated
production requirements,

2) To provide a buffer stock in the cvent of
unanticipated increascs in demand,

3) Because of substantial profits accruing to
discoverers of reserves.

The last of these is the only one which is greatly affected by the relative
profitability of production, and the results of this study support the con-
clusion that (1) is the major reason for holding reserves,

It should be noted that if it is desired to increase reserves from
their present levels, ‘increuing the profitability of petroleun"\ production
will be a very inefficient way to accomplish this objective, Some method
of direct payment for the ""service" of holding reserves (similar in con-

cept to stockpiling of strategic materials) would be a much more efficient

approach,
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1. STUDY METHODOLOGY

The overall study approach was to be ;l empirical and as quanti-
tative as was possible within the limit.aﬁonc imposed by the data. The
emphasis was on determining what relationships apparently existed
between the relevant economic factors and the level of reserves in
order to project the effects of certain changes in tax policies,

In approaching a project of this scope, there are several alterna-
tive study methodologies from which to choose. The number of alter-
native approaches which merited exploration is here larger than might
normally be encountered because of a lack of generally accepted theory.
This Jack in turn results partly, but not entirely, from the lack of suf-
ficient data to support conclusively or refute any of several currently
proposed theories. Consequently, three different approaches were
. utilized in this study. Each approach has its gc;od and bad pointe, and
the idea in utilizing three different ones was to dete:"mine.whether all
three would be mutually supportive. To the extent that they are, of

course, we may feel more comfortable about the conclusions reached. .

A, Neoclassical Economic Approach

The first approach used was the calibration of models based on

neoclassical economic theory, in which reserves are.tuated asa

3.1



capital stock and the level of reserves is taken to be a function of price
of output, interest rate, finding cout.’and production level. The histor-
ical values of these variables were used to determine the relative effect
of each in determining observed levels of reserves under the assumption
that the industry reserve totals reflected the effects of the economic
variables in competitive markets. Based on a priori reasoning, the
effects of possible changes in tax policy on these basic causal variables
were then estimated, and from the altered values of the variables new

levels of reserves were projected,

This approa'ch assumes that the observed values of variables are
those existing under a close approximation of economic equilibrium
and, consequently, that the projccted levels of reserves represent those
which would exist after the industry had made a full adjustment to the
tax change. Since some of the possible tax policy changes evaluated
are of greater magnitude than any observed past changes, it may well
be that the adjustment of the industry to changes of this magnitude may
not be completed for a period of years,

This approach was unsuccessful in estimating changes in natural

gas reserves, at least in part due to the fact that the historically ob-

served rescrve values do not represent a state of equilibrium,
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B. Behavioral Approach

The sccond approach utilized was to construct 8 more behaviorally
oriented model in which a series of time-dependent relationships between
8 number of possibly relevant variables (such as gross income, numbers
of wells drilled, barrels of reserves discovered, and expenditures for
exploration and development) are derived, based on a combination of
economic theory and empirical data. The model itself, then, is a con-
structed logical relationship among these variables (in this case reserves)

given the values of the input variables (in this case production, price of

crude, and porcenhg.o depletion rate).

C. Individual-Producer Approach

The third approach used was to develop a model of an individual
crude ofl producer and refiner. This model was based on empirical
relationships as to the results of exploration and development activity
and the assumption of rational economic behavior on the part of the
operator. Since very few data on the activities of individual firms
were available, many of the relationships in the model were based on
estimates,

The objective of this model was not to predict the actual changes

in reserve levels which wonld result from a change in certain tax

3.3



policies but, rather, to examine how an individual firm might react to
a change in tax policy and then to observe whether this reaction was con-
sistent with the predicted aggregate behavior of all firms. For instance,
if the aggregate prediction of the result of a specific tax change were a
10% decrease in reserves, one would not expect each individual firm in
the industry to decrease its reserves by 10%. Rather, some firms might
not decrease reserves at ali. while others might decrease them quite
drastically. If, however, the firm model were to predict that an indi-
vidual firm would substantially increase its reserves, this would be
inconsistent with the conclusion of the aggregate model and i'ndicate the
need for further analysis. The idea behind the firm model, then, is
more to provide clearer understanding of reserve changes than to pro-
Ject the actual changes in reserve levels which would occur,

Another feature of this model is that it is dynamic, It reflects
the decisions made by the firm ove;' time; and, consequently, it can be
used to estimate the pattern in which firms will modify rescrve levels

as the industry moves toward a new equilibrium point in reaction to a

tax policy change.
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D. Data

.

This study was hampered (as are most quantitative studies) by lack
of data in many areas. For example, the petroleum industry is a hetero-
geneous group of firms which range from large, integrated companies
(which explore, develop, produce, refine, transport, and market all the
final products, both domestically and abroad) to special-interest oper-
ators who perform only one aspect of the total process. In addition,
there are non-operating interests which provide capital and accept risks
but do not bear operating expense. Each type of firm would be affected
in different ways by changes in the tax provisions; and, ideally, & model

of the industry would allow for the changing mix of operators and their

differing re sponses,

E. Summary

The results of the economic model and the individual producer
were mutually supportive. The industry simulation model could. not be
developed.

The numerical values gencrated by the neoclassical economic
model are the projected impactc. The effects of the micro-model
require some interpretation. The impacts must be determined by com-

.

paring the simulated behavior of the firm under current tax policies

a5



with those under alternative policies. Under current policies, the indi-
cated beha;lior is a small increase ln.development activity and a con-
comitant decrease in reserves over the ten year simulation period,

This is not surprising, as it coincides with the observed behavior of the
industry during recent years. The impacts of tax changes then are eval-

uated on a comparative basis with this result,
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1V, THE INDUSTRY, OIL AND GAS RESERVES,
AND THE TAX PROVISIONS

The answer to the question of whether a change in the special
Federal tax provisions would affect the level of domestic petroleum
reserves can be answercd only through understanding of the context
within which the question {s embedded, namely, the special tax pro-
visions, the structure of the petroleum industry, and the size and
nature of the domestic petroleum reserves,

This section presents the background which is directly relevant
to the problem under investigation. First, the structure of industry is
described, indicating the various kinds of firms which comp;ise the
industry and the activities that are undertaken. Next, a quantitative
description of the amount and nature of petrolecum reserves is given,
including a comparison of alternative mecasures. Finally, the present
special Federal tax provisions are discussed and the various options

available to the industry are outlined.

A. Industry Structure

The industry which finds, develops, and produces crude petroleum
in the United States is composed of a heterogencous group of firms which
cannot be completely separated from the industry which refines, trans-

ports, and markets domestic petroléum. nor from the industry which
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finds, develops, and produces foreign crude oil,

The petroleum industry has a m;mber of fairly distinct functional
stages, Any particular firm may be engaged in one or more of these
stages; some firms are engaged in all, For background purposes, these
stages may be though of as:

Predrilling: These activities include geological-geophysical

‘ surveys to determine areas of potential production,
acquisition of leases, and location of promising
drilling sites,

Exploratory drilling: This is undertaken to find new occurrences

of ofl or gas. Wildcat wells are drilled c;utuide
existing fields: approximately 10% are successful,
Other exploratory wells are drilled in fields where
oil or gas has been found, in a c‘earcb for new

pools, The success rate is higher, around 20%. *

Development drilling: This is undertaken in the area of a

successful exploratory well to determine the
nature and extent of the deposit, and to provide

appropriate productive capacity., When fully

*See Table A, 19,
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developed, the producing area is covered with
producing wells and ringed with dry holes.

Production: This is the process of getting oil up to the well-

head, The chief costs of production are labor
and repair costs,

Transportation and refining: This stage prepares the crude

oil for the market in many differcnt forms,

The study limits its attention to determining a quantitative picture
of activities which occur in the first four stages, namely, predrilling,
exploratory and (ievelopment drilling, and production,

The oil and gas producing industry accounts for about 1. 5% of the
Grol.a National Product of the United States, By most con‘ventional
otai\dards, it is not a highly concentrated industry, but with so enorm-
our an output, each of the largest firms is a giant in the»economy. The
five top domestic producers together account for 20% of output, the top
20 for 50%. Thousands of smaller operators make up the rest of the
industry; many of them work under contract or a farm-out arrangement
with the larger firms or are partially subsidized by them by means of
so-called "dry hole" or "bottom hole" contributions -- payments for

geological information,

4.3
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The industry is hedged about with regulations and special provi-
sions, The regulations are mainly imposed by agencios within each
state, set up to prevent overproduction and wasteful dissipation of gas
pressure which may be caused when many competing producers try to
take oil from a field too quickly, The state agencies hav; effectively
become price-fixing agencies, as they operate by restricting production
to "market demand" to prevent oil from lying unsold on the market. The
method of operation of the regulations has induced a large over-capacity
in the industry, Both Texas and Louisiana could, for example, increase
production by 1-1,5 million barrels daily (daily United States production
is about 7 million barrels), and total excess capacity stands at approx-
imately 40%.

| At the same time, the United States is a net importer of foreign
oil, which is considerably cheaper, oven after transportation. The
quantity is restricted to 12,2% of domestic demand, a restriction
imposed in 1959 on national security grounds, .

The industry also benefits from special tax provisions, which are
the subject of this report and these are discussed in detail in Section 1V, C
and Chapter V.

Demand for crude oil, which had increased rapidly since the

beginning of the century, began to level off after 1958 and at the present
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time is rising at a slow rate. However, productive capacity has contin-
ued to rise and since 1958 has outstrfpped production at an increasing
rate. *

Demand for natural gas has, however, increascd very rapidly
(Table 4. 1), and stood at more than three times the 1946 figure in 1965,
while domestic crude oil production had only increased by 50%. The
leasing of offshore properties in 1962 opcned the prospect of new sources
of oil and gas.

Profit rates or rates of return are, at best, difficult to measure
and must be viewed with caution. Figure A, ] (derived from Table A, 17)
shows alternative pat.terns of profit rates computcd by variom.u economists
for the petroleum industry; other industries are shown as a comparison.
These rates all indicate to a greater or lesser extent that the profit rate
declined until approximately 1958, The rate then began a slight upward
‘ trend. (Alternative profit ratos for the domestic crude oil industry,
which will be prescnted later, suggest that the upward movement has
continued, )

As far as can be determined from the data, the decline in profits
has affected the smaller operators and particularly the smaller explorers.

*See Figure A.3, .
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This can be scen from the pattern of drilling. * The number of wells
being drilled reached a peak in 1955-!:6 but has since declined steadily
back to its 1949 level, over 30% below the peak. Exploratory wells
have followed the same pattern: 16,000 were drilled in 1956 and 10, 700
in 1964, The wildcat boom produced 918 new fields in 1955; 701 were
found in 1965, This has been taken by some to show that exploration

is dangerously declining.

Fewer wells are being drilled now than formerly, but the averago
depth of exploratory wells has increased stoadily from 4,560 in 1953 to
5,164 in 1964, The number of wells in the middle levels has declined,
but the number of wells over 15, 000 fcet increased by more than 700%
in that period (Figure 4. 1), The total number of fcet drilled has de-
clined far less than the number of wells, and has recently begun to
show an upward trend,

As the averago depth of wells has increascd, there has been a
marked increase in the importance of the larger companies in explora-
tion activity; this is presumably derived from the fact that exploration
has become & costlier business and smaller companies cannot compcete,

The marginal cost of an explorational foot increases greatly with depth,**

*See Table A, 19,
#4See Figure 4, 2,
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FIGURE 4.1

RELATIVE CHANGE IN DRILLING AND COSTS, BY DEPTH
U.S. DOMESTIC INDUSTRY

1953; 1963
‘700%
Percentage Change -
Depth Range In Holes Drilled -~
(toet) 120
0-1,250 .
100
1,251-2,500
2,501-3,750 80
3,751-5, 000 60
5,001-7, 500
) + 40
7,501-10, 000
10, 001-12, 500 20 | .
112, 501-15, 000 ° : 11
Over 15, 000 ) l l ‘
- 20
40
Depth range ABCDETFGHI1

Percentage Change

120

100

8 & & B8

8

(3

In Cost

[ -
ENRERE

ABCDEFGHI




FIGURE 4.2
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A 15, 000-foot well costs over four times as much as three 5, 000-foot
wells, Although the average-per-!oo; cost has ;emained stable, the .
pattern of cxpendi?uru has moved heavily toward the deeper wells (see
Table A, 22).

This accounts for the fact that the 30 large companies covered by
the Chase Manhattan Bank's surveys now spend more than 68% of all
domestic exploration and development outlays, a proportion wh{ch has
increased from 52% in 1956.* The payment of large bonuses to the
Federal government in off Jhore exploration has also contributed to
this. At the same timo. 65 companies, ranked by the number of wells
they drill, can only account for 30% of the total wells drilled. #* This
_indicates that the larger companies are drilling deeper wells and thus
spending more per well, a point confirmed by the Census of Mineral
Industries for 1963, which shows that the first 200 companies drill an
average of more than 70% decper than other companies. The smaller
companies also drill very few wells per company, since the 65th-ranking
company (by wells drilled) is drilling only 18 wells, while there are
more than 3, 000 companies engaged in drilling activities, **¢

*See Table A, 1.
*#See Table A, 23.
*52See Tables A.28 and A, 29,
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The apparent shift of exploratory activity from small to large

firms is probably accentuated by technology, for the larger companies
benefit first from technological developments, since they are able to

* afford a more extensive predrilling program and also more research
into drilling and recovery methods. This shift of exploratory activity

3 to larger companies is supported by the fact that, while the total number

of wells drilled declined by 11.6% between 1961 and 1965, the wells

R IR

drilled by larger companies declined only by 8%, and those drilled by
smaller companies by 12, 9%. *

The smaller campanies are spending considerably less on explor-
ation and development in absolute terms. At the same time, their share
of the production is diminishing, but at & much slower rate. This could
be the result of their being bought out by larger firms or going out of

~ business; either reaping capital gains on past expenditures or simply
producing what reserves they have previously discovered.

Typically, the larger companies also have aubstantial interests
abroad: The largest domestic producer produces four times as much
abroad as at home. Although foreign operators cannot import more
than a limited amount to the United States market, the faster growing

Europcan and Asian markets provide an outlet for United States producers

#See Tables A. 29 and A. 30,



and make foreign investment increoasingly attractive, Thoere has been a
marked shift to foreign production since 1961, * with almost all large
producing companies increasing the percentage of their total production

derived from foreign fields.

B. Reserves

There is little agrecmont as to the size of reserves. In the first
place, difforent attempts to measure reserves have used different defi.
nitions, but cven where the same definition is used, estimates differ by
as much as 50%.

Reserves, it must be emphasised, are that part of thc'orlglnal ofl
in place in the crust of the earth which are expected to bo recoverable
under a given set of economic and technical conditions, Definitions vary
in their tolerance of uncertainty and their assumptions about the progress
of technology.

The American Petroloum Institute (API), in a scries of estimates
beginning in 1946, confines itself to virtual certainty of recovery.
Although the estimates represent, as the authors stress, ''a strictly
technical judgment, not knowingly influenced by policies of conservatism

#See Table A. 28.
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or optimism, " the definition of resorves is limited to "the volumes of
crude oil which geological and engine;rlng information indicate beyond
reasonable doubt to be recoverable in the future from an oil reservoir
under existing economic and operating conditions. " These crude oil
estimates do not include ofl which may become available by known
mcthods of extraction, such as fluid injection, which have not yet been
applicd to particular ficlds, nor do they include natural gas li'quld..

shalo ofl or other substitute sources, It must, therefore, be regarded

as a minimum cstimate,

There are, as the AP] warns, additional amounts of oil which will
eventually be recovercd from known fields, which informed ;nen "know"
to exist. Table 4.2 gives the API estimates divided into new rescrves
from exploration and new reserves from development which shows that
dovolopment of fields yields 5 to 6 times the reserves originally esti-
| mated for a ficld. It seoms virtually certain that the present estimate
of reserves in known fields will be revised substantially over the course
of their development.

The National Petroleum Council (NPC) published in 1965 a series
of data* which allocates crude oil discoveries back to the year of original

Sutanmt——

*Proved Discoveries and Productive Capacity,.National Petroleum
Council, Washington,” D, C., 1965,
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TABLE 4.2
U.S5. DOMESTIC CRUDE Oll. RESERVES AND DISCOVERIES
New reserves New reserves New reserves Ratio x’
from from development|attributed to 1964 estimate/{2FC* R=%o0 .
. NRE NRD yoar of discovery] original averaz® | NRDANRE :

Year Q) 2) 3) {4) {5)

Million barrels barrels [million barrels |(3) = Q) (2), = Q)
1943 ‘ -1 1642°
1944 - 2064
1945 1922

‘13946 - 244 22168 1527 6.30 9.29
1947 445 . 2019 1162 2.61 5.67 - L. 54
1948 3%6 . 3399 3207 s.10 ° 4.59 8.53
1949 890 : 2297 2725 § 3.06 S.04 2.58
1950 564 1998 2237 3.9?7 3.44 3.54
1951 389 4025 1280 3.30 . 3.46 1.03
1952 496 - 2253 1540 3.10 3.11 4.54
1953 592 2704 . 1727 ) 2.92 2.9% 4.57
1954 586 2287 " 1641 2.80 2.75 3.90
1955 © 477 2394 . 1232 2. 54 2.52 s.02 i
1956 467 - 2507 1038 2,22 2.60 5.37 .
1957 416 2009 1260 3.03 2.55 4.83
1958 315 2294 58 2.41 7.28
1959 369 . 3297 8.93
1960 254 2111 ' ‘ 8.31
1961 361 2296 6.26
1962 38 1800 . N
1963 350 1824 . 1 5.2}
1964 346° 2318 6.70
) avers: - 5

Notes, Table

Sources: Cals (1) and {2) Proved Reserves of Crude Oil,  Natural Gas liquids and Natural Gas Vol. 20. p.15 AP1

Col (3) National Petroleum Council Proved Discoveries and Productive Caw {1965), Table I
ANo comparable data available for uruor years.

Dohese figures are estimated from 1964. This series répresents a temporal reanoeaﬁu
of cumulative proved rescrves ia Col(2).



discovery of the field; the serics represents in the main a temporal re-
allocation of the cumulative proved t;oervel as estimated by the API,
The NPC series ends at 1958, so that the latter year had six years dev-
elopment history, while the older fields had considerably more.

By comparing the estimates made l')y the APl in the year of dis-
covery with the rcallocations made in the NPC series, it is possible to
derive a picture ofl how the estimate of reserves increases over the
development history of the average well,

Table 4, 2 shows the ratio of reserves estimated at year of dis-
covery with. roscrves attributed to that year, ostimated betwcen 6and 17
years later. This can also be seen in Figure 4.3, There io'a steady
upward progression of estimates which show little sign of a decline,

In fact, comparison with the mecan value of the ratio of new reserves
from discoveries and new roserves from extensions and revisions
(NRE/NRD) over the period suggests that after 17 years estimates have
only rcached half their eventual level. There is no indication of any

trend which would suggest that over time initial discoveries are less

likely to be supplemented by future extensions and revisions.

1. Interstate Oil Compact Commission Data
Five reports by the Interstate Oil Compact Commission (I0CC),

issued at two-year intervals between 1954 and 1962, make estimates
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FIGURE 4.3

INCREASE OF ESTIMATES OF
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of oil reserves under differing probability assumptions.

The concepts used are:

1. Primary reserves, which specifically do not
include sscondary recovery methods,

2, Fstimated additioaa! recovery by conventional
fluid injection methods under economic
recovery conditions,

3. Estimated reserves physically recoverable
by known methods,

4. Original oil content of known reservoirs.

In definition, it is concepts | and 2 taken together which corre-

spond most nearly to the API definition of proved resorves, Compara-

tive figures for January 1, 1962 are:

APl Proved Reserves 31. 8 hillion barrels

§

§ 10CC (1) Primary Resorves 31.4
2) 16.3
(1) + (2) 49, 7 billion barrels
(3) 40. 2 billion barrels
4) 346. 2 billion barrels

The API estimate of total proved reserves is very similar to the
1I0CC estimate of total primary rescrves. In dotail, the estimates by

statos are not so closcly related, and the author of the 10CC report

J disclaims the similarity as accidental, The two sources are working
under differing definitions and comparison of the two definitions most

closoly related in the two sources shows that the 10CC estimate is
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higher by some 50% while addition of the physically recoverable reserves
increases the IOCC estimate to more.thm three times the size of the
APL,

Concept 4 is interesting since it is the only available estimate of
oil originally in place in known fields. By adding cumulative production
to date with potential production by known methods which are economical,

a recovery ratio can be Jerived, giving an indication of the current state

of technology of oil recovery.

Cumulative production to 1962 67. 8 billion barrels
Primary reserves 31. 4 billion barrels
Secondary reserves 16. 3 billion barrels

Crude oil eventually
recoverable under existing
economic and technological

" conditions 115, 5 billion barrels
Oil originally in place
in known ficlds 346. 2 billion barrels
Recovery rate 32, 8%

A recovery rate of 33% is low by comparison with other mineral
industries, but there are confident predictions by engineers within the
industry that this could be doubled, by using known methods of secondary
recovery. This would then double recoverable reserves from known

fields without further exploration.
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2, "Ultimate Reserves'

The size of "'ultimate recervu“' is only of incidental concern to
this study., If the.phnu is taken to mean the original resource base,
the size is in no way responsive to economic or fiscal policy. If by
"ultimate reserves" is meant the amount of the resource base which will
eventually be recoverable, this will depend very largely on technological
improvement, mentioned ab.ove. As an indication of orders of magnitude,
the estimates of the resource base fluctuate about a central estimate of
500 billion barrels, At present recovery rates, this would yield about
156 billion barrels of potential reserves; under alternative estimates
of the impact of technology, more would be ultimately rccovcr:lble. of
course, the discovery of these potential reserves will depend on further
exploratory drilling, but the magnitude of the estimates of the resource
base suggests that this study need in no way be concerned with the exis-
tence of further crude oil deposits as a limiting factor.. Figure 44
fllustrates graphically the general relationship between the actual petro-

Jeum resources in existence and that portion which are classed as

rescrves.

3. Alternative Sources of Crude Oil
Exploration is only one of many means of expanding potontial

supplies of petroleum products. It has been the main method in the
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past but other methods may prove more profitable in the future,

Allied to the technical prograu. in recovery methods, discussed
above, is potential progress in the use of crude oil in final products.
Crude oil is not demanded for itself, but as a raw material for the petro-
leum refining industry, and more efficient use of crude oil could effec-
tively increase the supply of petroleum products without exploration.
However, large breakthroughs in this direction do not appear probable

and in this analysis will not be considered in detail,

4, Natural Gas Liquids

Natural gas !iqnldo are to some extent substitutes for crude oil,
as they are used in many of the same final products, Production in-
creased from 1/10 the level of crude oil production in 1947 to 1/5 the
level in 1965, The ratio of API-estimated reserves to production fell
* steadily from 20 to 14 in the period. By the end of 1965, the reserves

of natural gae liquids constituted a supplement of 25% to reserves of

crude ofl.

5. Shale Oil

It has long been known that the western states contain millions of
tons of oil awaiting an economic method of extraction., It was reported

on April 26, 1967, that a commercial firm had plans for beginning

4.21



production of shale oil at a rate of 585 000 barrels a day by 1970, * (The
current output of crude oil is approximately 7 million barrels a day.)
Whether thia developmoent marks the beginning of a viable shale ol in-
dustry has yet to be seen, but if commercial production proves feasible,

the oil in the shale lands would increase ofl reserves at least a hundred-

fold,

6. Canadian Reserves

A fourth source of oil reserves wh‘ich could be utilized in the event
of strategic necessity are the Canadian reserves. These have increased
rapidly in recent yea;n. the CPA estimating them at 6. 7 billion barrels
in 1965 (see Figure A.5), With Canadian production at 291 million
barrels for 1965, proved Canadian reserves equal about 2-1/2 times
the total yearly United States and Canadian production, or 22 times the
. yearly Canadian production,

Figure A, 5 presents the time trend of the Canadian reserves/
production ratio. Since Canadian crude is not subject to formal import
quota restrictions, and a luiuunﬁal fraction of Canadian reserves are
owned by United States firms or United States controlled firms, the
increase in Canadian reserves is undoubtedly attributable, at least in

eee——
.

*New York Times, April 26, 1967,
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part, to their treatment by United States firms as a direct substitute for

United States domestic reserves,

7. Significance of the Reserve Level

Although it should be clear from this chapter why the APl series
should not be interpreted as a "reserve-life" series or an indication of
“"how long reserves will last, " it is pertinent to inquire why the ratio of
reserves to production has remained consistently in the region of 12:1,
Sccretary of the Interior Udal prefaced 3¢;me remarks to the National
Petroleum Council with the words, "If we elect to hold to the historic
rescrve -to-productién ratio of 12:1, we will have to add 83 billion
barrels to our proved reserves by 1980." What forces have been at
work on the historic ratio, and why should we elect to hold to it?

The industry is not forced to kcep its ratio at 12:1, That it docs
choosoc to do so can be inferred, for example, from the fact that when
exploration wolls reached their peak in 1956, the rescrve ratio actually
declined, because of the sudden increue’ in demand occasioned by the
Suex Crisis, but the ratio of "'what the industry might have extrapolated
demand to be" to the end-of-yecar rescrves shows the same ratio as
previous ycars, It is also true that, in years when demand declined,
the ratio suddenly rose, However, during the same period, the natural

gas ratio has declined consistently, as has the ratio for natural gas
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liquids. Why does crude oil stay constant?

Crude oil and natural gas are bound together, and are generally
joint products of exploration effort. Since crude oil {8 still the major
output of the crude oil and natural gas producers, it may be assumed
that crude oil rescrve holdings have been the policy leaders and that,
80 long as reserves of the other minerals are at a satisfactory level,
it is crude holdings which have been optimized. It is possible that with
the increased importance of natural gas, the future may bring a shift
from a policy of optimizing crude to optimizing natural gas holdings.
However, in the period under review, it is assumed that the reserve/
production ratio for natural gas and natural gas liquids has decreased
because production of these minerals has increased relative to crude
oil,

This implies that the oil and gas industry choosecs to hold inven-
tories of at least 12 years potential supply. (This figure should be taken
ss &8 minimum estimate. Companies' estimates of reserve holdings
based on alternative probability assumptions must exceed those of the
APl,) Other industries optimize their inventory holdings under several
constraints. The disadvantages to holding inventories are cost of
storage, locked-up capital and the possibility of obsolescence. The

relative importance of these will vary, Obsolescence is very important
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to the garment industry, but not to the crude oil industry. Locked-up
capital is particularly important to in.dustriel which depreciate their
investment over many years -- real estate firms hate to hold inventories.
Oil producers are allowed to amortize their investment immediately for
tax purposes, but capital is still Jocked-up, both in the form of s\m'ken
exploration costs and in the resulting saleable assets which could be
sold. The third factor, sto;'age costs, may appear to be negligible, for
oil in the ground is not using warehouse space. However, wells require
regular maintenance even when not producing. R
The advantages to holding inventories are the possibility of meet-
ing sudden increases in demand without over-much strain on. productive
capacity. In the case of oil, there are two elements to "productive
capacity" -- lifting equipment and reserves. The true bottleneck to
production is at the lifting stage, although the present 39% excess
. capacity is more than enough to cope with peacetime demands within
historical limits, * Evidently, the industry would want to insure against
a sudden forced push into exploration, but given the costs of holding

inventories, it is difficult to explain why the industry should elect to

hold so large a stock.

*#The increase in demand for the Korean War from 1950-1951 was
14%. The estimate of 39% excess capacity is from United States Petro-

leum Through 1980, U.S. Department of the Interior, p, 32. The cal-
culations there are based on NPC estimates of productive capacity.
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It may bo the case that thore is a Maximum Efficient Production
ratio with a constant percentage docli;\o in posaible production from each
woll, The late A, D, Zapp suggested that it would be possible to calcu-
Iato reserve figures from ostimates of productive capacity using MEP
and conatant percentage decline concepts. * If this ia tho case, then the
industry is bound to keep its reserve to production ratio at or above a
certain level,

However, the cortain lovel may not be 12:1, First, this ratio is
almost cortainly an underestimate of what companies consider their
invontories to be, Second, the offect of the state regulations may lead
to overdevelopmont. ** Overdevelopment would tend to croate a spurious
increasc in roserves, for while it docs not increase the recoverable oil

in known flelds, it increases the certainty with which tho reacrves aro

known to exist, Thus, a company may feel confident enough of an esti-
mate of reserves in a particular field and would, if it could, extract it
with a minimum of developmont wells, Howaver, the APl criterion of
certainty is more stringent than the company's cstimating procedure

W p——

*Zapp, A.D., Future Petroleum Producing Capacity of the Unit;\d
States, U.S. Department of the Interior, Geological Survey Bulletin
1142-H, Washington, . C., 1962,

**This is discussed in Section V.C, 6, .
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and as new developmont wells are drilled in response to the low produc-
tion allowablos, more of the company's estimate falls into the API cate- '

gory. If all excoss development were to fall off, the APl estimate could
fall to & lower resorvo-to-production ratio without thore having beon any
significant change in company estimates of known reserves.

Thus, although the API estimate shows a considerable oubllmy
over time, it is imposasible to tell how far Chl»l represonts a stability in
"roal ro:orvol‘; in the sense of the real underlying content recoverable
from known fields, B

The data in Figure 4.3, however, strongly ?uxgut thl.! the initial
API estimates of resorves from exploration bear a consistent relation-
ship .to later estimates of reserves "really’ found, Thus, the APl series
is probably a reasonable proxy for what companies thlnk their reserves
_are, particularly on an aggregate basis. The comparative stability of
the reserve-to-production ratio suggests that the primary determinant

of reserves to b, held is production,

C. Presont Tax Policy

The current tax provisions for the oil industry are bascd on the
general principles of taxation of corporate income. The spocial pro-

visions which result in an effectively lower tax rate for the industry
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arise out of the special nature of the industry and cextain historical inter-

pretations of the general tax laws,

1. General Principles of Tax Liability

In general, corporate income is subject to taxation after the costs
of business have been deducted., Expenses for goods and services which
are used up in the accounting period are generally deductible in that
period: these include labor costs, rents, utilities, raw materials,
transportation, etc., except in cases where these costs are embodied
in resulting capital assets, Losses due to fire, theft, abandonment,
etc., are also deductible.

- Money which is spent for éapital assets, such as machines and
buildings, has generally to be spread over the life of the asset, or depre-
ciated. The amount of depreciation which can be deducted from corporate
" income as a cost of doing buoln?n in any one year will be the fractional
value of the machine which is consumed in the current year's production.
However, if at any point the machine becomes obsolete, the remaining
cost becomes deductible as a loss in that year, The depreciation
claimed should represent the extent to which the value of the machine

is reduced by use during the accounting period.
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2. Effect of the Depreciation Allowance

At the present time, there are ;everal alternative methods of
spreading the deductions for capital consumption over the lifetime of the
capital good, Before 1954, deductions had to be spread equally over each
year of the life, In recent years, methods of calculation have been intro-
duced which allow for higher deductions at the beginning of the goods life.

The effect of this has been to shift tax liability into the future and
increase the flow of available funds to corporations, The value of alter-
native time pattern of tax liability is a function of the rate of interest:
a dollar today is worth more than a dollar tomorgow by virtue of the fact
that a dollar in the bank earns, say, 4%, while a dollar reim‘relted ina
business can usually earn considerably more. The gain to a corporation
of deferring tax liability may be considered as the present value of the
extra flow of funds over the life of a capital asset discounted at some
suitable rate of interest,

The difference can be computed by use of the standard formula,

Present Value = Rl + Rz ces # R,
(L+r) (1401 {1+

R is the cash flow each year and r is the discount rate, in this case, the
expectod return on invested capital. In the case of an asset costing C

dollars, using straight line depreciation over n years, the returns Rj,

Ry, etc., are equal and all equal to g '; L where L is the tax rate,
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Then the difference is discounted cash flow, which represents the extra
value to the company of expensing in the current year is:*

c.t _C.t z 1 .,
l+r n 1 (1+7)

Table 4.3 shows the presont value of alternative methods of depre-
ciation with a tax rate of 48%, using a rate of interest of 9% and an asset
life of ten years, The alternative methods are the straight line method,
the double declining balance method, and the sum-of-the-digits methods,
all of which may currently be used. The alternative of expensing in the
first period, afthough it is not generally available for capital assets,
has also been included because of its relevance to the oil industry., Nine
percent was chosen as a relevant rate of interest since it is the lower
Himit to the highest series of estimates** of post-war rates of profit in
the oil industry, It can be readily seen that considerable advantage is
to be gained from accelerating depreciation claims, and that the maxi-
mum advantage is gained by expensing in the first period,

*To provide a fair comparinbn. assume expenditures are made at
the beginning of the year and all returns accrue at the end. Thus, even
an "expensed' outlay should be discounted one year for comparison

purposes.

**Estimates by the First National City Bank as published in
MacDonald, Stephen, Federal Tax Treatment of Income from Oil and

Gas, Wuhington. D.C., 1963,
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TABLE 4,3

COMPARISON OF EXPENSING IN CURRENT PERIOD
WITH THREE METHODS OF DEPRECIATING
OVER 10 YEARS

METHOD OF WRITING-OFF ASSET
' Double Declining Sum of the
Yel 14 Expensing Straight Line Balance Digite
| 1000 100 . 200 182
2 0 100 160 164
3 0 100 128 148
4 0 100 j02 . 127
) 0 100 82 109
6 0 100 66 B
7 0 100 65,52 -3
8 0 100 68.5 1]
9 0 100 65.5 - 3%
ko 0 100 65, 5 18
' 1000 1000 1000 1000
Prosent
Value at 917.43 641,77 708,44 4 726,77
9% )

Present value
of tax conceesion
at 48% tax rate . .
440, 376 308,05 340,05 348.88

Value of expenscing as opposed to most advantageous method of
depreciating, = 440,366 - 348,885 per $1000 = 9,15%.

"Compcnlol have the option of chanélng to & more adven-
tageous method at any point; otraight line depreciation becomes more

profitable at 7 years.
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3. Principles of Taxation Applied to
the Gas and Oil Industry

In most industrics, the initial value of an assct is its supply price,
and depreciation is usually claimed on this initial cost. However, in oil
and gas extraction, the investment which is sunk into a capital asset,

i, e,, tho expenditures for exploration and development of an oil well,
may bear little relation to the initial value of a successful well, It will
be argued later in the analysis that all exploration and development
expenditures should be considered as investment, which will be carried
to a point whero the discounted net returns which can be expected from
a given exploratory outlay will equal the outlay, However, about 40% of
all wells are dry, and in accordance with the principle that losses are
immediately tax deductible, dry holes are expensed for tax purposcs as
soon as they are abandoned. This provision also applies to all geolog -
ical, geophysical, lease acquisitions and other costs attributed to unsuc-
cessful properties. If total exploration and development expenditures
are considered to be the relevant cost of the capital asset, with the
returns from the single successful well compensating for the expend-
iturcs on all unsuccessful wells, it can be seen that the provision for
expensing dry holes is a form of highly accelerated depreciation, rest-
ing on the principle of deductibility of loases, losscs being computed by

.

single property rather than by total assots.
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4, Successful Wells

The exploration expenses on successful wells are subject to
various tax provisions, A substantial portion is considered as invest-
meont in a capital asset and is subject to depreciation allowances,
Expenditures for tangible equipment such as pumps, tanks, and pipes
are classified as tangible costs, These arc atiributed to a depreciable
assets account and are treated exactly as depreciable asscts in other
industries, Geological and geophysical surveys, lease rentals and
bonuses are also considered as expenses to be deducted over the pro-
ductive life of the resulting asset. These, however, are kept ina

separate depletable assets account, and are subject to the depletion

provisions discussed below,

Costs of labor, materials, and other goods incidental to drilling

. are considered intangible costs of drilling and are expensed as soon as
the well is discovered to be productive, * This oxpensing, which is
claimed for a very large part of exploration costs, is to be contrasted,
for example, with construction, where labor costs embodied in a capital
assct have to be depreciated. The provision is a means of deferring tax
liability which has evolved by administrative decision rather than by

*This may involve holding expenses undepreciated for a period
of time. ‘

4.33



Act of Congress, It is of considerable value to the industry, as can be
seen in Table 4.3, where different methods of depreciating are com-

pared with expensing,

5, Development Expenditures

When an area has been found to be productive, further drilling is
undertaken. There will be further dry holes found in determining the
boundary of the field, and the costs of these are expensed as
they occur, Tiw expenses on successful development wells are treated
in the same way as expenditures for exploratory wella.l The tangible
drilling costs are cumulated and depreciated; the intangible drilling

costs are expensed,

6. Production Expenditures

When a well reaches the productive stage, expenditures are
treated as in other industries: current inputs consumed in use are
expensed, and current inputs with an extended productive life are depre-

ciated, A summary of all tax provisions appears in Table 4, 4.

7. Depletion
The depletion provision is a tax deduction claimed by the industry
for the consumption of oil and gas deposits, It is perhaps most easily

understood in the light of its history. Analogous to a depreciation
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TABLE 4,4

TAX ACCOUNTING TREATMENT OF EXPENDITURES IN THE FINDING,
DEVELOPMENT, AND PRODUCTION OF OiL AND GAS

Expenditure ' . Tax Troatmont

1. Expcnscd as incurrea”™

2. Lease rentals 2, Expensed as incurred

3. Lease acquisition coote 3, Capitalized upon acquisition,

8, Leasos Jator proved unproductivo charged to dcp\cublo assot
agcount,

. 8, Capitalized wul charged off
a0 logs upen survesder of
leaso

b, Capitalizcd cost recoverable
as such only through cost
. doplotion

Other oxploration exponso (such as goophyolcl. 4. Capitalized if on an aves of

geology) interest, otherwise expensecd ac

fucurred, charged to deplotable
’ assot account.
. 8 Capitalized costs charged off

. ’ a8 & losa upon surrendor of

PNPO"Y."
b, Capitalized cost recoverable
as such only through cost
: depletion
Intangible dallling costs of producing viclls 8. Option of expensing as incurrcd
) . . oy capitalising and u%onrin;
through cost depletion
6, Tangiblo equipment on producing wolls | 6. Capitalized charged to
depreciable assets account and
' . " yecovered through depreciation

7 Generrl lease equipment on producing 7. Capitalized charged to

properties deprocinble assets account and

recovered through depreciation

8, Expcnsed as incurred

1. Dry hole costs

b, Leases later proved productive

-
>

8, Areas latoy immd unproductive

b, Areas later proved productive

8, Production costs

STaxpayers elocting to capitalize intangible drilling coats have the additional option of
either expensing or capitalizing dry holo costs, The option lo capitalizo intangibles in

almost never used,
- bor upon final determinntion of worthlessness of minoral rtshu without lmmcdlnu

surrender of the proporty,
€An ares of intorast is ono in which lurthcr exploratory work is at leaet conditionally

contemplated,
SCapitalized intangible costn incurred in tha fnotallation ol culng and oqulpmont and in the

conatruction on the promiscs of dorricko and otlor physical ntmemroo are recoverable
through deprociation, ) . . . .
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allowance on capital assets, the depletion allowance was intended to
compensate ownors of oil and gas dep;litl for the investment they had
made resulting in.proﬂtable asscts. As a manufacturer is allowed to
claim tax relief over the life of the asset on an investment in a machine,
so, it was claimed by the proponents of a depletion allowance, the oil
prospector-taxpayer should be able to claim tax relief on hio. investment
in ofl exploration and development,.

It followed then, that a depletion allowance was first introduced
in March 1913, early in the history of corporate and personal taxation,
Tax deductions were permitted in accordance with a8 formula essentially
similar to depreciation, and bascd on the estimated value of ;xinting
wells on March 1, 1913, and thereafter on the costs of exploration and
development. Thus, those people who owned wells on or before March 1,
1913 were able to claim considerably more for similar wells than those
| who discovered wells after this date, because the embodied costs of
drilling were, in goneral, considerably lower than the value at discov-
ery.

The lower allowable cost base had wider ramifications when a
proposal was introduced in 1918 to tax excess profits, excess being
defined as more than a reasonable rate of return on assets. Evidently,
those wells with cost base computed on March 1, 1913, value had a

higher asset figure to serve as denominator in rate of return calculations
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than those wells which wore costed on embodied exploration and devel-
opment expenditures, so their tax nt.e was correspondingly lower.
Represontatives of the industry argucd that the rate of return should be
computed on the total outlays for successful and unsuccessful wells as
representing real investment on which roturn was earncd, a view which
the industry no longer holds and which the Federal governmeont at that
time rejected. * '

Eventually, a sccond provision was introduced in 1918 allowing
"discovery value depletion, " by which the estimated discovery value
was substituted for all wells found after March 1, 1913, as the value
which was to be amortized. This was substantially greater than the
total outlay figure the industry had pressed for. It was payable only
to the discoverer, but it increasced the annual deductions by a consider-
able amount, since discovery value on a successful wcll {s many times
higher than actual outlays made for that particular well, It also in-
creased the relevant assot base for purposcs of the rate of return
excess profits tax.

Discovery value depletion had a brief and unfortunate history,
since estimates of discovery value had continually to be revised, and

Sr——

*Hearing bofore the Committee on Finance, U.8, Senate, 65th
Congress, 2nd Session, 1919, p. 356,
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agreed upon; a tax allowance would be made on the value of production
in each year, which would stand proxy. for the rate of exhaustion of the
deposit., Production had the virtue of being a reasonably well-attested
figure, whereas a formula based on the estimated size of the deposit
was subject to many errors. The depletion, which was to be allowed
as a tax deduction, was a standard percentage of the gross value of
mineral production, hence, .the name, percentage depletion, The
standard rate was decided by a compromise between the House and the
Senate who could not agree on 25% or 30%. The percentage depletion
rate for oil and gas has thus been 27-1/2% of gross income since 1927,
unless this amount exceeds 50% of net income after certain deductions,
in which case only 50% of net income may be claimed.

The depletion provisions operate at various lower rates for other
minerals and for timber, which claim smaller amounts of depletion.

All minerals are subject to the 50% of net income limitation,

8. Current Pr;ﬁlionl

The oil and gas producer has basically two options in calculating
his depletion allowance. He may take percentage depletion, as defined
above, or he may take cost depietion which is a "true' depreciation
. based on actual expenditure. Depletion is calculated for each property

separately or, in cerfain cases, on specified aggregations. In almost
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all cases, percentage depletion is preferred and in fact, 88% of deple-
tion claimed is taken as percentage depletion, There is, however, a

net income limitation on the amount which can be claimed.

9, Net Income leitation

The net income limitation limits percentage depletion (but not
cost depletion, where this is taken) to 50% of net income after gross
income has been reduced by deductions on producing properties. Deduc-
tions for non-producing properties do not figure in this adjustment at
all and are deducted separately after calculation of percentage depletion,
1f 27-1/2% of gross income exceeds 50% of net income, it is-the latter
which must be taken, It can be scen that this will occur when:

+ 5 Net Income (NI) < . 275 Gross Income (GIN)

Net Income (NI) < + 55 Gross Income (GIN)

Gross Income Less
Net Income (GIN-NI) > .45 Gross Income (GIN)

f.e., when deductions for a producing property exceed 45% of gross
income from mineral production on that property. The effect of the
net income limitation will be discussed in more detail below. Approx-
imately 15% of ;icrcentagc deplction claimed is claimed under the net
income limitation, rather than at the statutory rate,

There are legit'imate ways to avoid the net income limitation by

phasing costs so that all expensing is done in one year and the limitation
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is hit only once; thereafter the statutory rate may be claimed in perpe-
tuity for the life of the well, Alternatively, a recent provision (1956)
permits capitalized and accumulated intangible costs to be deferred and
expensed over the five years following the discovery of the well, This
may allow the net income limitation to be avoided altogether. In some
cases, the aggregation of properties which are part of the ""same oper-
ating unit" permits the deductions to be spread far enough to avoid the
limit,

However, there are properties for which, at least in the initial
phases of the production, when production is low and expenses high,
deductions so far exceed 45% of gross income that the allowable per-
centa.ge depletion is considerably reduced gnd the alternative of cost
depletion is considered. This also may occur late in the production

cycle when the well is no longer free flowing.

lO'. Cost Depletion

In principle, either cost depletion or percentage depletion, which-
ever is the greater, may be claimed on a property. In practice, as has
been noted, percentage depletion has been claimed.‘ However, cost
depletion has been increasing in importance in recent years for reasons
which will be examined later.

Cost depletion is calculated thus:
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The cost base is the cost remaining in the depletable assets account,
which is generally deriyed from the capitalized and accumulated expend-
itures for geological and geophysical surveys and lease acqnisitit;n.

This account is‘ adjusted downward each year by the amount of depletion
actually claimed, The physical base is the estimated x;umber recover-
able units of mineral remaining in the well, which is adjusted each year
for the units actually removed, The allowable cost depletion is then the

adjusted cost base multiplied by the fraction of the physical base removed

in a year.
Mineral units produced
CD = Adjusted cost base x Mineral units remaining

at beginning of year

Supposing cost depletion were claimed each year over the life of

a property. Then, initial cost C, initial mineral units M, depletion

claimed in the first year would be:

P, C
CD; = -—lﬁ-— where P) = production in year 1.
P . P, C
In the second, CD, = & zp .JC- ..‘ﬁ...
i |
= PC
™
= CDj . E_Z_
P)
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Thus, if P} = P = P3 = Py, etc,, i,e., if equal production is mado from
a well over its life, the provisions allow for equal deductions each year.
If, as is more usual, production declines over the life of the well, cost
depletion still being taken, the ratio -;;l will diminish and the allowable
cost depletion will follow the declining pattern of production,

It follows, then, that the time when allowable cost depletion is

‘ likely to be highest is also the timé when properties are most likely to

hit the net income limitation, that is, at the beginning of the flow of oil,
It is then that cost depletion may prove to be the better option. Gener-
ally, however, the percentage depletion provisions give the better option,

and the depletabie assct account or cost base is adjusted by depletion

actually claimed.



v. EFFECTS OF SPECIAL TAX P,RQVISI,ONS

[

This chapter examines the justification for ‘the lpéc;al tax provisions
in terms of both the magnitud'e of claims mé incldencé of ‘benems across

both foreign and domestic operations of th; various kinds of ﬂrmo' within ‘

the petroleum industry. ‘
A, Justification for Special Provisions

Depl;tion can no longer be concl'dered amortization of tﬁ inveatr;:ed;.
Since the percentage depletioh provision w‘n intro&uced. more and mo.re“
explbraﬂon and ;levelc‘ipment expenditur;a luv.e been d?cllted !rfnmedii'tely
tax deductible, so that only a v;ry small investment now remains {c\n' ﬁx
purpoaén. As a base for cost depletion, this small remaining investment
is in most cases eroded soon after production begins and percentage depl;-
tion is taken, In effect, percentage depletion is a substantial subsidy to i
the ofl industry, one which takes the form of a reduced tax payment,
based on a percentage of the dollar value of production, -

The justification advanced fo:l the rétent!on of special tax pro-
visions for the oil and gas industry cen;er on the argument that for s'nme |
reason the free market would not offer the éomeatic industry a r;turn

sufficient to enable it to continue at a level bwhich would ensure adequate |

supplies of oil in time of a sudden increase in demand. Prooumat;ly.
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such an increase would occur in the eyont of war,

The ngume_nt in its simplest form runs: National security require
replacement of domestic reserves. Replacement of reserves requires a
high level of exploration, A high level oflexplorntion requires a special
government incentive, Specifically, a tax incentive is required. The
special provisions provide the necessary tax incentive,

This study does not undertake an analysis of the reserves required
by the national security. It does, however, seem pertinent to point out
that, in the event of a mdde;x increase in demand fof finished petroleum
products, pipeline and refinery capacity would be the bottlon?ck. Cﬂ{de
oil productive capacity, on the other hand, presently stands at 39% above -
normal production,* Further, the oft-quoted "'12 years reserve-life" -
figure is not an estimate of what could be recovered by known methods
from known fields, Such a definition would, rather, indicate a reserve
life on the order of 36 years. Moreover, improved recovery methods
are expected to double even this figure. |

' The second argument, that replacement of reserves requires
exploration, has been discussed in Section IV. B, Exploration has in
the past been the major source of reserve replacement, but will not
necessarily be so in the future.

It is not within the scope of this study to determine whether

*See footnote, p. 4.25.
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government policy directed at increasing exploration requires a tax incen-
tive rather than, or in addition to, other policy measures. Such would
u'quiro analysis of all alternative government p&licio-. while this study
1imits itself to the effects of tax provisions,

The question of how responsive is the industry as a whole to tax in-
centives in its exploration activity must be examined in the light of the
determinants of exploration activity. It is quite possible that the industry
can absorb a tax increase by shifting it forward to the consumer or back
to its suppliers, or simply by cutting costs. Tax changes, if they are
not absorbed, have an immediate effect on total profits, but total profits -
are not necessarily t};a major determinants of exploration. I‘I’heu ’
questions are taken up in Chapter VI,

The fifth part of the national security argument is the concern of
this chapter. If a tax incentive is necessary for exploration to continue
at a high level, how far (.lou the present tax structure succeed in increas

ing domestic exploration? This chapter discusses the magnitude and in-

cidence of the spacial provisions which is a necessary preliminary to

analyzing what they do.
B. Magnitude of the Benefits

While there are several sources of data for production, reserves,
wells, costs and so on, there is little financial data c'xcept that provided

by the Internal Revenue Service. The IRS is also the only direct source
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of data on the depletion allowance and the expensing provision,

It is almost impossible to obtain a time series of data showing the
incidence of oil and gas depletion, but evidence may be gleaned from a
momentary cross-section contained in the Treasury survey of depletion
claims for 1958-1960, * and the published Statistics of Income Supple-
mental Report of depletion c}aima for 1960 only, ** The Depletion
Survey covers major claimants of depletion in all industrial divisions,
but although it covers 99% of depletion claims for the refining industry, °
and 80% for the crude industry, it does not cover exploration deductions
to the same extent. ] .

The percentage depletion provision allows deductions over the pro- '
ducing life of a well which far exceed the initial investment; and, since
a large part of the investment is written off for tax purposes as soon as
the well begins to produce, percentage depletion exceeds allowable
amortization of the remaining investment by an amount estimated
between 80 and 97,5 percent of tax relief claimed. These estimates
will be discussed in more detail below. The magnitude of the special

*Depletion Survey 1958-1960, Treasury Department, February 6,
1963 (mimeo),

*#Statistics of Income, 1960, Supplemental Report, Depletion
Allowances for Mineral Production Reported on U.S.” Tax Returns,

W‘lhington, Dc CO N 19660
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provisions can be indicated thus: If 80% of percentage depletion claimed
for 1960 were "excess depletion" thex; the size of the excess depletion
claimed would be approximately $2. 3 billion, * giving a cash allowance
to the industry of approxfmately $1. 2 billion, against a gross declared
income from oil and gas production of $10. 7 billion,

The value of permission to expense rather than amortize expend-
ftures derives from the value of deferring tax liability into the future.
The size of the benefit is partly dependent on the estimated life of a well
and partly on the rate. of return used to estimate the present value of
alternative time patterns of cash flows. A low estimate, taking the life
of a well as 10 years and rate of return as 4% and allowing for a three-
year g‘eautlon poriod., gives a present value for the deduction of $101
per $1000. A high estimate, although not at all an unrealistic one,
taking tho life of a well as 25 years and the rate of return as 9%, gives
a present value for the deduction of $277 per $1000, (See Table 5. 1)

If the whole of exploration and development expenditure is consid-
ered an investment, then the relevant source of the benefit is that part

S————

*Tax deduction = $2, 843 billion
Excess deduction = ,80 x $2, 843 billjon = $2. 274 billion

Tax rate 52%
Cash allowance = $1, 180 billion
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of exploration and development expenditure which is deducted as a curr
expense, The figures for 1960 are in Table 5.1, The value of expensin
domestic dry holes is on a low estimate $79 million and on a high esti- .
mate $214 million, The value of expensing domestic intangible drilling
costs is $119 million or $324 million, The total value of all expensed
exploration and development expenditures, domestic and foreign, is at
a low estimate $211 million ;nd at a high estimate $572 million.

Table 5.2 shows the major clsimants of depletion at the 27-1/2%
rate, that is, oil and gas depletion in 1960, The total for active corpora-
tions, column 9, includes income and deductions for all lndu.utriu; )
although included in this total, agriculture, construction and sorvices
are not shown scparately since they account for a amall amount of the
income from oil and gas. The table (columns 10 and 11) also oﬁowa the
individual and partnership returns with claims for depletion on oil and
gas. The total depletion claimed in 1960 amounted to $2. 8 billion.

Before discussing the implications of these figures, two concepts

used in the discussion of depletion should be clarified. They are excess

depletion, and the net income limitation,

1. Excess Depletion
The extent to which percentage depletion permits tax deductions

to be taken in excess of amortization on original investment has not been
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TABLE 5.1

HIGH & LOW ESTIMATES OF BENEFIT OF KXPENSING INVESTMENT
IN OIL AND QA8 -, 1960 °

Tax Rate 52% ‘

High Estimate: Expenditures expensed in year undertaken. Rate of
discount 9%, Average lita of well 25 years,

Low Estimate: Expenditures expensed 3 years aftor undertaken, Rate
of discount 4%, Average life of well 10 years.

DISCOUNT VALUES igh ow
i, Present Value of §1,000 depreciated IN.2 9.1
over life of assot
2, Present Value of $1,000 expensed | e $892.1
3. Difference (2.-1.) $52%,0 $195.0
4. Tax Bonefit at tax rate of 53% per $276. 6 . $101,8
$1,000 Exponditure (52% of 3) : ) "
EXPENDITURES $ Million
8. Total Domestio & Foreign expensed 3,068%¢
investmaont (Sample)
6. Dry Hole costs, 1960 Domestic T4
7. Intangible Drilling Costs, 1960 Domeatic 1,173
.DISCOUNTED VALUE OF TAX BENEFITS
8. Value of expensing Exploration & s an
Development, Domeostic & Foreign (5.x4.)
9. Value of Tax provisions, Domestic only:
8. Dry Holes (6.x4.) 24 1)
b, Intangible Costs (.x4.) - 24 19
¢. Total Dry holes & Intangible Costs|_538 198

* Source: Joint Association Surveys, 1960
#¢ Troasury Depletion Survoy of Large Companies covers 90% of depletion
claimod and an uaknown proportion of expenditures for oil and gas.
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definitively measured. This is important, for if percentage depletion
n‘u to be reduced or abolished, cost. depletion would presumably be
cﬁlmd instead,

The Treasury Depletion Survey gives estimates of excess depletion
(see Table 5.3) derived from responses to the tax form for depletion

claims, which requests estimates for two concepts: adjusted basis deple-

tion and true cost depletion. No estimate of true cost zpletion appears
in the survey; the figures in Table 5.3 represent excess depletion over
adjusted basis depletion,

Adjusted basis {iepletlon in any year is the cost depletion which
could have been claimed in that year. This is calculated as (.!ucribed.
ia Section 1V, C and r¢presents amortisation of the remaining cost base,
which may have been adjusted for previous percentage depletion claims.
True cost depletion is the cost depletion which could have been claimed
f only cost depletion had been claimed since the well was drilled.

Thie distinction does not, however, take into account the acquisition
costs paid for producing properties, which represent dlsconty value
rather than amortisable exploration costs. A distinction should be made
between "exploration cost depletion, " including acquisition costs for
son-producing properties, and "acquisition cost depletion, " including
acquisition costs for producing properties. For this reason, the authors

: question the figure presented as "excess depletion over adjusted basis

5.9
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SELECT PERCENTAGES, BY INDUSTRIAL GROUPS .
OF REPORTING CORPORATIONS IN OIL. AND- GAS
.- PRODUCTION, 1958 -~ 1960. .
P.T..cm Growp Depletion Claimed on Excess Clatmed
asnd Yeer Tax_Return as % of: Over Adjusted Basis
| as of ,Depletion
Taxpayers Gross Income Net Income from on - ]
ject to Depletion ] Properties Before - —
- —Depletion
All Industrial Groups -
| 1958 .26.2 T 4.2 92.0%
= 1959 26.2 49.2 920.6
1960 26.8 ) - . 48.2 9.9
Crude Petroleum and '. . .
Natural -Gas . .
1958 26.2 39.6 95.3
1959 26.4 <0.3 9.2
1960 26.7 39.4 "6
1958 28.9 - 48.2 93.5
= 1959 25.5 : . - 50.9 - * 9.8
1960 26.2° 49.7 93.0
& Other - -
F:nmcm - . .
1958 64.6 9.8 9.4
. 19599 69.0 2.8 6.3
. 1960 68.8 9.2 - 6.0
Transportation,
[Electric & Gas . - .
1958 23.2 ‘s - 68,7 2.7
Ce e e 1959 24.1. . 68.4 7.1
- 1960 24.6 . 63.5 75,8

TABLE 5.3

Source: Treasury Depletion Survey, Talls 4,5,6; ) .



depletion as a percent of total depletion claimed." As an estimate of the
excess over true cost depletion, it is likely to be too high; and, because
of the acquisition costs for producing properties, the excess over adjusted
base is likely to be too low,

To confirm that the global figure of 90. 9% excess depletion is just
such a hybrid, consider the spread between producing industries, where
excess depletion is nearer 9;%. and non-producing industries, where
excess depletion is nearer 6%. This shows that cost depletion does in
fact have two different meanings, and that the Treasury figure does not
give a genuine estimate,

The study's estimate of excess of depletion claimed over adjusted
basis depletion based on exploratory costs is 97%, and, over true cost
depletion, is 87%. This compares with the 80% used by Stigler, * and
based on a small sample of cdmpanies. McDonald** quotes an estimate
of the "sacrifice of cost depletion" as 2. 9% of gross income, which gives
excess-depletion estimates of 88%. The contexts suggest that the esti-.

mates correspond to ''true cost depletion," in the Treasury sense.

#Stigler, G,, Capital and Rates of Return in Manufacturing Indus-
try, National Bureau of Economic Research, Princeton, New Jersey,

1963,

*#McDonald, Stephen L., Federal Tax Treatment of Income from
Oil and Gas, The Brookings Institution, Washington, D.C., 1963,
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The following calculation of excess depletion is bascd on data
derived from Joint Association Survey.- and American Petroleum Institute
publications. No IRS data was used at all,

The ratio of proved reserves to production has remained virtually
constant at 1:12 for 20 years. If 1/12 of remaining reserves (roughly 8%)
is removed each year from each well, there is a declining production
curve for each well, and the well will be reduced to 10% of its original

reserve in place after 30 years,

The 1959 cohort of exploratory wells will be traced through its
expected life assuming:
1) price constant at $2.90 per barrel,
2) depletion rate equals 27-1/2%,

3) 8% of remaining reserves are drawn from each
well each year.

The domestic geological, geophysical and acquisition costs under-
taken in 1959 equalled $1, 191, 000, 000, * Of all exploratory wells,
19. 82% were successful, ¥** Therefore, ‘the net addition to the depletable

asset account is taken as $236 million. This is the amortizable cost

-

S ——

*Joint Association Survey, 1959,

#4See Table A.19,
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base for the expected life of the 1959 ‘cohort of exploratory wells, The
true cost depletion over the life of the well would equal this sum.

It is assumed that, in 1960, the development expenditures on the
1959 exploratory wells were high enough to push percentage depletion
s0 low (by the nct income limitation) that cost depletion was taken,
Thereafter, it is assumed that the net income limitation did not come
into play, and that 27-1/2% was taken throughout the life of the well,

It is further assumed that development will increase the initial
estimate of reserves discovered in 1960 to 6 times the original figure
(6 x 369,362, 000 = 2,216, 172, 000 bbls).

This method of derivation gives a picture of a time series for a
single cohort of wells under a constant price; if the price rises during

the life of a well, excess depletion will be higher, Results are shown

in Table 5. 4,

2, Net Income Limitation

Figure 5.1 shows the effect of the net income limitation. The
upper line shows the effective tax ﬁte for different cost/income levels.
The effective tax rate for a corporation paying tax at 50% with no oper-
ating cost is 36-1/4%. This effective rate declines until its lower level
is set at 25% by the net income limitation, All producers with a high

ratio of deduction/income pay tax at this rate. The lower line showa
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- TABLE 5.4

. CALCULATION OF EXCESS DEPLETION, 1959 COHORT OF EXPLORATION WELLS

Depletable coet base (ses text) $236, 056,200
(oee text) 2,216, 172,000 barrele

Original reserves

.

0y 73] ) ) 1) © ™ Y
Ressrves re- | Production Value of pro- | P tage R ining cost |Allewabdle Ad-{Cest Base, if [Allowable Tree
maining end = 8% of ro- dection at depletion at | base, beginning | justed Base |oanly cost de- [Coest Depletion
of year maining $2.90 per bbl | 27 1/2% of year (sdjusted | Depletion plation taken

reserves each year by de- (adjusted by 8%|(7) x (2)
plation actwally [(S) x (2) of steell each (1Y)
claimed) (¥ £)

Year Maillions bble Millions bdle $ Millions $ Millions $ Millions $ Mallions $ Millions $ Millioas
1959 2,216
1960 2,039 177.3 $14.1 1ei.4 236.1 * 189 236. 1 18.9
196} 1,876 163.1 473.0 * 130.4 217.2 17.4 217.2 17.4
1962 1,726 150, 435.2 . 119.7 7.1 \ 7.0 109.8 15.0
1963 1,588 138,12 380.1 . 104.9 ° ; ° 183.8 14,7
. .
: i
 J H
T-4al over
life 2216.2 0d427.0 177,93 +3.2 23w, L
De-pletion actuslly ¢laimed ’
Depletion actually clanped over life of well s 1707.8 « §141.4 - 18, %) ¢ $iodd. 9 masllenn
Allowabie true cost depletion over ife of well s 2.1
«  Alluwable adjunted base depletion over life of well 43.2

k.xcens over true cost depletion

F.xgess uie p ot usted base depletion

s 1408. 5 - 85.0%

: 1601, T = 97.4%
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EFFECTIVE TAX RATE

FIGURE 5.1

BENEFITS OF DEPLETION AT DIFFERENT LEVELS OF
COST/GROSS INCOME: THE EFFEC'T OF THE NET INCOME
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the benefit of the depletion provision in terms of effective cash flow per
sl’oo gross income from oil and gas, "1‘hu is constant at $13, 75 up to the
net income llmiuﬁon. whereafter it decilnu linearily as costs rise. It
can be seen that those operators whose high expenses put them well above
the 50% limitation derive less tax benefit for each barrel of oil they pro-
duce than do the lower-cost producers and the non-operating interests.

It is possible, however, to avoid the net income limitation by carrying
expensing forward five years or back for two, Despite all these means
of avoiding the limitation, the sample included in the Treasury survey

of the years 1958-60 showed that in 1960, approximately 19% of domestic
percentage depletion was claimed under the net income limitation, while '
ioreién operators claimed only 3, 5% under the limitation, This reduced
percentage depletion claims to below the standard 27-1/2% level. The
incidence of the limitation is difficult to measure, * for aggregats mea-
sures of income and ueductions include figures for companies which
made a loss, Percentage depletion is claimed only on producing

———————

*The 1958-1960 U.S., Treasury Study presents a table showing the
percentage distribution of percentage depletion claimed by the ratio of
percentage depletion to positive net income. This cannot, however, be
used to measure the effect of the net income limitation since it repre-
sents an aggregation of claims for each company, and not a distribution
by individual properties. This can be seen from the fact that the dis-
tribution table shows only 2% of depletion claimed under the net income
. limitation whereas other data in the Survey shows 19% claimed in this

way,
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propertice showing a net profit, so that the ratio of aggregate depletion
to aggregsi a net income may rise abo.ve 50%. Further, since cost deple-
a;n is an option, it is impossible to tell how much of the depletion loss
from the net income limitation is compensated for by cost depletion
claims,

One rough measure of the distributional effects of the net income
limitation is the change in the ratio of depletion claimed to gross income,
by asset size, as reported in Statistics of Income Source Books. This
suffers from all the deficiencies mentioned above, with the additional
deficiency that not all‘ gross income of all producing companies is
derived from mineral production, In the refining companiu: this factor
is 50 large that comparison is valueless. In the crude oil industry,
however, it is possible to make a rough comparison.

Table 5.5 shows the ratio of depletion claimed to gross income by
asset size for four years. The ratio increases up to the $100, 000 asset
firms and decllne't for the two lax.'ger groups. This is probably because
the larger firms are diversifying and the gross income figure is there-
fore inflated. The mean figure is well below the figures given in the
Statistics of Income Supple;mxental Report, which also suggests that the

reported income is from sources other than oil and gas products, The

table is not, however, conclusive.
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- ’ TABLE 5.5

DEPLETION ALLOWED AS PERCENT
OF GROSS RECEIPT

‘CRUDE OIL INDUSTRY BY ASSET SIZE: REFINING INDUSTRY TOTAL .
CRUDE OIL RETURNS WITH NET INCOME TOTAL
: 1. < More
0 50 100 <| 500< 2.5¢<| s< |10 < |25< |50 < oox {tham | Towmi] ING
- 50 100 | so0 | 1,0002.500 | so00 | 10,000 25, 000} 50, 000]1 00, 50,000 Y250, 000

1958 ‘9.8! 20.8| 16.5¢t 11.9| 22.4] 18.4] 21.0 | 11.0 |21.8 |15.5 [18.0 [16.4¢ [17.0] ¢.8

sl's

1959 17.3| 14.5| 15.4| 17.1] 16.1] 16.1 | 14.6 | 12.9 |19.9 |22.1 {15.3 |16.2 16.6 | 6.3

1960 15.3| 15.1| 15.7] 20.6| 18.2] 18.9 | 17.4 | 13.1 |22.6 128.1 [15.0 [14.9 |16.51] &.7 |

1961 16.5] 19.2} 11.0| 13.0} 20.9] 20.5)] 17.6 | 15.2 |22.6- |40.6 |12.2 }[14.9 J15.9 ] 4.9

Mean 14.6 ] 17.5 [ 14.6 | 15.6| 19.4| 18.4 ! 17.6 | 13.0 J21.7 126.5 {15.1 {15.6 {16.5] 5.1

1958-61

. Source: Coﬁ:or;ﬂon Tax Returns; prepared by Simon M. Simon



C. Incidence of Benefits

1. Foreign Properties

American-based companies producing abroad claim depletion on
foreign properties. Since foreign wellhead prices are lower, depletion
{s a smaller sum per barrel but it amounted to & total of $655, 000, 000
in 1960 for the companies covered in the Treasury Depletion Survey,

This represents 23% of all depletion claimed, * (See Table 5, 6)

2. Non-Operating Intt;renta - Royalties

Non-operating interests receive income from production by means
of production payments or in-oil payments from royalties, rentals, lease
bonuses and various other devices. This income is subject to percentage
depletion, The operating interests who mke the payment deduct the
payments from their gross income before calculating depletion allowances,

Although there is no data on royalties, it is generally believed that
royalties on private lands amount to about 1/8 of the value of production,
On Federal lands, they amount to more than this. Some landowners
apparently receive 50% or more. The Joint Association Survey uses
the figure of 15% to adjust production figur;s-for the amount accruing

———————

*Assuming that those companies, partnerships and individuals not
included in the Survey are entirely engaged in domestic production, For
companies included in the Survey, 29% of all depletion is claimed on

foreign properties.

——t
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TABLE 5.6

DOMESTIC AND FOREIGN ACTIVITIES -

. . DEDUCTIONS AND RELATIVE RETURNS TO PRODUCTION

02°s

DOMESTIC PROPEKTIES] OPERTIES ]
1958 ] 1959 | 1960 1958 11959 | 1969
MILLION [DOLLA
of es . 12| 1872] 188 60 63 63
oss Income from Oil and Gas Production 5,571 1 5.879]6.073 .} 2,373 « 286 {2,388
.z Deductions ~a Producing 9s2j1,000] 923 213 223} 172
Properties®
Other Deductions® 1,804 ]2,007} 2,062 3 | .37} €7
Net Income Before Depletion 2,815 2,802 | 3,088 1.717 626 [1,749
s:Total Depletion Claimed 1,440 11,506 | 1,613 642 613 655
Based on Gross Income Rate 1.13911.143 11,209 618 558 618
. Based on Net Income 211} 2so! 267 10 35 22
Adjusted Basis (Cost Depletion) 90! 112} 13 14 19 15
ss:Deluctions an Non-producing Properties™| 1.125|1.171|1.188 2¢3 |27s | 3s2
i 2s0| 12s| 287 832 1738 | 742
Tax at mean 52% = 130 65 149 433 434 386
Income aftertax = 120 60} 138 398 |35¢ | 356
Income after tax °- . :
+ 80% Percentage . : -
depletion claimed = 1,200 {1,174 |1.318 900 |[828 | 868
Profit.pexr $100 . !
. Gross Income 21.5%[20.2%(21.7% 37.9%136.2%! 36.3% ~
’ June 30, 1966

& This figure mfw:mn-&.wamwmmw.mpq since 3 percent of the total

deductions were not allocated between producing and non-producing properties in the Treasury Depletion

Survey. Other deductions are correspondingly overstated.

b Derived as a residual from other data in the table




in royalties. Since royalty owners have no operating expenses, they do

not encounter the net income limitation and take the full 27-1/2% allow-

ance.

3, Non-Operating Interests - Cost Depletion

When the depletion figures are examined more closely, a remark-
sble discrepancy appears. Table 5.3 shows excess depletion claimed*
over adjusted cost basis depletion for all properties claiming depletion
of 27-1/2% (this rate applies only to oil and gas), For 1960, it appears
that excess depletion was 90, 9% of total depletion claimed. This suggests
that what could have been claimed as adjusted basis depletiori was 9. 1%
of total depletion that was claimed, or approximately $200 million.

Now, since allowable adjusted basis depletion represents the
remaining cost base times the fraction of the physical base removed, it
should be possible to estimate the cost base, given that the proportion
removed was somewhere between 1/12 (crude oil) and 1/18 (natural gas).
This gives an adjusted cost base of between $2, 400 million and $3, 600

million, However, the 1960 additions to the depletable assets account

total depletion claimed - adjusted basis depletion
*Excess depletion = total depletion claimed
This figure includes claims for domestic and foreign properties,
but as has been discussed, it is a plausible estimate. Figures following
have been adjusted to show only domestic properties, Unless otherwise
indicated, figures are from the Depletion Survey for 1958-60,
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from domestic geological and geophysical, lease bonuses, etc., totalled
$177 million by the Treasury estimate, or $320 million by the Industry
estimate., Of these, about 20% resulted in successful wells, so that the
net addition to the cost base from geological expenditures and rentals for
1960 would have been at the very most $65 million. At that rate, it would
bave required more than 40 years without depletion to acquire a cost base
so large, Further, an exploratory well driller will generally charge
cost depletion only in the initisl stage because of the net income limita-
tion. Almost as soon as he begins to charge percentage depletion, the
cost base will be eroded and there will be 100% excess deplefion over.
most of the life of the well,

How, then, can the apparently large cost base be explained? First,
the depletable assets account also includes acquisition costs, which
amounted to an additional $718 million* in 1960, If these also repre-
sented exploratory expenditures, the net addition to the depletable assets
.acconnt would be an extra $145 million, but this still does not account
for the size of the cost base. If the acquisition costs represent both
exploratory and development expenditures, the overall success ratio
of 60% would give an addition of $430 million, Even in the outside limit

#Joint Association Survey estimate $626 million,
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case, the cost base would ropr;unt 4.6 years undepleted additions,
Since percentage depletion claimed ea.ch year is approximately the same
size as the cost base, it is evident that cost and percentage depletion
are taken on different types of property,

Part of the answer appears in Table 5,3, The excess depletion
for the petroleum industry is considerably higher than 90,9%. In 1960,
it was 94, 6% in crude potrol;um and 93, 0% in refining. But, in the
"holding and other investment companies, " it is only 6%, indicating that

simost all depletion taken by the holding companies is taken as cost

depletion,
Again, depletion claimed by holding and investment companies has

risen from 0, 6% of all depletion claimed in 1952, to 3, 9%, or $130
million in 1960, Table 5.3 also shows why cost depletion is taken, since
it has permitted holding and investment companies (which are a major
part of the financial sector) to claim 97, 2% of net income from mineral
properties as a tax deduction, This percentage has been increasing
rapidly; the net income limitation does not apply to cost depletion.
Evidently, this enormous tax deduction does not arise from the
sudden interest of the holding and investment companies in exploration
for, in 1960 while they claimed 3. 9% of all depletion, they expend;d
less than 0. 19% of exglonuon expenditures and 0, 25% of development

costs, and were able to deduct more than 93% of these as current

5,23



expenditures. The finance industry as a whole claimed 6. 7% of all deple. ’
tion in 1960, .

The curious position of the finance industry derives from a 1958 ;
court ruling* that effectively allowed both cost depletion and percentage

depletion to be taken on the spme property by means of a transaction

e e

known as the ABC deal. The apparently large cost base is derived from

s

acquisition costs for successful wells, which are recouped on a long-

term basis, in addition to percentage depletion, ‘ L
The implications of this are only incidental to this report, since :

3.9% is perhaps marginal, However, the increasing importance of the

finance companies to the oil industry in the period from 1958 to 1960

leads one to suppose that, in the seven years for which data are not yet

available, this transaction has assumed a greater importance. Further,

in the absence of percentag.e depletion, the device of realizing the dis-

covery value by inter-company sales of property and thus establishing

a new acquisition base on which to take for cost depletion might com-

pensate for the lost tax benefit. The limiting factors would be the

Om———

sCommissioner v P, G, Lake, Inc., 356 U.S. 260 (1958). Fora
full discussion of the legal principles and practical effects of various
devices employed for maximizing tax benefits, see Galvin, Charles,
"The ' Ought' and 'Is' of Oil and Gas Taxation,' Harvard Law Review,

June, 1960,

.
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expected present value of the tax benefit to be gained over the life of the
well, compared with the capital gains tax to be paid immediately to such
a transaction, This would in turn depend on the expected life of the well
and the relevant discount rate,

Depletion allowed on foreign properties and to non-operating inter-
ests in domestic properties evidently has no direct effect on domestic
exploration, yet accounts for more than h'alf of all depletion claimed.
Attention is now turned to domestic explorer-producers (who claim
dopletion) to see how the subsidy is divided among them and to compare,

where possible, the tax benefit with the cost.

4, Dietributic;n of Depletion by Industrial Sector

Table 5.2 shows income, deduction and depletion items for several
industries claiming depletion, Agriculture, construction and services
are not shown separately, although they are included in the total, since
they account for so small a proportion of all claims,

Table 5. 2 unfortunately gives no figure for deductions related to
exploration: These are presumably included in the development deduc-
tion in the case of successful wells, and in the deductions for non-
producing properties in the case of unsuccessful wells, Taking this
latter figure for deductions on non-producing properties as an indicator

of how far each industrial sector is engaged in exploration, it is possible
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to compare the depletion bonoligo wltl.: the supposed risk of exploration,
Mining claims 25% of gross income from oil and gas as depletion, and
dry-hole costs account for 12, 1% of gross income. In manufacturing,
the percentages are 26. 3% and 17, 2%; in finance, 59.8% and 3, 6%; and,
in transportation and utilities, 20.6% and 16, 1%, ‘
Table 5,2 also shows the relative importance of cost depletion to
the industrial sectors. Cost depletion, it will be recalled, may be
claimed by high-cost operators or, more imp_oruntly. by non-operating
interests. In manufacturing, which is mainly represented by petroleum
refining, cost depletion is a very small proportion of depletion claimed

(5. 1%). In mining, it is gher (6.5%). It is difficult to know

Pagtfon of the 19 B-1960 Depletion

.
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Survey, this proves to be the case, with the transportation scctor be-
having as the finance industry, and cl‘aiming high cost depletion and a
high percentage of gross income, while the gas and electricity industry
behaves more, although not yet entirely, as an operating interest, with
a lower proportion of gross income claimed in depletion, and a small

incidence of cost depletion,

5, Distribution of Depletion by Size of Company

The information on the distribution of depletion by size of company
is derived indirectly. Since percentage depletion is based on production,
it is likely that production figures would be an indication of the amount
of depletion claimed, unless royalties differ systematically or unless
some producers systematically encounter the net income limitation. It
was argucd earlicr that the net income limitation is likely to affect the
smaller producers, Initially, the effect of the net income limitation
will be ignored and production will be taken as a proxy for depletion.

The data which relates production and exploration expenditures
to companies is sparse but informative. In 1965, the first five com.
panies account for 25% of domestic production of crude oil and natural
gas liquids, the first 20 companics for 50%, and the first 35 companies

for 60%. In 1960, the five largest companies accounted for 23% of
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domestic production; the first 20 again for 50%, and the first 35 for 55%,
Tl.m'o has been a tendency toward cox;centration which is not uniform,
'h-‘“ it partly rel;ruents an increase in market share for the top five
at the expense of the medium-sized organizations. However, the shift
of 5% of market shares into the top 35 firms is a significant loss to the
smaller firms who, in absolute terms, are producing less crude and
natural gas liquids than they did in 1960,

The ranking of firms, by number of wells drilled domestically,
shows a distinct difference. The first 65 companies drilled only 30% of
the wells in 1965 and 28% of them in 1960. In 1963, the 200 largest com-
panies drilled 40% of all wells, *

: 'However. number of wells drilled is perhaps not the best measure
of exploratory effort, since larger companies dig deeper and spend more
per woll; There are no indications of individual companys' expenditures,
but it is known, for example, that the share of expenditures accounted

for by the Chase Manhattan group of 30 companies has risen from 52%

to 68%,**

*See Tables A.23, A.28 and A.29.

*See Table A. 9.

5.28



6. Effects of the Provision to Expense Exploration
and Development Cost

The provision to expense exploration and development costs results,
unlike the depletion provision, in a direct benefit to those who undertake
exploration and development. It is, however, to some extent competitive
with the depletion allowance, since the cash flow from depletion decreases
as soon as expenses on producing properties exceed 45% of gross income,
This may retard development ixpenditure for those small companies which
are only marginally engaged in production, and who are not able to avoid
the net income limitation.

For the companies which are not in danger of encountetring the net
income limitation, the provision to expense most of exploration and dev-
elopment expenditures may encourage over-drilling, For these com-
panies, for every extra dollar of expenditure, half is effectively paid
by the government with no waiting period. However, half is still paid
by the company, so that there is a 1imit on how much will be risked on
relatively unlikely prospects, The powerful incentive to drill comes
from state regulations which limit production on each well but allow
some production from every well, A development well is more risk-
free than an exploratory well and achieves the required result of
increasing allowable production, Since the incremental cost of a devel'-

opment well, taking into account the probability of finding a dry hole and
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the average depth of wells, is relatively small, state regulations are
m?rc likely to engounge over-develo;)ment than excess exploration., On
the other hand, deductions for unsuccessful exploratory wells are not in-
cluded in computing the net income limitation, which may encourage
excessive exploration. The depletion allowance on production also adds
to the incentive to over-develop, since it exaggerates the expected return
to production and provides a margin within which wasteful excess expend-
fture can be absorbed.

Of the two factors relevant to domestic over-development, it is
boligved that the state regulations are the greater. The evidence for
this {s derived from a comparison of tax deductions for exploration and
for dévelopment claimed by United States companies wit.h both domestic
and Toreign operations, Assume that there is some optimum ratio of
development to exploratory wells. Since both domestic and foreign
operations are subject to the same tax provision, the difference in ratio
between development and explont'ion oxpenditur;a should give some
indication of the effect of state regulations, Foreign operations may
be influenced by the tax provisions to over-development but the fields
are generally subject to extremely wide single-company concessions,

with no "allowables." Hence, there is no other incentive to drill more

wells than are strictly necessary.
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Table 5, 7 shows that a smller.propomon of gross income is
invested in exploration abroad than d.omeatically. which may reflect
greator ease of finding, However, the ratio of development expenditure
abroad to exploration expenditures {s between 1.3 to 1 and 1.5 to 1 in
the years 1958-60, while the corresponding domestic ratio is between
2.6 to 1 and 3,2 to 1, suggesting that approximately half of domestic
development expenditure is in excess of basic requirements. Since
development wells are shallower and therefore less costly, it is likely
that more _than half of development wells drilled, or some 17, 500 per
year, are in fact superfluous to normal production, At the e'nd of 1965,
there were 588, 000 wells in production and an excess capacity of 39%,
so that the order of magnitude of this estimate is plausible, *

A further modification should be made to this argument, for if
there is an optimum ratio between exploration and development, it is
more likely to be the ratio of successful exploratory wells to develop-
ment wells, The domestic and foreign exploration/develobment ratios
would then have to be divided by the success rate for exploratory wells
to give a true compariuon‘ bearing on over-development. The 50% figure
for over-development assumes equal exploratory success rates, However,

D

*See Table A. 19.
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TABLE 5.7

DOMESTIC AND I"OREIGN‘ACTXVITIES 1960
EXPLORATION AND DEVELOPMENT EXPENSES

. R

-

Domestic Properties Foreign Properties
1958 1959 1960 1958 1959 1960
Gross Income, Gas (MILLION DOLLLE}S)
& Oil Production - 5,571 S, 809 6,073 2,373 2,286 .} 2,388
Expenses . . 892 914 . 918 297 310 269
Development ’
Expenses 1,522 1,632 1,600 374 343 306
L J

Other Acquisition ) -
Costs 418 645 718 65 59 34
Percent of Gross ot
Income Expended .

for exploration | 16.0 15.8 15.1 12.5 13.5 11.3

for. 34.7 39.2 38.2 18.5 17.5 14.3

for exploration . ‘ - :

& development | 50,7 55.0 53.3 31.0 31.0 25.6

SBewree: Treamury De rartment Burvaey: i,“l :




if exploratory drilling had a higher success rate abroad, the estimated
figure for domestic over-development would be higher. The proportion-
ally lower exploration costs and the tendency of large companies to pro-
duce abroad suggest that at least as much success in exploration abroad
as domestically. However, no firm data exist on this point. It has been
argucd by Harberger and Steiner* that the special provisions lead to a
wasteful misallocation of capital to the oil and gas industry, a position
which has been disputed by McDonald, ** who holds that a standard rate
of corporation tax is not necessarily neutral in its eff;acta on resource
allocation and that, if the rate of capital turnover in each ind_uatry is
taken into account, the depletion allowance may be found to be a neutral-

izing rather than a pon-neutralizing factor,

e

*Tax Revision Compendium, papers presented to the Committee
on Ways and Means, U,S, Housc of Representatives, November, 1959,

*¥iSee, for example, ""Percentage Depletion and the Allocation of
Resources: The Case of Oil and Gas, " National Tax Journal, Vol. XIV,
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vl. MODELS OF THE DETERMINATION
OF RESERVE LEVELS ’

This chapter discusses the determinants of reserve levels, as
related to incentives to invest in exploration and develohment. It dis-
cusses possible methods for predicting the effects on reserve levels of
tax policy.

Three basically different approaches are presented. Two of these
are aimed at evaluating industry reactions to policy changes, while the

third is aimed at evaluating the reaction of individual firms.
A. Exploration and Development Expenditures

Reserve levels are a stock which is reduced as crude (or natural
gas) is produced and sold and which is increased by the discovery of new
reserves through exploration and development. This section discusses
the possible determinants of investment in exploration and development
from a theoretical viewpoint, examines their appropriateness in the
‘ present context, and finally considers the recent history of exploration
in the light of the preceding discussion., In order to develop a model
which adequately predicts the levels of reserves in the petroleum indus-

. try, it is necessary to consider in detail the determinants of exploration

and development effort,
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1. Theory of Investment

Exploration and development iu.tho petroleum industry is a type of
investment in ctpiul assets, Consequently, it seems appropriate to
investigate classical economic theory related to capital-asset investment
and holding as a starting point lor’determinatlon of the factors affect.ing
reserve levels, Much of the literature analyzing the determinants of
investment rests upon the assumption that businessmen try to maximize
their profits. They invest in those projects which promise the best rate
of return, .

Alternative to this classical theory is that of the "profit satisfier,"
which holds that investment will take place in an industry as long as
profits are, by some definition, "satisfactory," so that investors do not
continually search for better investment opportunities but, rather,
maintain existing patterns of investment within wide variations in
returns,

Previous empirical work has followed two alternative paths, One
has been to relate changes in such explanatory variables as rate of
return, cash flow, or demand to changes in investment, This approach
is basically empirical in nature, although the expl{mtory relationships
typically do have some theoretical basis, The other has been to utilize
the conditions of economic equilibrium (primarily marginal conditions)

to determine the relative weights of basic variables in determining the
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levels of capital stock, Both of these .u-e subject to criticism, but, as
yet, no clearly preferable approach has been presented.

The purpose of this study required that the investment hypothesis
chosen meet two criteria -- first, that data be available to calibrate it,
and, second, that it include as determining variables the magnitude which

would change with changes in tax provisions.

B. Application to the Oil Industry

Investment analysis, as developed for manufacturing, is best
applied with caution to the oil industry. First, the theoretical background
sketched above applies to the behavior of a single firm in a competitive
industry which is neither growing very rapidly nor declining. The oil
industry, and particularly its exploration sector, has, so far as it is
possible to tell from the sparse financial data available, been passing
from a period of high and increasing demand and high profits to a period
of more stable demand and lower profits, As Marion H. Stekoll,
President of the Stekoll Petroleum Company put it in a 1961 seminar
paper to the International Oil and Gas Education Center:

The basic problem of the U, S. oil industry is the

necessity to realize fully its present status. This is a

difficult problem to comprehend fully, as we have been

in a highly profitable industry a long time: not in terms

of history, but in terms of our own lifetimes., It is hard,

perhaps impossible for many, to realize that the "'good
old days' have gone the way of the buggy whip and the
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ravaging of national forests. Like nearly all people

of wealth, many oil operators spent freely in the past,
knowing that more wealth was available by drilling

more wells. A complete realization, from company

owner or president to pumper and roustabout, of the
present and future condition of oil and gas production

{s perhaps the most basic requirement of the industry
today. This is not a suggestion of peulmllm. but one .
of facing facts fully and boldly, *

In the same seminar, this was underlined by a petroleum consuilt-

ant, D. M, E, Mclarty, who said:

In the post World War Il "Golden Age of
Exploration, ' cost was not a consideration in finding
oil, If an operator found any appreciable amount of
oil it was automatically profitable., Exploration men
knew costs were rising. They knew their rapidly
growing operations were inefficient and wasteful,
But if expansion was halted long enough to eliminate
waste and restore efficiency, then profitable oppor-
tunities would be lost and the operator would fall
behind in the oil-finding race.

In the good years, the object of exploration was
simply to find oil -~ nothing more. And every effort

was concentrated on achieving this object to the exclu-
sion of all other considerations, **

The immediate past may well have been a period of readjustment
for the industry, during which exploration policies were examined and
costs and technology reconsidered; anq extrapolation from this period

——

*Economics of Petroleum Exploration Development and Property
Evaluation, New Jersey, 1961, p. 130,

#40p, cit., p. 78.
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may thus not be entirely relevant to t!\o future of the industry,

,  Second, the behavior of an entire industry is more difficult to ex-
plain than that of a single firm, particularly since, in dealing with aver-
sge figures for a8 number of firms, little information is usually available
about the distribution, There is evidence that smaller companies have
been leaving the industry or merging, However, there is no reason to
suppose that there has been a net outflow of assets. Both crude oil and
petroleum refining appear to have held their own with manufacturing
industry in asset increase as reported in Corporation Tax Returns,

The overall figure may, however, mask a shift abroad or in'to refining
rather than domestic oil and gas production,

| The third difference between oil and the other industries is that the
oil industry does not invest in quite the same way as other industries do.
Normally, investment is considered to be the purchase of durable assets
which increase productive capacity, with '"durable" taken for tax purposes
to mean having a life of more than one year. In this cueA, the increase
in assets recorded in the balance sheot (net of depreciation) is equal to
the amount of net investment undertaken beyond replacements. The
decisions made in the board room are reflected in the asset account.

In the case of oil and gas production, the decision is made to

explore; and, if oil is found, the asset account may increase by many

times the initial expenditure. Further, a large part of exploration and

6.5



development expenditure has, in the geriod under study, been considered
for tax purposes as current expenditure, which means that it has not tied
up company assets to the same extent as manufacturing investment., This
may be taken to indicate that capital has been relatively more free to
move in and out of exploration and can, therefore, be sensitive to ex-
pected profit; or it may suggest that, since it is easier to "pull out, "
there is lcss need to be sensitive to small fluctuations in expected profits,
as measured by realized profits in the previous period.

It must also be recognized that the oil and gas industry includes
a variety of different.types of operator. Thirty companies account for
60% of domestic crude oil production and 68% of exploration and develop-
ment expenditures, * Typically, these large firms have considerable
invéutmento in oil production abroad, and are integrated from explora-
tion through the final petroleum products. Larger firms dig deeper
wells and find fewer dry holes, ** In other words, they are more effi-
cient than small firms. They are also likely to be aubjec.t to different
influences on their investment behavior. Small firms are less likely
to have either free accees to capital or to consider foreign exploration
as a relevant alternative to domestic exploration, Consequently,

r———

#See Tables A.1 and A.9.
*2See Table A. 23,



industry aggregate data may obscure some of the underlying behavior of

the individual firms.

It is believed, although the data available again does not prove or
disprove this hypothesis, that the small exploration companies are

largely financed by the large integrated companies, directly or by pur-

chase or by contract, If such i{s the case, pressures on the integrated

companies will indirectly affect the small exploration companies and it
may be that the latter will be the first to feel the financial pressures,
The large integrated company has not only to consider profits on
oil and gas production. Refineries are expensive but profitable capital
sssets, and expenditures for axplontior; form a small, altho.ugh not
insignificant, part of the yearly budget. This is not, however, com-
parable to the chemical industry's expenditure for research and develop-
ment because a continuing supply of crude oil is the sine qua non of a
large and profitable refining industry, For large companies, it is
probably true that, so long as it is profitable to remain in the industry,
it is also profitable to seek new sources of oil, although not necessarily
through exploration, New oil may also be "sought" through better re-

covery methods or purchase of reserves in the ground.
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1. Erosion of the Resource Base

The ovor-riding determinamt t)f.douwntlc exploration activity may
be the expectation of finding oil, This expectation would not, of course,
rospond to tax policy, but it ahould be investigated,

If a rational producer wore faced with a scrics of investment de-
ciatons yiclding different oxpected returns, he would take the prospect
with the highest expected yield and work his way down the inventory of
prospecta, Thus, the more investment he undertakes, the lower the
expected yiokl on the laat project,

How far is thia applicable to the ofl industry? Is it true that oil is
becoming more and more difficult to find? If so, what Impn.caumm doos
this have for the future of exploration, and for the future availability of
rescrves?

First, the oil induatry is not at any one time in poracssion of all
relevant knowledge about the ranking of prospective fields, The effective
inventory at any thine connista of thoae arcas for which adequate geo-
logical and geophysical proparations have taken place. Taking year-
to.year changea in the overall succeas ratio, Fisher® found that, in
yoara when a large increase in wildeat deitling took place, the success

e annmns—

*Franklin M, Fisher, Supply and Costa in the U, 8, Petroleum
Induatry: Two Economic Studics, Resources for the Future, Inc.,
The John Hopkina Press, Daltimore, Maryland, 1964,
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ratio dropped slightly, a fact which he attributed to working down the liet
of prospocts, However, since the uuéceu rate for wildcat drilling shows
s remarkable constancy over time, it cannot nocossarily be assumed that
some overall inventory of potential possibilities is being systematically
eroded, Now possibilitics must be joining the inventory each year as
goological and goophysical survoys cover more potential oil ground.
However, one would oxpect there to be some ordering in the choices of
arcas for goological and geophysical surveying, so that the success rate
should show a tendency to diminish over time, and its consistency for
the past 20 yoars can presumably be attributed to two effects: One ia
the progress mado in geological technology, and pnucululy' in geo-
physics; tho second ia the fact that new techniques permit the drilling
of docper wells, The inventory of prospects has been expanded so that,
although the casier prospects are gone, there may still be large fields
swaiting discoveries,

The statistics for wildcat drilling, therefore, give no indication
a0 to whether the rosource base has beon systomatically eroded, i.e.,
whother the same amount of exploratory offort is producing fewer
resorves. A beginning has beon made at estimating the factor. The
series in Table 6, 1 shows estimates of size of fields discovered in
various years, estimated six yoars from the dgto of discovery of the

field, The second part of the table showa each size category as a

¥
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TABLE 6.1
SIZE DISTRIBUTION OF NEW FIELDS
Estimated total ultimate recoverable
reserves after six years of development
history, oil and gas reserves, new field

. wildcats, 17 states only.
Sise Total Percentage Tt fon T3. 3 Year Mpving|Aver of Pefcentage
over PRS-| 10-] 1. LhanlUnpero- over zs.q 10- x-'“.k:"_: Unpro~ :f over |25 10- |1- zg:: s
S0m 2Sm| 10m | 1mifitable [field SOm | SO0m |25m |10m | im [itable| 23 SOm{S0m [25m|il0m im [inprofits
ear — ovetie
reld of or} eguivaient kas, orj comb,

1943 7 19 1?7 69 200} 25 327 2,14 | 2.75 |[5.2 [21.1 }[é61.2 | 7.65 |100%

1944 6 3] 27 &7 142} 36 280 2.14 | 1.07 [9.6 [23.9 |]S0.35(12.86 100" 2.0911.6% |7.48]23.%4|52.¢2 12.61
43 6 |3 23] 77 |139] 52 [300 2.00 | 1.00 |7.67]25.66 {46.33§17.32 100} 1.72[1.0¢ [7.72{24.84{49.47 | 15.15
46 3 3 17 72 149 44 288 1.04 | 31.04 | $5.90}25.00 |51.73{15.28 1100 1.78|1.83 |S5.95]|24.73]«48.39 17.23
.7 8 h2| 15| 82 |164] 67 [348 2.30 | 3.45 |4.31023.57 |47.13]19.26 J100% 1.491.87 }<.60l23.06]53.58 | 15.40
48 S. IS 16 92 276 sS2 446 1.12 | 1.12 | 3.59]20.63 |61, 11.67 11003 2.40 (2,34 [3.89{22.03|52.29 16.95
49 17 1 171.99 218] 90 449 3.79 | 2.45 | 3.79]22.04 |47, 20.04 11007 2,06 {2.05 [3.87]20.17]56.65 15.17
50 7 pld 23 97 21 18 543 1.29 | 2.58 | 4.23]17.85}60.20{13.81 j100§ 2.27|1.94 |3.89]19.22]57.2% 15.33
3 11 IS 23 | 112 402 77 630 1.75 | 0.79 | 3.65{17.77]63.80{12.22 |100% 1.59|1.56 |3.50]|:7.43]62.00 13.79
52 12 9 18 | 114 426} 105 684 1.75 | 1.32 | 2.63]16.67]62. 15.35 1003 1.36 |1.24¢ }3.20}/17.68}60.09 16.5%
$3 4  J 23 | 128 372} 152 688 .58 | 1.31 3.34118.60 | S4. 100‘ 1.0211.04 12.99]16.48(56.21 21.€9
54 6 |e 24 | 133 412] 218 197 .75 | 0.50 | 3.01116.68|52,.71/27.36 !00; 0.6111.26 |3.09}16.12]52.95 25,43
S5 4 |8 24 | 128 436] 223 821 .49 | 1.97 ] 2.92115.59]53.10{26.92 {100} 0.50}1.10 |2.29{16.44 | 54.23 | 24.90
s6 2 }6 7] 144 425 150 734 0.82 10.95{19.61]57.89{20.43]100;| 0.65]1.37 }2,17]17.06}{54.39 | 2¢4.<¢
57 Jg__b 22 { 133 | a4l 236 j831 0,72 |2.65]36.00] 53, 42{25.98 |100!y_

average 1.28 1.63 4.33 19,834 54,836 17.

Seurce: J. Bea Carsey & M.S. Robert :
Bulletia of the American Association of Petroleum Geologists, June 1963.



percentage of wildcat wells drilled in 17 states in the year. Since this
shows no definite trend, the percenh;u were averaged over three years
(p'nt 3 of the table). It is difficult to detect a trend. There is stability
-in the shape of the distribution, rather than stability of individual param-
eters. The percentage of unprofitable and smaller wells has increased,
although the incidence of the real bonanza wells (over 50 million barrels)
scems as erratic s it ever was,
A tentative conclusion from this is that the resource base has been
systematically eroded by past exploration. Technological improvements
may keep the success rate high or push it higher, butdhis requires deeper

wells, which are more costly than shallower ones, and the percentage of

smaller size fields may be increasing, reducing the potential yield.

C. The Equilibrium Approach

In applying the equilibrium approach, it is assumed that business-
men, as rational profit maximizers, will maintain stocks of capital
which maximize the overall profitability of their firms. This means
that additional profit earned from buying an additional input of capital
must be at least equal to the return from spending the same amount on
any other input. This leads to the conclusion that the stock of capital

maintained will be such that the marginal productivity of the capital

input will be equal to the quantity:
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"user' cost of capital stock
price of output

+ The term "user' cost of capital refers to the implicit price the
firm must pay in return for one unit of capital services. Under com-
petitive conditions, a firm will adjust its stock of capital as conditions
change so as to maintain this marginal equality. The rolationship
between the stock of capital held at various points and the values of
price, user cost of capital, and production level imply the quantitative
importance of each of the latter factors in influencing the stock of cap-
ital, This approach was here pursued, utilizing the annual figures for
reserve stocks for the United States and Canada, average field prices
in constant dollars, Aaa bond rates, and estimated finding costs, *

The problems in developing quantitative estimates are numerous.
Fh‘.lt. and perhaps most important, rational operators are basing de-
cisions not on past values of variables, but on their expectations of
future values, There is considerable evidence, of course, that histor-
ical data is commonly used as the basis for forming expec'tations of
what future values will be; but, in trying to develop quantitative results,
one must explicitly cohcider just how these expectations might be

formed.

*Petroleum Outlook, September, 1964, p. 158.
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Another potential problem in utilizing empirical data is that the
ot.nervationn may represent transient.. rather than equilibrium, condi-
tions. Thie is particularly true if changes in the causal variables have
been frequent, since subsequent changes may have occurred prior to
restoration of equilibrfum following these original changes, Consider,
as a particular example, the case of a change in the field price (in real
terms) of crude, The long-run reaction to a price increase (that is, a
true price increase, which must represent a permanent shift in the
demand schedule, since otherwise a price increase would cause a
decrease in demand) would be an increase in reserve stocks, due to
increased profitability; but the immediate reaction would be a decrease
in reiervu. since & price increase would serve as an incentive to
increase current output,

The final major problem in this approach, one common to all
time-series analyses, is the question of the stability of technology
during the period studied, If, in fact, the quantity of reserves techno-
logically necessary to support a certain level of output has changed
during the period of study, it will cause errors in the quantitative rela-
tionships estimated. While there is evidence that such a change occurred,
there exists some evidence as to the direction and magnitude of that

change, thus making it possible to at least estimate its effect on the

relationships.
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1. Data Utilized

' The relationships determined h;re were based on combined United
States and Canadian reserves and production. The justification for this
is based on both logical reasoning and circumstantial evidence.
Figure A.5 presents part of the circumstantial evidence. Examination
of the United States-only reserve/production ratio indicates that it has
been gradually declining, while the Canada-only ratio has been rising.
For both of these to be due to rational decisions on the part of firms,
either the expectation must be that Canadian production will be rising
much more rapidly than United States production, or the firms involved
consider the United States and Canada as a single market. 'I.‘he latter
aeem.s intuitively more plausible, particularly in light of the fact that
United States firms control much of the Canadian reserves.

The individual producing firm should want to hold its reserves
wherever holding them is least expensive, since the United States
market can be supplied as readily from, say, Venezuelan crude as from
domestic crude. Since the evidence indicates that foreign crude can be
delivered to a United States coastal refinery at about $1. 25 less than
domestic crude, an individual producer mighf prefer holding foreign
reserves to holding domestic reserves, since (all other things being
equal) the expected return from foreign reserves will exceed that from

domestic reserves. But import restrictions imposed by the Mandatory
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0il Import Control Program on Mncl.n 10, 1959, effectively limit crude
imports to 12.2% of domestic crude production. Thus, a firm with both
domestic and foreign reserve holdings cannot anticipate supplying more
than 12, 2% of its share of United States d;)meltic markét demands from
its foreign crude holdings. It is therefors unlikely that producers will
consider foreign reserves as perfect substitutes for domestic reserves,
even though in terms of total operations they may favor development of
foreign reserves to development of domestic reserves because of the
greater profitability auocia.ted with the former,

This situation would logically lead to an increase in the relative
importance of the foreign operations of those United States producers
whose size and economic strength permit them to operate freely in
foreign countries. In terms of evaluating reserve levels, however, the
import restrictions effectively prevent foreign reserves from "support-
ing" United States domestic demands., On the other i.ond, if domestic
production were to be unavoidably restricted at some point, import
restrictions would probably be eased; and the large producers may
well be considering this possibility in making their decisions as to where
to expend exploration and development effort.

Canadian (and Mexican) crude, however, is exempt from the allo-
cation and licensing requirements of the Oil Import Control Program

and, consequently, can serve as a substitute for domestic reserves for
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the individual producer,
+  For natural gas, the question of relevant markets seems even
clearer, Canada supplies approximately 3% of United States consumption
and the volume of these imports is growing, while the only other imports
are 8 small amount from Mexico, Because there are no direct import
restrictions on natural gas, the above-described problem does not arise,

Crude prices were taken from API data published in Petroleum
Facts and Fig\;reo* and adjusted to constant 1965 dollars using the whole-
sale price index for all commodities other than farm and food. Natural
gas prices are based on U,S. Bureau of Mines data, adjusted to 1965
dollu"s.

The basic data on finding costs is that presented in a summary
ltat;ment in Petroleum Outlook, September, 1964, The time series
presented here was extended to include 1964 and 1965 by computing the
reserves found per dollar spent for exploration and development from
the JAS survey data and AP] reserve figures. ‘

The definition of finding cost is perhaps the most ambiguous area
in the data in this study, Ther; are three primary reasons for this,

*"'Average Price Per Barrel of Crude Oil at the Well, " based,
in turn, on Bureau of Mines reports.
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First is the question discussed in Section IV.B concerning the mea-
surement of reserves actually dilcw;red. Although the API definition
of reserves is used consistently throughout this study, it seems obvious
that any producer, in making decisions to explore, is contemplating a
discovery of reserves in excess of the API-defined reserves, In the
type of model here proposed, the relevant variable is the operator's
expectation., '

Second is the relatively poor data available on actual costs of
exploration and development activity., Such data have been collected only
sporadically, with little breakdown by category of expenditure.

The third reason is that a discovery is of itself a random event,
and the barrels found per dollar may be expected to fluctuate consider-
ably from period to period in the absence of any real change in the
efficiency or cost of exploration. It is hardly plausible, then, that
operators would use, for example, the most recent experience as the
basis for estimating the finding costs that will be incurred from current
operations, High observed values of finding cost represent, at least
partly, a period of comparative lack of success in exploration activity,
and low observed values represent a period of relative success. Con-
sequently, an operator's expectation of finding costs for his current

operations should be represented by some averaging of recent costs,

6.17



Production figures used were obtained from API reports based on
Bureau of Mines summary statistics ;or United States data and from
Canadian Petroleum Association reports for Canadian data., The raw
data for these values are quite reliable, but there is again some question
as to how the expectations of operators might be related to reported pro-
duction figures. The production level observed in any one year is subjec
to some random nuctultionl. and is not necessarily a good forecast of
what future production levels will be, The demand for crude in particula
although rising by 40% from 1953 to 1966 (an average annual increase of
2.6%), has risen by as much as 8. 1% and has decreased by as much as
6. 8% from one year to the next. In this situation, it seems again rea-

sonable to utilize some sort of averaging to forecast future production

requirements.
D. The Simulation Approach

Another general approach to determination of reserve responses
to tax-policy changes is to (a) identify significant variables which, theory
would indicate, affect reserves and (b) determine the effect of tax-policy
changes on these variables. This approach requircs no assumptions
that operators are true profit maximizers but, rather, depends on
empirical obtervaﬁoqa to determine operators' responses to changes

in the variables, Models of this class take thz observed state of the
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world as given, and then develop empirically observed relationships

which indicate expected responses to .clungu in certain variables. In
c(;ntraut to neoclassical economic médelc. the explanatory variables in
such a8 model may be those which bring about effects only indirectly,

since no attempt {s made to provide a complete theoretical foundation

for the model, Such models have been increasingly popular in recent
years, primarily due to their success in explaining anomalies in observed
behavior which are clearly inconsistent with economic theory.

Previous investment models of this type have frequently used the
preceding year's nte‘-ol-return as a determining variable in explaining
investment. Leaving aside for the moment the question of cc;ructly
measuring a rate of profit, this possibility will be discussed.

" For any businessman, it is the expectation of future profits which
guides investment. This suggests that businessmen may be more influ-
enced by their long-term view of the place of their industry in society
than by last year's or the previous years' profit rates, The armaments
manufacturer who sees an armistice approaching will not be guided by
high wartime profit in determining his level of investment in the coming
period of peace. Similarly, if the oil industry becomes convinced that
the long-term prospects in oil are poor, expansion may slow down and
retraction may occur. Since investment involves tying up assets over

8 long period, to induce a change in investment policy is likely to require
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a longer-torm trond than would be reoflected in a asingle year's vealized
profit rato. |

In nooclassical economic theory, the rate of profit is not a deter-
minant of investment, but a result of investment, Thus, any industry
which has a current rate of return higher than that for investment in
general is sufforing from under-investment, with the reverse true for
industrics offoring less than market rates. Under-investment or over-
investment may have resulted from a shift in demand and/or from the
existence of market imporfections which restrict free entry and exit,

On the other hand, there are plausible reasons why the rate of
profit of the previous period could be considered a determining variable
for investment, For an industry which has an established and fairly
stable demand, the present rate of profit is perhaps a good estimate of
the fulure rate of profit, and it is likely to be the figure on which expec-
tations are based, A good current rate of profit will also indicate that
funds are available for inveatment, both because outside capital can be
attracted to profitable companies and because high profit generally leads
to high net cash flow, Whether the internally generated cash flow avail.
able to a company through retained earnings and tax allowances is a
significant factor in investment will depend on how far the company is
ablo to take advantage of the capital market. Very small companies

may find the market unwilling to lend, while very large cémpaniea may
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find themselves in a position where the extent of their demand for bor-
rowed funds raises the rate of intere;t against them, In either of these
cases, internally generated funds would have a lower supply price than
funds borrowed on the market,

Another oxplanatory variable is change in demand., The techno-
logical rationale for this is that, if demand for a product increascs
during any period, increascd production may strain plant and equipment
to capacity, and costs may begin to rise, In such a case, investment is
required to bring the labor and capital inputs back into balance, particu-
larly if the higher demand is taken to be permanent, Empirical work
on investment in manufacturing industry suggests that chang; in demand
may be at least as significant as the rate of profit in determining invest-
ment, Stigler® derives a multiple correlation between investment and
the previous period's profit rate and change in demand, using data for
98 industries and eight years. The results suggest that demand is the
more important variable, However, when there is introduced a correc-
tion factor for price changes, the importance of the profit rate increases,

suggesting that demand and investment are subject to the same inflation-
ary factors,

——————

*G,J. Stigler, Capital and Rates of Return in Manufacturing

Industry, National Bureau of Economic Rescarch, Princeton, New
Jersey, 1963,
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Still another variable suggested as a determinant of investment
is internal cash flow. The rationale i’or this is the firms' investment
budgets are based on the funds available, and that there is general
~~unwillingness on the part of managers to resort to outside financing,
due perhaps both to the effort involved (particularly for the smaller firm)
and to the possibility of sacrifice of control which outside financing en-

tails. A number of studies have been made in which these factors were

significant, ¥

E. Quantitative Analysis of Expenditures for
Exploration and Development

In order to develop a function to estimate expehditures for explor-
ation and development, it was necessary to examine in as much detail
as possible the patterns of these expenditures over the past years and
to relate these patterns to the p;tternc of possible determinants of
expenditures such as demand or profit,

The longest series of data on expenditures is published by Chase
Manhattan Bank and is available for consecutive years from 1946-1965,
The data divides the domestic United States petroleum industry into two

groups: The Chase group, which is composed of between 30 and 33

*E.g., W. Heller, "The Anatomy of Investment Decisions, "
Harvard Business Review, 29, No. 2, March, 1951,
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large, integrated companies, and the Other group, which is a hetero-
geneous collection including some ln:ge integrated firms as well as
individual operators. The Chase Manhattan data does not give separate
estimates of exploration and development expenditures, nor is it a true
division by size of company. The Chase group varies slightly in com-
position, but it may be assumed to be rep.relent‘ative of the largest
companies. The heterogene'ouu nature of the Other group makes any
ge.neralizations about its behavior subject to several qualifications,

The pattern of expenditure for each group and the total industry will be

considered first, then the related patterns of production and several

rate-of-return measures.

1. Expenditures for Exploration and Development

The expenditures for exploration and development for each group
and for the total industry are shown in Table A.9 and Figure 6.1,
Figure 6. 1 gives a clear picture of the pattern of these expenditures
over the past twenty years. The expenditures for exploration and dev-
elopment for each group and for the total rose sharply from 1948 to
1957. At this point in time, there is a definite break and the two groups
diverge to distinctly separate paths. After an initial but sharp drop in
1958, the Chase grou;‘n continues a general path of rising expenditures

for exploration and development. The Other group, after a similar
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- FIGURE 6.1 —

ANNUAL EXPENDITURES
FOR EXPLORATION AND
DEVELOPMENT
5000
{Million Dollars)
4000
(U.S. Total)
3000
(Chase Bank Group)
2000
'(other)

1000

3 7 3 3 3

o o o o
"~y (] [ ] - -

6.24




I sharp drop in 1958, does not by contrast recover, and enters a ctud}
but continuing period of decline in exploration and development expend-
{tures. The decline in the expenditures for the Other group is severe
enough to affect the total industry, which shows a decrease from 1957

l to 1965,

In summary, the annual expenditures by the Chase group started
at $775 million in 1946, rose to a peak of $2673 million in 1957, declined
for the next few years, but finally more than recovered, reaching $2817
and $2847 million in 1964 and 1965, respectively, The Other group had
expenditures of $740 million in 1946; these rose to a peak about 1957
when they reached $2427 million, and then declined steadily to & low in
1965 .to $1363 million, The total expenditures for the industry followed
somewhat the same pattern: expenditures of $1515 million in 1946; a
peak of $5100 million in 1957; a declin; and partial recover); to $4450
million and $4210 million in 1964 and 1965, respectively, T;)o points
are obvious from these data, First, the industry utructui'evand patten;
of expenditures changed in 1957 or thereabouts, with one pattiern being
exhibited prior to this time, and a second totally different pattern
between exhibited after 1957, Second, there are at least two distinct
segments of the indu;try with quite different éatterno of expenditures

for exploration and development, These facts will make it hasardous
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to use the past behavior of the total industry (over the last twenty years)
to judge possible bohavior of the lndu;try in the future,

The relevant patterns of expenditures can be more roadily seon in
Figure 6,2, which is derived from 'r.m., A, 15, The expenditurcs for
each group and for the total industry were summed over an eight-year
period to synthesize an asset base for the industry, From the graph
(Figure 6.2), it can casily be seon that the assots in exploration and
development increcased for both groups from 1933 to approximately 1958
or 1959, After this time, the Other group decrcased such expenditurcs
at a steady rate, while the Chase group continued to increase theirs but

at a slower rate. The total industry reflects the decline experionced by

the Othor group.

2, Production angl Gross Income

The outbut and ‘rou income of the gx;oupa are shown in Figures 6.3
and 6.4, and in Tables A, 1 and A, 8. Again, two distinct patterns occur,
The Chase group begins in 1946 with an annual production of 1270 million
barrels and increases its production to a temporary peak in 1957 of 1637
million. The production then declincs for about two ycars and finally
increascs to 1923 million barrels in 1965, The Other gro\;p starts at
749 million barrels in 1946, increases to 1004 million in 1956, and then

declines to & low of 925 million barrels in 1965.
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" FIGURE 6.2
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FIGURE 6. 4
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The increascd production in 1956 and 1957 are probably due to the _
l increase in demand caused by the Sue; Crisis, The industry appears to
have successfully met this increased demand without an apparent change
in the pattern of expenditures.

The important pattern to note here is that the Chase group has
absorbed all the increase in demand in the years since 1959, while the
Other group has experienced a steady but (apparently) slowly decreasing
production level, particularly in the last two or three years.

The wellhead value of oil and gas production (minus fifteen percent
for royaltics) is used as a measure of gross income for the two groups, ‘
This measure has shown a steady increasc for both groups since 1946,
with iew exceptions, notably the drops after the Korean War and the
Sues Crisis. Table A. 1 and Figure 6.4 show a slower rise in gross
income for the Other group than for the Cahse group, especially since
1958, During this latter period, gross income for Chase rose by 29%
while gross income for the Other group rose by 17%,

A more interesting question is how the Other groué managed to
increase income while reducing expenditures for éxploration and devel-
opment. There appear to be two reasons for this. First, the Other
group has managed to keep production fairly high. Whila, from 1957

" to 1965, the Other group reduced expenditures for exploration and
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development by 44%, production during the same period declined by only
13%. This process is reasonable. V;hilo it may be not profitable to
explore or develop more oil, it may well be profitable to continue to pro-
duce from presently owned wells, A producing oil well is an extremely
durablo asset, one with an average life of about 25 years, and the initial
estimates of recoverable ofl from some wells are still being revised as
long as 40 years after ducd.very. Thus, production might decline fairly
slowly for some years after exploration and development effort was
reduced.

A second reason may lie in the portion of gross income which does
not come from crude oil production but, rather, from gas production,
lease revenue, and royalty payments received. These sources, partic-
ularly lease and royalty payments, could be forming a larger portion of

the gross income of the Other group,

3. Estimates of Rates of Return and Expenditures

In principle, the simulation model aimed to base predictions on
past responses to realized rates of return. This is the function of the
modeling approach, and considerable effort was expended in develoéing

a workable estimate of rate of return.

The only published source available for estimating rate of return
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to assects is Corporation Tax Returns, * but it does not indicate the

return to assets in domestic production of crude oil and natural gas

because:

(1) No distinction is made between domestic and
foreign activities,

(2) No distinction is made between assets used in
rvefining and those used in crude oil production;
nor is gross income 8o divided.

(3) Calculation of an asset base is further confused
because:

(a) Depreciiﬁon allowances no longer reflect
in principle the consumption of capital,

(b) Depletable assets reflect not discovery -
value, but the remaining depletable assets

account,

(c) The special provision to expense exploration
and development expenditures underestimates
the asset base,

Mr. Simon M. Simon of New .York University kindly made avail-
able his calculation of rate of return on assets in the crude oil and petro-
leum refining industries for 1946-1961, These estimates attempt to
correct for all the factors listed under (3), following the practice of
Stigler, ** These are shown in Table A, 17,

#Statistices of Income, U.S, Treasury Department.

*#Stigler, G., Capital and Rates of Return in Manufacturing Indus-

try, National Bureau of Economic Research, Princeton, New Jersey,
1963,
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The table also shows Stigler's own estimates for rate of return to
pgtroleum refining and estimates pu;nrod from data on a sample of
large firms published by tte First National City Bank, These estimates
all include foreign returns, This is not a negligible factor, since there
has been a shift to foreign production which, as far as can be ascertained,
{s more profitable than domestic production.

The estimates all follow a roughly similar path, but the disparity
of magnitude is considerable, Table A, 18 gives comparative data from
the same sourcos for rate of return to various other industries.

It was evident that these rates of return would not serve as pre-
dictors for the model, anq it became necessary to develop a variable
to satisfy the needs of this study. The first requisite of such a variable
was that it is predictable, {.e., that it be constructed from other known
or previously predicted measures in the model, Second, it was neces-
sary that it predict expenditures reliably,

A commonly used rate-of-return formulation is gross income

minus operating expenditures divided by assets, as follows:

Gross Income-Operating Expenditure

Assets
Not all these varjables are known for the portion of the industry

which finds, develops, and produces crude oil. Hence, some had to be

estimated.
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Gross income was defined as gross income from the sale of oil

' and gas minus 15% royalties plus am;ll amounts from lease revenue and
royalties received. Operating expenditures were estimated from pro-
duction and the price of crude oil, *

Since asscts result from past expenditures, an initial estimate of
the assets committed to crude oil production activity was obtained by
summing three years' oxper;dlturca for exploration and development
(the past two years' and the present year's). The data for these vari-
ables is shown in Table A. 2,

Using these variables, a rate of return was computed according

to the following equation:

. Gross Income(t) - Operating Expenditures(t)
Rate of Return{t) = Sum of Threc Years' Expenditures for
Exploration and Development (t, t-1,t-2)

This rate of roturn was calculated for the Chase group, the Other
group, and the total industry. The results can be seen in Table A, 3
and in Figure 6, 5.

For both sections of the industry, the rates of return drop sharply
from a high in 1948 to a low point in 1958, However, there are major
differences in the total patterns over the entire twenty years.

B )

*See page C, 15,
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FIGURE 6.5
RATE OF RETURN BASED ON SUM OF THREE
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The rate of return for Chase drops to its low in 1958, After this,
it increases again until 1962 when it ;hovu a tendency to increase but
with an ascillating pattern,

The Other group drops from the 1948 high into a low period start-
ing about 1954 and continuing to 1958. After 1958 the rate of return for
the Other group rises sharply, The apparent reason for this is their
reduced expenditures for exploration and development. (This point will
be discussed in more detail below, )

It should be noted that, in the 1948 to 1957 period when both rates
were falling, the rate of return to the Other group was considerably
lower than for the Chase group. '

The purpose of computing this rate of return was to determine
whether this measure could be used as a determining variable from
which to estimate expenditures for exploration and development. It can
be seen from the data that these two measures do not follow any similar
pattern, In ﬁct. they appear to follow opposite trends. This can be
seen most clearly in Figures 6.6, 6.7, and 6, 8, where ti\h estimate

of rate of return and expenditures for exploration and development are

shown together,

These patterns are open to several interpreﬁtionl. Since expend-

itures for both groups have risen in the face of falling profit rates, it
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FIGURE 6.7
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is possible that the industry was making excess profits, either because
of market imperfoctions and entry restrictions, or becausc the rate of
return was still tending to long term equilibrium. It would be expected
that the rate of return would continue to fall until it reached an equilib-
rjum level in competition with other industries, when marginal produce
would leave tho industry or at least not expand, (See Figure 6, 5)

This appears to be the path followed by the Other group. The rate
of return declined for several years until it stabilized at its lowest value
for a period of about five ye‘ars. At the end of this sustained period, the
dhcr group began reducing expenditures for exploration and' developmen’
but continued to re?eive income from past expenditures because the
average life of an oil well is fairly long, at least as long as the period
in which the Other group had been reducing investment in exploration
and development,

The Chase group also experienced a decline in the rate of return
from 1948 to 1958, but their rate never rcached the low levels that the
Other group experienced, There was also no stabilizing period, since
the rate of return reversed its trend and started to rise from 1958 to
1965,

It could thus tentatively be concluded that for the Other group,
which is heterogeneous group composed of small operators and com-

panies, as well as a few large firms, the industry has already passed
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the point where marginal explorers have preferred to leave. In fact,
this point occurred about ten years u‘o.

| These conclusions were stated as tentative because several objec-
tions could be raised. It could be argued, first, that investment isa
function of a lagged rate of return; second, that investment is not a
function of the rate of return but of the absolute return (that is, absolute
profit); or third, that it is not valid to expect expenditures to be a func-
tion of the rate of return when the industry in a period of readjustment
and, therefore, that only a portion of the twenty-year period should be
used. These possibilities were investigated.

The levels of expenditure for exploration and developn';ent were
estimated as a function of the lagged rate of return for up to five years.
(The lagged variables were tried individually as well as all ﬁvc lagged
variables together.) This was done for the Chase group, the Other
group, and the Total., Equations in logs of all the variables were also
calibrated. This effort producyed' no useful results, When the variables
were used singly, the correlations were either negative or produced
R%'s in the neiglkborhood of . 02. When the lagged variables were used
together, the R2's were in the neighborhood of . 40 but the standard
errors of the' cocfficients were n;ore than .twlce the ;r‘aluec of the co-

efficients, indicating that the latter are not reliable,
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The estimating equations that were tried are listed below:
Let RoR = Rate of Return (as defined above)

TEP s Expenditures for Exploration and
Development

GIN z Gross Income

EPPR Production Expenditures

STEP = Sum of Three Years Expenditures
for Exploration and Development

GIN(t) - EPPR(t)

STEP(t)

13

then RoR(t)

The equations used in the analysis are:

TEP({t) = a) RoR(t-1)
TEP(t) = a} RoR(t-2)

"TEP(t) = a) RoR(t-3)
TEP(t) = aj) RoR(t-4)
TEP(t) = a) RoR(t-5)
TEP(t) = a] RoR(t-1) + a2 RoR(t-2) + a3 RoR(t-3)

+ a4 RoR(t-4) + as RoR(t-5)

logyo TEP(t) = aj]log)g RoR(t-1)

logjo TEP(t) a) log;g RoR(t-2)

logyo TEP(t) a) logjg RoR(t-3)

logyo TEP(t)

a) logjg RoR(t-4)

log;o TEP(t) a] log;o RoR(t-5)
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logjo TEP(t) = a) loglq RoR(t-1) + a2 log) g RoR(t-2)
+ a3 log)o RoR(t-3) + a4 log; o RoR(t-4)
+ a5 log) g RoR(t-5)

The next estimating equation analyzed was based on the theory
that expenditures for exploration and development were a function of the
absolute profit or return, rather than the rate of profit. Therefore,
the following equation was used:

TEP(t) = a) (GIN(t-1) - EPPR(t-1))
This equation was estimated using the nineteen-year data for each of
the three groups: Chase, Other, and Total. The results produced,
when the absolute return was used as the determining variable for
exploration and development expenditures, were the same as for the

above equations, that is, either negative or statistically unreliable,

This was true for all three groups.

3

4. Estimating Equations Based ;)n th; !;eriod 1957-1965

Finally, several alternative measures ware’tried f'or the Chase
and Total groups for 1957-1965, a .period felt to reflect present trends,
(It is obvious that there is no reason to attempt any further analysis
for the Other group for this period. )

For this period (1957-1965), the expenditures were estimated as

a function of rate of return, return only (that is, absolute profit), and
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rate of return based on annual expenditures, as opposed to the sum of
three years expenditures. These profit measures were all lagged by
one year,

The analysis of the Total group revealed no significant relation-
ships between the level of expenditures for exploration and development
and any of the three return measures, The analysis on the data regard-
ing the Chase group revealed that some weak relationship may exist
between the expenditures for exploration and development and some of
the measures of return. The expenditures estimated from the rate of
return based on the sym of three years expenditures yielded.an RZ =
0. 3776; based on return only (absolute profit) R2 = 0.5420. The logs
of tha: variable produced R2's in the same range. The standard errors
of the coefficients of the variables were less than one half their value.
When expenditures are estimated on the basis of a rate of return com-
puted on annual expenditures, the results are improved, The R2 for
this equation is 0, 5685 and the coefficients of the variables are more
reliable.

The equations used were:

TEP(t) = a; RoR(t-1)
TEP(t) = aj (GIN(t-1) - EPPR(t-1))

TEP(t) = a; RoR(t-1)
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where the rate of return is computed using annual
expenditures for exploration and development rather
than the sum of three years expenditures for expend-
itures for exploration and development.
In summary, the data, graphs, and analysis indicate two major
points:

(1) The industry has undergone major changes in
its pattern of expenditure for exploration and
development and its rate of return in the past

twenty years.
(2) Over this twenty-year period, there is nota

measurable relationship between the rate of

return and the level of expenditures,

Analysis on the data for the period from 1957 to 1965 shows that
there may be some relationship between the rate of return and expend-
itures for exploration and development for the Chase group. There is
no similar relationship between expenditures and the rate of return for
the entire industry.

An alternative source of data is the annual survey published by the
Joint Association Survey. This organization collected data for the entire
industry ;n expenditures for domestic exploration, development, and
production separately, This data allows separate estimates to be made
of expenditures for exploration and expenditures for development.

There are t;vo difficulties in using the Joint Association Survey

data. First, the breakout between exploration and development expend-

itures appea.u not to be precise. All expenditures resulting in successful
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wells are classified as development expenditures. All expenditurcs
w!sich resulted in dry holes are claaa;ﬁed as exploratory costs, Since
approximately twenty percent of development wells result in dry holes,
some of the dry-hole cost should logically be allocated to development
expenditures; a similar proportion of exploratory wells are successful
and their costs should be allocated to exploratory expenditures. Howeve
while the classification of expenditures and their titles (that is, explora.
tion and development) is perhaps unfortunate, it is not a serious problem
if they are to be used as variables in an estimating equation. In other
words, it is not impo_rtane what the variables are labeled. What is
important for this study is whether the use of the variables ):ields a
reliai)le estimate.

The second problem is that the data is available consecutively only
from 1959 to 1965 and for the years 1953, 1955, and 1956, This limits
the number of points that can be used in any function, especially if the
variables are lagged by time period. While thiQ is inconvenient, especi-
ally for the missing years 1957 and 1958, the previous analysis has
shown that it is the more recent years which should be most closely
modeled, because of the apparent period of adjustment during the 1950's
and because the later ycars are the only period indicating any sensitivity

of expenditures to rate of return,
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The estimating functions developed separately for expenditures for
exploration and for development wero‘ based on the theory that continued
expenditures in either exploration or development would depend upon:

{1) The profitability of total expenditures,

(2) The relative profitability of the particular kind
of expenditures, that is, mainly exploration
or development,

(3) The need to replace previous investment being
currently consumed,

On this basis, the following functions were defined:
. " ‘ .
EPEL(t) = a (E_l?_(t_u) 2 (NRE(t.n Pa(e.u) 3

(6.1 TEP? EPEL(t-1)
] NRE(t-1) pégc.u)
(6.2) EPDV(t) = aj +a; EPEL(t) + a3 ( EPEL({t-1)

where EPEL = expenditures (mainly exploratory),
EPDV = expenditures (mainly development),
NRE = new reserves from exploration,

PR = price,

TEP7 = geven-year exponential moving average
of total expenditures for exploration
and development,

NP = net profit,

The first term, in both equations, is the ratio of the net profit to
the total expenditures for exploration and development, The second

term, in the case of the exploration equation, is the barrels of new
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reserves discovered through exploratory effort times the current price
o{ crude oil, or a measure of the ret\;rn from exploratory effort, This
product is then divided by the expenditures which are mainly for explor-
atory purposes. Thus, the total ratio is a measure of the return from
exploratory effort or the inverse of the finding cost of reserves.

The equation to estimate development expenditures is based on the
best fit found, and bases development expenditure on exploration expend.
fture and the success factor of previous exploration expenditure. The
fit of such an equation was significantly better than one based on the
same factors as the exploration equation. The explanation may be
simply that the availability of developable properties is a function of
éxplc;ration. (In the calibration, the laggcd exploration success accounts
for R2 = 0, 7159 out of a total R2 of 0. 7329,

As noted previously.. the breakout of expenditures between "explor.
ation" and "development'' is not to be regarded a precise allocation.
Since expenditures resulting in successful wells are classified as
"development expenditure" and exp,end’iturea which resulted in dry holes
are classified as ""exploratory expenditure, " the ratio of values in the
second terms of the estimating equations cannot be strictly interpreted
as a return Irom exploration or development expenditures but only as
a return from exploration or development'eﬁbrt if.‘ indeed, any eco-

nomic interpretation should be attached to them at all,
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Net profit is defined as the difference between receipts from oil .
(apd gas) production and expenduures‘for finding, developing, and pro-
ducing oil (and gas), divided by the expenditures, The receipts include
income from leases and royalty payments but exclude royalty payments
made to others. The receipts from (oil and gas) production are deter-
mined from the gross value of all production after deducting fifteen per-
cent for royalty payments. This variable is therefore an attempt to
approximate the profit from finding and developing crude oil (and gas)
without using data which involve profits resulting from refining or
foreign properties. It is not, of course, a perfect measure, since not
all costs or expenditures are included in the data available. The expend-
itures do not include income taxes, interest charges, and returns to |
investors,

Although it was felt that one of the final sct of equations described
above would yield satisfactory estimates, additional estimating functions °
were formulated, These were based solely on receipts which approxi-
mate demand,

These functions are:

EPEL(t) = aj + a2 GIN(t)
EPDV(t) = aj +a2 GIN(t)
In any of the above functions, the change in expenditures for explor-

ation and development due to changes in the depletion allowance can be
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estimated by reducing the income or receipts by the amount of additional
taxes which must be paid, The effect of changes in royalties can also be '
estimated by' the same procedure. Thus, these functions could be used
to determine if a change in depletion allowances might be compensated
for by a change in royalty payments.

The operation of the model rests on the assumption that it is neces.
sary to determine the profitability of expenditures in crude oil under
alternative tax policies only with respect to its former conditions and
that it is not necessary to d;termine its relative profitability with
respect to all other industries.

It would, of course, bte useful to determine its position relative
to all industries, but substantial difficulties prevent the making of any
meaningful comparisons. Only the most aggregate comparison between
the entire petroleum industry (including refining and foreign) and other
industries can be made, and even these comparisons are subject to
criticism on several points.

A regression analysis was performed on the last two sets of
investment functions described above, using data from the Joint
Association Survey for the years, 1955, 1956, and 1959-1963, The
statistical measures of the analysis (F ratios, standard error of the
coefficients, and so forth) are presented in Appendix C. The regression

pi'ogrqm used provided a step-wise option which entered the variables
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in order of their explanatory power, In most cases, equations using the
logs of the variables were also calibr;ted by regression analysis,

As would be expected from the theory discussed earlier, expend-
jtures for exploration are more sensitive to the rate of profit than are
expenditures for development, since exploration expenditures are more
"postponable' than development expenditures. ﬁio result was true for
all forms of the equations,

In summary, the analysis revealed that, over the twenty-year
period from 1946 to 1965, no statistical evidence was found which would
indicate any significant relationship between the numerous measures of
rate of return calculated and total expenditures for explorutl;m and dev-
elopment for the domestic crude petroleum industry. In addition, no
relationship was found to exist when the industry was analyzed as two
separate groups, namely, the Chase group and all Others,

Amlysis over the more recent past (from 1958 to 1965) revealed
no significant relationship between the rate-of-return measures and
expenditures for exploration and development for either the total indus-
try or the Other group. . For the Chase group, the analysis showed at
most a weak relationship between the measures of return and expend-
itures.

The analysis based on the breakout of expenditures for exploration

lnd development into two classes and use of a measure of the value of
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the resorves discovered and a rate-of-return measure yiolded no signifi.
cant relationships between these variables and the level of oxpenditures,
!

Consequently, the development of a model of this type was doter-

mined to be infecasible at the present time.

F. Models of the Individual Firm

As a supplement to the industry models described above, a model
of a "representative"” firm was developed. The output of this model is
not an estimate of industry reaction to policy changes, since no attempt
is made to aggregate the reactions of "representative firms. The objec-
tives of developing this model were (1) to develop a better understanding
of the mechanism by which the aggregate reserve level changes, since
it is the decisions of individual operators which cause any observed
changes, and (2) to permit examination of the time pattern of reactions
to policy changes.

The model is a simulation model in which the profitability of the
firm is determined as a function of the exploration and development
program which it follows over a period of 10 years., The firm is then
assumed to choose that program which maximises its profitability,

The outputs of this model cannot serve as quantitative estimates

of the effects of tax policy changes on total reserve levels, but can only
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gerve to support or refute the quanlitgtive estimates generated by the
{ndustry model.

That ia, if the industry model predict a 10% reserve decrease as
a function of a certain policy change, the model of the firm would be
expected to show a decrease of, pérhaps, 2% to 25%. If the model of
the firm indicated, say, no change or a 50% decrease as a result of the
same policy change, this wo.uld tend to refute the results of the industry
model.

The lack of quantitative significance of the firm model {s due in
part to the lack of data on which to base it. It consists of a detailed
picture of the actions and decisions of an individual firn: in exploring,
developing, and producing crude oil. The firm takes its environment
as fixed in making these decisions, and, in general, attempts to maxi-

mise its long-run profitability, The critical parameters in the model

involve items such as the expected life of a well, the expected reserves

found with a successful well, the success ratios for different types of
wells, the costs of drilling, the costs of well operation, etc. Estimates
of all these quantities aro available based in industry aggregate data,

but these industry averages mask considerable variability in individual

values.

The concept of using a "representative" firm to analyze the effects ‘
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of economic variablos was developed by Marshall, * It would, in prin.i.
ple, be possible to oxtend this model .to develop quantitative estimates
of industry reactions, but such an extenaion is impossible with presently
available data, '

The model constructed for this stydy does have certain desirable
general features, however, Among thesc are the manner of entering
values of significant parameters and policy variables. The values of
all these can be resct by the analyst at any time. This means that if
better data becomes available in the future, the model can be immedi-
ately modified to utilize it, It also means that the model has potential
for evaluating a number of other policy factors than the cha:;ges in
depletion and intangible exponsing that were the primary factors in the
present study, For example, the effects of changes in changes in
import policy, or allowable production days, or the combination of

such changes with depletion changes, can be examined,

*Marshall, Alfred, Principles of Economics, 8th edition, New
York, The Macmillan Co., 1924,

6. 54




vil. INDUSTRY RESERVE-REACTION

FORECASTING MODEL

This chapter discusses a neoclassical approach to estimating the
effects of certain tax policy changes on the levels of reserves held by the
petroleum industry, The basic approach is to develop equations which
{ncorporate those variables which should, according to economic theory,
determine the lovel of reserves; to fit those equations to empirical data,
and then to determine the effects of tax-policy changes on the independent
varjables.

The first portion of the chapter develops the theoratica} structure
by which reserve levels should be determined.

The latter part of the chapter discusses the problems of obtaining
measurements of the variables in the model and the statistical calibration

of the model.
A. Reserves Viewed as a Capital Stock

The basic approach of the study was to consider reserves as a
capital stock necessary to support the production of liquid petroleum
and natural gas. The optimal level of capital stock for a firm to hold
{s that 1evel for which the marginal productivity of the stock is equal to

the ratio:
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user cost of capital stock*

price of output
The "user" cost of capital is the implicit rental price that the capital
stock must earn to pay for itself anq is, in general, a function of the
price of tize stock, the cost of capital funds to the firm, and any special
tax treatment accorded to capital stock, The price of output is Aauumed
to equal the after-tax marginal revenue at the specified level of capital
stock, a condition which holds under competitive conditions,

If stocks are any higher than the level specified by this relationship,
the output obtainable with the stock in excess of this level will not pro-
vide a revenue as large as the user cost of the additional capital, which
means that cost of the excess capital will never be recovered.

If stocks are lower than the level specified by the relationship,
then it would be profitable to add more capital, since the revenue from

the output obtainable with the added capital will more than pay for the

cost of the capital.

So————

*For a complete developmcni. see, e,g., Jorgenson, Dale W,,
"Anticipations and Investment Bebavior, ! in J.S, Duesenberry,

G, Fromm, L.R. Klein, and E. Kuh, eds., The Brookings Quarterly

Econometric Model of the United States, Chicago, Illinois, 1965,
ppo 35'95.
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It is clear that crude petroleum and natural gas reserves are a
type of capital stock, and not simply an inventory, in that there is a
definite technological relationship (represented by the MER) between the
stocks held and the level of production. This limits the amount that can
be produced from a given level of stocks, and requires a prodqcer to
maintain certain levels of stock to meet certain levels of production,,
Due to the MER, no more than a certain percentage of the total reserves
can be produced during a year,

In order to utilize this mufginal relationship, it is necessary to
specify the production function which governs the relationahip between
capital stock and output, or at least determine the marginal productivity
l\mct.ion for capital stock. If, f‘;r example, we were to assume a Cobb-
Do\iglas type production function:

P=AKAL®
then the marginal productivity fu_nction would be,

iP P

1K " P

which then gives the optimum quan-tity of capital stock as
sP
C

optimum quantity of capital stock,

o
where

= price of output,

user cost of capital stock,

W O @ xRy x>
[}

quantity of output,
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This relationship indicates that capital stock has a unit elasticity
with respect to each of the independent variables. There are, of course,

an infinite number of possible similar marginal productivity functions

with other-than-unit elasticity,

1. Possible Production Functions

Considerable work has been published on using econometric modela.
to evaluate the effects of tax changes on investment, Although there is
certainly a lack of agreement as to the apprdpriateneu of the mm;r
possible forms of production functions, much of the previous empirical
work has been based on an assumption of constant elasticity of substitu-
tion (CES) productioh f\mctioﬁl. It must be noted that a conoideuble
portion of previous work* has d.ellt with attempts to determine the lag
function appropriate to investment in capital goods, based on quarterly
investment data. The approach taken here is somewhat different for
two reasons. One is that the data for most of the variables of intereit
is available only on an annual basis, The other is that the primary
objective of the -t;zdy is an estimation of the long run effects of certain
policy changes, and in view of the paucity of data available, it seems
advisable not to attempt the estimation of an excessive number of

*Jorgensen's, in particular,
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puramotora.

Lags have a number of different possible interpretations, anrd on
the basis of these variations, there are a variety of ways to treat them,
Jorgensen conceptualizes lags as arising from the physical aspects of
investment in equipment. That is, the decision to invest is made on the
basis of current values of the determining variables, but implementation
of this decision occurs bit b; bit over a number of quarters. This con-
cept certainly appears appropriate in many phases of manufacturing,
where the decision to invest may be followed by months of engineering,
drawing, b‘uﬂding construction, and machine installation. Such a con-
cept of lags leads naturally to the conclusion that in empirical testing
all independent variables have the same lag,

If the conceptual basis for the lag structure is taken not as the
result of the pl_\yaical time span of investment in capital goods, but
rather a; a resultant of reasonable patterns of expectation formation,
then the variables need not exhibit the same lag structure.

The physical investment process which results in additions to
proved reserves is the drilling of a well, Although this activity must
be preceded by a chain of other activities, such as geological explora-
tion and land acquisition, no ghange in proved reserves (or prﬁucﬁn
capacity) takes place until the wlell is essentially ready to produce, -

The elapsed time required to bring a well into production (once the
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decision to drill is made) is quite short -- as little as two months may
be sufficient.

The annual drilling program of a large {firm may consist of fifty
wells or more and is typically decided on an annual buio. The program
covars wells in 8 number of different areas and is iubject to alteration
during the year, based on the drilling results as the period progresses,
Thus, the capital oxpenditur.o‘ program for well drilling consists of a
number of separate expenditures which do not have a technologically
invariant relationship to each other, as do many capital expenditure
programs in manufacturing industries. It would appear that the induatry.
can make significant adjustments in its rate of adding new reserves
within a year, and thus the concept of a rigid lag function when dealing
with annual data seems perhaps unjustifiable.

Consequontly, the model is based on the assumption that adjust-
ments in reserves are largely accomplished within each year, *

With this assumption, it is possible to determine the relationship
between the stock of reserves at the end of each period and the variables

—

#Support for such an assumption is given by S, Almon's finding
that capital investment in petroleum and coal showed the shortest lag
of any SIC industry group, with over 95% of investment occurring within ..
one year of authorization, 8, Almon, "The Distributed Lag Between
Capital Appropriations and Expenditures, " Econometrica, 33, 1965,
pp. 178-196,
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whlch'lhould determine the desired le.vel of stock, The desired stock
level ropresents, of course, a desired productive capacity, and this
desired productive capacity should be a function of the expected levels
of production, the expected cost of using the capital stock, and the
expected revenue from selling the output produced with the capital stock.
The exact relationship to be expected depends on the form of the
production function which applies to the industry, and on this there is
comparatively little evidence. Due to lack of strong evidence to ,$he
contrary, a first-degree constant elasticity of substitution production
function was assumed, where,
A S

(.1 K= p(g)V P+

‘With the optimal quantity defined, the problem becomes one of

determining data values for the independent variables, S, C, P,

It should be noted that although the assumption of a CES production

function is common in the literature, and is reasonable on its face, the
implicit assumption of constant returns is not supported (ﬁor made sus-
pect) by any empirical evidence. Consequently, it seemed appropriate

to calibrate a CES function of degree V> 1, which gives a desired stock

level of

——

*Seo, e.g., Eisner, R, and Nadiri, M.1., "On Investment
Behavior and Neoclassical Theory," The Review of Economics and
Statistics, 50, No. 3, pp. 369-382.
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A
(1.2) K=p (g)" pé
where 5=v+-‘-;71’-<1*

Because of the lack of information concerning the form of the
function to be fitted, additional relationships \;/ere calibrated during the
lméy. primarily in such linear forms as
(7.3) §=01+azs+a31’+qc

In the final evaluation of the appropriate forms to use for pre-
dicting the effects of tax poiicy changes, a number of factén were con-
sidered, These included theoretical considerations, the oba‘ervéd
patterns of the residuals from the statistical calibrations, and the sen-
sitivity of the results to errors in the data, Although a linear relation-
ships is a close approximation for any relationship over a relatively
small range, one of the objectives of the study was to predict the effects
of changes which exceeded the ra;lge of the calibration data, The resid.
uals for the calibration runs were examined for evidence of auto-
correlation and other unusual patterns, and the multiplicative models

showed no evidence of patterns, whereas huny of the linear models did.

*See, e.g., Eisner, P,, "Tax Policy and Investment Behavior:
Comment, "' American Economic Review (submitted).
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Another possible advantage of t!m multiplicative models is that
consistent percentage errors in the variables do not affect tho estimates,
As will be discussed in more detail in the subsequent section, the mea-
surement problems involved in the study' ;re likely to create percentage

errors in the data,

2. The Single-Equation Model

The choice of a single-equation model over a multiple-equation
model was based on the paucity of data avajlable for model calibration
and on evidence that, due largely to external restrictions on the industry
and market, past values of the independent variables in the single-
equation model had not been significantly interacting,

The historica.l data on reserves and production for the United
States domestic industry are available from 1947 through 1966, Com-
plete data on Canadian reserves and production are available from 1951
for liquids and n;om 1954 for natural gas., This means that a maximum
of 20 data points are available for calibrating the models. If the models
calibrated contain a large number of parameters to be estimated, the
estimates of these parameters will, ipso facto, have large variances,
thus increasing tl;e uncertainty (or possible error) in projections based

on them,
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The other relevant consideration is whether the parameter esti-
mates based on a multiple-equation n';odel would differ greatly from those
of a single-equation model, For the model here, the question is whether
any of the independent variables in the capital stock equation are in fact
dependent on other variables in the system, It might be proposed, for
example, that the observed production values are functions of price, or
that the current cost of new 'capital stock is a function of the existing
quantity of capital stock. If ;hls is true, then the single-equation model
will produce biased estimates of the parameters, For example, if the
observed prc.)d‘uction in t were actually a function of price, say
Pg = a) + a2 S + e¢, then Py will be correlated with the error term in
the equation determining reserves, and, as a result, the parameter
estimates will be biased, On the other hand, the bias may be small
(e.g. ,4 if, in fact, S; has a very small effect on Pg) and the variances
of the parameter estimates in the single-cquation model will usually be
lower than these determined by other methods, |

The qualitative evidence on the variables in the single-equation
model supports the uaefullneu of this approach. There is clear evidence
that excess capacity existed during the entire period studied and that
the observed production figures were the result oi the demands of a
fairly inelastic market. In fact, it has been suggested by some authors

that observed crude petroleum production levels are the result of state
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prorationing controls based on forecasts of industry-wide demand. * If
this is the case, then it appears that ;he industry would be willing to
supply substantiai additional production at the current price, so tha;
price was not a determinant of the observed levels of production.

The production levels of natural gas also appear to be largely
demand determined, and price (at least since 1954) has been regulated
on ; public utility basis and so was not.demand determined during the
period here examined.

As far as crude oil ia' concerned, price appears to be an "admin-
istered" price, one not determined by market demand,

The independent (single-equation) variable which migh; be affected
by other independent variables is the user cost, which is a function of
finding cost and which does vary inversely with total new reserves added.
This variability, however, is due primarily to the variations in success
rather than to a structural relationship. In other words, discoveries
‘tor a giv;n total level of effort in a "good" year are higl; and, conse-
quently, average finding cost is low, and the revers‘e is tr;ne in "bad"

years, %

————

*Lovejoy, Wallace F, and Homan, Paul T., Economic Aspects

of Oil Conservation Regulation, Baltimore, Maryland, The John
Hopkins Press, 1966,

*:F, M, Fisher provides evidence regarding the factors which pro-
duce the year-to-year variations in finding cost.
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it, the possible parameter bias it might cause.
1Y
B. Data Used for Calibration

The appropriate measurement of the quantities was one of the more.
difficult problems in the study, For any economic model such as this,
the appropriate values of the explanatory variables are those represent-
ing the expectations of the h'\divldualn making the relevant decisions.
Obtaining data on current expectations is fraught with problems, and
obtaining historical data on expectations was essentially impossible,
Consequently, the approach used here, as in'all other atudie.s of this
nature, was to use some variable for which data was available and which
might reasonably be assumed to reflect the expectations which existed
at the time in the past when decisions which determined the values of

the dependent variables were being made.

1. Reserves

For reserves, the official American Petroleum Institute and
Canadian Pe‘troleum Association estimates of proved reserves were
used, Based on a specific and limited definition of reserves recover-
able with present technology from existing wells, these figures have
consistently been lower than actual recovery. Thel§ estimates do not

reflect the reasonable expectations of the industry concerning the
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amount of oil that may ultimately be recovered from known fields but,
more probably, represent a reasonably stable fraction of this, Although
individual firms typically estimate their own reserves, there are no data
available for these, and the proved reserve figures of the APl and CPA
i;-e the only consistent estimates of reserves, These data are available
on an annual basis, nominally the value of reserves as of December 31

.

of each year, in series beginning in 1947 for United States reserves and
in 1951 for Canadian reserves,

There is a question here as to whether proved reserves are an
appropriate measure of capital stock, It may be that the appropriate
measure of capital stock is not the reserve level but, rather, the pro-
duction capacity that this reverse level "supports.' If so, then the
dependent variable in the model should be a measure of capacity., The
rea.ulta of the analysis, however, would differ only if the relationship
between productive capacity and reserves varies over the time span
studied, | |

Whether such a variation exists is difficult to dete!;mine. The
ratio between reported production capacity and reserves has risen
steadily since 1948, On the other hand, state production restrictions
("allowables') have risen at a comparable rate, so that the effective
production capacity ha.us not risen relative to reserves. The question

is, which concept is in the minds of the producers making decisions to
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drill for edditionel reserves? Since allowables are based on expected

" demand, and are well publicized, it eeeme doubtful that producers are
contemplating that the productive capacity to be obtained from a drilling.
program will be in excess of that currently allowed by state restrictions,
Unfortunately, the state restriction patterns are so complex and varied
mé it does not appear practical to construct a time series representing
“effective" productive cabaéity. The data most closely reflecting effec-
tive productive capacity is production itself, since actual production has

been at the maximum rate possible under the restrictions,

2. Price

For a price measurement, the average field price during the pre- '
vious year was used, The average field prices of crude and natural gas
were based on the peblished Bureau of Mines summaries. These prices
were adjusted to constant 1965 dollars ueieg the wholesale price index
(excluding food and farm products).. These constant dollar prices were
then adjusted to reflect the tax adjustment baeed on the percentege deple-
tion enowence. Table 7.1 presents the celculation of the eeries used,

Because of the unique namre of petroleum and natural gas reserves,
the appropriate meaaure of pri:ce is particularly difficult to determine,
Becauee the relationship between output and this particular type of

upital stock (reeervee) ic not technologically fixed in the ehort run

1.14



TABLE 7.1

L]

CALCULATION OF EFFECTIVE CRUDE PRICES

Price Plus Net

Average "Price in Depletion Allowance

Year Field Price 1965 Dollars Per Barrel

1950 2,51 3.10 3.439

1951 253 2,83 3.203

1952 2,53 2,90 3.292

1953 2,68 3,05 3.462 »

1954 2,78 315 3,576 i

195 2,77 ' 3.07 | 3.485 'e’

195. 2,79 2.96 3,360

1957 3.09 3,19 3.621

1958 3.01 310 3.519 ‘

1959 2,90 2.93 3.326 .

1960  2.88 2.91 3,303

1961 2.89 2,94 : 3,337

1962 2,90 | 2,95 3349 ;

1963 2.89 2.94 3,337 ;

1964 2,88 2,92 | 3.300 ;

1965 2,86 2.86 A 3.217
[
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(in particular, production can be reduced rather quickly by shutting down
w'olla). short-run reactions to price c;hanges may be opposite in direction
to longer-run rca;:tiono. For example, a price decline would be expectod
in the long run to lead to lower reserve stocks, In the short run, however
it might result in a cutback in production which would increase reserve
stocks above planned levels, since the pimned depletion of reserves
would not occur. The reverse could happen in the. event of a price
increase, if excess capacity existed,

The other problem with the price variable is that the marginal
model is based on the assumption of competition, so that the price of
output is the after-tax marginal revenue, In using price as t'he variable
in the. regression analysis, the implicit assumption is made that the
after-tax marginal revenue is proporti;nal to price during the éeriod.

In calibrating the model, as was not'cd previously, a consistent
percentage error in a variable will not affect the values of the param-
eter associated wi_th this varubl;. On the othef hand, in projecting
changes in the independent variables caused by changes in tax policy,
it is important to determine the correct percentage change in the vari-

_ ableasa resuit of the tax change. In this event, the distinction between

marginal after-tax treatment revenue and price may be critical,

.16



3. User Cost

Measurement of user cost pma;nted the most difficult data prob-
lem in the study, 'Unor cost is the implicit rental price which must be
earned by the capital stock in order to fully recover its true cost during
its lifetime. Thus, it must take into account the interest charges on the
investment in the asset, the true deterioration of the asset, and any
special tax provisions which affect the net cost to the producer of a unit

of capital stock. The formulation for user cost in this study is that pre-

sented by Coen:*

".4) . c,q (r+8)(l-uB)]
l-u
where B =z the discounted value of depreciation charges
stemming from a current dollar of capital
expenditure,

¢ = rate of true deterioration per year,
u = tax rate of business income,
r = interest rate,
q = the price of capital stock.
For the oil and gas industry, the formulation here must be extend-
ed, since a substantial portion of the finding goat is recoverable (for tax

Sn—

*Coen, Robert M., "Effects of Tax Policy on Investment in
Manufacturing, "' American Economic Review, 58, No. 2, May, 1968,

P, 200-211,
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purposes) immediately, through expensing rather than through deprecia-
tion, and another portion is recoverable only through cost depletion,

The estimates of the percentages of finding cost in each category
(see Table 7, 2) are based on the 1960 Depletion Survey-and the 1959 and
1960 JAS surveys. Although there is no more recent comprehensive

data available, the later JAS surveys show no evidence that the mix has

changed appreciably,

TABLE 7,2
COMPONENTS OF FINDING COST

Depreciable Items . 121
Depletable Items . 223
Intangibles . 467
Dry Hole Costs ".189

The values for g were obtained from data on discovery-development

cost for the period 1947-1963 presented in Petroleum Outlook, September,

1964, The history of corporate tax rates during the period studied were:

1946-49 38%
1950 42%
1951 50-3/4%
195263 52%
1964 56%
1965-67 48%

7. 18



For r, the corporate Aaa bond rate was used. The true annual
de.terloratlon was estimated at 0. 04, based on an average well life of
gwenty-five years, Since most of the expenses which make up finding
cost can be taken as immediate tax deductions, and most of the remainder
{s recoverable only through depletion, the depreciable portion amounts
to about 12, 1% of the total, and changes in depreciation methods for tax
purposes permitted only slight changes in finding cost.

The value of B used here is based on the present value of the four.
major components of finding cost. The dry hole and intangible drilling
costs are recoverable immediately and consequently their actual value
is also their present value. The present value of the depreciable items
is ba;ed on Table 5.1. Three percent of the actual value of the deplet-
able items is taken as present value, since that portion of these items
recovered through cost depletion is typically recovered the year the

expenses are incurred. The remainder is never recovered directly

through cost depletion, *

ey, L

*A detailed discussion of the significance of this distinction is
presented in Section VII,D. For example, the value of B for 1960 is

computed as: -

0,121 x 0, 72677 = 0. 088 (depreciable)
~0,656 x 1,0 - = 0,656 (dry hole and intangible)
0,030 x 1.0  =0,030 (depletable)

.19




The series of finding cost shows considerable year-to-year fluctu.
ation. The primary cause of the ﬂuc;uation is not changes in the factor
costs of finding and developing oil and gas fields but, rather, is the
year-to-year variation in the success rate and reserves per well. In
a situation such as this, it would not seem reasonable for producers to
base decisions on the scope of drilling programs on the observed recent
costs of finding new reserves. It would seem reasonable instead for
them to view high cost as the result of a ""bad year, " and actually expect
their results during the next year to be better (i. e., their discovery-
development costs per barrel to be lower), The reverse would apply to
expectations after observation of a low-cost figure.

Consequently, first-order exponentially weighted moving averages
were used to reprcsent producers' expectations. Such averages reflect
behavior that considers cach observation to be composed of a permanent
and a transitory component, where a deviation from the average value
of the variable in the past is given some fractional weighting in computing
the expected future value of that variable, The longer the averaging
period, the lower the weight given to the most recent value of the data. *

*See, e.g., Brown, Robert G., Statistical Forecasting for Inven-
tory Control, McGraw-Hill, New York, 1959; Cox, D.R., "Predictions
by Exponentially-Weighted Moving Averages and Related Methods,"
Journal of the Royal Statistical Society (Series B), 23, 1961, pp. 414-
422; Winters, Peter R., ""Forecasting Sales by Exponentially-Weighted
Moving Averages, " Management Science, 6, April, 1960, pp. 324-342,
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These averages were then considered to be the expectations of q
for each time period. To determine C, adjustments were made to reflect
the changes in depreciation which occurred in 1954 and 1962, Since
depreciable assets make up such a small part of this cost, adjustment
is not large. The series was then adjusted by multiplying by the sum
of the interest rate and the deterioration rate and dividing by one minus
the tax rate to éetermine the user cost,

There are questions as to the accuracy with which this time series
represents the user cost of capital. It is based on the reported proved
reserves which, as noted previously, are very conscrvative .eotimatca.
If, however, the proved reserves represent a consistent fraction of the
reaex;ves estimated by producers, the C values presented here will be a
constant multiple of the true C values. This would have no affect on the
parameters estimated if the function to be fitted is of the forms shown
in equations (7. 1) and (7. 2), or any form where the independent variables
all appear in a multiplicative relationship.

The relevant changes in deprecht‘ion accounting occurred in 1954
and 1962 -~ sum-of-the-years digits depreciation in 1954 and investment
credit and guidelines depreciation in 1962, The effect of each of these
was to produce a small reduction in user cost, and this adjustment has
been made in the expectations variables, using Coen's* approach. The

S—

*Coen, Robert M., op. cit.
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1954 change in depreciation was cstimated on the basis of tho comparison
presented in Table 4,3, which amounts to an approximate 9% increase in

the value of depreciation charges.

The computation of C¢ is summarised in Table 7.3,

4, Production

Output data was based on API annual figures, which are adjusted
estimatcs of the Bureau of Mines data, and on Canadian Petroleum
Association data, Several data scries were tested as representauﬁm
of output expectations, The simplest form of expectation is the lagged
value of output, but this value is not particularly reasonable in a situation
where output shows a long-term sccular trend, as is evident for both
crude and natural gas. There was thus adopted the variable Py | +
AP, |, or the output observed the past year plus the change observed
between two years previous and the past year. For a perfect linear
trend, of course, this will provide a perfect prediction. In a uniformly
fluctuating series, an expectation of Py ) - AP¢_) will give a perfect
prediction.

In calibrating simple linear equations of the form of equation (7, 3},
using Py + AP;_| as the expectation of output, it was clear that P; -

A Pg.] was a better fit to the data for crude oil, but not for natural gas.

This indicated that the fluctuations in the time series were stronger
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TABLE 7.3

FINDING COSTS AND USER COST OF CAPITAL

Adjustment for
Discovery- Discovery- Expectation Based on Depreciation
Development Development Exponential Average Ta» Rate

Cost per Barrel Cost per Barrel (Q-u B /(1-k) re.y +8
Year (Current Dollars) {1957-59 Dollars ar 1-u

C. (Dollars per Barrel)

3 year 4 year 5 year

1947 .72

1948 .51

1949 .65

1950 : .72

1951 . .60 1 . 0662 . 068827 .067882

1952 1.08 1 . 0686 . 064596 .065629 .068704
1953 .98 * 1 . 0696 .085551 .082186 .081644
1954 1.45 1 . 0720 -092577 .088749 .085048
1955 1.27 1 . 0690 -113198 .106559 .102273
1956 1.23 1 . 0706 -118240 .113723 109997
1957 1.78 1 . . 0736 -115103 .113020 .110638
1958 1.16 1 . 0789 -152413  .146265 .141138
1959 -99 1 . 0779 .131727 .131833 .130534
1960 1.36 1 . 0838 -121811 .125858 .127569
1961 1.20 1 .0841 -131365 .131983 .132150
1962 1.41 1 . 0835 -126702 .127738 .128319
1963 1.14 1 . 0833 - 135477 .134278 .133502
1964 1.264 1 . 0826 -123269 .124369 .124955
1965 1.018 1 . 0840 - 124949 .125333 .125586
1966

. 0849 -112707 .115388 .117189






. than the underlying trend. As an approach to dealing with both these
phenomena, it was assumed that the o'peratou‘ expectations could be
aéproximated by a second-order exponential moving average of the
recorded production figures, Calibrations were run using two-, three-,
four-, and five-year moving averages, The four- and five-year averages
gave the best results for liquid reserves, as measured by R2 and standard

errors of parameter estimates, with four-year averages superior by a

very small margin,

C. Calibration Results

The final calibrations were run on three basic modelo..all for liquid
reserves and natural gas reserves, using combined United States and
Canadian reserves and production, and using three-, four-, and five-
year lags for production and finding cost in various combinations. The

results are tabulated in Tables 7.4 and 7.5.

1, Liquid Reserves

There is no significant difference between the correlation coeffi-
cients or the price elasticities of reserves for the various time-lags
when the output-elasticity is allowed to vary (equttibnc 1,2, 3,46,

7, 9, and 10 in Table 7.4), The R2's range from 0.9005 to 0.9312, the

price-elasticities from 0, 020 to 0,173, and the output-elasticities from
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TABLE 7.4

REGRESSION RESULTS FOR LIQUID RESERVES

UNITED STATES AND CANADA

Dependent Constant Production Relative Price Degrees of Durbin-
Variable Term Lag Elasticity Lag Elasticity Freedom R2 Watson
(1) K 73.083 3 yr. .883 3 yr. . 020 12 .9309 1. 445
s (.113) (. 063)
(2) K+ Py -P, 63,853 3 yr. .891 3 yr. .028 12 .9224  1.506
: (. 120) (. 067)
G K, 68. 847 4yr. .870 4yr. . 098 12 .9312 1.182
. a (. 128) (. 081)
(4) K Py-Py 57.366 4 yr. .879 4yr. .114 12 . 9205 1.244
(. 114) : (. 086)
(5) K, 7.7673 4 yr. 1.0% 4 yr. .17 13 .6273 1.325
(. 036)
) K, 156,10 5 yr. .813 5 yr. . 109 1 .9136 1.136
A . (. 109) (. 099)
() K+ Py-Py 133.29 5 yr. . 820 5 yr. .127 11 9005 . 8547
(. 143) (. 105)
(8) K¢ 6.4405 S5 yr. 1.0* 5 yr. .229 12 .6527° 1.379
(. 048)
9) Ky 77.37° 5 yr. .851 4 yr. .153 11 .9232 1.296
N (. 118) (. 092)
(10) Ke+Py-Py 64,464 5 yr. .859 4 yr. .173 11 .9124  1.382
(. 125) (.097)

2By assumption.
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TABLE 7.5

REGRESSION RESULTS FOR NATURAL GAS RESERVES
UNITED STATES AND CANADA

Dependent Constant Production Relative Price Degrees of Durbin-
Variable Term Lag Elasticity Lag Elasticity Freedom r2 Watson
(1) Ke 3.816 3 yr. .663 3 yr. -. 134 11 .9810 1.0634
A . (. 032) (. 047)
(2) Ke#Py-Py 3.819 3 yr. .662 3yr. -.131 11 .9801 1.7738
: (. 033) (. 048) ‘
(3) K, 4.190 4 yr. .608 4yr. -. 107 11 .9858 1. 8620
a (. 024) (. 041)
(4) Ky+ Py-Py 4.208 4 yr. . 606 4yr. -.101 11 . 9849 1.9152
' (. 025) (. 042)
(5) K, - 1.570 4 yr. 1.02 4 yr. -. 421 12 .3315 .395
(. 173)
(6) X, 4.711 5yr. .533 5 yr. -. 065 11 -9861 1. 8260
A (. 020) (. 040) ’
(7) Kep Pe-Py 4.753 5 yr. .526 5 yr. -, 057 11 . 9846 1. 8645
(. 021) (. 042)
(8) K¢ 1.570 5 yr. 1.0* S yr. -.398 12 . 1657 .225
. (. 258)
(9) K¢ 4.69961 5 yr. .534 5 yr. -. 053 11 .9851 1.8176
. ‘ (. 021) (. 041)
(10) K+ Pe-Py 4. 746 5 yr. .527 4 yr. -. 045 11 .9836 1. 8489
(. 022) (. 042)
2By assumption,



0,820 to 0.891. For purposes of this study, the largest elasticity was
chosen, so that the estimates of change derived would be on the high side,
To add a further conservative bias, the elasticity value chosen for com.-

putation of reserve changes was set at one standard deviation above the

computed parameter, a value of 0,270,

2, Natural Gas Reserves

The calibrations for natural gas reserves over the fourteen-year
period from 1953 through 1966 gave somewhat anomalous results, show.
ing & negative price-elasticity of reserves. The probable explanation of
this result is that natural gas changed status during this period, going
from a by-product of crude production to a product developed for its own
value. The reserve level at the beginning of this period existed, not as
8 result of the economic decisions of producers, but rather because it
had been created in the process of developing crude reserves. While
the precise point at which "directionality'* became a significant factor
in exploration is difficult to determine, it may be noted that the number
of new gas fields found between 1947 and 1956 was about one-third the
aumber of new oil fields found, but that, during the period 1957 to 1966,

this proportion increased to one-half,

*The exercise df a distinct choice as to whether to explore for
oil or for gas.
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As a consequence, the reserve figures do not represent desired
reserve levels, and there is no way of factoring the gas reserves to
obtain an independent estimate of desired reserve levels, The natural
gas rescrve-production ratio has declined steadily during this period,
and prices and demand have advanced steadily, The indication is that
sctual reserves have not as yet reached the desired level (which may be
as low as the twelve-to-one ratio observed for crude oil),

It is thus impossible at this time and in this way to determine a
valid estimate for the relative price elasticity of natural gas reserves,

and to predict the effect of a tax change.

D. Projection of Reserve Impact

In order to estimate the effects of changes in depletion and expens-
ing provisions on ofl reserves, it is necessary to predict the effects of

such changes on the independent variables in the m'odel.

1. Percentage Depletion

Percentage depletion is ba‘aeb on production and is unrelated‘ to the
cost of the exploration and dew;elopment necessary tp attain that produc-
tion, Cost depletion, however, requires establishment, capitalization.‘
and expensing of the costs of exploration and developmént.

As percentage depletion is reduced, the amount of cost depletion

taken will rise, Elimination of percentage depletion will force all
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producers to claim cost depletion. The change to cost depletion will

result in a change in the tax deductiox; created from a given expenditure

on exploration and development.

At present, a number of exploration and devclgpment costs, such
as lease-acquisition and geophysical costs, may be .;"ecovcred (for tax
purposes) only by capitalization and depletion over the life of the asset.
Most of these exbenus are effcctively non-recoverable under present
tax laws. Under percentage depletion, the allowed deduction is the same
whether these expenses are incurred or not (as it is based on a fixed
percentage of depletion), If these expendituf'es were recovered through
cost depletion, the allowable deduction would be a function oi the funds
act\:aily expended on exploration and development, Thus, the reduction
of percentage depletion and the concomitant switch to cost depletion
would reduce the direct after-tax cost of exploration and development
and, hence, of finding new reserves.

Based on the 1959-1960 JAS surveys, 22, 3% of exploration and
development costs are those items.whlch are capitalized and recovered
through some form of depletion, * The portion of exploration and dev-'

elopment expenditure currently being claimed as cost depletion is

*Based on the total of 1959 and 1960 costs, or 2.7;‘.5!2?12!.’9_? = 0. 22255,
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estimated as 3, 0%, *

As percentage depletion is redu.ced. the fraction of exploration and
d;velopment which is actually claimed and recovered as cost depletion
would rise until all the expenses in this classification would be claimed
as cost depletion, The point at which essentially all depletion is claimed
as cost depletion would be that point at which the allowable deductions
for cost and percentage depletion are equal. Based on an estimate that
percentage depletion at the current ratc'allowa 85, 6% excess depletion
over true cost depletion, *# this "break-even point" would occur when
percentage depletion was 14, 4% of the current rate or 4% (= 0. 144.3
2.5%), '

Assuming a fairly uniform distribution of properties, the fraction
of these depletion expenses on new properties claimed as cost depletion
would vary in linear fashion from the current level to 100% as allowable
percent depletion varied from the current 27-1/2% to 4%,

———

*Based on 1960 tax returns, taking the cost depletion claimed by
mining and manufacturing firms (which should represent most of the
cost depletion based on exploration and development, as contrasted
with cost depletion based on acquisition costs of producing properties).
This cost depletion of $122 million represents 3, 0% of total exploration
and development costs of $4127 million (JAS survey data),

*##See Table 5. 4,
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This, then, gives the percentage of finding cost which is capital-
ised and recovered through cost depletion (PDCDD) as,
PFCDD = 25,6 - 0,82 (PCDEP),
for percent depletion (PCDEP) between 27-1/2% and 4%.
PFCDD = 22,3, for PCDEP < 4%

*

With percent depletion below 4%, essentially all expenditures would be
recovered through cost depletion,

Another side of this change is that the number of properties on
which percentage depletion is claimed will drop as the allowable per-
centage is reduced. This means that the average percentage' depletion
claimed will diverge more and more from the allowable rate. To esti-
‘mate this, it is assumed that the fraction (percentage depletion claimed/
percentage depletion allowable) will vary from its present level to zero
as the percentage depletion rate varies from 27-1/2% to 4%. Using the
1960 depletion survey data, the present fraction is 0, 8986, *# Under
these assumptions, the effective percent depletion (EFDEP) is given by

EFDEP = -4,2 + 1,05 (PCDEP), 4 < PCDEP ¢ 27-1/2

*Based on depletion claimed by mining and manufacturing,
Table 5.2, 1590 + 528, Although these figures include claims on both
1752 + 605
foreign and domestic properties, cross checks based on percentage
depletion actually claimed versus 27-1/2% of gross income for foreign
and domestic properties indicate that the effective percentage depletion
does not differ appreciably between foreign and domestic operations,

See Table 5, 6,
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EFDEP =0 PCDEP < 4 .
The cffective price per barrel (PRICE.:) as a function of field price and
tax policy is

PRICE = FPRIC (1.0 + EFDEP x Tax Rate)
That is, the effective price is the field price plus the tax subsidy.

As noted above, the after-tax finding cost will be reduced by a
reduction in percentage depletion, since the fraction of finding cost
which is actually taken as a deduction against income will increase,
The appropriate treatment of expenses which must be capitalized and
recovered through depletion is identical to that of those which are cap-
italized and recovered through depreciation, .

To determine the total effect of a depletion change, then, the
effect of the change on the effective price and the 'uaer cosf must be
computed, and these revised values then substituted into the equation
for detcrmining the desired reserve level. For the multiplicative
forms of the equation, the ratio of desired reserves under the existing
tax structure to those under a revised structure can be c>mputed
directly as a function of the changed variables only, since all other
variables will cancel if they remained unchanged,

The tax benefit generated by a change to cost depletion is a time

stream of tax savings over the life of the well, For uniform rate of

physical depletion, the present value of this time stream may be computed
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by assuming an interest rate and then discounting each of the future
flows to its present value. For exam;)le. at a discount rate of 4%, the
present value of a $1, 00 expenditure to be recovered through cost deple-
tion deductions would be $. 70. Similarly, at a discount rate of 10%,

the same expenditure would be equivalent to a current deduction of
$.46; and, at 20%, the value would be $, 31, *

The net effect on after-tax finding cost must be determined by

. computing a revised value of B in equation (7. 4), **

Table 7.6 summarizes a calculation of the projected results of

elimination of percentage depletion using 1966 data as a base,

-2, Expensing of Intangibles
The tax provisions that permit the expensing of intangible drilling
costs provide a benefit by allowing deduction against current income of

certain expenses which, for most taxpayers, must be deducted over the

S ———

*These values were computed on the basis of a thirty-year well
life with output each year equal to 8% of remaining reserves.

*%As an example, the 1960 value, assuming a 10% discount rate
and elimination of percentage depletion would be

0,121 x 0, 72677 = 0, 088 (depreciable)
0,189 x 1.0 = 0, 189 (dry holes)
0.467x 1,0 = 0,467 (intangibles)
0,223 x 0, 46 = 0, 103 (depletable)
. 0. 847
This gives a total tax adjustment factor of 1, 13759, compared to the
actual value of 1,20444, or a decrease of 5, 6%.
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TABLE 7.6

CALCULATION OF EFFECTS OF A TAX CHANGE

1966 Effective Price

New Effective Price

Assuming No Percentage Depletion
1966 Tax Adjustment Factor
Revised Tax Adjustment Factor

1966 User Cost
(4 year exponential average)

New User Cost
1966 Relative Price
Revised Relative Price

New Reserve Level
Present Desired Level

"

L]

2,93 (1.0 40,2471 - 0.48)

3.2775

2.93
1.20444
1. 13759

0.115388

0. 108984
28,404

26, 885

. 270
= (26. 885’
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uscful life of the asset. The result of this tax treatment is to lower the
effective finding cost, and the result of elimlnatiné this trecatment would
be to increase the effective finding (and user) cost. -

The amount of the effective increase must be estimated by deter-
mining the present value of the expense deduction under alternative tax
policies, since the difference is not in the total deduction allowed, as
with percentage depletion, but is only {n the timing of the deduction,
Under the assumptions (1) of a 10% discount rate, (2) that the items
prescntly expensed would be capitalized and recovered over a 25-year
period through deprcciation charges and (3) that the tax change would
not apply to the cost of dry hol;s. the present value of $1, 00.of intang-
ible expense wouid be $. 539, Since these intangibles are approximately
46, 7% of finding cost, this change would increase the effective after-tax
finding cost by decrcasing the present value of the tax deductions (the
value of B in cquation 7,4). * This, in turn, would result in an increase

in uscr cost. Using 1966 as a basc, the value of B is 0,553, compared

*For example, the value of B for 1960 under a policy of not ex-
pensing intangibles would be 0. 121 x 0, 72677 = 0, 088 (depreciable)
0.189x1.0 = 0,189 (dry holes)
0.467 x 0.539 = 0,252 (intangible)
0.0}0x1.0 = 0, 030 (deplctable)
00 559
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to 0. 768 under current tax laws, The total adjustment for depreciation
aqd tax rate is then 1,40131, an incre'ase of 16% over the present value,
To determince the effect on reserves, the revised user cost is
computed and the ratio of new desired reserve level to existing desired
rescrve level is computed, in the same manner as was illustrated for
deplction changes,
The evaluation of the effects of the various possible combinations

of changes is summarized in the following chapter,
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Vill. RESULTS OF RESERVFE REACTION

FORECASTING MODEL

‘This chapter summarizes the predicted impacts on rescrves of
various possible changes in tho percentage depletion allowance and in
the option to expense intangibles,

The impacts have intentionally been estimated at maximum levels,

so that probable impacts would, in actual cascs, be less than those pre-

sented here.

A, Impact of Tax Policy Changes
on Liquid Rescrves

The percentage declines in liquid reserves which would result
from reductions in percentage depletion were calculated for various
levels of that depletion between 25% and zero.  The results are pre-
sented in Figure 8.1, The computations were made by the methodology
presented in Section VIIL D, utilizing a relative price clasticity of 0. 270,
Inmaking these computations, and in keeping with the objective of de-
riving a peasimistically biased cstimate, it was assumed that posted
prices do not represent marginal after-tax revenue, i.e¢., that produc-
tion is below the equilibrium level,  This means that the marginal pro-
duction has a cost less than its selling price, so that part of the mar-

ginal revenue is subject to tax.
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¥ . FIGURE 8.1 -
PREDICTED RESERVE DECLINES AS A
> FUNCTION OF TAX POLICY
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To estimate marginal revenue, .tho operating costs of marginal
wells from Adclman® were subtracted from the constant dollar price.
Since there is available no time scries for lifting costs, Adelman's
estimate, which represents the period around 1960, was used. Again,
the use of such a figure will cause an upward bjas, if any, in the impact
estimates, since the higher the lifting cost, the closer are price and
marginal revenue to equality, and since current lifting costs would be,
if anything, higher than the figure used. '

At a constant dollar price of $2,93 and a lifting cost of $. 68, the
marginal after-tax revenuc is

Price less income tax plus depletion subsidy

$2.93 - ($2.93 - $,68) .48 + $,3775 = $2, 1975

The marginal after-tax revenue subsequent to elimination of depletion
would then be $1, 85,

Carrying through the remaining calculations in the manner illus-
trated in Section VII. D, the estimated percentage declines in liquid
reserves as a function of percentage depletion rates and intangible
expensing are summarized in Figure 8. 1,

The result of elimination of percentage depletion would be a 3, 1%
reserve decline, The result of eliminating intangible expensing would

Sepea—

*Adelman, M., A,, "Oil Production Costs in Four Areas," Pro-
ceedings, Council of Economics, AIME, 1966,
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be a 4, 0% decline in reserve levels, and the result of both would be a

7. 1% decline. *

B, Impact of Tax Policy Changes
on Natural Gas Reserves

Due to the problems discussed in Section VII. C, no estimate was
made of the impact of tax policy changes on natural gas rescrves. It
should be noted that the natural gas situation differs from the crude
situation in a number of ways. As a major Jlffcroncc, the rate-sctting
procedures for natural gas would likely result in the passing-on of the

tax increase from any change in depletion rates to consumers as a

price increasec,

This would then imply no change in the relative price variable to

the firm and no effect on reserves. The net effect woul.dwbe“tl}g elim-

- ination of the subsidization of natural gas consumers by all taxp;\ycrs.

which is a reasonable enough change,

In any event, it seems doubtful that the true scnsitivity of natural
gas resorves to the tax changes investigated in this study would be appre-

ciably higher than the scnsitivity of liquid rescrves.

——

*These results were obtained by calculating the effects of each
change and each combination of changes scparately, Thoe apparent
additivity of resulta is accidental, and results from rounding to the

nearcst 0, 1%,
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C. Implications of the Results

Perhaps the most interesting result of the analysis is the compar-
atively larger cffect on reserve levels of the option to expense intangibles.
This is reascnable in that the expensing of intangibles directly reduces
the costs of exploration and development, while the percentage depletion
allowance provides benefits.only to actual production, Extension of this
expensing privilege to all exploration and development costs might, in
fact, more than offsct the decline in exploration and development (and,
hence, reserve levels) that would result from elimination of percentage
depletion,  As tax revenues gained through elimination of percentage
depletion would exceed those lost through extending the expensing option,
the net result might be increased total revenues with unchanged (or even
increascd) rescrve levels,

This trade-off can be estimated only roughly; but, based on the
1959-1960 figurcs, elimination of percentage depletion would increase
tax revenues (in the long run) by $1200 million per ycar, while expensing
of all other items would create a onc-time tax loss of $720 million, *

Srre——

*The cstimated tax revenuc increasc is 48% of the cstimated
annual excess depletion (85% of $2500 million), The one-time loss is
created by expensing of $1500 million of annual exploration and devel-
opment that are currently capitalized and recovered through depreci-
ation and depletion, based on an estimate that only 5% of this is
currently charged during the year of actual expenditure,
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The size of the effect of elimination of intangible expensing depends
critically on what alternative tax trca.tmcnt will be available for recovery
of this investment, and on what discount rate should be applicd to future
flows of funds. The computations in this study were bascd on the assump.
tion that the available alternative would be recovery over a twenty-five
year period through depreciation on a sum-of-the years digits method,
and on a discount rate of 10%,

A discount rate lower than 10% would decrease the effect of the
tax change, while a larger discount rate would increase it. Since the
funds being discountcfi arc future tax benefits and thus are not "risky"
flows, the 10% rate used is, if anything, high. .

If recovery were permitted over, say a ten-year period, rather
than twenty-five years, the impact of the change would be sharply
lowered. The discounted present value of a dollar recovered through
. ten year sum-of-the-years digits depreciation is $. 792, compared to
the $. 539 for recovery of the same dollar over a twenty-five year
period. If this were the relevant tax alternative to intangible expensing,

the estimated decline in reserves based on 1966 data would be 1, 9%

rather than 4, 0%, *

*This gives a B value of 0,671, and a total tax adjustment factor
of 1,293262, compared to a tax adjustment factor of 1.401315 for
twenty-five year recovery,
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These predicted impacts are based on the assumption that any loss
of tax benefits would be borne entirely by producers. As noted earlier,
this is unlikely to happen in the case of natural gas, It is also unlikely
to happen in the case of liquid hydrocarbons. To the extent that the loss
in tax benefits is shifted, either forward (as is likely to happen with
natural gas) or backward to landowners, the profitability of production
will remain unchanged and there will be little effect on reserves.

If, for political reasons, the price of crude is held constant, the
problem of shifting becomes one of reducing costs, It is believed that
this is possible, at least in the long run. Even as wells have gone deeper,
the average drilling cost per foot has remained constant, so that foot for
foot cost has declined. So long as the industry is pr_oﬂt-satinfying.
costs are not reduced as much as possible; but, if it becomes necessary,
the potential for further economies apparently is there. |

Perhaps more importantly there is the question of royalty payments
to landownors. A firm which is repeating the full cash flow from per-
centage depletion receives $13, 75 per $100 production, and is paying
between 12-1/2% and 15% of its income as royalties. * Since land is an
absolutely fixed supply, its price is in principle determined by competition

Srmsm————

*Some firms operating abroad pay up to approximately 70% in
royalties, The standard domestic royalty is 1/8 although many are

higher,

8.7

Ngp A v

PN



among buyers, so that is buyers bid less, the price would have to fall.
Of course, if deplotion were removed in a single step, it would not be
possible to reduce royalties simultancously, since leascs are agreed to
for long periods of time; but over a period of 10 years or so, it should
be possible to shift taxes at least in part to owners,

If the depletion allowance were to be removed in a single step, the
impact on profits would be considerable, for it is generally considered
that tax shifting is very difficult in the short run,

The impact on exploration might not be nearly as large, however,
since as was shown in Section VI, E, the rate of exploration in the past
has shown little rclationship to profits.

The efficiency of percentage depletion in cncouraging exploration
is quesationable as well, The results of the investigation of the incidence
of depletion may be summarized thus:

Approximately 15% accrucs to lease owners as royaltics,

Approximately 4% accrucs to other non-operating
interests,

Approximately 23% accrues to foreign activities,

Approximately 60% of domestic depletion accrucs to
the 35 largest firms,

The evidence points to a tendency of all these percentages to
increase over time, Hence, if tha subsidy being paid to the industry

has as its purpose the maintenance of domestic rescerves through

8.8



encouragement of the small independent explorer/operator, it scems a
highly inefficient means of support. ;I‘hc amount which actually accrucs
to the small explorer directly must be less than one-fifth of the total,
and is likely to be considerably lcss than that; percentage depletion, it
must be emphasized, applies only to production, and the small explorer
has no production during the critical period when he must finance his
drilling. He has not the bencfit of properly aggregation to spread his
deductions and avoid the net income limitation, and, as has been shown,

he reaches this limitation and loses his cash flow from depletion very

quickly,

P

If the small operator benefits from depletion, it is by the courtesy
of the larger firma which finance him, either dircctly or by bottom-hole
or dry-hole contributions or the practice of "farm-outs," Evidently, the
larger firms are sharing these bencfits less and less over time, however,
since larger firms account for an incrcasing share of cxpenditures on
domestic exploration and development, and yet, at the same time, pro-

duce more abroad,

In view of these facts, it scems unlikely that the presence or
absence of the depletion allowance would have a significant effect on
exploration, The apparent decline in domestic exploration activity is

almost entirely in the smaller companics, while the leveling off of

exploration expenditurcs among the larger companics is as likely to
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be attributable to the leveling off of demand, the excess capacity in the
industry, and the greater attraction o'! foreign operations, as it might be
to the changes in profits, All the mcasurcs which the study has examined
suggest that the industry has a very weak response to profit changes,
above a certain minimum level. (That is, as long as sufficicnt reserves
are found and profits remain above a minimum level, thore exists a weak
response to changes in tho profit level.) The decline of the smaller com.
panics as they fall below this minimum level reflects the increasing
dependence on technological changes to offsct the costs of drilling decper.,
It may also reflect the increasing difficulty of finding reserves by explor.
ation. Since it is the smaller companies whosc profit rate i; low enough
to be sensitive to year-to-year changes, a change in the depletion pro-
visions would probably affect these small companicn.. However, their
income from depletion appears to be very low comparcd with their explor-
. atory outlays, and a subsidy which aids small explorers in so crratic a
fashion appears to be unlikely to reverse the trend to concentration of
exploratory expenditurcs in the industry,

The removal of percentage depletion is likely to have another side
effect, one of which the impact is difficult to measure. Thore is rcason
to suspoct that the elimination of percentage deplction as an option may
lead to a decline in posted wellhead prices, since tho integrated major

producers would no longer benefit from high posted prices, This, then,
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would probably lead to the demise of fnany smaller producers, either
through merger or through being bought out by the large, integrated
firms,

There is another method of tax avoidance which would certainly
occur to some extent if percentage depletion were climinated, but which
is not related to intangible expensing, This would be the inter-firm sale
of proved propertics so that. the discovery profit would be taxed at capital-
gains rates instead of as ordinary income. This behavior would reduce
the impact of depletion reductions unless the gains from such sales were
taxed as ordinary income.

In conclusion, it may be estimated that elimination of percentage
depletion and climination of the option to expense intangibles might result
in a rescrve decline of as much as 7%, Since the analysis was bascd on
combinced United States-Canada data, the implicd reserve decline would
be split between the United States and Canada. The relative decline in
each country would depend on whether the tax changes implemented in
Canada were the same as those implemented in the United States, If
Canada made no changes, then there could be a shift of exploratory
sctlivity to Canada by firms capable of opcrating in either country,
unless the United States tax laws governing profits of forecign subsidiaries

were modified to eliminate any tax benefit from Canadian production, or
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the import restrictions were modified to make the United States a totally

closed market.

8.12



IX. ASIMULATION MODEL OF THE FIRM

This chapter presents a detailed limulation. model of a single
producer-refiner of crude. The purpose of this model is to provide
supporting information for the industry models and also to provide in-
formation as to the time pattern of reactions to policy changes,

The initial portion of the che; .er provides a flow chart and de-
scription of the operation of the n.udel, The latter part is a description

of how the model is used to determine reactions to policy changes.

A. Model Description

The purpose of the model was to simulate the operation of a
crude producer and refiner under alternative tax policies regarding the
rate of percentage depletion and the option to expense intangible drilling
costs, The model simulates three basic decisions of the operator --

(1) the exploration program, (2) the development program, and (3) the
amount of crude produced. The overall program compar;a the long-
run profitability of the firm under each of a group of alternative ten-
year exploration and developm‘ent programs, and selects from among
them the one with the greatest profitability,

To determine the effects of tax policy changes, the program
must first be run with the tax policies currently in effect, and then rerun

with the revised tax policies in effect, The predicted effect of the policy
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change is thon determined by comparing the rescrve changes during the

ton-year simulation period (for the producer's most profitable program)

under current tax policies to the reserve changes @also for the producer's

most profitable program) under revised tax policies,

B. Model Operation

Figure 9.1 is a flow chart of the model operation, The program

is initiated by specifying a ten-year program of exploration and develop-

ment expenditures, The program then determines, in sequence, for

the first simulation ycar:

2,

10,

11,
12,

The number of exploratory wells drilled,

The number of these which are successful,
The new rescrves discovered,

The number of development wells drilled
The number of these which are successful,
The availablo output from each group of
existing wells,

The cost of operation for each group of wells,
The reserves for each group of wells and the
total reserves,

The production from existing wells, bascd on
equating the marginal production cost per
barrel to the cost of purchasing crude,

The amount and cost of purchased imported
and domestic crude,

The refinery operating cost,

The net profit,

At this point, the simulation for the first year is complote and the same

computations are done for the second simulation year, the third year,

etc., through the tenth year,
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The interrelationships on which calculations of these quantitics

are based are taken primarily from available empirical information on

ti\e petroleum industry, Comparatively few data are available on the

detailed operations of individual firms, making it necessary to use

aggregate industry data for such things as average well production,

drilling costs, etc, The use of such aggregate data obscures differences

in the operations of individual firms,

Before operation of the simulation program, it is necessary to

run an "intialization' program, which creates a "typical' situation for

the firm in terms of its stock of producing wells, development fields,

etc. Only a single initialization run is required. The inputs requircd

for the program are defined by the input dats sheets presented in

Appendix D, Appendix E is the output of a sample run of the program

and Appendix F is a complete program listing.

C. The Structure of the Model

The inputs to the model consist of all the items on the left side

of Figure 9, 1. They include:

1

2.

3.
4.
5.

A set of dollar values of exploration expenditure
and development expenditure for each year of a
ten-ycar period,

A state allowables value specificd as a number
of days,

The corporate tax rate,

The percentage depletion rate,

The average posted price of domestic crude,
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6, The price of imported crude,
. 7. The quota on crude imports,
8. The final demand for refined products from
the firm,
9. The average price of refined products,

10, A set of tax policies specifying the tax treatment
of each class of exploration and development
expenditures.

1. Exploration and Development Expenditures
The program takes the value specified for exploration and develop.
ment expenditure and computes the number of exploratory wells as,
9.1) N, = 0.00000590 x E
and the number of development wells as
(9.2) Nj, = 0,00001639 x H
where N, = number of exploratory wells
Nj, = number of development wells,
E = exploration expenditure in dollars,

H = development expenditure in dollars.

These values are based upon the reported industry results for 1959-1963
(See equations 8 and 11, Appendix C. ),

The numbers of successful wells of each type are obtained by
multiplying these values by the historical success ratios,

"~ 0,1797 for exploratory wells, and

0, 7517 for development wells,

(The source data are breaented in Tables A, 30 and A, 31,)
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The quantity of reserves found by the program is based on the
w'mber of successful exploratory wel.ls. utilizing 2, 500, 000 barrels/
well as & basis. This is about 90% greater than the actual average proved
reserves per exploratory well for the period 1958 through 1966, and is
based on estimates that eventual total recovery from a field will be on
the order of twice the proved reserves figure. It is necessary to use
this "ultimate" reserve figure since the firm in the simulation (contrary
to actual circumstances) cannot revise its reserve estimates during the
course of production from a field, The data used for estimation are in
Tables A, 30 and A, 32, Development activity does not generate new
reserves in the simulation, even though new reserves are at;ributed
to do;relopmcut activity in publhhec! statistics, In reality, development
activity adds to proved reserves not by finding new reserves but by

proving the extent of those already found through exploration activity.

2, Output and Production Cost

.All new wells brought in during a year ago into one '"age class"
of wells and remain together until they are shut down. Thus, all wells
ina given age class have the same production and decline curves. The

daily output of each well in an age class is given by,
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q° i‘ t <t*

(9.3) 9 = ap o~"8 19

ift =t
where qp = the flush production rate,
t = total elapsed production days,
t* = the flush production period,

og * decline rate.

The length of the flush production period, t*, and the decline rate,
ag, are determined by the ratio of development expenditures to a moving
average of exploration expenditures, The exponential smoothing function
is used to approximate the lag between exploration work and development,
Under this approach, the development wells brought in during a simula.
tion year are located in fields discovered in prior years. The following
lag equation is used,

0.4 By s 6B ¢4
where E¢ = exploration expenditure in year t,
gg = moving average for year t.

The duration of flush production and the decline rate for a given
well class are affected by current development expenditures and explor-
ation expenditures over the previous years, The initial ratio is
defined as the obscrved ratio in the period from 1955 through 1965,

1.08573., (The source data are shown in Table A, 33.) Maintenance
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of this ratio produces a flush period ?f 180 days and a decline rate of
0.000440 (per day), "l‘hue functions are shown in Figures 9.2 and 9, 3.
The functions shown in the figures were tested in trial runs to insure
that the well production characteristics approximated the reserves, A
larger ratio than 1. 08573 means overdevelopment and will reduce the
flush production period and increase the decline rate. This increases
the output par field in the early years but decreases output per field in
later years. .

The production possible during a simulation year is calculated by
integrating equation (9.3). The production can be limited by' restricting
the number of days to some specified figure for wells producing more
than a stated number of barrels per day. Table A.34 shows the days
sllowable by the Texas Railroad Commission for the period 1958 to 1962.
Thus, for certain wells, the production is not as much as would be indi-
cated by the well characteristics. This factor has the effect of deferring
income from an investment in crude oil production. Since future income
is discounted, production restrictions, ceteris paribus, reduce the
expected profit of the firm from crude oil productl;)n.

The actual total production is the output of all wells for which the
cost of producing is less than the cost of purchased crude. Older wells
being more expensive to operate on a per-barrel basis, the effect of a

price decrease is to make wells in older age classes uneconomical.

9.9
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FIGURE 9,3
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W L

This cost equality will be discussed in more detail below,
It is assumecd that the expected economic productive life of a well
is thirty (30) years and flush production is 75 barrels per day. The

exponent parameter, ag, is fit by balancing the following two equations:

‘9- 5) qe z qo ¢'°8 (- t¥)
tu
n
(9. 6) R =3 q, t* + q e-98 (t - t=) dt]
3 [awsfo

t*

where 75 barrels (assumed)

£
o
"

qe = 0.206 barrels (determined below)

-
"

10950 days (assumed)

t* = 180 days (assumed)

A A
n = Ng+ Np number of wells
R = 2,500,000 Ng/N
It should be noted that ag will vary for each well class depending

on the ratio of development to exploration expenditures (sce Figure 9,3),
Therefore, it was necessary to use equation (9. 6) to check if production
capacity equaled new reserves. The model parameters are the result
of balancing the two equations,

The operating costs for wells are based on the data in A Theory

of Crude Oil Prices by Robert L. Karg, * The Karg estimates are

*Karg, Robert L., A Theory of Crude Oil Prices: A Study of

Vertical Integration and Percentage Depletion Allowance, unpublished

thesis, University of Pittsburgh, Pittsburgh, Pa., 1962, p. 141,
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averages for 1953, These estimates are adjusted to 1963 by the whole-
wule price for industrial commodi(ies: * The price indexes for 1953 and
1963 are 90. 1 and 100, 7, respectively, The adjustment factor is 100. 7/
90.1=1.118,
Using the Karg data and the above adjustment factor, the operating

cost function for crude oil production is

Cy = 0.380(1.118) + 0,702 (1.118) - q
or Cp = 0,435+ 0,785 ¢q
where q is the producti\on per day.
The incremental cost for the jth well class is:

Iq = (0,435+0.785 - Q) /qj (1 -r) - tax aubsid;'**

where q is production per day for well class j and r is
royalty interest.

The incremental cost for purchased crude is:
Ir=p

The tax subsidy is
pPR

Smva———

*Economic Report of the President, United States Government
Printing Office, Washington, D.C., 1968, p. 264.

**Ag discussed carlier, percentage depletion acts as a subsidy
since the producer receives a tax deduction for each barrel produced,
without regard to cost of production or exploration.
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where p 1is price,
P is percentage depletion allowance, and
R is tax rato.
Using the following estimates
= 2,90
P - 0275
R = 0,52, and
r = 0,125 (1/8 of production)
A well will be cconomical as long as
Iy 2 1qor
2,90 (140,275 0.52)« 2 (0,435 4 0,785 q)/[q (1 - 0.125)
3,3147 = (0.435 1 0, 785 q) / q (0. 875)
2,900 = 0,435/q + 0,785

Qe = 2135 - 0,206 barrcls/day

2,115
where Qe * minimum cconomic production level,
The total crude production costs are obtained by summing the production
costs for all the individual wells that are operated at the current prices
and costs, Crude production is restricted to refinery demand.
Refinery operating costs are compuled by fitting a lincar cost
function to the data presented in Tables A, 35, A.36, and A, 37, The

resulting cquation is:
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9.7 Daily Refinery Cost = 26.‘639. 96 + 0,363 x barrels produced.
The representative firm is assumed to operate three such refineries so
that the total refinory operating cost is given by

(9. 8) Refinery Costs/Day = 79,904, 88 + 1,089 x barrels produced.
The firm is assumed to import the maximum quantity of crude permitted,
and the purchases of domestic crude are taken as the remainder after

subtracting production and imports from the crude required by the refin-

eries.

3. Revenues and Profits
Revenue is based on sales of refined products, computed on the
basis of an average price of refined products (See Tables A, 38, A,39,
and A, 40,). Since the prices quoted at the refinery are higher than
actually contracted, $4.32 per barrel is used,
The gross profit per period is then computed as the revenue from
refined products less the total of all costs or
9.9 Profit « Dy - Ry - Cy - Wy - E; - Hy - g
where D¢ 1{s revenue from refined products,
"Ry is the operating costs of refineries,
C; is crude oil production costs,
E; 1is the cost of exploration,

Hy s the cost of development,

9.18
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W¢ s the cost of purchased crude,
It 1s the cost of lmpom;d crude,

The income tax payable each period is computed based on the costs
incurred and the specified tax treatment of these costs,

The various categories of expenditures in exploration and develop-
ment follow the outline in Table 9.1. The simulation is deaigned so that
the tax treatment of each category is read in during each simulation year.,
Thus, & category can be changed from one tax treatment to another in the
simulation,

The fraction of 'the exploration and development costs which are
in each of the eight categories are based on the historical dn;a from
Petroleum Facts and Figures and the JAS Surveys,

" The net profit (cash flow basis) after taxes is tim: computed and
stored in memory. This point marks the completion of one year of the
total simulation period; and, at this point, the entire sequence repeats
for another year, After going th;-ough this sequence for the appropriate
number of years, the stored net profit figures are discounted to the
beginning of the simulation period and the value of underground reserves
is computed. These figures represent, then, the discounted value of
the specific exploration and development program nnderukep during
the simulation period, given the tax and import policies and the field

prices which existed during that period,
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TABLE 9, 1

TAX TREATMENT OF COSTS IN PETROLEUM INDUSTRY
FOR SPECIFIED CATEGORIES

CATEGORY DESCRIPTION TREATMENT
Exploration
| Dry Hole Drilling Costs Expensed
2 Other Exploration Costs for Dry
Holes (Includes Lease Acquisition
and Geophysics Costs) Expensed
3 Intangible Drilling Costs for
Producers Expensed
4 Tangible Drilling Costs for Capitalized and
Producers Depreciated
5 Other Exploration Costs for Capitalized
Producers (Includes Lease and Recovered
Acquisition and Geophysics Through Per-
Costs) centage Depletion
Development
Dry Hole Drilling Costs Expensed
7 Intangible Drilling Costs for
Producers Expensed
8 Tangible Drilling Costs for Capitalized and
Producers Depreciated
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4. Value of Reserves at End of Simulation
+  The profit during tye simulation period is not the sole measure of
the value of a particular exploration and development program, At the
end of the period, the firm has a stock of underground reserves the size
of which is a function of the program followed. The discounted value of
these reserves must be determined as a second measure of the value of
a particular program, ’

Increasing crude oil reserves should have a depressing effect on
the value of these reserves. Therefore, the value of reserves is altered
by decreasing the number of production-days allowable for evaluating
reserves if the refiner-producer has increased reserves during the
.imuhuop. The following equation is used:

' AD A (Rg - Ry 20
(9. 10) AD = .
AD (Ro/Ry) i (Ro - Ry) €0
where AD = days allowabls,

Ry = reserves at end of simulation,

Ro = reserves at beginning of simulation,

The valuation of reserves at the end of the simulation is based on

the economic break-even point for keeping a well in production, The
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following equations are used if there are no production restrictions. The
formulation for well class § is:

¥
9. 11) % * % ..Gg'j (ty - &)

where Qe = economic break-even point in
last year of simulation,

ag,j = decline factor for well class j,

ty = end of economic productive life
for well class j,

tj‘ = end of flush production for well
class j,

Solving for ty, for well class §
ty = (In (Q0/qe) / ag.j) + t;

The revenue function for well class j is

b
[ poantea
7

where [ = price of domestic crude oil in the
last period of the simulation,

r = royalty interest,
f (q) = production function for well class j,

Tj s production days of well class j which
includes last period of simulation,

The cost function includes operating costs and depletion allowance but

not any depreciation charges. The cost function is,
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&
J [mta2r@p) &t

T
The depletion allowance is:
t
[ » P lnt@a
T
where P = percentage depletion allowance,

f (qj) = production function for well class §,

The continuous discount factor for evaluating reserves for the end of the

simulation is:

tu
[ ett-Tha
T
where i = discount rate,

Using the corporation income tax rate for the last simulation ycar
and combining the last four equations, the value of reserves for well

class j discounted to the end of the simulation is:

"
120 vys f {[p- (-nf(a) - (o) +az (M) (1-R)

T spep. (1-r)f(q) R}« ot (4 - TP

where R is the tax rate.
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Multiplying terms within | '. equation (9. 12) becomes,

"
v« [ {p0-n1(e) 01-R) - a) (1-R) - a2 £ (g (1-R)

K +p+ Po(l-r)f (qg) R} =i (t - Ty ae

Collecting the termas into those containing { (q,) and those not containing

H hj 13

ty
(9.13) vy = f {-a1 (1-R) ¢ [p(1-7) (1-R) - 22 (1-R)
}ospepoanRr)tpfett Wa

The following substitutions are made:
bl t -8y (1-R)
and b2 = p(l-r) (1-R) - a3 (1-R) ¢+ p+ P (l.r)R

It should be noted that these terms have no j subscript and therefore are

the same for all j, Making these substitutions, equation (9. 13) becomes,

ty
o Vvye f {merapet®-Ta
T

or t“

t
u
vy ‘f by e “'Tj’duf bz f (qg) e~d (t - TP gt
Tj Tj
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The integral for the pr(}ducuon function is separated into two parts, The

function is

(g =
‘ ’q,-'ﬂa.j""j" e > o

ge sy

The calculations of Vj can be separated into three cases. The cases are:

Case 1.

Case 2.

Case 3.

Ty <tf <ty
*
Y

v,._? b, .-Nﬁ-’l'j)dn[bzq,,.-”'""l’dt
]

of brage-asit-tgitt- Ty

=3
‘-’0\! -

't’.s'l" <ty

V’ -} b eit-THg ,] b2 90 €798, J (t- g” ot (t-'l‘j)“
T Tj

Tt

V’CO

The formula used for calculating the first term in cases 1 and 2 {s:
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by = by Pl (t - Tj) dt = _?_l_ a-. el (TJ - t“))

e

The second term in case | is:
o
bz . q *
be = f by qoe-t(t-Thdes 2 20 (1.l (Tj-t)
T {
The third term in case | is:

ty

bg = ./‘ bz-qoc'°8.3“"ho'”"'rl)dt )

Y
. bz . qo ‘l Tj + °8-5 ‘; [.-(os.j + i) t" . ‘°(08'j 'H’tu]
aa.J +1

The calculation of Vj in case 1 is:
Vj = by +bytbg

The second term in case 2 is calculated in the following way:

bb ® 2 bz * Qo ..08.’ {t- 'j" .'i (t - Tj) dt
J
s D2:9 oiTjtag, *j. [.-(ua.j H1) Ty . o-(08,§ + 1) ‘“]
aad +

The calculation for Vj in case 2 is:

9.23




The above is done for each well class and summed. The discounted

.

reserve is then:
Ve@gvpras®
where V = discounted value of reserves to the
beginning of the simulation,

Vj = value of reserves at the end of simulation
discounted back to the end of simulation
for well class §,

i = discount rate,

m = number of simulated years,

The following equations are used if there are pr&ucﬁon restrictions,
Substituting qm, minimum production to which production restrictions
apply in equation (9. 11),

tm * O Qo/am) / ag, ) + ¢

where tm = end of production restriction, and

Qm * production level above which production
restrictions apply.

The profit function is the same as above except that the continuous dis-
count factor cannot be used since the well is not operated every day.
Therefore, the annual discount factor is used. The calculations are

done year by year. The algorithm uses the following definitions for

iterating over time:
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th =T
year |
tg = Tj + AD
th = to
} year 2
tg = tpt AD
th = te
. year k
teg = tp+ AD

The general equation for year k is:

te
(9. 16) vk./{b,nzqu)} al a+nk
%

This oquatiim is basically the same as (9, 14) except that the annual

discount factor is used instead of the continuous discount factor., There

are four cases,

Casel, tp <ty gt*

te’ te
vie| S byaee J vaguat] usnr®
t

Case 2, th <t* <ty
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Case 3,

Case 4.

where

t t* te ,
.o "
Vi s [f by dt +{ bz qo dt +,!: b qo ¢~} (¢t ,dtJ (1t

%
ety St
te te '
Vk t[/ by dt +j b2 q, °-°8.j (t-%) dt] (144)°k
t +
th >ty
& t

vk Iy { bl .-l‘ (t - Tj) dt + tj bz q° ..na,j (t."‘) .-f ‘tOT”
b

r = 1/36%

This last case uses the continuous discount factor since production is not

restricted. The formulae used for calculating the above cases are:

Case 1.

Case 2,

Case 3,

Vi = [b, (te - tp) + b2 + qq (ty - q,)] (144)°K

Vk'[bx(to-tb)+bz°qo(t‘-tb) |
-« (bz qo/08, ) (8798,] (te = t4) | "]" (141)°K

vk l[bl ‘t. - tb) - (bz qO/‘a.j) (‘-08.’ “Q - t¥)
- 0°08,) (tp - t*) ] (14)°k
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Case 4. Vi = - (b)/r) (e"’ (te - Tj_) -o-rty - Tj))
. ("2 a0 6®8:3 ¥ * 7Tl (og 14 r’) ("‘“M* nfe

- .-‘ns,j + ]‘)‘b

'

Vi is summed over all years, then summed over all well classes j.

The firm at the end of the simulation has deferred tax credits in
the form of capital expenditures for exploration and development which
have not been fully depreciated. The last step in evaluating reserves is
to add these tax credits to the value of reserves as calculated above. As
in the simulation, the sum-of-the-digits method is used for calculating

depreciation, The following formula is used:

M 1 '
i z {(E;*"c’ ke ZIN(NH)}(IH)"’U“) R
t=M-(N-1) k=j

where D = tax credit,

E;-}H: = expenditures in period t which have been
capitalized,

k = the year,

N = the number of years for depreciation,

R = tax rate, '

J = number of years left for depreciating
capitalized expenditures in period t,

M = aumber of years simulated, and

i = discount rate,
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The last term, 1 + §, is the discount factor, Finally, the discounted tax

credit is added to the rescrve value,
D. The Evaluation of Alternative Programs

In using the simulation to determine refiner-producers' reactions
to policy changes, the approach is to repcat the simulation with current
policies, utilizing a number of alternative exploration and development
programs. The discounted values of profits and underground reserves
for the different programs are then compared, and the producer is
assumed to follow the program which maximized his proﬂub'mty. The
procedure is then repcated, under a different set of tax policies, The
effect of the policy change is reflected in the producer's choice of a

different exploration and development program when the changed policy

is in effect,
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X. RESULTS OF SIMULATIONS OF THE FIRM

A. Inputs for Simulation

The simulation was run eight times (representing two difforent
firms under four possible tax policies) with nine different exponditure
patterns. The initial conditions were the same in all cascs, One firm
was assumed to be able to produce 100% of its domestic crude oil noeds
from its own wells; the other 60% of its domestic crude oil nceds from
its own wells. The tax treatment for the first simulations of capital
expenditures (TO1 and TOS) is the same as current law and the percent-
age depletion rate is 27,5, The production resatriction is 120 days for
wells producing more than 50 barrels per day. The other parameters
are the same as those discussed in Chapter IX, The initial conditions
are shown in Appendix F, reports 1 and 2. (Each printout has a report
number in the upper right side of the page. )

The capital expenditures were separated into nine patterns, The
expenditure patterns are shown in Figure 10, 1.  The following cquations
werc used for tho patterns:

Pattern

{Run Number) Exploration Devolopment
1 Ep = Fo(1,02)0 Hy, = Hg(1. 04)"
2 Ep = Eg(1.02)0 .Hn = Ho(1, 02)"
3 Ep = Eg(l, 02)0 Hp = Hy

10.1
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FIGURE 10,1

PATTERNS UF CAPITAL EXPENDITURES

Percent of
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Pattern

(Run Number) Exploration Development
4 En= E,o Hy, = Ho(1. 02)"
5 Ens= Eg Hp = Hy
6 En = Eo  Hp = Hyl.98)"
7 Ep = Eol. 98)" Hp = Hy
8 ‘En = Eof. 98)" Hp = Hol. 98)"
9 En = Eol. 98)" Hp = Ho(. 96)"

where Eo 1is initial exploration expenditures,
Ho is initial development expenditures, and
- n s the simulation year.
The initial capital expenditure values are shown in Appendix E, report 4. .

The nine patterns were run for four different tax treatments., The

four cases are:
1. No change in the tax treatment,
2. No percentage deplction,

3. Al costs for successful wells are depreciated
and dry holes are expensed,

4, No percentage depletion, and all costs for
successful wells arc depreciated and dry
holes are expensod,

The above four cases were thon repeated for each firm,
The input paramoter for royalty interest has béen set at 0, 125,
f.e., 1/8 of physical production goes to the owner of the land. The
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program operates so that the refiner-crude producing company must

purchase thii crude oil at the domuli.c crude oil price.

B, Analysis of Results

The results from the simulations for the model of the firm are
summarized in Tables 10. ] to 10.9. The various simulations are iden-

tified by the first line of each report, The identification is:

Code Tax Treatment

Firms Supplying Firms Supplying

100% of its Crude  60% of its Crude

TO1 TOS No changes in present taxes

TO2 TO6 Depletion allowance is
removed
TO3 TO? . Dry holcs are expensed

and successful wells
‘are depreciated
TO4 TOS Depletion allowance is
removed and dry holes
are expensed and
successful wells are
. depreciated
The. run number on the left in Tables 10, 2 to 10, 9 identify the expenditure
patterns shown in Figure 10,1, The summary of the discounted value of
profits and reserves are shown in Table 10, 1.
The interpretation of these results indicato that given present con-
ditions, the firm is encouraged to increase development expenditures

relative to exploration expenditures, The changes in the policy, i.e.,
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changes in deplotion allowance and in tax treatment of capital expenditurcs,
would likely cause a decrease in deve.lopment expenditures relative to
exploration expenditures. For the case where the firm supplies 100%
of its domestic crude oil requirements from its own wells, i.e., cases
TOl, TOZ2, TO3, and TO4, the simulation results indicate no changes in
exploration expenditures. If the firm is limited to a total less than or
equal to 100% of its refinery demand in the beginning of the simulation,
then the results indicate that there will be very little change in reserves
for different tax policies if other economic factors do not change, In
the other case, where the firm starts at 60%, the "best" position implies
that the firm {ncreases exploration expenditures and also increases dev-
slopment expenditures under present tax treatmonts, However, Expend-
iture Pattorn 4 is not significantly different from Expenditure Pattern |

for the 60% firm, i,e., the profitability of not increasing exploration is
only slightly lcss than that of increasing exploration. Therefore, the
economic pressure under presont tax treatmonts is to increase develop-
ment expenditures relative to exploration expenditures and the profit-
ability of increasing exploration exponditures is slight.

The differences in the results shown in Tables 10,2 to 10.9

between various tax treatments indicates the intorrelationship of the

Federal regulations. The following comparisons are of interest:

10. 5
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TO1 with TO3 .
TO2 with TO4 :
TOS with TO?
TO6 with TO8
In each comparison, the significant difference is that, in the latter, the
cost of successful wells are depreciated, The firm for each comparison
has a greater discounted value for profits and reserves when successful
wells are dcpréchtod. The reason for this result is that the decrease
in discounted profits is 1ess than the discounted tax credit which is in-
cluded in evaluation of reserves., This lxﬁlicaten that by changing the
depreciation regulations, tax payments could be increased while actual
worth of the firm is increased if the assumed discount rate and the dis-
tribution of drilling costs as shown in Appendix E report | are reasonable,
It should be noted that "other exploration" costs are the same for success-
ful as unsuccessful exploratory wells, Since th;oe parameters plus the
" success ratio are set in the initialization phasc, it would be necessary
to make separate runs for testing variation in these paramoters. This
' example shows how various input parameters can be analyzed by using
the simulation model.
The above interpretations of the figures in Table 10, 1 have been
made in the context of the parameters shown in Appendix E, report 1.
None of these parameters were changed for any of the runs shown in
Table 10. 1. Three basic economic factors (refining demand, prices

and royalty interest) were held constant. Also, in the case of the 100%
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firm, the firm was not allowed to incrcasc its share of the market. In
the ""real world, "' one would expect these ceteris paribus conditions to be
altered by the effect on profits of increased taxes for the refining-
producing company. If one were to assume either an inelastic demand
for refinery output or an inelastic supply of oil property, then it would

be expected that the refining-producing firm would exert pressure in
either or both markets to offset his loss in profits. Thus, although the
results of the simulation show that there will be a slight decrease in
rescrves for the 100% firm by changing the tax laws, the results do not
imply that there would not be significant changes in prices. .

The average production from a well decreascs as the productive
age of the well increases. This factor has been expressed in the simu-
lation model as an exponential decay function, The decline parameter
is shown in Figure 9.3, The initial conditions for the simulation runs
give an annual decline of about 15% and an economic production life of
approximately 30 ycars, However, by the introduction of production
restrictions as shown in Appendix E, report 2, the effective decline
rate is approximately 8% instead of 15%, If there wero no production
restrictions, the firm would hold approximately six years of resorves
for the steady state (Expenditure Pattern 5). However, the production

restriction used for the simulations have caused roserves to be about
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12 times annual production, The production restrictions cause the dis-
counted value of the reserves and tlm; the value of the reserves to be
less than if there were no restrictions. The production restrictions
were, however, held constant for the simulations shown in Table 10,1
and no evaluation of the effect of production restrictions on the discounted
value of profits and reserves was made, '

To summarisze the results of the simulation, present tax regulations
are causing development expenditures to increase relative to exploration
expenditures, For the 100% firm, the investigated changes in depletion
and depreciation regulations would cause the optimal allocation to shift
from Expenditure Pattern 4 to Expenditure Pattern 5, 'I‘hul.' exploration
expenditures would remain the samo, development expenditures would
decrease, and reserves would decline from +0, 13% to +0, 04%. For the

60% firm, such changes would cause the optimum to shift from Expend-

fture Pattern 1 to Expenditure Pattern 5, Thus, both exploration and

developmoent cxpenditures would decrease, with the percentage decline
for development exceeding that for exploration, as for the 100% firm,
This dccrease in expenditurcs would cause reserves to decrocase from
+7.38% to +0, 04%. The initial shock of decreascd reserves should
affect production restrictions, When productive capacity is decreased
by the decline in expenditures, the number of days allowable should

ultimately be increased, increasing, in time, the discounted profits

10.8



and reserves of producing wells, This increase in discounted profits and
reserves should mal;e investment moro attractive. Therefore, the long
run effect of the tax regulation changes on the reserve level would not

be as drastic as implied by the original decline from +7, 38% to +0, 04%,
Thus, assuming that the refining-producing firm can pass along (either
forward or backward) a part of the tax increase caused by the ;:hangel.
the simulation results would indicate a relative decrease in development
expenditures and a decrease in reserves, with exploration expenditures

remaining constant for the 100% firm and decreasing for the 60% firm,
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TABLE 10.1
COMPARISON OF IXSCOUNTED PROFITS AND RESERVES FOR NINE EXPENIXTURE
PATTERNS FOR VARIOUS TAX TREATMENTS BY TYPE OF FIRM
(MLLIONS OF DOLLARS)

-

Expeaditure Pattera
Domaestic Crude Sapplied Tax .

by Own Production Treatment . 3 2 3 4 ] 6 ? 8 9
100% ' TO1 776. 664 75. 7144 T773.124 783.630% 783.244%% 776,721 T77.027 T73.617  769.133
TO2 530.436 532.586 $33.213 541.079 543.116% 540.956 539.251 541. 15¢4%% $540. 090
) . To3 777.993 777.911 776.038 784.838%¢ 785.215% 779.344 T778.127 775.384 T71.495
TO4 $31. 765 534.753 $36.127 542. 287 545.072¢% 543.579%¢ 542.190 542.922 542. 452
60% TOS 5.17. 351 513.952 509. 763 517.285¢¢ 515.157 511.362 511.490 509.503 506.812
’ TOé6 367.645 367.018 365. 603 371.1328¢ 371.220% 369.924 370. 004 370. 043 369.404
TO? 518. 148 515.252 511.511 518.010%+ 516.330 512.935 ' 512.150 510. 563 508.229
TOs 368.442 358.315  367.351 371.857°° 372.394% 370.595 370. 664 371.103 370.826

* Best of each simalation.

#¢ Second best of each simulation.
See Figure 12.1.
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"TABLE10.2
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OFF1CE OF TAX ANACYSIS
U.S, JREASURY NEFAGTMEFT

SUNMARY OF SELECTED VARIABIES FOR SIMULATION RUNS’
Z3NSAD MICAD MODEL OF CRUDE Ol ~ASKFT OF UMITED STATES

WEPQRT _»

asnc-»rtae cnsnce

CIUOE PRODUCTION ___ VOTAL PROFITSTAND TTAXES™ — INCOME VTAXFS/  NTSCOUNTED VATUF

o YN CAUDE Oft RESFAVES (4000 OF BARRELS) ____ (1n0A_rE DOLLAFS) TTGRGSS PROFITS  PRANFITS RFSFAVER
Jo _NyragR PRCFITE ____ TAX PAYWENTS : (1000 _OF DOLLARS)”
.= 2 10,05 503423 558983, 214509, N3l 433803, 349787
; 2 294 04091 . 575728, 229434, «?85 446361, 320384,

3 289 04464, 590050, 242%76, 291 457245, 31easn,

4 «33 503932, 59240%. 237774, <286 4S¢413, 32%218.

5 201 504690 608286, 2511A7, . 292 4AG701 X135230

6_ 2202 498619, 612931, 258859, 297 473360, 30K36?,

7 ~8,53 503719, 62101¢, 258118, +293 479640, 297387,

) =7, 497558, 626460, 265764, <298 483226 2903, 1

J -6,% 493898, —_ 630203, 272458, .302 4AE240. 285AC4,




"TABLE 10.37 _
—CONSAD 102 10 18 1948 7 REPORT &
— sugn \RY _OF SELECTED VAR[ABL ES FOR SIMULATION RUNS
SONSAD WICRO MODEL OF CRUDE OIL »AGKET OF UAITED STATES
OFFICE OF TaX ANALYSIS
U.S, IREASURY PEPARTMENT
o PEPCEWNTASE CHANGE c‘i"yoé“‘ri‘dob'cnon T0TAL T PROFITS AND YAXES __ INCOME TAXFS/ DISCOOUNTED VACOE™
—RUN____ CRUDE OfL RESERVES (1000 OF GARRELS) _— — (1700 _rF OOLLAFS) GROSS PROFIYS PUOFITS RESERVEST
_MUMIER PROFITS TAX PAYRENTS (5a00_OF BGLLARS)
3 10,05 503423, 36941737 423279, 546 277639, 257768,
2 994 504091, 366682 438403, +545 "2R4923, De7448 "
3 9,85 504464 . 381746, 451777, 542 295701, 237542,
4 213 503932, 30382% 446755, 538 207022, 244057
5 204 504511 398790 466246, 536 307936, 235107,
6 2208 496370, 405916, 465376, 534 J1 3203, 227876,
7. 8,59 503966, 404757, 459613, <532 J17472 226780,
8 7,48 497310, 419897, 471844, +529 323445, 2177307
[] =6.5¢ 4936%0, 425675, 47619¢, 526 326070, 212020,




SUMMARY_OF SELECTED VARIAS{ES FCR SIMULATION RUNS

OFFICF OF TAX hku_vﬁlﬂ
TREASURY. wEFAstnENT

—GONSAD _TO3 10 10 1968
U.S.
PERCENTAGE CHANGE CRUDE PI0DUCTION

TABLE10.4

2 NSAQ nlgao HODEL OF CRUDF OIt FARKET OF UNITED STATES

REPORT

[

- TOTAL PROFITS “ANMD TAXES ™ — INCOME TAXFS/ —  DTSCCUNTEN VAL iE

de __auN CRUDE OTL RESERVES €1000 OF BARIELS) _ ¢€1600 _0F DOLLARSY ~ 77 _GROSS PROFITS PROFITS RFSEAVES
A _NUM3ER PROF1TS TAX FAYMENTS (1000 _0F_DCLLaRe) ™
i 10,05 503423, 539394 233298, <302 417178, 360ATe

2 9.94 504091, __561n6€, 244096, +303 432673, x45228_

3 9,83 504464, 57951, 253675, .304 44ry1PE,” 320461

4 e13 503937, 577083 . 253199, - 305 446201, 340487

5 200 504711, 596423, 263032, <306 456136, 327100,

6 1,0: 4968619, 604136, 267651, 307 466069, 3142757

7 =8.5 503719, 609x56, 270677 .308 467S7A,  XInsa9,

B =2,5 497558, 616978, 275254, +309 473455, 3T v?9)

] : =6.5 491898, 623355, 279309, <309 476461, 29X0x57




TABLE 10.5

—CONSAD Y04 10 10 3968 FEPORY &

su_g_ag! [T SELEC'I’ED VAR!ABtE‘ FOP ‘!HULA‘I’!DN “RUNS
CONSAD MICRQ MODEL Of CRUDE OIL ruanﬂ' Of UHTED " STATES
OFFICE OF TAX ANALYSIS
U.S. JREASURY NEPARTHEMT

BE _CHANGE CAUDE _PRODUCTION _____ YOTAL PROFTYS AND TAXES  __ INCOME TAXFS/  WISCUUNTED VALUE — -
AUN cRU oi R’E§€nve (1000 OF BARRELS) (1000 cF DOLLARS) ~ 7 T GROSS™PROFITS PROFITS —— WFSFRVES ~
NUNIER . PROFITS YAX FAYMENTS (1000_OF _DOLLARS)

] 1 10,0% 03423, 330624, 442068, 2577 2559330 PISAIZTT
2 4 04091 , 352028, 453143, 563 271235, 263519

3 9,89 04464, 370450, 462877, S555 ZRAELL, 251604

4 1Y 03932, 368308, 462180, s ?H2ATD, 2564877
5. Py L 504511, 386020, 472128, *550 296354, 248718

) 1,05 498370, 397423, 474171 544 INIOSI. . PI0SAT,

7 ~8.4) 503362, 400322, 479199, 545 305979, 236231,

) <7.48 497310, 410207, 481334, <540 IUI673. 2202487

9 *6.54 AV1650. 419124, 463043, <535 320293, 222161,
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TABLE10.6 R R
——C0aSA) T05. 10 10 1064 SESQIY 8
SuwmAQy OF SFLECYED VARIABLES S,
=JNSAD WICRO MODE. OF CQUDE Ofi wASKEY OF GAITED STATES
(3 X _AAAL YSIS
- LS. TIEASURY DEFAST®ENT,
hd -] t-d 3 [ »h YAxES JNCOME TAXES/ NICCOUNTED VAL i:E
3 £ =1 S) £1000 OF N0Oj) pLSY £ANSS PROEITS PRNFITS GESEQVES
MMIER PROFITS TAX EAYMENTS €100Q _OF BCLLARS)
T 1 7,38 311810, 407034, 198431, 2 328 l140276, 202624
2 8,55 307579, 41133%, PIYYYTN 23352 31707 194029,
3 0.6¢ 303530, 4470 0920 236 9'501. 180248
< =1.03% 304782, 420306, 269046, 2 532 2486 193727,
Y 00 302840, 4232260, 214335, 2336 27y ejq. 1687927,
IS 1.82 299155, 426460, 215930, 38 $26348, 132943
7 =8,.%3% 302150, 431766, 214445, <336 33IN6H. 173457,
B =2.%52 298519, 434890, 223073, 2339 $35268, 1742:4,
9 -5,%3 ° 295123, 436831, 227090, <342 3%7076. 169736,




TARLE 10.7

£OxS23 X056 10 18 1968

sSE

SUenaAgyY OF §&1 +CTER VARIABLES €09 SIrpLATION RUNS

ZDNSaD iC3I0 wIDEL OF CRUDE Oly PAPKET QF 1nITED STATES

OFFiCE OF JAX ARALYSIS

UuS. TGEASURY DEEACTMENY

- OEJCENTASE CHMANGE CRUDE 830BUCTINN JOTAL PROSITS ANMD TAXFES INCOME TAXFS/ HISCCUNTED VAl i
o P P < S Pagr 1S PRI IS GESEAV-<
o Nup3se PROF11E TAX FAYRENTS Tinnp DF DCLLese)
7.33 311677, 227%9%. X375R1, YY) XL T 152424,
z 852 302394, 283¢2%, 33843, 2239 216626 187eCs,
3 9,63 303304, 2088468, X547, 53R 7223279, 342374,
4 =31.0% INEAA9 292654, 246131, 536 P26322. 1448760
5 WYY 302702, 298c0<5, 49784, 2533 20132, 181109,
£ 1.05 299022, 302280, 342352, +531 2IX3ZN, 134ATE
7 =8.47 302017, 306%4q. 43408, : 529 76175, 4S5TAZG
Py =7.4% 298346, 10466 X4673% . =527 54437, 13n67A,
[ 6,54 294990. 314315. 349339, 526 262192, 327217,
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TABLE. 10.8
—COASAL T2 318 18 31968 PEPARY &
. SiumMany OF SELECTEDN VARIABLES FOR CIMULATION RUNS
ZINSaD wicR0 MOOEL OF CRUDE Of1 wASKEY OF LAJTED STATES
N QFFICE OF YAX AnA)YS]S

PaSa TW"Y
SERCENTASE CHANGE CIUDE pRADUCTION JOTAL PROFITS AVR TAXES TNCOWE TAXES/ RISCCUNIED VALUE

._Jut___.__c3nns_n1L_n2saaxes_____xznan_nﬂ_anaasLs» (1080 £F DOLIARS) _  GRNSS PROFITS ORNFITS  RESERVES

NUnIER PROF1ITS JAX PAYMEMNTS (3000 OF CCLLARS)
1 Z.38 311810, 395761 . 299685, 2346 EIYTY RN 21345,
2. 2,53 302529, 402338, 2137246, 2346 3n9731, 206542
3 2.6¢ 30353 407810, 2163564, 347 13860, 197661,
4 =103 SOQ__Q?. 411054, 2183081, + 347 216036, 201974,
5 a IN28409, 476403, P21452. <347 320237 1940¢€.¢,
[ 1. 299155, 421197 . 24206 347 23774, 1803143,
2 ~8,5% 302150, 424232, 25081, 348 325821 . 48433,

) =2.52 208519, 428804, 28767, . 348 32940% ., 3811857,
2 =6,53 : 295123, 432721 231200 < 348 S42408. 476821,




-'TABLE‘ 10.9 ~ " " — T

25 108 10 10 3968 e T T oTrm - - REPORT _ A
SUMMARY or SELECTEN VAmJABIES FOR SIMULATION RUNS ~ T T

‘3!5‘2.!1;:0 MODEL OF CRUDE OIt MASKFET OF UMITED STATES _

OFFICE OF TAX AnAt ¥YSIS

u, S. TREASURY PEFABTHCNT

61°01

SERCINTASE CHANGE_ ___ CIUODE PAODUCTION _  TOTAL PROFITS AMD TAXES ~ ~_JNCOmE TAXFS/— DISCOUNTED vAiLdE

RuN_ CIUDE_OIL _RESERVES (1000 OF BARIELS) ____ ~ (1n06 OF DOLLAWSY ~ T _GROSS PRGFITS _PRNFITS_ __ RESEAVES
NUMIER i —PROFITS TAX_PAYMENTS (1000 OF DCLLARS)™

1 7.33 311677, 2667260 T 338854, =60 209195, 167247
__2 8,57 307396, 274678, " 340640, <554 211313, 197803,
3 9.63 303396, T 281836, 342696. +548 216565, 319787,

4 “2.0% 306649, T 283701, —_3453A5, 549 217845, 154612,

5 208 302707, T 29G+8F. 346962, 77 o968 T TU233163,7 314c231,
6 “6.48 298764, 30454n. 351836, 636~ 2X2916. 1387426

7 “8.43 302017, 298R34. 351144, 940 27038 141727,

g ~7.43 298386, 304972, T 352425, _.536 2335554, 1375349,

=6,55 295018, 320168, 353442, ._.2;13' 237485, 133333,
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TABLE A, 1}

U.8, Crude Pectroleum Industry
Well-Head Value of Oil and Gas Production
(GIN
Year Chase Bank Group| _All Other U,S, Total
—MILLION DOLLARS
1946 1353 905 ~ 2258
1947 1977 1298 3275
1948 2899 1844 4743
1949 2560 1722 4282
1950 2660 1905 4565
195) 3112 2187 5299
1952 3244 2204 5448
1953 3695 2340 " 6035
1954 3752 2460 6212
. 1955 3930 2741 6671
1956 4231 2897 7128
1957 4759 3134 1893
1958 “an 3011 7388
1959 4540 a2 7667
1960 4660 3163 7823
1961 ' 4803 3339 8142
1962 4960 3464 8424
1963 5271 3466 8743
1964 5372 3487 8859
1965 5652 3513 9165

Sources: Factors Affectin 8, Exploration, Development and Production
1946-1965; National Petroleum Council, 1967. Some data may be derived
from original data.

A.S



TABLE A.2

o emeres
PRDRE R TP S

U.8. Crude Petroleum Industry
Exploration and Development Expenditures
Summed Over Three Years

e

T

i (STEP) °
rj Year Chase Bank Group | All Other U.8. Total
- WMILLION DOLLARS
147
1948 3084 2681 5765
f:i 1949 3526 - 2030 6465
1950 392 3148 6840
" . 1951 3994 3521 515
1952 4632 4293 8925
: 1953 5489 5086 . 10575
1954 6049 5851 11900
1955 6577 6373 12950
1956 783 6866 14050
& 1957 %77 711 14850
1958 1538 : 6865 14400
1959 1369 6306 13675
1960 7108 5667 12775
1961 284 - 5266 12550
1962 %77 4948 12625
1963 m? 4833 12550
1964 817 : 4883 13000
1965 8116 4669 12785
Sources: Factors Alfectin, T.8, Exp D

Production 1946-1965; National Petroleum Council, 1967. Some data
may be derived from original data.
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TABLE A.3

U.8. Crude Petroleum Industry
Rate of Return®

(QIN-EPPR)
STEP

Year Chase Bank Group All Other U.8, Total
1946
1947
1948 L7911 . 5871 . 6963
1949 . 6554 . 5338 . 6000
1950 . 6414 . 5419 . 5956
1951 . 6522 . 5254 . 5928
1952 , 5840 L 4312 . 5105
1953 . 5245 . 3697 . 4499
1954 , 4723 , 3283 , 4015
1955 . 4479 , 3325 . 3911
1956 , 4346 . 3213 . 3792
1957 , 423) . 3110 . 3690
1958 . 4123 . 3237 . 3701
1959 . 449 .3 , 4162
1960 . 4844 , 4314 , 4609
1961 . 4861 . 4922 . 4887
1962 . 4711 , 5487 , 5015
1963 . 5020 . 5609 . 5247
1964 ., 4852 . 5622 . 5140
1%5 5129 5 ..5443

*Rate of Return: (Well-Head Value of Oil and Gn minus production expenditures)
divided by the summed three years exploration and development expenditures,

Sourcest

Expl

rati

Develo

ent and Production 1946-1965;

National Petroleum Councll. 1967, Some data may be derived from oruiml data,

At
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TABLE A. 4
U.8, Crude Petroleum Industry
Returnd
: (GIN-EPPR)
"‘,:‘: Year Chase Bank Group .. All Other U.S, Total
MILLION DOLLARS
1946 F__"—E .
1947 ‘
1948 2440 1574 4014
1949 2311 1568 3879
E 1950 2368 - 1706 on
1951 2605 1850 ©a4ss
_ 1952 2708 1851 4556
'_ : 1953 2879 1879 . 4758
j 1954 2857 1921 4118
" 1955 2946 2119 5065
1956 n22 2206 5328
- 1957 3248 2231 5479
: 1958 3107 2222 5329
1959 3313 2378 5691
1960 e 2445 5888
{ 1961 3541 2592 6133
1962 %17 ans 6332
1963 3874 am 6585
1964 3938 218 6682
5 4163 2796 6959

'Return' Well-Head Value of Oil and Gas Production minus production expenditures.
Sources: Factors Affecting U, S, Exploration, Development and Production 1946-1965.
Nationa! Netroleum Council, 1967, Some data may be derived from original data,
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TABLE A.5

U,8. Crude Petroleum Industry
Production Expenditures?
(-6907 + (. 00114)PROD + (205])PR)
Year Chase Bank CGroup All Other U.S, Total
MILL‘ION DOLLARS
1946 1 T
1947
1948 459 270 729
1949 249 154 403
1950 292 199 491
1951 s 507 337 844
1952 539 353 892
1953 816 461 1277
1954 895 539 y 1434
i955 984 622 1606
1956 1109 691 1800
1957 1511 903 2414
1958 1270 789 2059
1959 1227 749 1976
1960 1217 ns 1935
1961 1262 47 2009
1962 1343 49 2092
1963 1403 755 2158
1964 1434 42 an
1965 1489 11 2206

‘Proc_iucuon expenditures are estimated by the following equation: -607 +(. 00)14)
production + (2051) Price of Crude Oil,

Sources: Factors Affecting U, S, Exploration, Development and Production 1946-1965;

National Petrolecum Council, 1967, Som e data may be derived from original data.
A9




TABLE A. 6

U,8. Crude Petroleum Industry
Rate of Return®
(GIN-EPPR |
IEP

Year Chase Bank Group ‘ All Other U.8. Total
1946

1947

1948 1.8210 1.6029 1. 745
1949 1.8989 1.5711 1. 7512
1950 2.0467 , 1.4581 1.7523
1951 1.6080 1. 3653 1.4975
1952 1.4582 1.0458 1.2568
1953 14295 . 9582 T 1197
954 1.3105 .9061 L1
1955 1,233 . 9245 1.0834
1956 1.1911 . 8989 1.0499
1957 1.2151} .9192 1.0743
1958 1. 3864 1.1200 1.2613
1959 1.3495 1.2549 1.3083
1960 1. 8214 1,374 1.4190
1961 1.4650 1.6374 1.5333
1962 1.2700 1.7216 1,4310
1963 1.5799 1.6204 1.59%4
1964 1.397¢ 1.6810 1.5016

L4622 2.051 LASI0.

J2h3.
ARate of return: {Well-Head Value of Oil and Gas Production minus production
expenditures) divided by the annual expenditures for exploration and development.
Sources: Factors Affecting U, 8, Exploration, Development and Production ] 946-196%
National Petroleum Council, 1967, Swne data may be derived from original data.
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TABLE A,7

U.8, Crude Petroleum Industry
Rate of Growth of Receiptsa
( Oletln )

Year Chase Bank Group ] All Other -] U.8. Total

1946

1947

1948

1949 947 - +99%2 + 9663

1950 1.0247 1.0880 1.0503

1951 1.1001 1.0844 1.0935

1952 1.0383 1, 0008 1.0227

I?SS 1.0643 1.0151 : 1.0443

1954 . 9924 1.0224 1.0042

1955 1.0312 1.103) 1. 0601

1956 1. 0597 1.0411 1.0519

1987 1.0404 1.0113 1.0283

1958 . 9568 <9959 . 9726

1959 1.0663 1.0702 1.0679
| 190 10392 1.0281 1.0346

1961 1.0285 1.0601 1.0416

1962 1.0218 1.0478 1.0324

1963 1.0m11 <9985 1.0400

1964 1.0168 1.0128 1.0147

1965 L0571 L.ALAk

SRate of Growth of Receipte: Present sansal well-hesd value of oil and gas
production divided by the previous year's value.
Sources: Factors Affecting U.S, Exploration, Development and Prod. ThL.1965;
National Petrolewm Council, 1967. Some dats may be derived from originai
A1l




TABLE A. 8

U.8, Crude Petrolewm Industry
ANNUAL CRUDE PRODUCTION
{PROD)

Year m Chase Bank Group | All Other U.8. Tl
1946

1947

1948 2.60 1,270,752 749, 568 2,020,320
1949 2.8 1,138,070 703, 720 1,841,790
1956 2.51 1,174,208 199, 350 1,973,555
1951 2.83 1,351,230 896, 440 2,247,670
1952 2.%3 1,383,114 906, 582 2,289,69
1953 1.68 1,806,353 850,815 1 2,357,170
1954 2,78 1,443,575 871,255 2,314,83%
1958 .n 1,523,145 961,410 2,484,555
19% .79 1,612,59% 1,004,670 2,617,266
1957 3.09 1,637,758 979,295 2,617,050
1958 3.0 1,511,465 937,685 2,449,150
1959 | 2.90 1,598, 335 976,378 2,574,110
1960 2.08 1,618,818 955, 992 2,574,810
1961 ) .8 1,646,150 975,645 2,621,795
1962 | 2.90 1,717,690 958,490 2,676,180
1963 2.09 1,790,325 9%2,505 2,752,830
194 | 2.88 1,8%,222 950, 502 2,786,724

s L2 1923185 925,218 2

L1926 S4B, 460 ..
Seurces: Factors Alfecting U, 8, Exploration, Development and Production 1946-1%5

National Petroleum Council, 1967. Some data may be derived from original data.
A 12




TABLE A.9

U,8, Crude Petroleum Industry
EXPENDITURES FOR EXPLORATION AND DEVELOPMENT

(TEP)
Year Chase Bank Group . All Other U,8, Total
MILLION DOLLARS
1946 775 T 740 1515
1947 991 959 1950
1948 1318 982 2300
1949 1217 998 2215
1950 187 1168 2325
1951 1620 1355 2975
1952 1855 1770 3628
1953 2014 1961 3975
1954 2180 2120 4300
1955 2383 2292 4675
1956 262) 2454 5075
1957 2673 2427 5100
1958 ‘2241 1984 4228
1959 2455 1895 4350
1960 2412 1788 4200
191 2417 1583 4000
1962 2848 . 1577 4425
1963 2452 1673 azs
1964 2817 1633 4450
1968 2842 1341 4210

Sources: Factors Affecting U. S, Exploration, Development and Production

1946-1965; National Petroleum Council, 1967. Some data may ve derived
. from original data.
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TABLE A, 10

U.8. Crude Petroleum Industry

RATE OF RETURN FROM RECFIPTS

TEPT= Expenditures for exploration, development and
production (Million dollars)

GIN = Gross income from mineral production excluding royaltics
(well-head value of production) (Million dollars)

TEP = Expenditures for exploration and development (Million dollars)

GIN-TEP
Year GIN TEP GIN-TEP TEP
1955 6872 4246 2626 .61846
1956 7320 4553 2767 .60773
1959 7930 4375 3605 . 83353
1960 8090 4127 3963 1. 04853
1961 8412 3921 4491 1. 14537
1962 8724 4590 4134 . 490065
1963 9073 3884 5189 1. 33599
1964 9161 4302 4859 1. 12948
1965 9367 4104 5263 1, 28241
GIN- TEPT

GIN TEPT __GIN-TEPT TEPT
1955 6872 5853 1010 . 17410
1956 7320 6331 989 . 15622
1959 7930 6283 1644 . 26166
1960 8090 6055 2035 . 33609
1961 8412 5917 2495 42167
1962 8724 6681 2043 .30579
1963 9073 6036 3037 .50315
1964 9161 6512 2649 . 40679
1965 9367 640) 2966 . 46337

Sources:Income and expenditures Joint Association Annual Surveys;
from Facts and Figures, American Petroleum

Reserve data and prices

Institute.




TABLE A, 11

U.S. Crude Petroleum Industry
RATE OF RETURN FROM NEW RESERVES

EPEL = Expenditure for exploration (Million dollars)
EPDV = Expenditures for development (Million dollars)
NRE & New reserves from exploration (Thousands of Barrels)
NRD = New resorves from development (Thousands of Barrels)
PR = Price (Dollars) -
Year NRE NRD PR NRE‘PR] NRD'PR
1955 | 476,957 2,393,767 2.7 1,321,170} 6,630,735
1956 | 467,222 2,507, 114 2.7 1,274, 049] 6,994,848
1959 | 369, 362 3,217,383 2.90 1,071,150 9,562,411
1960 | 253, 856 2,111,472 2,88 731,105 6,081,039
1961 | 361,374 2,296,193 2.89 1,044,371 6,635,998
1962 | 380, 586 1,800,310 2,90 1,103,699 5,220,899
1963 | 349, 891 1,824,219 2.89 1,011,185 5,271,993
1964 | 346,293 2,318,474 2,88 997,324] 6,677,205
1965 | 471, 747 2,576, 132 2.86

EPEL EPDV NRE ‘PR NRD*PR

EPEL EPDYV

1955 1,944 2,252 .67961 2,9444
1956 2, 117 2,436 .61126 2.8714
1959 | 2,012 2,313 . 53238 4, 1342
1960 2, 045 2,082 .35751 2.9208
1961 1,851 2,070 . 56422 3. 2058
1962 2,324 2,266 . 47491 2.3040
1963 1,845 2,039 . 54807 2, 5856
1964 2,109 2,193 . 47289 3. 0448
1965 1,97 2,133 , 68481 3,4542

Sources: Income and expenditure Joint Association Annual Surveys;
Reserve data and prices from Facts and Figures, Amcrican Petrolcum

lnstitute.




TABLE A, 12

CUMULATIVE DISTRIBUTION OF

DEPLETION TO POSITIVE NET INCOMES
FOR DOMESTIC PROPERTIES

CPNIL (.6, .275, t),

PERCENTAGE DEPLETION BY RATIO OF PERCENTAGE

Percentage Depletion

Claimed as a Porcent Cumulative Distribution
of Net Income i 1958 1959 1960
0 ' 0 . 000 000 . . 000
0<.099 ol . 000 ., 000 . 002
100 < .199 .2 . 001 . 001 . 004
+200 < .299 '3 . 012 . 017 . 013
+300 < .399 o4 .5 .532 . 491
+400 < .499 5 . 987 + 984 . 984
.500 + .6 1. 000 1,000 1, 000

A 16




TABLE A, 13

ESTIMATED TOTAL DOMESTIC

DEPLETION CLAIMED

Depletion Claimed: Foreign and Domestic

Estimatod Domestic

__Year efnin Crude Total Depletion Total
(Thousands of Doljars) PPD(t)
1951 891,723 432,152 1,323,875
1952 910, 989 480, 613 1, 391, 602
1953 1,010,589 514, 214 1,524,803
1954 1,064,213 406, 088 1, 470, 301
1955+56 1,265,940 | 473,728 1,739, 668
195657 1,374,548 474,607 1,849,155
1957-58 1,595,563 526,729 2,122,292 1,435,518
1958-59 1,522,549 510, 743 2,033,292 1,375,319
1959-60 1,527,908 526,403 2,054, 311 1,389,536
1960-61 1, 644, 951 569, 382 2,213,3% 1,497,118
1961-62 1,694, 327 624..846 2,319,173 1,568, 689
1962463 1,836,647 625, 833 2,462,480 1,665, 621
1963 1,757,650

Source: Corporate Statistics of Income.
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& B TABLE A, 14

: ESTIMATED DOMESTIC COST DEPLETION AS A PERCENT

i OF TOTAL DOMESTIC DEPLETION

; CD(t)

Year % 10% 15% 20% 25%
'R -t .

N (Thousands|of Dollars)

ws7  |M.776 143,552 | 215,328 | 287,004 | 358, 880
‘“ 1958 68,766 137,832 | 206,720 [ 275,064 | 342,830
_ 1959 69,477 138,954 | 208,431 | 277,908 | 347,385
1960 74,889 149,778 | 224,667 | 299,556 | 374,445
961 [18,438 | 156,869 | 235,304 | m3,738 | 392,113
: 1962 | 83,281 166, 562 249, 843 333,124 416, 405
| 1963  |87,882 175,765 | 263,647 | 351,530 | 439,412

“ Source: Derived from Table A, 13,
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TABLE A, 15

U.S, CRUDE PETROLEUM INDUSTRY

SUM OF EIGHT YEARS EXPENDITURES FOR

EXPLORATION AND DEVELOPMENT

{(TTEP)
Y ear Chase Bank Group All Other U.S. Total
1953 10, 947 9,933 20, 880
1954 12,352 11,313 23,665
1955 13,744 12,646 26,390
1956 15,074 14,118 29,165
1957 16, 503 15,547 32,050
1958 17,587 16,363 33,950
1959 is. 422 16,903 ‘35,325
1960 18,979 16,921 35,900
1961 19,382 16,524 35, 925
1962 20,050 16, 000 36,050
1963 20,119 15,381 35, 800
1964 20,315 14,560 34,875
1965 20,489 13,496 33,985
Sources: Factors Affectin 0 n
tion =1965; National Petroleum Council, 1967. Some data

may be derived from original data,

A 19




TABLE A. 16

U.S. CRUDE PETROLEUM INDUSTRY
RATE OF RETURN®
(SIN-EEPR,

Year Chase Bank Group All Other U.8, Total
1953 . 2629 .1891 .2278

1954 2312 1698 2019

1958 2148 1675 1919

1956 2071 1562 .1826

1957 .1968 .1435 1109

1958 1766 1387 1569

1959 1798 1407 .1611

1960 - .1814 1448 . 1640

1961 . 1826 1568 1707

1962 1803 « 41696 o .1786

1968 - | 1928 1762 .1854

1964 1938 .1885 1915

1965 . .2031 2071 . 2047 '

SRate of Return: (Well-Head Value of Oil and Gas minus production expenditurt
divided by the summed eight years exploration and development
expenditures,

Sources: Factors Affecting U.S. Exploration, Development, and

and Production 1946-1965; National Petroleum Council, 1967,

A.20
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NOTE ON COMPUTATION OF COMPARATIVE RATES OF RETURN
PREPARED BY SIMON M, SIMON

The Rates of Return are not absolute but rather computed to serve
for comparative purposes. They are based on balance sheets and profit
and loss statements compiled by IRS in the Source Book for respective
years,

The data in Source Books were further adjusted so as to eliminate
certain factors or privileges in one industry, and make the data more
comparable, For instance, the rate of return {s figured on gross assets
invested in the b\uine_n and as such rented assets should be included,
Thus, some adjustments were made to convert rentals paid t.o respective
value of tho asset rented.

. Similar adjustments were made for deprociation and depletion,
For the years 1954 and over, depreciation was normalized to reflect
the straightline method, and the excess depreciation was added back to
profits, Similarly, excess depletion based on the Treasury survey of

1958, 1959, and 1960 was added back to income,

A .22
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TABLE A. 19
U.S. DOMESTIC DRILLING

.
———

. Froducing Uil WElIT
Year L All Wells Completed Exploratory Wells New Field Wildcats End of Year |
¢ e 1Oil ! C:s__ |Dry  [Total %«uu_{ Producers cessful Fo&ncto' m- Holes| Total % Successful +
19431 9,715 1,782 | 6.385]19,431] 64.30 14 317.8 : 407,170
194% 113,028 3,067 | 7.009{25.260] 69.66 944 19.6 342 2,752 11.0 412,220
1945114.297 2.898 | 7.471126.875] 69.71 . 1.214 21.6 382 2,685 11.5 415,750
194 {15,851 | 3,090 | 8.047{29,225 70.18 31.137 19.7 333 2,800 10.6 421,460
1947 117,961 ; 3,307 { 9,625!33,173| 68.84 1.378 20.3 394 3.086 11.3 426,280
1948 122,340.' 2,906 {12.112{39,628] 67.58 1,463 18.2 501 3,798 11.6 437,880
194= [21,908° 2,886 [12.842{39,015]| 65.88 3.830 20.2 $06 3,943 11.3 448,680 -
1953 124,436 | 2,837 {14,786143,287] 64.83 2.014 19.5 $92 4,698 11.1 465,870 ~
1953 [23,437 | 3,027 [16,.704/44,545] 61.30 2,217 18.8 684 5. 505 11.0 474,990 <
? 1952 123,448 | 3,246 [17,714145,895] 60.11 2,335 18.7 74 $.957 11.0 . 488, 520
1953 {25,748 | 3,801 |18.509]49,325] 61.49 2,680 20.1 74 6,151 11.1 498,940
' 1954 129,776 | 3,974 ]19,285{54,051 63.64 2,708 20.6 902 6.478 12.2 511,200
1955131,540 | 3,614 [20,742156.666| 62.89 3,105 20.7 s 7.186 11.3 524,010
1956 {31,196 | 4,115 [21.871{58,.259| 61.75 3,09 19.1 868 7.841 9.9 551,170
1957 128,272 | 3,914 [20,762{54,017] 60.88 2,810 19.1 872 7.142 10.8 569,273
1958 {25,270 | 3.679 [18,.823]49,142] 60.69 2,567 19.4 Kt 6.164 13.3 574,905
1959 125,802 | 5,039 {19.277!51,812} 61.5¢ 2,614 19.8 T 6.259 10.9 583,141
1960 [21,214 | 5.255 |17,588/46,810] 60.08 2,189 18.7 S 6,575 10.1 591,158
. 1961 121,170 | 5.667 [17,803]47,018] 61.10 1.970 17.9 45 6.164 10.7 594,917
{1962 (21,385 ] 5,859 [16,753146,422] 61.92 1,982 18.3 Te° 6,007 11.5 596, 385
1963 {20,704 | 4,758 [16,318{44,078] 60.94 1,978 18.5 76? S, 801 11.7 588,657
2064 120,930 | 4. 871 17, 533les 727 $0. 54 1,79 $,951110,747 16.7 703 $,93) 10.5 588, 225

Sources: Petroleum Facts & Figures, 1965.




TABLE A, 20

COMPARATIVE FOOTACE DRILLED
EXPLORATORY AND WILDCAT WELLS
1943-1964 .
B All Exploratory Wells Wildcat Wolls
Footage orcont of Footage Porcent of
Footage| Successful [Footage in | Footage |Successful|Footage in
Successful W, o Successful Wollq

(" IMillions of Foet Miliions of Feet
,ms 15,79 | 2,93 5.4 N A, N.A, N.A,
1944 20,225 | 4,382 4.6 12,997 1,640 6.94
11945 23,030 | 5,50} 4.2 13,368 1,789 6.50
1946 22,197 5,286 4,2 12,558 1,692 6.45

947 . 26,393 | 6,166 4.3 14,617 2,09 6.00
t948 ¢ 32,7141 | 7,119 4.6 18,740 2,690 6.00
949 34,798 | 8,359 4.2 18,159 2,186 5,53
1950 40,175 | 9,217 4.4 22,118 3, 146 6.06
1951 ' 49,343 | 10,621 4.6 27,948 3,831 6. 34
Eqsz ;55,615 | 11,884 4.7 312,500 | 4,433 | 6.3
953 | 60,702 | 13,422 4.5 33,855 4,533 6.49
1954 ¢ 59,581 [ 13,789 4.3 35,484 5,339 5,65
1955 69,173 | 15,953 4.3 38,970 5, 316 6.37
1956 73,981 | 16,284 4.5 41,922 5,482 6.67
957 | 69,136 {15,761 4.4 39,050 5,503 6.10

958 61,483 | 14,184 4.3 ' 34,202 5,041 5.8}
9059 | 63,252 [ 14,576 43 j3sas0 | as4 | 6w
1960 ! 85,830 | 12,259 4.5 35, 88) 4,750 6. 57
91 | 54,472 {11,149 4.9 35,410 4.6m 6.57
1962 ) 53,57 | 11,392 4.7 34, 884 5,051 5.91
963 53,485 | 10,638 5.0 33, 551 4,180 7. 04
1964 ! $5,496 | 10,918 $.1 34, 585 4, 587 6.57

Source: Petroleum Facts and Figures, 1965, p, 13; 1959, p. 17,

A25
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TABLE A.21

U.S. DOMESTIC DRILLING
MEAN DEPTH OF WELLS

All Wells -Average ‘lﬁglh

Year ] Oil Cae Dry Total Exploratory New Field
Wells Wildcats
",- (3)‘ ‘”- @ Avou‘;so! Average
Depth Depth (6
e —— —Depth(8)
4,217 4,200
4,103 4,402
3,854 4,007
3,89 4,200
4,086 4,362
3,842 4,082
3,898 4,171
4,197 - 4,516
4,476 4,852
4,560 4,889
4,549 4,808
4,010 | 4,010 | 4,050 | 4,030 4,631 4,809
4,070 | 4,070 | 4,050 | 4,065 4,574 4,814
‘ 4,701 4,873
4,658 4,921
3814 | 5,464 | 4,240 | 4,146 4,795 5,043
3,946 | 5,526 | 4,168 | 4,223 4,770 4,902
3,911 | 5,366 | 4,284 | 4,244 4,953 5,125
4,04) | 5,366 | 4,533 | 4,405 4,967 5,135
3,922 | 5,373 | 4,556 | 4,33 5,016 5,108
5,164 5,215

Sources: 1,2,3,4 Joint Association Surveye

Petroleum Facts & Figures 1965, p. 13, From

A, 26

American Association of Petroleum Geologists.
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[- TANLE A, 22 '
COMPARATIVE U.S. DOMESTIC DRILLING COSTS AND EXPENDITURES
1953 AND 1963

TIMRSA s ame . s me s s e b ‘c—w|

, Dopth Range Number of Cost Per Total Expenditures

Wells Foo {$1,000)

C 1953 363 953 363 953 | 1943
«1,350 8, 001 5,931 6,63 $8.19 $28, 147 40, 526
1,250-2,500 o219 [ 8,419 | 7,99 8.39 | 146,368 | 130, 204
,501-3,750 12,603 | 8,708 | 9.10 8,46 1| 357,996 | 228, 808
3,750-5,000 § 7,442 | 5,469 [ 10,09 | .87 | 322,182 ] 212,180
5,000-7,500 § 8,624 | 6,622 [ 12.: 10,08 | 658,845 | 416,357
,501-10,000 f 3,496 | 3,720 | 14,86 13,44 | 4ad,441 | 435,623

10,001-12,500 [ 1,404 2,004
12,501-18, 000 4“7 719
264

20,83 | 18,00 | 326,363 402,932
31,08 | ane2 | 162,399 ] 266, 363
39,37 | 23,278 170, 803

ez, 02,849

or 18,000 33 40,20

)
[

lowmol Joint Asscelation Oumy .

A, 27
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" TABLEA.28 T[T T

DRILLING S8TATISTICS FOR OIL, GAS, DRY AND SERVICE WELLS
200 LARGEST COMPANIES AND ALL OTHER COMPANIES

1963

L) )
? 1 ? ‘g‘

OlL WELLS: ‘“ %“ $ $ |
All Companies ' 90,410 | 4,054 | 1,048, 15,91 2,01
200, Largest Companies ' 9,093] 47,700 | 8,346 | 790,600 | .16, | 86,94
All Other Companies 10,744 32,710 | 3,044 | 250,39 | 1.9 .00

OAS WELLS: o ' : ‘
ARl Companies . ¥, 878] 25,241 | 5,804 1 416,062 ] 16.5] 90,00
200 Largest Companies 3,200 15,808 | 6,963 F 328,13 | 20.6 hrev. s

_ All Other Companies 3,398 9,346 ] 4,073 07,931 ] 9.4] 3.31¢

DRY HOLES: * ) ’ |
ANl Companies * 14,7941 69,004 | 4,664 | 599,000 8.7] 40,49
200 Largest Compenies 4,000 ] 26,469 | 6,935 | 400,288 | 14,0 | 91,300

- AWl Other Companie 40,838 ] 3,794 | 199,30 49 Il.“l'

SERVICE WEL| . .

Al Com ) oM L] ] 2]y
200 La * 3,%} 02 28,914 9.4 | 20,068
Al . 3,014 8.603 | 43] éaM

TOT ’

0{174.658 14,2334 2,064,099 | 13.8 | 52,644
19,133 N, 519,019 ( 16.5 ] 28,08}

16,00 [\ ss.620| 6.6 ] 2300

All Companles 16,048 13,898,610 1 10,8 | 89185
200 Largest Companies 301,398 11,944,933 1 14,3 | 02.280
) 17,40 22| 6.6 | a.0m




J;

THHHHE
poeove [
THT £H,
Fewe P
Fsaaz ?F;
---: [
Ezéﬁs i g
T ;E g
3838y g
XXX S
$S82% ?5;
u;:nn [ ‘
il ]
T35
----- - o
ero09 L
I AL
FEREE BT F KR
uzes wi ¢
$288 g
E8s3
23223 ¥
83383
TIITIET R K |
£338% 8%
F;xx; TR
BE28% 88 &
NbthE g
Sy $E

ooooo

7y ivv] et

Sentniaq

[ 2 2 7

T8I0, oA aad 3909 eBuasay
———___&____——___,,_r -

SIvneQ o puwsaoyl)

S29°%US°2T | 159 L8
SIP°06E°2 | 296°522
S19°929°2 | 6£5°cee
9%0°159°2 | siL‘c2s

998 130¢ 'T | 00T '00L | 959 "T

OtP°965 °T | 190°606

T €91°009°2

L 278871 Ag

ey "‘0

LKINOG _"s°0 - SISOD ONIITING

2°V JICVL

ANISHANT NATTIONLIL

— e



.
awu.,.
k3
@ .
A
“

——TRBLEAT
HISTORY OF FEDERAL CORPORATE INCOME TAX RATE

.

. 8829

194248 . Firet 25,000°
. " 28,000 to 50,000 - $
: ', Over 50,000 _ © 40
G4y . Tiratas,000 , " .28
y x 28, 000 to-50, 000 5
 Over 50,000 e e
SS.. ' . Normal Tax 23 .
. S Surtax over 19 4
. 25,000 ) .o
. " Normal tax  28-3/4 "80-3/4
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TABLE A. 26

THE EFFECT OF THE PERCENTAGE DEPLETION PROVISION
AT DIFFERENT LEVELS OF COST/GROSS INCOME, TAX RATE 50%

(1) Groes Income

(2) Costs and depreciation

(3) Net income before depletion(1)-(2)

(4) Depleticn allowable

(5) Taxable income (3)=(4)

(6) Tax at 30%

(7) After tax net income, tax return.

(8) Real tax rate(6}y(3)

(9) After tax profit (7)+(4)

(10) Tax payable on net incomse alcu
50% (3)

(11) Net benefit of mlﬂ-(ﬂ

(12) After tax net income (4) + (7)
(book walue)

100 [100 | 100 ]100 ]300 | 100 ]100 ] 109 ¥100
o 10 20 30 40 45 50 60 90
100 90 80 70 60 55 50 40 10
27.8 | 27.8 | 27.5 | 27.8 | 27.5 | 27.5 | 2s 20 | 2s .
72.5 | 62.5 | s2.5 42.5 | 2.5 } 27.5 | 2s 20 s
36.28] 31.28} 26.258) 21.25] 16.25] 13.75] 12.5] 10 |z.s
36.25] 31.25) 26.28] 21.25 16.23 13.75] 12.5} 10 )
36.25] 34.72] 32.81] 30.35] 27.08] 25.00] 22. 00} zs. |zs.oo
63.75] 58.75] 53.75] 48.75] 43.75] 41.25] 37.5 ;zz.s

50 45 40 3s 30 27.5] 25

13.73] 13.7%} 13.75} 13.75 xs.vsJ 13.7512.5 | 10 tz s
]

63.75] 58.75| 53.75] 48. 75| 43.75| 41.25] 37. 30.00 gso.oo
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- T TABLE A. 27 T T "
ESTIMATED EXPENDITURES FOR OIL AND GAS PRODUCTION
i U, S, DOMESTIC
' DRILLING COSTS ) -
Prod G : Othe. Production ||
tng O & Other Exploration Costs . r
) Costs
S R R EIE E E
- 8 2| .g|e: |83 32E| 85| S| 5 |35 3 =8 3
2| =g} =]l Z]2 [5%] 5&5%] S H *s| 2 s 8-
H fa - ) g *R8 a ® s ® . &
A L M . :
MILLION ﬁﬂ DOLLARS OF DPLLARS
[~ 1944 74 593 327 44 203 | 111 R a 8
1948 | 426 | 1,058 570 79 | %2 | 218 <
1953 97 1,762 987 172 483 401
1955 T44 1,8261 1,337 489 651 306 263 | 189 426 449 1,183
1956 909 1,959 1,432 | 528 561 360 287 |208 - § 477 464 1,331
1957
1958 . ] . -
1959 821 1,830] 1,281 | 549 554 320} . ] 193 124 | 183 483 442 1,450
1960 T4 1,651]1 1,173 (476 626 2771104 193 1 1197 431 424 1,390
1961 T4 1,624 1,156 | 467 428 280} 115 189 6S | 219 446 457 1,455
1962 847 1,728 1,236 | 492 815 299{108 . 197 58 | 213 S37 '| 478 1,535
1963 790 1,512] 1,074 {438 376 vs_ 117 193 69 | 200 527 470 1,581
* Not Available Separately
See Under Development 7
Source: Joint Association Survey of o

1959 Thru 1963 (Secticn )
1955-1956. 1953
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. TABLE A, 28
.S, CRUDE AND NATURAIL GAS LJQUIDS PRODUCTION BY LARGER COMPANILS

[ 1960 1964 196%
otal .8, % of Company
Company Total U.5, |Totat U,S, |world U,S, Total
Prod, Prod | Prod. Pro8. [Prod, Prod.
Crwle Oil and (1,000 {1,000,
Natural Gas Liquids bpd) _bpd) | 4 $
1. Standard Oil Co. (N,J,) 2,196°2 439
2, Gulf Oil Corp. 1.%06 386 1,933 457 [2,082 489 26 24 23
3. Texaco 1,234 478 1,650 583 ]1,838 604 » 38 3
4. Standard Oil Co. (Calif.) 983 298 1,239 398 1,422 416 30 n 29
s, Socony Mobil Oil., Inc, 823 262 1,076 31 2N n » 1]
4. Staadard Oil Co. (Indiana) N9 286 405 368 456 390 90 90 [ 1
1. Shell Ol Co. 354 354 407 407 431 431 .3100 100 100
8. Continental Oil Co. 210 .17} 323 184 380 )86 | 82 $7 49
9. Phillips Petrolcum Co. a2 2 38 2% 339 242 79 7 40
10, Marathon Qil Co. 1y 108 238 115 290 N2 9% 49 39
1), Sinclair Oi) Corp. 183 139 215 185 245 167 % 7 4
12. Amerada Petrol cum Corp. 8 8 180 80 240 83 100 45 M
13, Union Oil Co, (Calif,} 102 98 210 115 231 1 9% [1] 8?7
14, Sun Ol Company 150 134 223 123 221 1%) 76 $s 11]
15, Atlantic Refining Co. 153 9 190 107 200 118 11 56 L]
16. Citirs Service Co. 130 130 150 150 183 183 100 100 100
17, Tidowater He 14 130 121 149 140 100 [ 2] 94
18, Signal Oll & Gas Co, 84 4 98 3 103 48 $4 [7] 4
19. Suaray D-X Oil Co, ”» 8 93 8 9% 84 9° [} ] 14
20, Skelly Oil Co. [ 1] 87 8 8 8 100 100 100
21, British American Oi) Co. 63 26 85 24 7 23 41 28 26
22, Richficld ONl Corp 84 1 88 63 8% 89 % 1 4
23, Superior Ol Co, 102 %0 67 67 63 &) 18 100 100
A, Tenneco . “ B 4 4 55 44 L] L1] [ 1]
25, Standard Oil Co. (Ohio) N n 40 27 s 27 69 66 89
2. Louisiana L-and & Expl. Co. 0 1 40 40 43 43 J100 100 100
2, Celanese (Champion) 8% 2 21T 29 29 100 100 100
28, Ashland Oil & Refining PR % 18 4 ™ 39 47
49, General American O Co. ¥ 24 2 2 2 ” 90 9
i, Teaas Eastern 16 1 [1 2 1) 19 19 100 100 100
. Marphy Ol Corp " 9 16 9 18 N 87 60 s8
8, Union Producing (United Gasl "o 1" n " on 100 100 100
3, EereeMs G 41 [] 14 1n 15 12 10 n %
H, Coantal States Gas Prod, ] [] [ s ion 100 100 100
13, Goeneeal Craude O1l Co. 9 9 '] .QQ lgﬁ !22
Tual V% Companies 9,624,371 112,919 5,157 114,198,431 4% 40 18
{Perqent of U.S,) 88 58 60

Source: Data frmm WORLD OJL. Surveys and Company Annual Reports
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TABLE A, 29
S DY LARGER COMPANIES-A FIVE YEAR COMPARISON

WELLS COMPLETED IN UMTED STAY
Company u‘ 1% Rank
o We! (1) %”1
{ Tenaco 1,48 1, 30 '
3. Standard Oil Co. (Indians) . LN 1,003
3. Oull Onl Corp *9 [ 2] »9
4, Humble OV (lua‘ui. N, J) 1,28 LM 140
$. Shell 0N Co. m 1,009 o
8. Standard Ol Co, Calil.) [ 1] [1)] e
7. Secony Mobil Oil Co, (1.4 (1) 111
0. Sun Oil Co, 1] ” »?
9, Searay D-X Oul Co. ne ne e
10. Pennsoil Co. $11] 1] ] 1)
11, Unioa Oil Co. of Calil, [1]] tHi} Nl
12. Phillips Petrelewm Co, s %0 ns
13, Continental Oil Co. [11] n n
14, Tidewster Oil Co. mn 1) 00
19, Ciies Service Co. " M mn
16, Tenneco m n 34
17, Simiare Oil Corp. b} m m
18, Cheveon Oil Co. a m n:
19. Skelly Oil Co. 112} 1] 11}
29. Midwest Ol Corp. " (3] [13]
28, Atlantic Refining Co. ns 111 m
22. Coasta) States Gas Pred. Co. 4) ) ) "
33, Marathen Ol Co, "y m 190
24, Chanslor-Western Oil and Dov. Ceo. » “ (1]
28, Ashland Otl and Relining Co. b1 320 "
3. Amerads Petrelesm Corp. n n 10
21. Unioa Texas (Allied Chemical) 3] 3% ».
28, Standard Ol Co. (Tenss) [13] 12) 9%
29, Shamreck Ovl & Gas Corp. 144 [, 2 [T}
30, United Gae Corp. wn«w Prod.) (1] 1} [ ]
3. Monsante ' 9 7 "
32, Tesas Pacific Ol Co. ' " 08 ”
93, Cheveon, Westera Division $0 “ ”
34, J M, Huber Cotp “ [13) ”
138, Livingaton ONl Co. n " ”
. |“. Standard 01} Co, (Ohle) 1 1] ”
'“. Unioa Preducing 1] » "
38, Keatucky-West Vo, Gas Co. n (1) * 0
99. Kewanee Odl Co. 4% “ * [
40, Quaker State (] 26 (3}
41, Signal Oil and Cas 4 (1] (1]
42, Cabot Corporation n 40 (13
4). Anschuta Oil Ceo. reeses (1} 1]
44, KeeeeMcGee . [1] 1] .
49, British American " 4 4
4b. Bridwell Oil Co. (1} 90 L1
47, Lone Star Preducing [1] 11} 40
49, Cosperative Relinery Asvoc, 10 M 1]
49, Kidorado Ol & Gas eesvene " »
$0. Contolidated Gas Supply ] ] »
$1, Rasia Ol Company 3 " )
$2. Texas Eastern 29 [1] “
£ 83, General Crude OIl " " N
$4. Great Expectations 20 1] 3
“i{ $3. Oxford Oil Co. 4 " 1]
“n 56, An-Son Petroleum Corp. ® » 30
i $7, indiana Farm Bureaw » 3 »
g $8. Preaton Oil Company 4 y 30
N $9, Southeen Natural Gas 1) 13 29
& 60, Peoples Natural Gas Co. » % 11}
W 1. Alpine Ol & Reyalty Co, o n n
] 62, Colorado Oil and Gas Cerp, " 1 2
é 63, Geaeral American 1 10 1]
’ “. lalnulluul Oil and Gas Corp. 11} 49 1]
Qe 1 0 {
i 2] 11,976 i)
cent of U.$,) 1,9 39.4 29,

Data from WORLD Oll, Surveys and Company Annual Reports
. Al -

Source:

5 weehle < AL et



TABLE A, 30

DRY HOLE, TOTAL WELLS AND PRODUCING WELLS
FOR GAS AND CRUDE OIL FROM EXPLORATION DRILLING
IN THE UNITED STATES - 1958 to 1966

Number of Dry Total Exploratory Total

Year Exploratory Holcs Wells Producers

(1) (2) (2) (1
1966 . 8,705 10,313 1,608
1965 8, 005 9,466 1,461
1964 8, 951 10,747 1,796
1963 8,686 10, 664 1,978
1962 8, 803 .10, 785 . 1,982
1961 9,022 10, 992 1,970
1960 9,518 11, 704 2,189
1959 10,577 13,191 2,614
1958 10,632 13,199 2,567
All Years 82, 896 ' 101, 06} 18, 165

Source:

Petrolcum Facts and Figures, 1967 edition, American Petrolcum
Institute, New York, p. 16.

24-47120-60 - 20



"TABLE A.31

) DRY HOLE, TOTAL WELLS AND PRODUCING WELLS
FOR GAS AND CRUDE OIL FROM DEVELOPMENT DRILILING
. : . IN THE UNITED STATES - 1958-1966

N , PRODUCERS ' | . . DRY HOLES B2 opment
- Oil Gas Total Exploratory” Development Total™ .Exploratory Development | Wells .
Year (1) (2) (1+(2)=(3) (4) (3)-(£)=(5) (6) N (6)-(7)=(8) (5)+(8)

‘1966 16,780 4,377 21,157 1,608 19, 549 15, 227 8,705 6,522 | 26, 071

‘1965 18,761 - 4,724 - 23,485 1,461 22,024 16, 025 8, 005 8,020 " 30,044 -

1964 20,620 . 4,855 25,475 1,796 . 23,679 . 17,488 8,951 8,537 32, 216. :::
196'3 20,288 4,751 | 25,039 1,978 - 23,061 16, 347 8,686 7,661 30,722
. 1962. ) 21,249 5,848 27,097 ) .1, 985 - 25,115 . 16,682 8'.-803 7,879 32,994
1961 21,101 5,664 26, 765 . 1,970 . 24,795 ‘ 17,106 9, 022 . 8,084 . 32,879
1960 21,186 5,258 26,444 2,189 ) 2.4, 255 17,574 9,515 8,059 - 32,314
1959 " 25,800 5,029 30,829 2,614 ° 28,215 . | 19,265 10,577 8,688 | 36,903
1958 24,578 4,803 29,381 2,567 26, 814 . 19,043 10,632 8,411 35,225
Total - - - - 217,507 - - - : - 289,368

etroleum Facts and Figures, 1967 edition, American Petroleum Institute, New York, p. 16.



TABLE A, 32

" CRUDE OIL DISCOVER]ES
UNITED STATES, 1958-1966
(Thousands of Barrels)

Year ‘ Discoveries
1966 ‘ ' 2,963,978
1965 ' 3,048,079
1964 ' 2,664,767
1963 2,174,110
1962 2,180,896
1961 : 2,657,567
1960 2,365,328
1959 S 3, 666, 745
1958 2,608, 242
Total | 24,329,712

Source: Petroleum Facts and Figures, 1967 edition. American
Petrolcum Institute, New York, p. 57,

A. 37



" TABLE A.33

EXPENDITURES FOR EXPLORATION AND DEVELOPMENT
. CRUDE OlL INDUSTRY
UNITED STATES - 1955-1965
(Millions of Dollars)

Eﬁpenditurcs
Year Exploration Development
1955 - 1,944 © o g,282
1956 ' 2,117 2,432
1959 L 2z
1960 | ‘2,045 2,082
1961 | _ 1,851 2,070
1962 T 2,324 : 2,266
1963 1,845 . 2,039
1964 2,209 ' 2,193
- 1965 Lon “ 2133
Total 18,218 19,780

Source: Joint Association Annual Surveys.

A.38



-

TABLE A.34

- DAYS ALLOWABLE IN TEXAS

UNITED STATES
1958 - 1962
Year Days Allowable
1958 ' 22 o
1959 ‘ 123
1960 : 104
1961 _— , 101
1962 | R
Total - 547,

Average 5 Years 109.4

Source: A.E. Kahn, "The Depletion Allowance and Cartelization," The
American Economic Review, American Economic Association, June, 1964,

p. 300,

A.39
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TABLE A.35 o .
NUMBER AND CAPACITY OF OPERATING REFINERIES Co-
AND AVERAGE CRUDE OIL RUN PER DAY
UNITED STATES (1938-1967)

. 'Capaciiy Barrels ° Average Average Crude Average Crude .

. Number of Per Day (As of Capacity Per Oil Ruans ° . Oil Runs Per Day
Year Refineries - January 1) Refinery Per Day Per Refinery
1967 260 10,412, 447 40, 048 ‘

1966 267 10,171,159 38, 094 9, 444,364 35,372
1965 273 ’ 10, 161,311 37,221 9, 043,403 33,126
1964 . 282 10, 063, 164 35,685 8,806,910 31,230
1963% 287 ’ 9,814,791 34,198 . 8,686,718 - 30,267
1962 287 9,812,248 . 34,189 s 8,409,947 29,303
1961 289 9,629, 685 33,321 8,183,994 ' 28,318
1960 290 9,543,329 32,908 8,067,032 27,817
1959 291 9.450, 741 32,477 7,993,591 ’ 27,469
1958 289 8,939,907 - 30,934 . 7,605,737 26,137
1957 298 8,808, 841 , 29,560 : 7.919,003 27,120 . .
1956 294 8.380,801 - 28,506 . 7,937,448 26,816
1955 296 . 8,069,154 27,261 7,480, 049 25,356
1954 - 308 7,782,103 25,267 .- 6,957,710 - 23,039 . °
1953 315 7.481,701 24,509 6,999,630 22,435
1948 352 5, 825, 566 16,550° 5,596,583 16,269
1943 386 4,409,013 11,422 3,917,090 10,174
1938 431 3,970, 196 . 9,212 ‘ 3,191,822 7.371

SRevised

Source: Karg, Robert L., "A Theory of Crude Oil Prices: A Study of Vertical Integration, " unpublished
thesis, University of Pittsburgh, 1962, Table A-2, p. 130, and Petroleum Facts and Figures, 1967.
Edition, New York, American Petroleum Institute, p. 77.
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TASL'E 536

AVERAGE OPERATING COSTS OF REFINERS
UNITED STATES (1938-1967)
(CENTS PER BARREL)

Average Variable Costs . l Average Fixed Costs
Year BPurctased DPurchassd Chemicals Toatal Total Maintenance Insurance Royalties Obsolescence Interest -  7Total  Total
Fuel Power TEL and  Variable Labor Materials and Taxes or sod on Capital- Fixed Cos:s
. Supplies Costs ‘ Research Inpmma ization Costs

1967% 15.8 3.1 26.8 * . 45.7 43.9 7.1 5.2 5.0 11. 4 10.9 83.5 126.2
- 19686 14.5 3.3 - 26.8 47.6 44.0 7.0 5.2 4.8 11.3 10.8 83.1 127.7
1985 13.2 3.5 24.5 41.2 44.3 6.9 S.1 4.6 11.0 9.4 81.3 122.5
1664 12.0 3.8 - 23.2 38.7 44.7 6.9 5.0 4.3 12.1 9.8 82.8 121.5
1963 1.1 3.4 21.8 3.3 45.3 6.8 5.0 4.1 15.1 1.7 88.0 124.3
1982 9.2 3.4 19.8 "32.4 - 46.0 6.6 4.6 4.3 17.3. 13.5 92.3 124.7
1961 8.8 3.4 21.2 33.4 49.0 6.4 4.5 3.9 17.0 13.2 94.0 127.4
1960 6.7 3.1 22.9 @ 32.7 50.3 6.0 4.5 3.8 17.8 12.0 - 94.4 127.1
1959 6.0 - 2.8 22.0 30.8 51.2 6.7 4.4 3.8 17.3 1.7 95.1 125.9
1958 5.7 ’ 2.7 21.4 29.8 52,7 6.7 4.2 3.5 17.9 11.3 $6.3 126.1
1957 7.3 2.6 ‘7 20.9 . 30.8 53.2 6.5 4.0 3.2 17.1 10.8 94.8 125. 8
1956 6.0 2.1 ¢ 20.5 28.6 50.2 6.6 3.8 -~ 3.0 16.2 10.3 90.1 138.7
1955 5.3 1.9 17.9 25.1 45.5 6.7 3.6 2.6 15.3 9.5 83.2 108.3
1934 5.3 1.7 . 16.8 23.8 45.7 6.8 .3.3 2.5 20.2 8.8 87.3 J11.1
1953 6.3 1.6 16.1 24.0° 47.0 6.7 3.2 2.4 18.7 8.2 86.1 110.1
1948 8.4 1.2 10.4 . 20.0 42. 6 5.6 2.2 1.7 11.2 6.0 69.8 89.8
T 1943 4.8 . 1.4 6.6 12.8 26.1 4. 1% 1.7 1.0 12. 4 4.6 49.9 62.7
1538 5.1 0.9 3.2 10.8 17.1 3.} 1.5 0.9 10.3 3.0 35.9 66.7

‘:Bum:od.dau for other years are final.

Source: Potrolom Pom and P!‘u_:.s. 1967 Edition, Nn York, American Petroleum W\{. &17.
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TABLE A.37
AVERAGE REFINERY CAPACITY, AVERAGE DAILY CRUDE RUNS
AND AVERAGE VARIAZLE AXND FIXED COST
TNITED STATES (1938-1967)

.

. - Average Reflinery Average Daily Average Variable Average Fixed
Year . Capacity? Crude Ruzs® Costs? Cos:s®
(Barreis/Day) . (Doliars/3eacrel)
1967 40, 048 4£5.7 83.5.
12566 38,094 35,372 4£7.6 83.1
1965 37,22: 33,126 .2 - 31.3
s 1964 35, 685 3:,230 38.7 ’ 82.8
> 1963 34,198 30, 2567 36.3 88.90
w 1962 3¢, 189 29,303 - T 32.4 32.3
1963 33,32: 28,3:8 33.4 94.0
1069 32,908 27,8:7 32.7 C S4.4
1959 T 32,277 27,469 30.8 . T 951
© 1958 30,934 25,137 29.8 T 96,3
1957 20,5560 27, :12¢ 30.8 94.8
1956 28,506 25,856 28.6 . . 90.1
1955 27.26: 25,35% 25.1 - 83.2
1954 25, 267 23,039 23.8 87.3
1953 24,509 22,435 - 24.0 86.1! .
1948 16,5590 16,269 20.0 69.8
1943 11,422 10,174 - 12.8 £9.9
1038 9,232 7,37 - 10.8 35.9

Source: 2Table A.3 .
bTable A.3 .



TABLE A. 38

SIMPLE AVERAGE OF SELECTED REFINERY PRODUCTS PRICES
UNITED STATES
1958 - 1966
(per barrel)

Regular-Grade - " #2 Fuel 0Oi 16 Fucl 0il

Year (Gasoline) Kerosene (Distillatc) (Residual)
1966 5,3970 4, 1040 4, 2042 2.43
1965 . 5,.3298 4, 5528 4, 0992 2.46
1964 5.0610 4, 4910 4.0110 2.45
1963 i 5.4138 4, 7166 4, 2630 2.4
1962 5, 5608 . 4,712 4, 2924 2.58
196) 85,6532 4, 8804 4,3800 2.061
1960 5,.6364 4, 5444 4,1454 2.54
1959 5,6658 . 4.6074 4,347 2.50

- 1958 5, 7372 . 4, 5444 4,274 2.55

Calculated by Simple Average of Refinery Prices for all States listed in
Petrolecum Facts and Figures, 1967 cdition, American Petroleum

Institute, New York,

Regular-Grade Gasoline, p. 261
Kerosene, p. 255 ‘

#2 Fuol Oil, p. 256

16 Fuel Qil, p. 259

A 44
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TABLE A. 39
WEIGI-'TS FOR FOURX MAJOR PRODUCTS A‘.‘l’ REFINERY
UNITZD STATES, 1958-1966

Refinery Yield™

11 28 4

3Dgtv0levm Facts and Pigures, 1967 edition, American Petroleum Institute, New York,

.
.

p. 114. -

Weights ' -
Yez> Gesoline Kerosene Distillate Residual  Totel Gasoline T’:(e.;oseae Distillate Residuel  Tosal
1966 4s.3 6.5 22.5 7.6 819  .5532 . 0794 .2747 [0927  1.00
1965 44.9 6.1 22.9 8.1 . 82.0 .5475 . 0744 .2793 .0988  1.00
1964 45,0 5.z 22.8 8.2 812" .54z -.0640 .2808 .1010  1.60
1063 44,1 s.1 . 23.9 . 8.6 8.7  .5398 0624 .2926 .1052  -3.00
1962 44.8 5.1 23.2 9.6 82.7 . .5418 .0616 .2806 .1160  1.00
1961 . 44.7 4,7 ‘23,2 10.5 - 83.1 .5380 . 0565 L2792 1263 1.C0
1960,'.».' £5.2 46 ' 224 . 112 8.4 .5420 . 0551 .2686 L1343 1.00.
1959 44.9 3.8 23.1 11.8 83.6  .5371 . 0454 .2764 . 1411~ 2.00
1958 " 4si2 3.9 ' 22.4 12,9  8¢.4  .5356 . 0262 . 2654 .1528  1.00
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FIGUREA L

"COMPARISON OF ESTIMATES OF RATE OF RETURN IN PETROLEUM

DOMESTIC AND FOREIGN OPERATIONS

o
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M '[| a, Gas & Oil Production
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» | b, Petrolcum Integrated
2 ' (McDonald)
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FIGURE A, 2
COMPARISON OF RATES OF RETURN IN
PETROLEUM AND OTHER INDUSTRIES
DOMESTIC AND FOREIGN PRODUCTION

QOG-‘NO&SM\*F“OO
W N n (") 0w N n
L EEEEREREREEEE

8) Crude Petroleum

b) Total Manufacturing
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""FIGURE A, 3

U,8. CRUDE OIL PRODUCTIVE CAPACITY AND PRODUCTION (1945'1965!
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FIGURE A.4
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FIGURE A. S

CANADIAN LIQUID RESERVES AND
RESERVE/PRODUCTION RATIO

R/P
Ratio
30
25 -
Reserve /Production Ratio
\ -
SN /
20 \’,—
e
~ Vs
15
”’
//
v
10 " Total leserves
P
5
0 ey e

IR | TR Ly
1951 1953 1955 1957 1959 1961 1963

Source: Canadian Petrolewn Association,

A.5!

4-4120-09-31

»

/

/
/

¢

i

1963 1966

Reserves

{(Millions
of

Rarrels)

10

0






APPENDIX B

A. Data Collection

Throughout this study there have beon substantial difficulties in
obtaining data which would have broadened the analysis undertaken,
There are so many missing links in the quantitative evidenco available
that it is difficult to know which one to rank first,

The jdeal information required would relate: (1) the beonefits
derived from the special tax provisions to expenditures for exploration
and dovolopment, and (2) the expenditures for exploration and develop-
mont to roserves discovered. That is, there is a need for information
by cross-matching categorics about the benefits obtained from the
special provisions, the exponditures undertaken for exploration and
development and tho amount of now reserves discovered, This would
allow the scts of information to be related to cach other, or linked
togethor, so that the impact of changes in one set can be traced to
eflocts on the other acts,

The availability of this data for the total domestic United States
crude petroloum industry will be discussed first and then conunents

will bo made on the availability of the data by size of firm.
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1. Data for United States Domestic
Crude Petroleum Industry |,

All information concerning the amounts and types of benefits
derived from the special tax provisions must be obtained from U, S,
Treasury sources, The three sources used for this survey were:

Statistics of Income, Corporation Tax Returns
(annually), 1960

Statistics of Income, Supplemental Report,
Depletion Allowance, Washington, 1965

Depletion Study 1958-60, Office of Tax Analysis
1963 (mimeo)

The information published by the Internal Revenue Service which
is the only source of tax data and a major source of other ﬁx;ancial data
have two disadvantages: thoreliu no distinction made between foreign
and domestic opentlon'o: there is a division into industries based on the
major output of each firm. This is true of data on receipts, assets,
depletion, etc. This means that it is impossible to measure a return
to domestic oil and gas producing operations using this data, and it is
also impossible to tell from published data the incidence of the depletion
allowance,

The lack of domestic/foreign data is the most serious and corrected
to a limited extent in the 1958-60 Treasury Depletion Study. Some, but
by no means all, the relevant data was broken out by foreign and domestic

operations, However, the usefulness of the study was limited because
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it was a sample of mainly large companies covering a known proportion
of depletion claims but an unknown proportion of income expenditures

and deductions, Thus, even the information that was available by foreign
and domestic breakouts could not be cross-matched with other data be-
cause it was relevant only to the sample and was not adjusted to the

total industry,

‘ There is more useful quantitative data on expenditures for explora-
tion and development than there is on the benefits of the special provis-
ions. Data on expenditures for exploration and development are available
from two sources, the annual reports published by the Joint .Auoclation
Survey and the series developed by Chase Manhattan Bank. Both of
thesc scries present domestic activities only, which is extremely
helpful, ’

The Joint Association Surveys are the most complete and detailed
authoritative sources., (They contajn a considerable amount of additional
data on other aspects which were highly useful throughout this study. )
The series is annual from 1959 to 1965 with some years available prior
to this; it is a continuing survey so that future ycars will be available.
Expenditures for exploration and development are provided scparately,
but there are some problems about the allocation of exploration and

development expenditures to those divisions. The Chase Manhattan data
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is available from 1946 to 1965 but doos not provide as many categories
of data as the Joint Association Survey does.

Information relating to reserves discovered and other topics, such
as wells drilled, {s available from several different sources, Since there
are a number of problems concerning the definition of reserves, the
number of wells drilled is often used to derive approximate measure of
new reserves discovered,

The American Petroleum Institute publishes data on new reserves
discovered, The National ﬁetroleum Council and the Interstate Oil
Compact Commisaion also publish reserve data.

The Joint Association Survey collects and publishes information on
the number and costs of wells drilled. Information on exploratory wells
drilled as well as an estimate of the size of new discoveries is obtained
annually by the American Association of Petroleum Geologists, In the
future, this survey will also collect information on development wells,

For the total domestic petroleum industry, the most serious lack
of information is a series of data on the benefits of the special provisions,
which, as already indicated, is available only on combined foreign and
domestic operations; what i{s available by domestic only is for a sample
of large companies which may not be rebreuntative of the total United

States domestic oil producing industry, The industrial classification
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which classifies firms once by major product rather than dividing the
product and asscts of large diversified firms into diffcront industrial
groups, makes the derivation of a serics of relevant financial data almost
impossible. For these reasons, the division by asset size which is avail-
able in the Statistics of Income source books, is only of marginal value,
although it could be very important if the additional information were
available, While the corrcc.tion of the division by major product would
require a complete revision of categories, the divisibility of information
by forcign and domestic operatione is much less of a task, since it has

alrcady been done but only for some types of data,

2, Data by Size of Firm

The information on the benefits of the special provisions is not
available by size and if it were avajlable, it would probably be based on
forcign as well as domestic assets or gross reccipts, besides including
in the bencfits the amounts derived from foreign and domestic operations,
The lack of this information is surprising since it obviously is important
to the Fedceral government, Thus, it is cven more surprising that the
special 1958-1960 Treasury Depletion Survey limited itsclf to a rela-

tively small sample of firms, by type or size of firm,

Expenditures for exploration and development are not available in

published form by sire of company, The Joint Association Survey
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TABLE B.1

SUMMARY OF INFORMATION AVAILABLE BY SIZE OF FIRM

.

oValue of productioa

" - ————-

cce Size Measure Years Production Drilliag{Number Average Exploration &)
Domestic Foreiga (Costs of Wells | Footage | Cost per fuut | Depletion | Development
Expenditures

Chase Manhattan ['39 largec Companies* |1945-65 v, ~

Al Others* J v
Census Of Mineral '290 largest® 1963 ~J J J J

Industries fassct size)

\World Qil 35S largest domestic 1961.4.5 J J

broducers, individually

65 largest exploring 1961.4.5 .

panies individually! v
.
[Treasury Depletionf’Companies claiming |1958,1959 (J/ Y J) v <
ey % of all depletion” |1960




apparently stratifics the expenditure data they collect by size of company
according to a special tabulation of re'ccipts reported for the 1958 census,
ni;.c of company being measured by producer's receipts. The Joint
Association Survey does nol make this material available.

If the Joint Association Survey information stratificd by size of
company wero available, and, if the benefits from the special provisions
for domestic operations could be stratificd by the same categories (and
there is apparently no reason why this could not be done), these two
jtems of information would then cross-match and would pro\}idc a sub-
stantially better quantitative base upon which to build an econometric
study than the data w);ich now exiats,

The importance of this point cannot be over-emphasized, for while
it is known that both the benefits for the apecial provisions and the explor-
ation and development offort is now uniformly distributed across the
industry, this is far from knowing what the form and nature of the dis-
tribution is, These factors can only be derived or gucssed at indirectly.
The availability of the above two items would improve this, or any future
study's ability to cstimate the incidence of the bonefits of the special
provisions,

However, there would still be the problem of relating these benefits
to exploration and development effort as measured by reserves discov-

ered rather than expenditures; for it is, in the end, reserves which are
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the focus of the study, This problem of measurement of reacrves is
partly one of the petroleum engincera: Estimates of reserves are made
at various probability levels; even at the same probability level, cstimates
are revised cach year over a considerable period of time and reserves
are only finally known through production. However, companies must
make estimates and with uniform treatment of probability, data could

be collected by size of company and depth of reserves,

The number of wells drilled by company size (as defined by pro-
ducers' receipts) may be obtainable from the information collected by
the American Association of Petrolcum Geologists which will collect in
the future the number of wells drilled by both exploratory ant.! develop-
ment classifications. Since their annual report indicates that the initial
colleetioﬁ of this information is by company, possibly the information on
wells could be obtained by the same category of company size as the in-
formation concerning benefits and expenditures, This should provide a
satisfactory quantitative base upon which a new and more detailed econo-
metric ltﬁdy could be based.

If new data collection procedures are to be designed, consideration

should be given to collecting data which would allow the various proposcd

theorics to be subjected to empirical testing,



APPENDIX C

STATISTICAL ANALYSIS OF REGRESSION EQUATIONS
TESTED FOR INDUSTRY SIMULATION MODEL






1. EXPLORATION EXPENDITURES

log1g EPEL = a, + a, log NE{t=1) , ., 1o, NRE(t-1) PR(t-1)

TEP?7 EPEL(t-1)
a) = 3,43077 ap = 0,342 a3 = 0,072

Standard Error = 0, 144 Standard Error = 0. 095

R? - 0, 5847
Standard Error = 0, 0280

F Ratio = 2,816




2. EXPLORATION EXPENDITURES

EPEL(t) = 3 + lzGIN(t)

a) = 86,176 . 8y =.22507

Standard Error = , 03877

R = . 808l
Standard Error = 246,533

F Ratio = 33




3 EXPLORATION EXPENDITURES

TEP(t)

log,, EPEL(t) = a, log, (GIN(t) - TEP(t))

a . =28.68414

Standard Error = 26.19167

Rz = ,2307

Standard Error = 6. 1852
F Ratio = 'x.o

C.3




4. DEVELOPMENT EXPENDITURES

DV - 0y 1 0 BB 1 0y (MUELRLER)

a) - 1349000 a2 = 0,1504 a3 = 1012500

Standard Frror = 0,2978 Standard Error = 505300

R = 0, 1329
Standard Error = 883000

F Ratio = 5,487

cl‘




5, DEVELOPMENT EXPENDITURES

EPDV(t) = a +a GIN(t)

2
Standard Error = ,04373

.l = 77,262 a, =,20173

Rz =, 7268

Standard Error = 278, 046

F Ratio = 2)




6. DEVELOPMENT WELLS '

logml)VW(t)nl!og1 oEPDV(t)

y = 71822

Standard Error = , 00198

Rz = ,9999

Standard Error =7, 0376

F Ratio = 131, 352

C.6 .




1. DEVELOPMENT WELLS

DVW(t) = a EPDV(t) + azm,wu.x)szwuax)'

8= . 01025 2, = 5.5256

Standard Error = , 00304 Standard Error = , 27048
- 2

R =.9951

Standard Error = 2801

F Ratio = 706

Cc.7




8. DEVELOPMENT WELLS

DVW(t) = alEPDV(t)

U . 01639

Standard Error s , 00052

R? = . 9921
Standard Error = 3311

F Ratio = 1008




9. EXPLORATORY WELLS

logwELW(t) ] a'logloEPEL(t)

.l s ,64620

" Standard Error = , 00524

R? = . 9997
Standard Error = ,0739

F Ratio = 15,202

C.9




10. EXPLORATORY WELLS

ELW(t) = a‘EPEL(t) + azEPEL(t-l)

) £,00463 2= . 00129
Standard Error = , 00371 Standard Error =, 00372
Rz =, 974

Standard Error = 2674

F Ratio = 57

C.10




11. EXPLORATORY WELLS

ELW(t) = a,EPEL(t)

URE 00590

Standard Error = . 00052

Rz e, 9702
Standard Error = 2362

F Ratio = 130

SC.1l




12, GROSS INCOME

i oo wae w—

Pl
logloGlN(t) =a ta, log; o R(t)PROD(t)

a = 07174 ‘2 £ ,9932]
Standard Error = , 04624

Rz £ .9830
Standard Error = , 0270

F Ratio = 461

c.12



13, GROSS INCOME

GIN(t) = a + azPR(t)PROD(t) )

u‘ = 81279

a, = 1.12187

Standard Error = . 07456

R% = . 9659
Standard Error = 415, 316

F Ratio = 225




14, PRODUCTION EXPENDITURES

EPPR(t) = s, + PROD(t) + a PR(t)

8= -6907 2=, 00114

Standard Error = . 00006

.3 = 2051

Standard Error = 90

R% = . 9981
Standard Error = 87

F Ratio = 1025

C.14



15, PRODUCTION EXPENDITURES

EPPR{t) = s azPR(t)

a = -6754 a = 3036

Standard Error = 644

R = 8165
Standard Error = 87

F Ratjo = 22




16, PRODUCTION EXPENDITURES

longPPR(t) =2 + azlongR(t)

4= 1.15485 8= 4,6656
‘ Standard Error = . 93257

Rz =, 8335

Standard Error = , 0194

F Ratio = 25

C.16



17 PRODUCTION EXPENDITURES

. 1og)gEPPR(t) = a) + a,log,,PROD

.l = -13, 70469 a, = 2.64733
. Standard Error =, 70951

2
R =.,7358
Standard Error =, 0244

F Ratio = )4

C.17




18, PRODUCTION EXPENDITURES

EPPR(t) = 8 + aZPROD(t)

'l = «3029 a, =, 001950

Standard Error = , 0005

R% = . 7453
Standard Error = 103

F Ratio = 15




The limited amount of time series data that the economic analysis
revcaled to be uscful, prevents the full application of known statistical
methods. A clear explanation of this situation is given by Herman Wald

in Demand Analysis: A Study of Econometrics:

"The refincd methods of modern statistics have largely
been devised for the purpose of experimental applications,
and there they have won great triumphs, but it is by no means
a straightforward matter to extend their application to non-
experimental data, For emall-sample tests, in particular,
the accuracy attained will, as a rule, be illusory, since such
tests require a full specification of the distribution of regression
residuals and other erratic elements. For the analysis of non-
experimental data we may accordingly state the conclusion, at
first sight paradoxical, that when dealing with a small sample
we must as a rule rest content with the rough inference drawn
by the use of large-sample mothods, whereas in the analysis
of a large sample we may sometimes be in a position to apply
more refined methods, making use of the sample to estimate
the auxiliary parameters involved in the method, '*

*Wald, Herman, Demand Analysis: A Study in Econometrics,
John Wiley & Sons, Inc., New York, 1953,




CUMULATIVE F DISTRIBUTION

(m degrees of freedom in the numerator;

n in the denominator: n = 3)

Significance Levél ma=z|]
900 5,54
<950 10.10
.975 | 17.40
+990 34,10
+995 55,60

C.20



APPENDIX D

INPUT FORMS FOR
FIRM SIMULATION
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ra

INITIALIZATION - PARAMETERS

SHEET | 1}
. CONSAD MICRO MODEL OF CRUDE OIL MARKET OF UNITED STATES 1
OFFICE OF TAX ANALYSIS *
U.S. TREASURY DEPARTMENT
Identification L_ L 1 1 1 1 1 1 1 1 1 1 Date Month Day Year
2 . 12 | . | [ I | 1 1 1 1
13 14 . 15 16 17 | 20
Initialization Run (1: print results and stop; 11: print results and continue) 11
21 22
Simulation Print-Out (1: print only best solution; 11: print all simulation runs) | M |
23 24
Simulation Year Print-Out (1l: do not print each year; 11: print each year)
25 26
Number of Simulation Runs ’
27 28
Number of Years Pez Simulation
. 29 30
Exploratory Wells Drilling Costs Per Foot
Dry Hole Intangible Tangible Other Exploratory Costs
Success Ratio (1) (2) 3) (Ratio to drilling costs)
1 34 35 _k 38 39 * 42 43 * 46 4% S0
Development Wells Drilling Costs Per Foot
Dry Hole Intangible Tangible
Success Ratio (6) (€] (8)
kl 54 55 * 58 59 .-; 62 %3 * 66 .
Well Characteristics Dependent on Initial Exploration and Devélopment Expenditures

Flush Production

Minimum Number of Days (Maximum Development) Average Economic Life of Wells (Years)

Li_J
7 70 71 72.-
Average Number of Days Production Per Day (Barrels)
I T | S -

ke 76 7 80



INITIALIZATION - PARAMETERS SHEET| 2 |
CONSAD MICRO MODEL OF CRUDE OIL MARKET OF UNITED STATES 1
OFFICE OF TAX ANALYSIS
U.S. TREASURY DEPARTMENT

Crude Oil Production Operating Cost Per Day Per Well Royalty Interests
{excludes capital costs) . Fixed Variable (per barrel) (% of Production)

= Yok

Average Crude Oil Price -

Percentage of Domestic Crude Oil Dollar Per Barrel
Supplied by Own Production Domestic Foreign
) 13 xsi 16 * 18 19* 21 ~
Refinery Production . Operating Cost Per Day Per Refinery Crude Oil Transportation Costs
(excludes crude oil and Fixed Variable (per barrel) {per barrel) ’

includes capital costs) et 1 1 ! 1 ! S |
: 22 27 0 1 34

Refinery Demand

Crude Runs to Still Per Day Average Refinery Price
Number of Refineries Per Refinery (barrels) Dollars Per Barrel
| - | it ¢t 1 [ ! | S
L3'§J 36 404 4]
Linear Parameters for Number of Wells and Reserves for Given Expenditures ’
Reserves in Barrels

Exploration Development Per Exploratory Well

i i 1 [} i1 1 ] it 1 1 1 1 L1 i

L49% 51 k;i 39 60 . 69
Average of the Ratio of Develo itures to loration tures

70 73
Interest Rate for Discounting Future Income
- LTH .
*7‘1 8

Moving Average Coefficient for Exploration tures



NIRRT - e

INITIALIZATION - GOVERNMENT POLICY

SHEET | 3 4
CONSAD MICRO MODEL OF CRUDE OIL MARKET OF UNITED STATES 1
OFFICE OF TAX ANALYSIS .
U.S. TREASURY DEPARTMENT
Import Quota for Crude Oil Ratio of Crude Runs to Stills
k 2 4
Production Restriction Days Allowable Per Year Applies to Wells with Production Per Day
(Between 0 and 365) Greater Than Barrels Listed Below
S 7 8 * 12
Tax Treatment of Capital Expenditures (1: depreciated; 2: expensed; 3: included in depletion allowance)
N 2) (3 (4) (5)
Exploration Category [ s J [ 3
13 14 15 16 17
o 6) ©)) 8
o Development Category [ T T I T

18 19 20

Depletion Allowance Per Dollar of Income From Crude Oil Production
21 23

| S
27 28

Corporation Income Tax Rate Per Dollar of Taxable Income

Number of Years for Depreciation



SIMULATION DATA

CONSAD MICRO MODEL OF CRUDE OIL MARKET OI-‘ UNITED STATES

OFFICE OF TAX ANALYSIS
U.S. TREASURY DEPARTMENT

Prices (per barrel) Average Refinery Yield

. Change

" Domestic Crude Oil

SHEET | 4}
1

Simulation Year{ ' |

Foreign Crude Oil

Price Change Price Change Price
4 9 1 1 14 1 . 1
Refinery Demand (per refinery) Change Barrels .
[ Lt Lt 1 i 1 1 .
19 20 . 25
Expenditures Change Exploratioa Development
(. {05 T O A (U W I O O A | -
26 27 ° ’ 38 39 ° * * 50
Government Policy
Import Quota for Crude Oil Change

y . o

Days Allowable Per Year

Production Restrictions

Ratio of Crude Oil Runs to Stills

Applies to Wells with Production
Per Day Greater Than Barrels

Change (Between O and 365) Listed Below
L i (S U N S |
s5 56 58 59 s 63
Tax Treatment of Capital Expenditures (1: depreciated; 2: expensed; 3: included in depletion allowance)

Exploration Change Category (1) (2) (3) (4) (5)

Development Change Category {6) (8)
L L L :
70 71 72 73

Dephﬁonlﬂonaco?crbom:oflncm from Crude Oil Production

Corporation Income Tax Rate

Change Rate
% B

A(Clu-ngc: blank (¥) do not change, one (1) do change)

Change Ratio
;’7&" &'75 ” .



APPFNDIX E

PROGRAM OUTPUT FOR
FIRM SIMULATION






— T INT LI LI ZATION=PAFAMETERS I i
ZIVSAD MICRNH _MSLEL 0OF CRUDE Glt MARKEY OF LATTED STATES T T
ArFiCF OF T&X ANAL YSIS ) )

U.S. TRELSURY DEPARTMENT 7 777 T TT T T
EXCLOIATORY Wel_S DRUILITINGCOSTS PER FOCT ~~—  — —~ ° "7 T
___________ CHY nOLE_IMTANGIRLE YANGIBLE ~ ™ ""QTHWER oXL uRATHAY_CCSTS™
SUCCESS RATTD €1) o2y T exy T T T(RATIOTO PRILLINCTECSIS) T
21797 10.65 _  9.37 _ ___3.80 _ T T T2.600 T
D=vEi "PVENT WEL.S DRILUING CGSTS PERFACT T T T T o
. ORY rOLE INTANGIPLE TANGIBLE — "~ " -
succ€§s RATID () ¢7) 8y T
7517 30.6% 9.37 3.80° o - ]
WL “HARACTERISTICS ! nEPE‘n INT N TNTTTAC EXSUANATION 'AMD DEVELUPKENT "EX-eNLITURES ' ORTFLUSH Pil TLOTITON "’
«umuun NUYBER OF DAYS AVESASE ECONOYIC i {FE OF WELLS :VERAGH AUM<ER OF DAYS TPRALUCTIAN FER LAY
(rAXTHIM DEVEL IPMENT) (YZARS) TR SRRALK)
— 30 307 1807 T T /500
TTCRUTE OIC_PRODUCTTON OZERNTING CTSY “ER NAY PER WELL — — — “ROVALTYTINTFRESTS
C-xCiiDES CAPITAL COSTSY - IXED VAL(ARIF (PR BAWRRFLY — (FERCFMT GF PRANLLTIZN -
. 2439 Y L S * 2% T
P=RCENTARE OF DAMFSTIC CRUDF CIL —  AVERAGT CRUBE QIL PRICK
SUFPLIED BY (WN PRODUCTICN™ T TCLY AR PER ASRREL T T
- LCW STIC™ FOREIGN
1060~ 2.90 1.65 7
T CEFTHERY SRODJCYION CIETATING_CIST Fd TAY PEF FEFTSERY T —CRIDE CIL TFANSPORTATION T-STY
SVCL DS CRUOE OIL AND FTXED VARCARLCE (PER GARWELY —(PFR EBARRFL)
INCLUTES TAPTYA_ COSTS 26633 TTTU3es Tt T _.3869 T _
TTUREFIMERY CEMAND ' Tt e e e
NUWIER AF RZF IN-RIES CRUDF AUMS TO STT. L PER DAY AVERAGE SSFINERY P10k
TPER RFFINERY (mARKELS) ~ 77 LOLLASSTRERTRAIRFLT T
3. — KL L5, A
CIREAS PARAVETEYS FOR CALCU_AYIVG NUMA~R "IF W ™S AMD' RFSHRVES FCR GIVENCAPITAL FXPENDITHHRES
EXYIRITION WELLS DEVELOPMENT Wrll§ ~ ™~ RESEAVFS IN BAFRELS
) - ) T PER EXFLORATORY WEL T T
205000590 T ,60601exs T T C T 2600000.
ZITRAIE _OF VHE YATTO OF DEVICIP“ENT EXPENUITY<ES TO EXPLOFATIAN EXPENRITLRAS ~ "71.0867 7 7 ™~ ™ X .
TATEATST WAYE FIR DISCOUNTING FIVJIRE INCOWE  S.0a ~ '~ T T

MOVING AVERAGE SOEFFICLENT “9X% =X OLORATIOV EXSEMDITLRE .60 ~  — ~ ~—- "~ =°= === ==




£0.8A%  T03-.10 101968 £FE2QRY

INITIaLIZATICN=-GCVERAMENT _POI ICY

ZINSAD MIC30 MILE. OF GRUDF 01 ¥ABK=T OF ULAIIED STATES

OFEICE OF _TAX ARALYSIS

UaS. TREASURY DNEFARIMENT

L)
-’
175037 oyunTA FO3 CRUDE 011 RATIN OF CwyNE RGN TO STILIS
.122
P~LDu-TI0N 68 sIign DAYS ALl OWAR:E PER _YEAR APPLIFS 10 WELLS WITW FRCLUGCTI(N PER DAY
¢RETdEeN 0 AND 365) GREAIER THAN RARNFLS (| ISTFD wblCw
129, 50.00

JED,P2=EXFENSED,3-IMCLLI~1) IN DEPLEFTINN Al LOwANC=)

EX21 ARATIAN RY CATEGORY NEVELCPYENT _RY CATEGORY
(1) €2) €3y (4) (5) (<) _(7) _(8)
2_ 2 2 13 2 2 3
—o1 2 ANCE PER NCOM-r S ROW CRUDE O1L PROLUCTION ~275
COnEN<ATION JNCIME TAX RATE 3ZR DI LA OF Taxa3i & INCOME .52

AIREED OF YZAIS FOR OFPRECIATIGN 10




ChusSAa 123223 10 31968 PO e e . pEwAVT e
Jax CAr Sul ATIONS FOQR YRAR _f SIVULLATION & D
SANS:D MIC20 Mo QF CRUIE. CGli_»A-=KST QF _alieg STAT=S
NeEICE OF _TaX_Anat ySis
U S, TSSASURY DEEAITMENT
REYEnIE

IEFINERY GAt 3

283”2400 .

SRUDE CIL SA =S

f.

InveL _SaA_=S

2R3K24010,

N323AT14G _COSTS

EFINERY PRODSZSTIDY 72724425, M
=RDE 1L PATLICIIIN 45614942,

-~ = n 233138 137229450,

_ZRJDZ 01 DOYSITIC PURGHASZES 20910667,

JOTal O3ZIATING £OSIS

152477484,

DEPLETION ALLOWANZZ j’ 40253G63%.
1
CAPITAL EXPENRITURIES 1
SXO1 QAT 10N
L3
DR 1NG._COSTS 57311517,
OJ+42 ~x3,.08aT71gN CASIS 119814R7.
13Tl NRY HOLE 17613504,
SROOUCING W21 1S
INIANGIS_E D21LL ING_COSTS 10665974,
JANSIB = DRILLING COSTS 446557,
OT«433 -x31 NRATORY 0.
13T4aL _PIOJUSING WotLS 1542433, | . _ . _
YOTAL EX3 L UIATLION 19155438,
—AENELGPMENT
DRY w0} =3 4963469,
PRODUCINS 45 + S
INTANGIR E DULLLING_CASTS 13241722,
JANSIn E DR{LIINs €NSIS 536h9RG . _
TITaL PONUZING _d=itS 1RA4DT707.
IOVAL_DSyEL IPMENT 23634176, _
I0TAL CaPITA,  bXPENUITI~E [FNLSTIANS 42790036,
TOTAL DEDCTIINS 235670533,

TAXABLE_INCrEE

]

TeX FAYMENT

25911 7A0GS.




CoLiSAD 103 20 10 1348

INCOME STATEMENT FOR YEAR 0 SIMULATICM RuUN_ D

SANSAD MIc3IN MODEL 0OF CIUDE O1) Miwk=T _OF UMITEDR STATES

DFFICE OF TAX AMALYSES

U.S. IPEASURY PEFASIMEMT

IEVENUZ
REFINERY SA_ES 283824000,
CRUDE O1,. SaALZS 6.
10)A . _IEYENUE 2R3£240010 .
JPERATING COSIS
REFINERY OPZRATING COSTS 12724425,
C&UDE ol. O2EIATING COSTS 45616982,
CRUNE 01 IvPIRTS 13225410,
CRUDE O, PJIRZHASES-NOMESTIC 20910667,
YOTA. _JPSRATING COSTS 152477484,
ZA21TAL EXPENVDIYIRES
EXPLORAT]ION
[RY =0 _£5
DRI_LING _CQSTS 5731517,
OTHZR_EXP, ORATION_CNSTS 11901487,
_PRIDICEING WELLS
INTANGIRLE DRILE ING COSTS 1095976,
TANSIBLE DRIILING CNSTS 446R57,
OTHIR EXPLOIATION CNSTS 26072164,
JOTA, =X3LORATIQV EXCENDITURES 23763051,
DEVELOP4INTY
DRY 40 =35 (DITLLING CASTS) £993469.
PRIDJCINS wELLS
INTANGIRLE URLLS ING _COSIS 13241722,
JanGIBLE UR[LL ING_CASTS 5398985,
1014, AEVELQPMENT EXCEND]TURES 236345176,
INCOME Taxks 25117803,
{QtAL QUTLAYS 222892515,
13
NET PROFITS 60R31485.
. OISCOUNTEL “ET PADFITS 60831485,

A INCOME TAXES/GROSS PROFITS .29704




e

CRUDE 011 KESZV=S

RFSFRVES AT BZGINNING 0OF PERIND 685748293,
PRONDYCTIIN IF CRYDE 0Ol 576R4600,
SUSTATAL APRO0A3E93.
NFW _RESZ3IVES 576R4600,
RESZ3V=S AT END OF PrERION 485748293,
SRUDE o0lt SuU>rP_Y
DNAMESTIZ 2RINJICTION
TITAL PRODUCED 57684400,
RIYALIY INT=R:=ST 7210575,
CQvPANY SHARE 5N474025.
NEFT DOM=STIZ SURCHASES 7210575.
<_ 8n18400..

_I0TA:t _Z2J0F UN TO0 STT1{

A5700000,




P EESNT &
SIMULATION JaTA FIR BITGES,RSs INEDY DFMANE, tNR _CAPLTAL EXPEADITURFS FOR RN &

S3NSAD MIc3IN WIANE: NS CRUNE OLL visgKsT OF UANITED STATES
AFEICE OF YAX _ANALYSIS
Y, S, TREASURY LESASIMEST

3RICES
YEAR RIS 1L REFINESY DepenD CAPITAL _=XPEMDITL RES
REFINERY  OImMESTIC FNIEIGN - “XFLORATIIN D=Vl 3P%ENT
[ 4,32 2.90 1.45 66000, 21763051, 23~34174:
1 4,32 2290 1:45 60000 21763072. 24104770,
2 e, 32 2:90 145 anfaig. 21763072, P4 36365,
3 4,32 2:90 1:65 67000 21763073, 25778473,
f 4 4,32 2-99 1.65 65070, 2174638872, 25589175,
I 5 4,32 FICY] 145 6n a0 31763672 F609177A.
& 4,42 2,90 1.6 6r0ng, 21763072 26,15414.
7 4,32 2.90 1.65 6n0ng. 21,/563072. 7714587 4.
& e, 32 2:90 1.65 6000, 71763072, 2/43A874.
9 4,32 2-90 1-65 68049, 21763072, 78944570,

10 4,32 2-90 1.65 60010, 21763072. Z8R074%7.




I A S S

Sa Iy 20 13 1R6A

e e EEencT &
SIMLILATINN pAla SN GAVERMMENT OCL ICIFS FOR Aun__€
234520 MIcdn M3is: A5 _rUDF O _wvAaSKFT _QF ¢AlTED _STATES
9. F10F OF_TAX _AMALYSIS
UaSae JHELSURY TEXAITMENT
(%2032 PQUTYCTIIN 2ESTHIST(ANS YaX YREATINEAT _QOF CADITAL ~X2FAJITURIES NEX ~T10N INCOE
XYIAR 24T a A0 LIF_DAYS 3RO ICTLINN €31 €2) €331 ¢4) ¢5) (&) (7) (A) ALLC#ANCE TAX RATE
I 22 1204 §1.00 P - . V. U P P <275 257
1 322 126G 21,019 2, 2. 2.1 k. P PU PR ¥ +275 52
2 222 125 $0.09 2e 2¢ 2. 1. 3. 7. 2. 2275 52
s 3122 220 CLY PR P N T P P P .275 <52
& 2322 120, N, 00 2y 22 20 3. 3. 2. 2, X 2275 57
L] atz2 120. 57,09 20 22 2a Y. 3. 2., 2, 1 2275 =57
A $322 221, 50,00 20 2o 24 1. 3. 7. 2. 4. <275 252
7 1322 129, s&n.09 2. 2. 2. %, 3. 2. 2. 31 2275 .52
a 122 120, $4.040 2. 2. 2. 1. 3. 7. 2. 1. 275 .52
) 22 120, S5,40 2. 2¢ 2. %. 3. . 2. 1. 2275 <52
LN aAtR7 120 §n,008 20 2s 2 1. 3, £. 2. 3. 2275 257




sLa

L.l SAS I3 -3L8..10.. 1864

SESQIT
Sk _ESYFN VARIAR._ =S FI_ANALYSIS - -g__suu,q_mu L
ZANSsD mMICIN _MIyei OF CILDF_GIL wASKEY OF LANTTED STATF<
NFICE OF TAX ANALYSIS
MaS. TREASURY DEFASIVENST
sESEIYeS ST CHANGS DR JACOMF _Tax NI ME_ TaXess NISACUMTED
YZAR AT _:END OF YERAR 1M _RESERYSS PENNUCTION PROF.ITS PAYEEN! GROSS PADFITS L1688 4]
: £2574258n 594 50425025, 50559647, ___ __ P4v13P/7, 292, S 7074608
- 4557216324 =26723%, 20897457, 6032291F, 2477645h, -29% . =7 716645,
3 LS LYX-YILY] =23np 9 50494925, 56053163, 24£048T7n, 2232 S1k761603.
- AASAQGADL S, =538, SN8726802 56745080, D4743P4&3 LY $<169E66.
3 ALRADrDINT . 207207, 5043219, 39521194, PLPNATISE . o rA7 Ty LN
oL AanbarRat. =33A%5, 50485071, $5924Ra975, P374<P A «?RA “sze 7440,
- J A3 39%485 , =128007, 525186329, SOL18FST,_ DI~ 4rk97, L) £ 14RA5 .
L) LELYL LYY BN 38062, 5_1;_1)13_1.______5074_5969 23735557 . < PAX $C7A1579.
) Ax535nrh]S =115296, 05/9802, _ SAS5AAE07., 298780, P32 17762675,
ar 45207341, : =125%17, §ﬂ§?7Q1tLL $836561°r. 22717674, 738 SoF31471.
PICSCrUNTED yalL - OF ~FSr~vL< Rz4L0 45647 .
2T E.\_Q_ cr sx~u~ATX“~~
VALI'E QF PRO:17TS 2ND ~EQE#vFS FEIARAGIT

TISCOUNTED T0 TIMF o
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o SAL T01.39. 18 194p L e - SEensY 2 o
3.awmsQy F S5 =CTEC _VAWEIAALES FC~ SIPULAT Ty NS
223830 ™IR3N wMYe  AF 7RAUDFE Gl w2SK-T_0F 1A1T=7 STAT=ES
ArEIC= OF TaAX_anApvySic
9, TSEASURY NECAS Ywknr ™
— PEICINTAGE CMavNh~ LIYIE PAN TNy TI0TAL ?iﬂ?-:li‘;_J.LQ_L‘__.":s____:.“I.(’.‘L‘:. TLX5 54, GISCCHNTED VAL ii-
Evh LRULE 21. RES-3veS £22300 0F <AL+ S ) 18 _rnf CNLLARS) LG8 Pl ]ty #2176 EESZRVmE
RN 5-d PRIEFLTS JAX _FAYMFNTS 1000 Q- 3C1t23S)
L3 =03

565216,

58426~ .

238076,

2286
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289464,






APPENDIX F

OPERATING PROCEDURES
AND
PROGRAM LISTING

1. Deck Set-Up for the Micro-Model

'

l.

2.

3,

4,

The FORTRAN 1I program deck including one subroutine,

Card signifying that data follows (may vary with the computer
system employed for processing program),

Data card number ) punched as described in Appendix H,
sheet 1,

Data card number 2 punched as described in Appendix H,
sheet 2,

Data card number 3 punched as described in Appendix H,
sheet 3,

Data deck number 1 consisting of N (where N is number
of years to be simulated; 1SN £20) cards punched as
described in Appendix H, sheet 4, ’

Data decks 2 through NSIM (where NSIM is the number of
runs; 1 S NSIM £9) set up as data deck number 1 above,

The number of years to be simulated must be constant
in runs 1-NSIM

F.l



FIGURE F.}
CARD SEQUENCE

CONSAD MICRO MODEL OF CRUDE OIL
MARKET OF UNITED STATES

a /Data Dec
NSIM

Data Deck !

i

| Data Card 3

Data Card 2

Data Card 1

Card to signif
data follows

FORTRAN 1I
rogram Deck

3 1SNSIMS9
b 1SN<20

F.2



11, Programmed Error Messages

t 1. "Input card error -- card numbered Y read for card X"

a) Cause -- one of first three data cards ou! of order
b) Correction -- sct up data card in correct sequence

2. "Economic Production = X {s greater than maximum
allowable production - Y"

a) Cause -- input parameters for crude oil production

are unrealistic
b) Correction -- must change data on one or more of

the first three data cards
3. '"Input card error-card for year X read for year Y"
a) Cause -- one or more of the cards in the data decks
are out of order

b) Correction -- arrange data cards within data decks
in ascending order, e.g., year 1, year 2,...,year N

r‘l



FORTRAN PROGRAM LISTING

CONSAD MICRO MODEL OF CRUDE OIL MARKET
OF THE UNITED STATES .

___FORTIAN T T _ ’
T _UNIVERSAL ?cnsru.nue.nrnl £, A0YAL,VCOSTR,OFPLs_YINT, ZINT’

" u“‘nr‘v SREAL NN, TSTAR,P,T, Asﬂs,xr.ozFRO.QE. TUSAD,OMAX, VY0T
_UNJVZRSAL IESEIV, PO T T e

UNIY: R&‘.M. JCAP. Suv — ———— .

UNTVERSAL VTaX,DSASE, NYROED : T oo

___DIFEVSION_ 45(9,20) .
___DIFENSION_ DA, EXDCE4),DVYDS(3), NTAXiB), acm.usb.rugo o9,
1cpcowmdcuauu.nnun.m.olscgm.osnsﬂza.u. T
2EXPNS(8),81(9,217,5219,20),83(9,200,%4(9,20), y_sqo).svglor.n. o

— 3 SHASEC20,8),v2¢9) T .

[ 2EHD_ MATRIZES . _ -
——._ . bo 1023 Js 1_;_9 — —— e e
— 1023 vedyy wop g T T ITI T e

DO Shi_i*g,20 T T e T )
DO Sny Jsr,g T T T e
o SHAS:I, ) i_____ ——— T .
____g_o_,t_nms u..n-o 8 T Tnom e
Inlr
C WEA" ln’ul DA'A T h - Tt T em e T
ML et e e e e

___TTEMD 9, M. twm.J-:.n.n:.mw.avn.|ns-.as|nsw.4vncv.~c|v.aws,
1EXSUZR, (EXDECIN, Jo1,4),0v8JC, (DVDC (), JEL, 30, MAXDEY,ELITELNAVE,

by o
L FUrMATOIT,2AY,08,202,04,512,F4,4,3F4,2,:F4.3, F4.4,3F4,2,14,F2,0,

14N

"“f, 15 (v=kY'D, T.l“‘ T T T o e o

R ) mnnr";; N.k T T e e e o

TTTTT66YY 4 - T oo N

T Fukar €33411N2UT CaRD FHRIT « CaRL wuusaw.l?.uu READ FCR Canr,
L L

Ty T T e e . —_—

T READ 2, (N.FSOSTW,VCNSTW,RIVAL,RSTSHS, DRIICE, FPRICE,FCOSTR, VrOSTH,
— _ATCOST, 3EFAECDEM,RORICE,EX, DV, 3, 46, 7 INT ALPHA)

2 FolmaT (11,204,.3.F3,3,8F3,2,F5.0,2F4, JF1.0,05.0,F3,2,20,8,
e L'} D.‘TJ.!‘ .72 _Az_) e h
_____w_llﬂ L AU N T . o

17 (¥=%) 8,6,8 -
TR G
::- TTREMD Y, '0.JU‘JH.AD,QH!.('"AHJ).JH.a).DEPhWH‘.NmnEr ’
S uRker TI1,FV.3,F3,0.F5,2,011,2F3,3,12) o
TIF (k) _8.5.8 T

- *-

__asite ;
BCoONFINUE CoTUT o TmTTm T o o s e
T BEGCIN nnunzmor' D
TETT T UALTUCAYE CINSTANTS IN EQUATION FIR Toi &~ AN § - C
STAR & NpAvg — " - A e

TR W wANDEW ' . e e

T VIR IAN R T g
T‘""t‘ltmtne ESONOYIC PRODUCTIOV. " T T T

- S e

F.4



ESFZOSTH/UDPRICES (1, sDEPLSTAATEN S *ROYAL)=vCQSTM) " T T T 7T
r““cﬁ“%lnsj'be*tme FACTOR A e T e
XXs (ReEXSUSReEX )/ (_ﬁxcucaosnovsu:nmv.nn e e
e ABUE2(7ERD=0E ) /IXX~QZERDSTSTAR) o T
inr-o e e T
U CIMAN-QE) 200,200, 20) e T
PR 70?5 QE 5, 0MAX
‘T FoRMAT C2144ECINOMIC Pnonu.tlov-.n e.squ 1S GREATER THAN "THE Ay
. ;nun ALLOWAILE J2RODUCTION: P8 2)

— P INnT " o -M_,,.'“‘fl’i‘:T ‘ o
- Tf“'j_avsuu 211,211,232 T

GO T3 24p “'.I.'T;”..-__','LL: T ..
'j_x}jxxu_ms-l?-?suﬂ_. T LT . )
T bser: ROZEX(YY) LT L e
U (e aMan) 213,211,921 T
213 IF (o <061210,213,244 T T T
?mzfosos.____m T — CoTTmmrm s e s
s J -1 e e e
— e TR 218,215,218 T o o
_c TATCULATE keparyv: CoSY, RC T T e
C T eXPIORAYIIN wiLS T T 'j, T T o e
_ay Fﬁ:hotnr-u.'txsucn) T T e e e e
7¢ﬂ-krncl‘noexsucf(‘ e L R
usnﬁucu‘)-hsuca Tl Tmmmmmmemoes smem e e e
CITRTINLYe2(2Ye213) - “I"“‘““"" ST T e T
22 & T «EXUTIN) ™ "0 T e e L
T e Qg™ ——— == e e
TTTUUBE ARG T EL, Y T tme e e e LT
r“fn“ncnr. Y Y e e e
. n‘-"nnr“*“““““'“' B e S SRS
TRCIAY e THLEXSUCRY SALTTTIT T s e e e e
TRUSBY 8227 pctay ”
C” " DEVELDPRENT JELLS TTTT e e )
S mnovacn;-u.—ovsvcn T T o T
T 242)y3pvDct2)eDYSUCR T B LRI
T Trexispvpee ) sDysuch T T e LT e e
tt:z(uoz(z)‘._zc_snw T ‘_ T e o Tme e
DO 1Td T 1ed,N T T T e T e
110 nctnnn-nm - T T T e e
€ _Caiculare PuySical DEAKD,” PD - RiFINLRY COST,” RCOST o~ “WEVEMUE,
€ RFYNJE S ‘1ePoRTS, XIMp Y ha;m cosY, costi -
TP REF e REFIEM s 365, ST e ST
"_“'"R'OST- FCISTR o 385, o RET & W~osn 01(:03"’ pn‘ T T
;’Jé‘-iinlc- oy T Tt
O O 1T £ e P
cosn R AN L L e PR

L e

L .

s ot b o e = e e

s e e et 4 ot & —n e e e

. At i . s st . i e 2 e P e e o o -

A

e i U [N -



T 6. CALTULATE DAMESTIS PRODUCTION, SUM ANL OPFRATING COST, 0C

"suw:n,n

e o bC s 0,0 TR S .

e KL B INIY ey . -

T TTIo g0 Jst.<d L

o TP, V) T

. MAHVE ® ptd,4) L .

—— _xx s AUt (T . IRNR) A . . ..

R 0207: un;u’(vn ) _ e

TOTTTTONR (0e0NAK) 221,222,227 _ ST L

222 wapp A L R AT,

T 60 1) 224 ) o .

T U0 1F (2e0F) 2804293002% o ToTnoooo T

ewomeo.0 T T o T T

T L 1 - v s

GoTa e T T I

T ey aden, e

NI ir (1eD=1STAR) 225,205,226 T ommem e
T3 M s QERO @ D o
TTTTTC S URLOSTA ¢ VCOSTW $ Q7€) o D _ ) ot

T e0 1y 0 . . .. .

TTTPP6IF (V-1STAR) 227,228,228 S
TTT22TT%X 5 ARNE 8 (TSTAR o V @ D) T

T TTxax_® 3. e EXPUXX) L
QM s O7ERQ & (TSTAR «» T) ¢ (32: ZRO/AGHE) o XX
c ® «rcnsu ¢ VCOSTH » Q2ERI) o tT’*TAR « 1) ((FCOSTH & VCOCTH o

§ O7E0)/AB4E) e XXX o
———. “0 13 729 . e e e
. 220 xx B ABNF S LTSTAR - 1) i
o TV:A‘MF [ (‘SYAR- T« 7 e oL

XXX ® EXPOXXY o EXPLYY) o e

— - LK (QZFRJIMHE) . XXX _
Cs ((rFcostu ¢ vCoSTw ¢ 023 0) 7ARNE) . XXX i

TTTI29 CONYINGE ) R
_C A3 WFL.S . S . .
. Pu.wz!o(!,,_ ) -
.50k = Sum ¢ N . .. .
oc'=zpc e - e e
T 220 COMTINUE o
ASUM & SUM o (1, « ROVAL) e
c* CALCULATE NUM3E JF WELLS, WN '~ oo
VN ® ((PD = Y]uP) e PCISUPY 2 SUM_ T T
(Do 249 JspuUNIY T o
T80 Py, 1) s ey AR

SUP 2 SUM s @NT T T T T T

T T 0c 8 0C o AN T
TTEUUSPLIT DOMESTIS PRIDUCTION INTI ACTUAL, ASUNW AND ROYALTY, HSUM

TTTT O AS(N s ASUM S AN T T e
TTRSUM & SUM o ASUM
TC__CALCULATE EXP.ORATION, € aND DEVE._ oanmt’.“'u t»ruhﬁunss ANFTREF
€T TRESERVES o
T RaSUs/ReENeXSUCRY T T T T T T TN T T

FHAY » s

TSR S ENAY ', '____m o | «
- XNZWNSEXOEXSUCHOE | . I

b e ¢ et e, < < % e o cemme b e e e ene e e e P
B b i Il -



R
Lk A —— - T

_C_CATCULATE DOMESTIS PURCHASES, b' e
DPeP o XT9P o aSUW ——
. C_CATCULATE COSY oF "DOMESTIC CRUDE 31, _PUACHASES, deenst "7 T
uvcoqt » J L) OPRICE e e e e e

——COSAE 30,0 T T

. — . [F(0PCOST) 281,952,252 e T T
_251°COSA,€_s <DPCOST e+ T

DPCOST = 0. e e

EALEuuve,_gy!gAL €osi~ béoucnavs e T

.-_.5 CAFITU T

—__tpYor :,I-l_.__w - — —.

- ENRF e T T T e e R

R L) LN ’m.w.au . L

P60 CAPIT s A e e
X uem - CAPIT S wrm‘““ T

TN NNULY & 2) 263,268,284 Tt e e
“ETEXPENNTIUYES aR: JEPRECIATED = T T T e
C 285 CPCOSTIIY s EXONS(I) o e L
. _h0"258 "Usi, vy apEp .
_ SBASETLY, 1)8C0CISTI)

“966 nmsNJ.u s CocosTeny T oo oo i
YN 260 o e

v Tm:umw:u ARE TYPENSFD ™~ =7 T o Lo

7865 TCPTOSY L) 8 GI’NSU! T '_‘fﬁ":f“_;:_"'__v_ o ‘_’;‘“_:_ T

GO FASan™

f‘EkP!—N!‘TfuaEQ'lRE thLunFD IF T‘-PL noﬂ”uto-ncs T T T T e e
i‘ofCPl’o"lH 20,0 CoTTmTT T e
“TP60TCPTON x CPTOY o TEPCOST (Y T T e s e T
TTEEYETDY ¢ EYOT o TEXPNSCIY T T o T ) S T

é __CALCUTATE DFP_ET]IN ALLOWANCE, 04~ T

LA SiSuMeDIRICS ZeDEPL ’ ST
e _CALCULATE RES: ZRVES _ L T o

RESFRy 37 9ag  ~— 7 7T T e eme - T
TR e NI ey - ) - : Tt
T e i.muozummmusovsm‘“" T T
- . ho 270 Jat, 41 B o T .

"Y'k NJ.\) o T e .

- TR a ‘cmoﬂumnaus
T TN R TTSTAR
R AN A R LI 171.271.272
AV TTEREI T RESS No"IFQm(NH!-Ih(O?E‘m-NlFﬂOIFINH!))MBLF
601y 270"
TR AYS ) 1279, 1272,7270 °
1372 RESEIV s LE s~nvuo?wo-u l;lpllaﬁlnvvn olsno-u JEXPUXY ) ) ) 7ARRE

_ 270 CobTiNugE

RU‘.E:V BRISNY ¥ WY ¢ RNED o -

TTRET S HESERY . INEW o Suw T T T e s e ’ -
T DSFRVE:QPS sRY - Tt i :
T OTTTTTOCAP STRESIRYC T "'“_‘:"_ - o -

TTTTTOO 273 At Y11 D

L RISSING ) W RESEWT T T e e T
r’mcuuve _PROFIT TIND we- e T T .
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REILY
NSs

280 S10P

T sy NSey

DO 2% Jsi,4
23 SPlL. el

. DAYACL,3V8fP 2 CE
_ DAYACY,4) 3 RESDEM
S DAYALY,S) s ¢
DATAL],6) s o
DaATAt1,7) s CUDTA
DATACY,8) & AD
DATAL],9) & DMAX

__ ASST3IN 902 1D wpamny
_ASSI3N 903 T0 w312

_ ASSIIN 904 YO VPRTS
ASSISN 9%0 TO wPRT4

G0 12 901

950 1F (1RSW = 1) 2Mp,20¢q,?8)

__C _HEGIN SINULATIOY
DO 2% Js4,IN1Y

DATALL,1) & @PIICE
UATACY,2) & DPIICE

0n 282 1s10,17

TP82 DATALL, 1) B NTAKU]e9)

PAYACL, 1) = DipL

DAYALS,19) = TATE

364 A1y

HESEIVIDSERVF
FHAT 3 Sual
no 25 t=1,In11
00 22 J=1,¢
2?2 PLi.nssPil.n
Dy 24 181,98
DO 26 Jsy,vvaD:ip

24 DEAS ¢J, 1)eSASELUL 1)

C READ LATA FOW A Y:aAR

363 NMpaNey

TTTTT0aY 8 TREVVUE o RCOSY o COSTD - DPCOST « OF = CPYOT o Di) o TRatE
i EYNJE = RCOST o COST] « DPCOST = OC « ETOT = TAX
T DISCS & PRIFIY , _
T € PAINT RISULTS OF INITIALIZATION

HEAD 300, NPLONCHK, (ICHGED) o DATAENY, 1y 128,850, (0aTats 3.1y, 106t T,
3 IS, T (IATAINTI A1) 0B 0), IC SR (NATAINE, 1), 1210,14), 100 (),
2 (UATAINT DY 118, 07), 01CHICT I, DATAENT, Lep), 120,11

300 FORAT (11al20 800 10Fa N o06.0,01,2012.0.10,F3, %.011,83,0,F%,,

T 11,0, 11,378.0.11,F3.3,11,72.2)

Rz d
NuENe jNIT

IF (wFG - <) 301,302,301

301 MRINT 2, NPG,R

60 1) &

302 1F (vCHn » NI 303,304,303
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