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Preface

On January 20, 1970, the National Petroleum Council, an officially established industry advisory
board to the Secretary of the Interior, was asked to undertake a comprehensive study of the
Nation’s energy outlook. This request came from the Assistant Secretary—Mineral Resources,
Department of the Interior, who asked the Council to project the energy outlook in the Western
Hemisphere into the future as near to the end of the century as feasible, with particular reference to
the evaluation of future trends and their implications for the United States.

In response to this request, the National Petroleum Council’s Committee on U.S. Energy Outlook
was established, with a coordinating subcommittee, four supporting subcommittees for oil, gas, other
energy forms and government policy, and fourteen task groups. An organization chart appears as
Appendix B. In July 1971, the Council issued an interim report entitled U.S. Energy Outlook: An Ini-
tial Appraisal 1971-1985 which, along with associated task group reports, provided the groundwork
for subsequent investigation of the U.S. energy situation.

Continuing investigation by the Committee and component subcommittees and task groups re-
sulted in the publication in December 1972 of the NPC’s summary report, U.5. Energy Outlook, as
well as an expanded full report of the Committee. Individual task group reports have been prepared
to include methodology, data, illustration and computer program descriptions for the particular area
studied by the task group. This report is one of ten such detailed studies. Other fuel task group reports
are available as listed on the order form included at the back of this volume.

The findings and recommendations of this report represent the best judgment of the experts from
the energy industries. However, it should be noted that the political, economic, social and technologi-
cal factors bearing upon the long~term U.S. energy outlook are subject to substantial change with the
passage of time. Thus future developments will undoubtedly provide additional insights and amend
the conclusions to some degree.
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Introduction

"Numerous factors affect the supply of oil and
gas from domestic sources. Each of these factors
must be -identified and quantified to develop a
projection of supply for any future period of ‘time.
This study considered relevant items in the follow-
ing five broad categories:

¢ Resource availability
Industry capability
Government policies
Economic climate
Future technology.

Initial Appraisal

In the NPC’s Initial Appraisal, a pro;ectlon of
supply was developed utilizing one specific set of
assumptions. . For the purpose of simplicity, the
Initial Appraisal assumed a “status quo” outlook
over the study period, as indicated by the fol-
lowing;:

Supply-demand relationships are pr01ected as-

suming that current government policies and

regulations and the present economic climate
for the energy industries would continue with-

out major .changes throughout the 1971-1985

period.*

The following.assumptions governed the oil and
gas analyses:

1. Recent physical levels of oil exploration and
development’ drilling activity and explora-
tion success trends would continue into the
future.

2. The level of capital investment in gas ex-

*NPC, U.S. Energy Outlook: An Initial Appraisal 1971-
1985, Vol. II (November 1971), p. xvii.

ploration and development drilling activity
would remain relatively constant and the past
trends in the results .of such activity -would
provide the basis for future expectations.

3. After domestic oil production capacity is
reached, remaining requirements would be
satisfied by imports. It was also assumed
that political, economic-and logistical consid-
erations would not restrict the availability
of foreign oil.

4. All presently feasible sources of gas supply,
domestic and foreign, would be utilized. It
was also assumed _that ‘political, economic
and- logistical considerations would not re-
strict the availability of foreign gas. . . .

These assumptions are generally optimistic. In

. view of past trends, the assumed levels of oil
and gas exploratory activity, in’ particular, are

not likely to be realized without substantial im-

provements in economic condit i ions and govern-

ment p011c1es *

The Initial Appraisal made no attempt to an-
alyze the economic feasibility of the case presented.
Levels of activity and physical results were merely
projected into the future using an assumption of
constant price,- without examining the economic
implications. .

Objective of Second Phase

The objective of this oil and gas study is to
examine in more detail the factors which affect
future supplies, with particular attention to increas-

‘ing indigenous supplies. A methodology capable

of analyzing the numerous parameters that could
affect future domestic petroleum supply levels was
developed..

General Approach —Conventional ”Supply

Ranges were assumed for drilling levels, finding
rates and additional recovery efforts to develop
new oil and gas supplies. The costs of achieving
these activity levels and resultant production rates
were calculated. A range of returns on investment
(net income as a percentage of net fixed assets) was
selected and “prices” required to provide these re-

Editors Note: This chapter appears as Chapter Four in the NPC report, U.S. Energy Outlook, A Report of the National
Petroleum Council’s Committee on U.S. Energy Outlook, published in December 1972.
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turns on the net fixed assets were computed.* This
methodology provides a great deal of information
on the relationship between oil and gas supplies
and the economic climate required to support the
supply projections. It additionally provides a basis
for evaluating the impact on supply and unit
““price’” of varying assumptions on physical, eco-
nomic and government policy factors.

The method adopted cannot provide precise solu-
tions on price/supply elasticity. Such a determina-
tion would have to separate price from all other
motivational considerations, and there appears to
be no way to isolate price effects from historical
data in a purely objective manner. Further, any
analysis of future supply/price relatianships must
recognize that they will undoubtedly change con-
siderably from those experienced in the past. The
historical record of oil and gas discoveries reflects
the influence of resource availability, technological
capabilities, governmental policies and cost fac-
tors, none of which will necessarily be duplicated
in the future. Shifts in these factors are often dif-
ficult to predict or quantify, yet the accuracy of
any prediction concerning the response of oil and
gas supplies to changes in price is dependent upon
future changes in these other factors. '

These uncertainties typify some of the risks in-
herent in oil and gas exploration and development.
As a result, any given level of prices may result-in
increments of new supplies which exceed or fall
short of anticipation. However, the methodology
adopted does provide insights into supply/price re-
lationships and thus serves as a valuable tool to
facilitate the development of sound energy policies
by those vested with this responsibility.

The analysis was performed on a geographic
region-by-region basis, taking into account vari-
ations in drilling, finding experience, costs, degree
of maturity, etc: The regional results were sub-
sequently combined to present total U.S. results.
The geographic distribution used in the Initial Ap-
praisal (shown in Figure 1) was adopted with
minor modifications.

The projection period began with 1971 because

-

* As used in this study, “price” does not mean a specific
selling price as between producer and purchaser and does
not represent a future market .value. The term “price” is
used to refer generally to economic levels which would,
on the basis of the cases analyzed, support given levels of
activity for the particular fuel.
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the latest published data available at inception of
this phase of the study were for 1970. As a result,
the 1971 projections will not necessarily agree with
actual experience. No attempt has been made in
this report to reconcile any minor differences be-
tween the 1971 projections and actual data. How-
ever, in general, the results to date do not deviate
greatly from the projections, and the differences
are not of such magnitude as to cast doubt on the
validity of the methodology or findings.

A computer program was developed to facilitate
the processing of data because of the multitude of
variables involved in implementing the method-

ology and the need for making a large number

of repetitive calculations. The program has no in-
ternal optimizing logic or mechanisms by which it
can relate calculated economic results to investor
motivation or incentives.

Within the computer program, oil supply—in-
cluding associated-dissolved gas and plant liquids—
and related economics were calculated for the lower
48 states plus southern Alaska. Non-associated gas
supply, including lease and.plant liquids, and re-
lated economics were computed for only the lower
48 states. Projections of North Slope oil and gas
and southern Alaska non-associated gas operations
were made independently rather than through the
computer program. These segments of Alaskan
operations were not included in the “price” calcu-
lations because of the lack of operating experience
and data and-logistic uncertainties.” Reserve addi-
tions, production and capital requirements for
these areas -are incorporated later in this chapter.
For ease of reference in the remainder of this re-
port, the area analyzed using the computer pro-
gram will be labeled ““lower 48 states” even though
southern Alaskan oil operations are included.

Cases Analyzed

The two most significant variables involved in
projecting future domestic production of oil and
gas are (1) finding rate—the volume discovered
per unit of drilling—and (2) drilling rate—the foot-
age drilled annually.

Regional analyses of historical finding rates
indicate a range of results which cannot adequate-
ly be represented by a single line extrapolation.
Therefore, high and low finding rates were pro-
jected for each region.

To determine the possible range of future do-
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mestic production, three drilling rates were investi-

gated: (1) a high rate of drilling growth, (2) a.

medium rate of drilling growth, and (3) a continu-
ation of the declining historical trend. The high-
est rate of drilling growth provides by 1985 annual
drilling rates exceeding the industry all-time high
achieved in 1956 following the rapid expansion
after World War IL

Six oil and gas supply cases resulting from com-
binations of these two finding rates and three drill-
ing rates were analyzed. Also, the initiation of
production from the North Slope was delayed in
two of the cases. The configuration of these vari-
ables, as they define the six cases investigated, is
outlined in Table 1.

For brevity, four of these six cases (I, II, IIl and
IV) were selected to display the results whenever
possible. These cases represent the three drilling
rates and cover the widest range of supply results.
Case I is the highest supply case; Cases II and III
are intermediate supply cases, combining the me-
dium drilling rate with both the high and low find-
ing rates; and Case IV is the lowest supply case
and includes delays in Alaskan development.

General Approach — Supplemental Supply

The principal sources of domestic oil and gas
supply during the 1971-1985 period will be con-
ventional production. However, sufficient progress
in research and development (R&D) and/or expe-
rience in certain energy fuel conversion applica-

tions has been made to support a reasonable range
of estimates for certain potential. supplemental
sources of supply. This category of supply in-
cludes: liquefaction and gasification of coal, pro-
duction of liquids from oil shale and tar sands, re-
forming of certain petroleum liquids to produce
substitute natural gas (SNG), and utilization of
nuclear explosives to stimulate production in low-
productivity natural gas reservoirs.

Analyses of the volumes, capital investments
and required “‘prices” for the production of oil or
gas from coal, oil shale and tar sands are contained
in Chapters Five, Seven and Eight, respectively.*
Analyses of SNG production and nuclear explo-
sive stimulation are contained later in this chapter.

Generally, such forms of supply will require
large capital investments and “prices” considerably
higher than those for conventional supplies at
present and will make limited contribution to total
supply in the projected period.

‘ Summary

Regserve Additions

Table 2 shows actual and projected reserve
additions of petroleum liquids and natural gas in
the lower 48 states. In addition to the reserve
additions shown, it is estimated that average an-
nual reserve additions in Alaska will range between
0.3 and 0.6 billion barrels of petroleum liquids for
Cases IV and I, respectively, and between 1.3 TCF
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TABLE 1
OIL AND GAS CASES ANALYZED
Highest Lowest
Supply Supply
Variable | 1A . {1 A IVA 1V
Finding Rate High Low High Low High Low
Drilling Rate High High Medium Medium Current Current
Growth Growth Growth Growth Downtrend Downtrend
North Slope
Production Starts
Oil 1976 1976 1976 1976 1981 1981
Gas 1978 1978 1978 1978 1983 1983

* U.S. Energy Outlook.
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TABLE 2

SUMMARY OF ANNUAL RESERVE ADDITIONS
IN LOWER 48 STATES

Projected
Actual Casel Casell Caselll CaselV

TABLE 3

SUMMARY OF WELLHEAD PRODUCTION*
PETROLEUM LIQUIDS
(MMB/D)

Projected
Actual Casel Casell Caselll CaselV

Lower 48 States

Petroteum Liquids (Billion Barrels per Year)

1960 3.1
1965 3.9
1970 3.4
1975 3.8 3.7 29 25
1980 49 4.3 35 2.7
1985 5.3 4.7 3.7 2.6
Total Natural Gas (TCF per Year)
1960  13.8
1965 21.2
1970 1.1
1975 19.3 17.3 11.6 8.8
1980 27.2 21.8 14.2 7.4
1985 25.9 21.1 14 .1 5.9

(Case IV) and 4.2 TCF (Case I) of gas over the
15-year period 1971-1985.

Production .
Tables 3, and 4 show the projected daily aver-

age production of petroleum liquids and the annual

production of natural gas.

. .k
Required “Prices”” .

Actual “prices” for several prior years and the
computed average ‘‘prices” required for a 15-
percent return on net fixed assets to achieve the
levels of reserve additions and production for all
cases investigated are shown in Table 5. These are
average “prices” for all vintages and all qualities
of oil and gas. Five rates of return on net fixed
assets between 10 and 20 percent were investi-
gated; only the mid-level of 15 percent is shown
for the projection in Table 5.

Conclusions and Implications

Resources of Oil and Gas

The volume of domestic oil and gas remaining

1960 8.0

1965 8.9

1970 10.9

1975 9.9 9.9 9.5 9.4

1980 10.8 104 9.2 8.6

1985 12.0 1.1 9.3 8.0

Alaska

1960

1965 .

1970 0.2

1975 0.3 0.3 0.3 0.2

1980 2.8 25 2.4 0.3

1985 3.5 2.8 25 2.4
Total United States -

1960 8.0

1965 8.9

1970 1.1

1975 10.2 10.2 9.8 9.6

19!_30 13.6 12.9 11.6 8.9

1985 15.5 13.9 11.8 10.4

* In addition to these volumes of conventional pro-
duction, projected volumes of synthetic liquids are dis-
cussed in Chapters Five and Seven, U.S. Energy Outlook.
Oil supply from all sources is shown in Table 51 in this
report. .

to be found will not be a limiting factor on do-
mestic supply prior to 1985. There remains to be
discovered almost as much oil-in-place (OIP) and
twice as much non-associated gas as had been
found by the end of 1970.

The geographic location of the remaining poten-
tial resources is an important factor. About half
of the remaining oil and gas is estimated to lie in

* Not a specific selling price as between producer and
purchaser and does not represent a future market value.
The term “price” is used to refer generally to economic
levels which would, ori the basis of the cases analyzed,
yield the selected level of return on net fixed assets for
given levels of activity for the particular fuel under the
assumptions made.

27




TABLE 4
SUMMARY OF WELLHEAlD PRQDUCTION*—
TOTAL NATURAL GAS
(TCF/Year)
Projected
Actual Case | Casell Caselll CaselV
Lower 48 States
1960 13.0
1965 16.3
1970 22.2
1975 235 234 218 21.6
1980 242 228 19.1 17.1
1985 26.2 23.0 17.5 13.2
Alaska
1960 -
1965 -
1970 0.1-
1975 0.2 0.2 0.2 0.2
1980 1.7 1.5 1.3 0.2
1985 44 3.5 2.9 1.8
Nuclear Stimulation
1970 -
1975 - - - —
1980 0.2 0.1 0.1 —
1985 1.3 0.8 0.8 —
- Total United States
1960 13.0
1965 16.3
1970 22.3
1975 23.7 23.6 22.0 21.8
1980 26.1 24.4 205 17.3
1985 31.9 27.3 21.2 15.0
* In addition to domestic wellhead production, vol-
umes of substitute natural gas from liquid hydrocarbon
feedstocks and coal were projected. Gas supply from all
sources is shown in Table 52.

the frontier areas of Alaska and offshore, while
very little may be left in some of the mature
inland provinces.

The key factors determining the volume of these
resources which will be developed during the 1971-
1985 period are access to prospective areas, drilling
rates and finding rates. Appropriate economic and
political conditions are also essential to the attain-
ment of the projected results.
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Drilling Rates and Additonal Recovery
Activity

The industry has been in a phase of diminishing
activity for several years. With positive incentive
and areas to explore, the petroleum industry can
reverse its recent trend of declining drilling activity
and begin expanding to rates achieved in the post-
World War II decade. Such a reversal in drilling
rates, without a change in the finding rate, results

in increasing 1985 total liquids and ‘gas production
(including Alaska) by about 2.6 MMB/D and 8

TCF per year above the level that would occur if

the historical downtrend in drilling were continued
(Case IA ws. Case IV).

In addition to increased exploration activity,
adequate incentives could stimulate the oil industry
to expand its application of secondary and tertiary
oil recovery processes. By 1985, these additional
recovery methods might ac¢ount for about half of
the oil production from the lower 48 states.

Finding Rates

The difference between the projected high and
low finding rates is substantial—the high finding
rate discovers approximately half again as much
as the low -finding rate per foot of hole drilled.
Measured in terms of wellhead production in 1985,
assuming the medium growth drilling rate (Cases
II and III), the high finding rate provides about 2
MMB/D of oil and 6 TCF of gas per year more
than the low rate. The impact on required unit
’prices” to yield a 15-percent return would be a
reduction of $0.42 per barrel and $0.13 per MCF.

Lead Time

The lead time between a producer’s decision to
expand exploration activity and the resultant in-
crease in oil and gas production is unavoidably
long. Geological and geophysical work must be
done to identify new drilling prospects, adequate
funds to finance the effort must be made available,
land must be leased, drilling rigs must be acquired
(or built), manpower trained, drilling accomplishe.*.
production and transportation facilities built, and
gas contracted. The lead time in the frontier areas
where the major potential exists can be as long as
5 years or more. Thus, not only are immediate
incentives required, but the expectation by the in-




TABLES

SUMMARY OF AVERAGE REQUIRED ““PRICES”—LOWER 48 STATES
(Constant 1970 Dollars)

Projected (15% Return on Net Fixed Asse®)

High Finding Rates

Low Finding Rates

*

to constant 1970 dollars.

Actual* Case | Case Il Case | VA Case |A Case llt Case IV
Crude Oil “Price” ($/Bbl)

1960 3.33
1965 3.26
1970 3.18 ‘
1975 3.65 3.63 3.54 3.70 - 3.67 3.57
1980 4.90 4.73 4.26 5.16 4.95 4.39
1985 6.69 6.18 5.06 7.21 6.60 5.28

. ' Gas Field "Prices” (d/MCF) .
1960 16.2
1965 17.8
1970 171
1975 © 26.7 26.2 25.1 -+ 285 27.9 26.6
1980 ' 33.7 31.8 27.6 40.9 37.8 31.6
1985 C 43.6 39.8

Actual data are average wellhead values at unspecified rates of return reported by the Bureau of Mines and converted

31.2 59.4 53.0 38.7

dustry of a stable, satisfactory economic and
political climate is essential. -

Price Incentive

The most effective economic incentive would be
to allow prices to increase to the level at which
the industry can attract and internally generate the
risk capital needed to expand activity to its maxi-
mum capability. This requires both a fair return
on total investment (e.g., return on net fixed as-
sets), as well as the anticipation of attractive
returns on current and future investments.

During the last 10 to 15 years, real prices of
oil and gas at the wellhead have declined while
real costs have been increasing. As a result, both
drilling activity and addition of new reserves have
declined rapidly. Assuming a 15-percent annual
rate of return in constant 1970 dollars, 1985 aver-
age oil ““prices’” may have to range from $5.06 to

$7.21 per barrel, and 1985 average gas “prices”
may have to range from $0.31 to $0.59 per MCF
to-support the activity levels assumed (Cases IA
and IVA). If prices for gas found prior to 1971
are prevented from increasing by regulatory or
contractual restrictions, the required “‘price” in
1985 for gas found after 1970 .would be on the
order of 30 to 50 percent greater than the average
““prices” calculated. :
Even a continuation of drilling activity along
the current declining trend will require “price”
increases of about $2.00 per barrel and $0.15 per
MCF by 1985 if the petroleum industry is to
realize a 15-percent return on its net fixed assets.

Government Policies

Price increases alone will not assure substantial
increases in the exploration for and development
of oil and gas supplies. They must be accompanied
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by reasonable, consistent and stable governmental
policies specifically designed to encourage the de-
velopment of additional domestic oil and gas pro-
duction. Policy issues of particular importance
include leasing of government lands, environmental
conservation, taxation, natural gas price regulation
and oil import quotas.

Leasing of Government Lands

Recently, adversary proceedings and procedural
uncertainties and delays pertaining to environ-
mental concerns have resulted in severely restrict-
ing industry access to the frontier areas that con-
tain the most potential for the recovery of oil and
gas. Such issues must be resolved more expedi-
tiously in the future so that long-range project
planning, which includes logistical and transpor-
tation considerations, may proceed.

The amount of federal lands leased in thé off-
shore areas must increase substantially during the
1971-1985 period to achieve the supplies projected.
For example, in Case II, the total offshore acreage
required for exploration increases from about
600,000 acres per year actually leased in 1970 to
almost 2,300,000 acres per year in 1985—an in-
crease of almost 400 percent. Also, if acreage in
the California offshore areas is not added to the
Department of the Interior’s announced lease sales
schedule, the 1985 production rate would be about
700 MB/D less than projected. Announcing a
lease sales schedule showing increasing acreage
offered per sale, as well as increased sale frequency,
would also facilitate more effective industry plan-
ning in the exploration for and development of
new reserves in federal areas. '

In the case of the Alaskan North Slope, not only
has exploration access been restricted but efforts
to produce the largest oil field found on the North
American Continent have also been frustrated.
The lack of any return on the more than $1.5
billion already spent on the North Slope by the
industry to date has adversely affected the eco-
nomics of participants and severely restricts the
availability of capital to finance further industry
expansion.

Unless federal policies are adopted to make the
necessary offshore acreage available in a timely
fashion and to permit marketing of offshore and
Alaskan reserves, the U.S. consumer will be de-
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prived of about 40 percent of projected 1985
domestic production potential.

Environmental Conservation

Use of land and offshore areas for development
of natural resources in a manner that is compatible
with environmental quality standards is both feasi-
ble and necessary. The technology is currently
available at reasonable expense to assure compli-
ance with practical and reasonable environmental
objectives.

Taxation

The effects of changes in the statutory depletion

rate, preference tax rates, job development credit, -

and implementation of exploration tax credit on
required “‘prices” were calculated, assuming no
change in exploratory activity or results.

If the depletion allowance is eliminated under
the conditions of Case II and III, then “price”
increases ranging up to $1.00 per barrel and $0.07
per MCF would be required to maintain industry
profitability at a 15-percent return on net fixed
assets. The implementation of a tax credit (12.5
percent for investment in exploration and addi-
tional recovery) could result in a reduction of
required “prices” of $0.38 per barrel and $0.03
per MCF by 1985.

The motivational forces which are activated by
tax changes and their impact on industry response
are believed to be substantial, but they cannot be
directly quantified by the methodolgy used. Data
pertinent only to the exploration and production
function cannot be aggregated in a manner that
avoids distortion. In other words, the “average”
would be an unrealistic composite of corporations,
individuals, partnerships, etc., that are each subject
to different exposure to tax liabilities.

Natural Gas Price Regulation

During the 1960’s, demand for natural gas was
artificially stimulated, and development of new
supplies was restricted by FPC pricing policies that
held gas prices below their competitive level in
the marketplace. Wellhead gas-production in the
United States increased at an unprecedented rate
in this decade, from 13.0 TCF in 1960 to 22.3 TCF
in 1970. The large backlog of proved reserves of
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gas which made this rapid increase in production
possible is no longer available to support any sub-
stantial further growth. Future increases in pro-
duction must depend primarily on new reserve
additions. o

If the supply capability of the domestic natural
gas industry is to continue to expand in response
to demand, the FPC regulatory system must be
altered to allow natural gas to reach its competi-
tive price level and thereby provide the incentives
necessary to find, develop and market additional
natural gas supplies. Similarily, if supplemental
domestic sources of supply from coal gasification,
SNG and nuclear-explosive stimulation are to make
any substantial contribution, the regulatory system
must demonstrate sufficient flexibility to permit
economic incentive to reflect both the expense and
risk involved: This same set of regulatory circum-

stances must apply to imports of both conventional
gas and LNG, :

Oil Import Quotas

A system of effective, equitable oil import quotas
is essential to providing the incentive to expand
doméstic supplies of energy so that over-depen-
dence on foreign sources for energy supplies can
be avoided. Such over-dependence on foreign
sources can make the United Stafes vulnerable to
interruption of petroleum supply from either mili-
tary action or shutdown for political reasons.
Without the deterrent effect of a strong domestic
oil industry, producing countries could more easily
threaten economic sanctions and boycotts to influ-
ence U.S. international policies. Moreover, major
interruptions of -energy imports could severely
hamper the functioning of the U.S. economy.

Oil import quotas tend to encourage develop-
ment of all indigenous energy resources. For ex-
ample, since oil exploration and gas exploration
are generally joint activities using the same people,
techniques and equipment, the availabilities of
these two fuels are inextricably related. Without
oil import quotas, domestic oil and gas availability
would decline. The development of domestic syn-
thetic fuels could also be retarded by the lack of
economic incentives caused by the threat of unre-
stricted imports at a price which would not yield
an adequate return for domestic producers of these
fuels.

* Refer to Chapter Four, this report.

Technology

Continuation of past trends of evolving tech-
nology have been implicitly assumed in this study.
However, if major breakthroughs are experienced,
such as the ability to achieve the high finding
rate with consistency, the effects could be quite
dramatic. A breakthrough in additional recovery
technology would result in large supply increases.
For example, a 2-percent increase in the cumulative
oil recovery factor over the 1971-1985 period could
amount to an additional 1 to 2 MMB/D of oil
production in 1985.

Technological improvements in drilling capa-
bility and in the design and construction of pro-
duction facilities are essential if the tremendous
potential of the Arctic offshore is to be realized.
Some assurance that this area will be opened to
exploration and development is needed if industry
is to undertake the research required for resolution
of the problems associated with operations in the
Arctic. '

Private industry has developed most of the exist-
ing exploration and production technology and has
the best technical capability to develop the kinds
of new technology needed for future development
of the Nation’s oil and gas resources. This tech-
nical capability will be used effectively by private
industry, provided there is reasonable incentive
to do so.

Methods of Analysis *
General

Oil and gas exploration, development and pro-
duction operations are different but related facets
of the same business. Analysis should not totally
segregate oil and gas operations because it is in-
evitable that some volumes of associated-dissolved
gas and,. occasionally, non-associated gas reservoirs
will be found as a result of oil exploration. Con-
versely, exploration for gas sometimes results in
the discovery of oil reservoirs, and gas well pro-
duction is often accompanied by the recovery of
petroleum liquids. Therefore, although pre-selected
objectives account for most of the resulting types
of production, exploration for either oil or gas
ultimately leads to the discovery and production
of both.

Two of the key elements of an analytic method-
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ology for projecting the results of oil and gas
exploratory and development operations are (1)
the amount of drilling done (drilling rate) and (2)
- the amount of oil and/or gas found per foot drilled
(finding rate). Utilizing compatible sets of judg-
ments for oil and gas on finding and drilling rates,
as well as for many other variables, allowed the
design of a methodology capable of making sep-
arate but paralle]l calculations for each fuel.

This methodology analyzed the historical
amounts of ¢il found as a function of oil drilling
and, in like manner, the amount of gas found as a
function of gas drilling. These historical relation-
. ships were used to project the results of future
activity levels. By this approach, past directionality
(fraction of the times that oil, rather than gas, is
found when looking for oil, and vice versa) was
implicitly recognized in an empirical manner, and
the explicit quantification of directionality in the
projection period was unnecessary. The selection
of a range of future trends of oil and gas finding
rates (as discussed later) also helped eliminate any

need to quantify directionality. This treatment is
possible only if the ratio of oil drilling footage to
gas drilling footage is reasonably constant during
both the historical period used for determining the
finding rates and for the projection period.
Historically, productive and non-productive foot-
age drilled is reported separately and is further
classified as exploratory or development footage.
In this analysis, non-productive footage was allo-
cated to oil and gas by region according to produc-
tive footage ratios. This resulted in 69 percent of
the total footage drilled in 1970 being allocated to
oil and 31 percent to gas - (see Figure 2). Also
shown is the projected drilling footage for Cases I
and IV which cover the highest and lowest drilling

activity levels. Oil and gas drilling in both cases

shown, as well .as in the medium growth cases
(Cases II and IIl), remains near the 70- to 30-
percent split experienced since 1960.

The extent to which the ratio of oil to gas drill-
ing can deviate from the historical ratio without
distorting the calculated results is uncertain. There-
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Figure 2. Oil and Gas Drilling Footage—Total United States (Million Feet).
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fore, the methodology used in this analysis is not
recommended for general application where the
future drilling mix may vary appreciably from
historical ratios. : :

In addition to calculating reserve additions and
production, the methodology also calculated re-
quired capital investmerits for specified levels of
activity and accompanying required “prices” for
oil and gas at a range of rates of return on net
assets. Sufficient flexibility has been provided in
the method developed (displayed as a schematic in
Figure 3) to handle separately such differences in
the two fuels as producing characteristics and
additional recovery possibilities.

Although oil supply, gas supply and economics
are calculated separately, each segment interacts
with the others at several appropriate points in
the procedure so that oil and gas are interlocked
and cannot be analyzed independently. Both oil
and gas supply segments are calculated on a re-
gional basis, and the results are then aggregated
to provide totals for the regions considered.

Oil Supply Procedures

The first item calculated was reserve additions
resulting from oil exploratory drilling. Based on
historical data, both a high and low future oil
finding rate for each region was established to
encompass the range of expectations. These rates
were expressed in terms of barrels of oil-in-place
found per exploratory foot drilled in search of oil
and varied as a function of cumulative exploratory
oil drilling.

The volume of oil-in-pldce found yearly in each
region was determined from the product of the oil
finding rate and the exploratory drilling rate. The
oil reserves added from exploratory drilling were
determined by applying the appropriate primary
recovery factor to the oil-in-place discovered. The
reserves added by ‘application of secondary and
tertiary recovery processes were calculated and
added to thé exploration results, thus determining
total annual oil reserve additions.

Annual oil production was scheduled as a func-
tion of the remaining reserves at the beginning of

OIL SUPPLY | ECONOMICS
FINDING RATE | | FEETDRILLED | NET FIXED
BBLS/FOOT {oIL) | ASSETS  |—
SECONDARY & oIL | INVESTMENTS,
TERTIARY |—»  RESERVE —— EXPENSES,
RESERVE ADDS ADDITIONS | TAXES,
i ROYALTIES
% RESERVES : l
EXISTING OIL oiL ‘ oIL .
RESERVES P|  ReseRVES X zma‘l{fﬁﬁ P bRODUGTION | IRSTELSHR'A é)l\ll\lT
; REVENUE
GAs SUPPLY ] _"REQUIHED
A ’ % RESERVES :
EXISTING GAS GAS GAS
Reserves ||  meserves X Z’:I%BXEEE’( —— bRODUCTION | L
? AVERAGEOIL  AVERAGE GAS
| “PRICE” “PRICE”
GAS :
RESERVE - |
ADDITIONS
FINDING RATE | | FEETDRILLED
MCF/FOOT (GAS) |

Figure 3. Oil and Gas Supply—Economic Methodology.
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each year by applying appropriate factors in the
various regions to account for their particular oil
recovery mechanisms and reservoir characteristics.
Associated-dissolved gas reserves and production
were estimated by applying calculated gas/oil
ratios to the oil production volumes.

Gas Supply Procedures

Non-associated gas reserve additions and result-
ing production were determined in a manner very
similar to that used in making the oil calculations.
However, gas finding rates were expressed as gas
reserves found per foot of total gas drilling, in-
cluding both exploratory and development well
footage. ‘

Gas production was calculated regionally, using
one schedule of factors which related annual pro-
duction to proved reserves estimated as of Decem-
ber 31, 1970, and a second schedule of factors
which related annual production to reserves sub-
sequently added.

Reserves and production of natural gas liquids
contained in the natural gas—both non-associated
and associated-dissolved—were calculated by ap-
plying gas/liquid ratios derived from historical
data.

Because of the inherently high primary recovery
factors normally experienced with gas well pro-
duction, no additional recovery of reserve additions
are calculated. Nuclear-explosive stimulation does
achieve higher production rates, but its applica-
tion is regarded as appropriate only in those areas
where conventional well completion techniques do
not permit commercial operation. Therefere, this
technology which is separately discussed could be
thought of as increasing the reserve potential.

Economic Procedures

The investments and expenses required to
achieve the projected oil and gas drilling and pro-
ducing levels were calculated from regional his-
torical cost trend relationships and anticipated fu-
ture drilling depths and locations. Other eco-
nomic parameters, such as taxes, royalties and
depreciation, were also quantified. Beginning with
estimates of the industry’s net fixed assets both
in oil and gas production facilities as of December
31, 1970, the average net fixed assets for each fuel
were determined for each subsequent year.
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The annual net income necessary to yield various
levels of return on the net fixed assets was calcu-
lated. These returns are defined as the ratio of
the annual net income after tax (before interest
charges) to the average net fixed assets (average
of beginning- and end-of-year net investment in
property, plant and equipment). A broad range
of returns was investigated as an alternative to
making an arbitrary selection of a specified return
level that would be required by an industry com-
posed of numerous individuals and firms experienc-
ing diverse economic conditions. Tax liabilities
and all other expenses and burdens on production
such as royalties were also computed to arrive at
the total revenue required for each rate of return.
The revenues from associated-dissolved gas were
credited to the oil sector; revenues from gas liquids
were credited to the gas sector.

Once the required oil and gas revenues were
calculated, they were converted to unit revenue or
“’price’”” * schedules. Dollars per barrel and cents
per MCF were computed by dividing the required
annual oil and gas revenue by the volumes of oil
and gas which are marketed. The “prices” calcu-
lated in this manner represent average U.S. crude
oil and natural gas “prices” in the field. The
method used makes no attempt to calculate “’price”
by geographic area, by quality of product, or by
year of discovery.

Considerations Regarding Methodology

General

This methodology does not address all of the
factors that motivate individual investors either to
take the risks necessary to explore for and produce
increasing quantities of oil and gas or, conversely,
to retrench in their operations. The program has
no internal optimizing logic or mechanisms by
which it can relate calculated economic results to
investor motivation or incentives. Therefore, the
method of analysis should not be used to forecast
explicitly or calculate the elasticity of supply to
price. However, it can be used to estimate unit

* Not a specific selling price as between producer and
purchaser and does not represent a future market value.
The term “price” is used to refer generally to economic
levels which would, on the basis of the cases analyzed,
provide a specified rate of return on net fixed assets for
given levels of activity for the particular fuel.




revenues for oil and gas required to support as-
sumed levels of exploration and production activity
based on the industry achieving specified rates of
return on its net fixed assets.

This method does not separately compute the
“’prices” required to achieve an acceptable return
on incremental new investments. Rather, it calcu-
lates the average “'price’”” needed to yield a specified
return on total net fixed assets, thereby combining
past discoveries for which the major investments
have previously been made and projected future
discoveries with their accompanying costs. In an
increasing-cost industry, the resultant average
“prices” tend to be lower than those needed to
justify incremental new exploratory and develop-
ment investments so that the price incentive re-
quired to encourage new investments will be high-
er than the average “prices” calculated.

It is possible to utilize the average “price’” cal-
culations from the computer program to estimate
the approximate rate of return on new investments
provided by such average “prices.” This subject
is addressed further in the oil and gas economics
section.

Returns on net fixed asset calculations were used
for oil and gas because they recognize the large
base of assets and reserves built up in the past as
well as new activities and can be calculated with
a minimum of assumptions. This return on net
fixed assets is not the same as the more commonly
reported return on shareholders’ equity (also
termed return on invested capital or return on net
worth). To attempt to calculate return on share-
holders’” equity would require making a large num-
ber of additional assumptions on allocation of
corporate accounts such as working capital (inven-
tories, cash, receivables and payables, etc.), other
long-term assets (pre-payments, deferred charges,
goodwill etc.), and long-term liabilities (primarily
debt) that might be appropriate for domestic. ex-
ploration and production operations. No historical
data are available for estimating these items, and
to attempt to do so would add additional uncer-
tainty. Published estimates of historical returns on
domestic exploration and production net fixed
assets are available and provide a basis for com-
parison of projections with past performance.*
These historical data on returns on net fixed assets
are generally parallel but substantially higher than
return on shareholders’ equity.

To show the sensitivity of the returns to the base
used, an estimate of working capital was added to
the asset base. Although there are no reliable
published data available on working capital assign-
able to only the exploration/production activities,
20 percent of net fixed assets was considered to be
a reasonable estimate. The addition of working
capital at that level reduces the return by about
one-sixth so that a 15-percent return on net fixed
assets would be 125 percent on total capital
employed.

Oil and Gas Drilling

In establishing the rate at which drilling could
increase annually for the high growth case (Case I),
it was assumed that the industry could expand at
a rate high enough to return to a drilling level
equal to the maximum achieved since World War
II by oil and exceed the previous peak year of gas
drilling in 1961 by almost 50 percent. However,
it is also necessary to recognize the obstacles that
must be overcome to achieve that result. Since
1956, the industry has experienced a decline in
domestic drilling activity which has resulted in
dismantling a large number of rigs and having
trained drilling personnel seek other employment.
As a consequence, there are currently insufficient
drilling rigs and experienced crews to support such
a reversal in drilling activity without the manufac-
ture of new equipment and an intensive period of
personnel training,

Drilling effort cannot be radlcally and quickly
shifted from one region to another. Seismic equip-
ment and techniques used on land cannot be
applied to’ offshore areas without modification.
Also, lightweight drilling equipment with relatively
shallow depth limitations cannot be utilized in
areas:where the objective reservoirs, if present, are
at extreme depths. Large rigs, designed specifically
for deep-well drilling, cannot be used economically
to drill shallow wells. In most instances deep
onshore drilling equipment cannot be used to im-
plement a substantial increase in offshore drilling
activity without extensive, costly and time-consum-
ing modifications. The building or modification of
specially designed equipment for Arctic operations

',

* “Financing the Petroleum Industry During the 1970's,
Paper Presented by Kenneth E. Hill at the API Division of
Finance and Accounting, Dallas, Texas, June 11, 1970.
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is expensive and requires significant lead time.
Also, the transportation and other related logistics
factors pertaining to Arctic operations impose
highly significant seasonal limitations on move-
ment and operation even if cost were not a con-
straint. Therefore, in addition to an improved
economic climate to overcome existing equipment
and personnel availability obstacles, reliable expec-
tations of access to frontier and offshore areas
having future potential must exist, and continued
technological improvement in drilling and logistics
must be pursued.

Another obstacle to rapid drilling expansion is
the lead time required to conduct increased geo-
physical and geological activities to locate drilling
prospects, as well as the time needed to obtain
leases and drilling permits.

Federal Offshore Lease Availability

The offshore areas of the United States account
for a large percentage of the Nation’s undiscovered
oil and gas resources. For this reason, a critical
assumption was required concerning the amount
of acreage in these areas that would be made
available and the time of its availability.

It was assumed that the lease sales schedule
announced in 1971 by the Department of the
Interior (shown in Table 6) would apply and
that there would also be California offshore sales.
Since the Department of the Interior’s schedule
extends only through 1975, an extrapolation was
made to cover the remaining 10 years.

The announced schedule did not specify the
amount of acreage to be offered for lease at each
sale. However, it was assumed that sufficient
acreage would be offered to meet the exploration
needs projected in these areas. As an example, the
offshore exploratory acreage requirements used in
Case Il for specific years are shown in the follow-
ing tabulation.

Thousand Acres

per Year
1971 673
1975 1,101
1980 1,663
1985 2,263

During the 15-year period, a total of about 21
million acres would be required. This compares

* Refer to Chapter Five, Section I
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with slightly over 7 million acres that industry
leased on the Outer Continental Shelf (OCS) dur-
ing the 1952-1970 period.

The sensitivity of this critical item is examined
in more detail in the parametric studies.

Supply—Oil*
Ultimately Discoverable Oil

The NPC’s Future Petroleum Provinces report
was used to define the discoverable oil-in-place of
the United States.t In that report, estimated future
discoverable oil was separated into “probable and
possible’ and “‘speculative’’ categories. Only half
of the speculative oil was included along with all
of the probable and possible for purposes of this
study. This represents the “median (expectable)
estimate”” presented. in the Petroleum Provinces
study. ;

Subsequent to publication of the Petroleum
Provinces report, its authors were consulted -to
update the estimates as required and to develop
an allocation of the future oil resources between
onshore and offshore for the three coastal regions.
As a result of recent developments on the North
Slope of Alaska, the oil-in-place previously con-
sidered speculative is now considered probable
and possible. Estimates were also added for spec-
ulative oil-in-place for the more prospective por-
tions of the Alaskan Continental Shelf which were
not included in the Petroleum Provinces report. Ex-
cept for the Gulf of Alaska, these Alaskan offshore
estimates cannot be considered as discoverable in
the-near future because of the very hostile oper-
ating conditions.

Present estimates are summarized in Table 7.
The total discovered and discoverable estimate of
810.4 billion barrels is an increase of 90.6 billion
barrels over the 719.8 billion estimated in the
Petroleum Provinces report. Taking into account
oil-in-place added by discoveries and revisions
since the report was written, oil discoverable after
1970 is now estimated to be 385.2 billion barrels—
53.3 billion barrels more than estimated in the
Petroleum Provinces report. Of this volume, 160.2
billion barrels—42 percent of the oil-in-place re-
maining to be found—is located in offshore areas.

t+ NPC, Future Petroleum Provinces of the United States
(July 1970).
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Some additional estimates of all ultimately dis-
coverable petroleum liquids originally in place (not
just crude oil) have been published. They are shown

in Table 8.

To provide more accurate estimates of the re-
sults of future finding and developing efforts, an
analysis was made of the remaining oil-in-place
in each region by geologic horizon and depth.

Oil Finding Rate *

Utilizing the results of the resource studies,
possible future exploration success rates were es-
tablished in terms of oil-in-place discovered per

foot of exploratory drilling in each region. Since
exploratory success varies widely, high and low
finding rates were projected for each region.

The technique used to determine regional finding
rates was as follows:

® Qil-in-place found per foot of exploratory oil
drilling in each region was calculated annually
for the period 1956 through 1970. The re-
gional oil-in-place found by the drilling effort
in a given year was calculated from the Amer-
ican Petroleum Institute (API) annual reserve
additions. This was done by dividing each
region’s annual reserve additions by the pri-
mary recovery factor established for that re-

TABLE 7
OIL-IN-PLACE RESOURCES
Billion Barrels Remaini.ng Discoverable
Ultimate ' Oil-in-Place Oil-in-Place
Discoverable Discovered Billion % of
Region . Oil-in-Place to 1/1/71 Barrels Ultimate
Lower 48 States—Onshore '
2 Pacific Coast 101.9 80.0 21.9 21.5
3 Western Rocky Mtns. 43.6 5.8 37.8 86.7
4 Eastern Rocky Mtns. 52.4 23.9 285 54.3
5 West Texas Arear 151.6 106.4 45.2 29.8
6 Western Gulf Coast Basin 109.0 79.7 29.3 . 269
7 Midcontinent 63.0 58.4 ‘ 4.6 7.3
8—10 Michigan, Eastern Interior _
and Appalachians 36.5 30.5 6.0 16.4
11 Atlantic Coast 3.8 0.2 3.6 94.7
Total 561.8 . 384.9 176.9 315
Offshore and South Alaska
1 South Alaska Including
Offshore 26.0 2.9 23.1 88.8
2A Pacific Ocean 49.6 1.9 - 47.7 96.2
6A Gulf of Mexico 38.6 115 271 70.0
1A Atlantic Ocean 14.4 0.0 14.4 100.0
Total 128.6 16.3 112.3 87.3
Total United States (Ex. North Slope) 690.4 401.2 289.2 41.9
Alaskan North Slope
Onshore 72.1 24.0 48.1 66.7
Offshore 47.9 0.0 47.9 100.0
Total 120.0 24.0 96.0 80.0
Total United States 810.4 4252 3856.2 47.5

* Refer to Chapter Five, Section IL
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ESTIMATES OF ULTIMATELY

Total United States 1,895 594

Circular No. 650 (July 1972).

ORIGINALLY IN PLACE*

(Billion Barrels)
1968
1972 1969 1959 1970 Elliott and
USGS Hubbert Weeks Moore Linden
Lower 48 States - 1,519 516
Not Estimated
AIaska 376 - 78 _
1,315 670 1,286

* P.K: Theobald, S. P. Schweinfurth and D. C. Duncan, Energy Resources of the United States, U. S. Geological Survey,

TABLE 8
DISCOVERABLE PETROLEUM LIQUIDS

‘gion. The API reserve addition categories of
“new fields,” “new pools” and “extensions”
were ‘used for this purpose since these repre-
sent reserves which resuilt from new oil-in-
place found. Reserve additions from improved
primary recovery and additional recovery
projects - are reported as “revisions.”

® For each region, the historical finding rate was
plotted as a function of the cumulative ex-
ploratory footage drilled since 1956.

e Trends were established from these plots and
~ were projected into the future using a range
of probable rates. A set of lower finding-rate
projections was based on a simple semi-loga-
rithmic extrapolation of past trends. Another
set of projections was made predicated on the
possibility of altering the historical trend
through technological improvements, through
discovery of some unsuspected “giant” fields
(100 MMB or larger), or through additional
rewards resulting from increased risk-taking
spurred on by improved incentives. These
more optimistic trends averaged 50 percent
higher than the low cases.

For regions which have no reliable historical
data, finding curves were established by assuming
similarity with a more mature region. For example,
the Atlantic Coast offshore province was assumed
to be analogous to the offshore Gulf Coast.

Composite finding trends for the total United
States are shown in Figure 4. These composites

* Refer to Chapter Five, Section IIL

reflect the changing mix as exploration shifts from
the lower 48 states onshore area into the frontier
provinces of the offshore areds and Alaska. Since
these frontier provinces are still in the early stages
of development, their finding rates are projected
to remain quite high, while those for the older
onshore areas continue to decline.

Oil Drilling Activity *

The second parameter that must be considered
is exploratory drilling which is expressed in footage
drilled per year. It is this activity which discovers
the additional oil-in-place that expands the reserve
base to support future production levels.

In order to cover the range of possible explora-
tion activities, a spectrum of three U.S. exploration
drilling trends was selected for the projection
period (see Figure 5). The highest activity level
(Case I) assumed a 7.5 percent per year growth
rate in exploratory footage. An intermediate ac-
tivity level (Cases II and III), though still high,
assumed a 5 percent per year growth. On the low
end of the spectrum (Case IV), a decline in activity
of about 3 percent per year was used. All of these
trends were assumed to have as their base point
the estimated 1971 drilling level.

These exploratory drilling levels for the total
United States (excluding North Slope) were dis-
tributed by geologic region in accordance with the
data on each region’s current share of the Nation’s
drilling effort, future potential and costs. The dis-
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Figure 4. Oil Finding Rates—Medium Drilling.

tribution used in the analysis is shown in Table 9.

Although exploratory drilling is a key determi-
nant of the oil-in-place that will be discovered in
the next 15 years, the total amount of drilling,
including development drilling, is important in
determining costs of finding and developing oil
supplies. The amount of development drilling is
related to the assumed exploratory drilling level
as a function of the amount of oil found by each
exploratory well. If, on an average, exploratory
wells find relatively large amounts of oil, more
development wells will be required than if explora-
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_tory wells find only small reservoirs. In each region

a correlation of total drilling to exploratory drilling
was derived using data for the last 15 years. These
correlations were then used in projecting total
drilling as a function of the assumed exploration
drilling and success levels. The resulting total oil
drilling is shown on Figure 5.

The number of wells resulting from these drill-
ing footages are indicated in Figure 6. As a result
of the increasing well depth needed to reach the
future oil resources, total wells drilled do not
increase as rapidly as the footage drilled.




TABLE 9
PROJECTED REGIONAL ALLOCATION—EXPLORATORY DRILLING EFFORT
Percent of Total U. S. Oil Exploratory Drilling Initial

Region 1970 1975 1980 1985 Appraisal®

1 Alaskat - 0.1 0.7 1.0 1.5 0.6

2A California Offshore 0.5 2.5 3.0 3.0 1.2

6A Gulf Coast Offshore 2.1 7.0 8.0 9.0 5.8
1A Atlantic Coast Offshore . - 0.2~ 0.5 2.0 —

Total Offshore and Alaska 2.7 10.4 12.5 15.5 7.6

2 Pacific Coast 4.2 4.0 4.0 4.0 5.1

3 Western Rocky Mtns. 6.0 5.0 4.5 5.1 2.0

4 Eastern Rocky Mtns. 28.1 26.5 25.8 24.6 12.9

5 West Texas 14.4 13.56 13.0 12.5 20.0

6 Gulf Coast Onshore - 27.8 24.5 '23.0 19.6 24.9

7 Midcontinent 14.0 9.7 8.9 8.2 18.9

8—10 Michigan, Eastern Interior

and Appalachians 2.3 45 5.5 6.5 8.5

1" Atlantic Coast Onshore 0.5 1.9 2.8 4.0 0.1

Total Lower 48 Onshore 97.3 89.6 87.5 84.5 92.4

Total United States 100.0 100.0 100.0 100.0 100.0

* Percent of total drilling rather than exploration drillir;g.

t Excluding North Slope.

Qil-in-Place Found *

Once projections of regional oil-in-place finding
rates and exploratory drilling rates had been estab-
lished, the appropriate multiplication of the two
resulted in a schedule of oil-in-place found per
year by region for the 15-year projection period.

The amount of oil-in-place discovered in the
four cases is shown in Figure 7. This plot is a
composite U.S. total on a cumulative basis. The
lowest discovery case (Case IV) is based on an
extrapolation of the drilling and finding rates of
the last 15 years. It is also the case which most

nearly approximates the findings projected by the-

Initial Appraisal. Cases I, II and III show various
volumes of increase above the declining historical
discovery experience because of substantially in-
creased drilling rates and, for Cases I and II, more
favorable finding rates. The results of all four
cases, as compared to the Initial Appraisal, are
presented in Table 10 by geographic region. As

* Refer to Chapter Five, Section IV.

indicated, a little over half of the total .U.S. ulti-
mate discoverable oil-in-place had been found by
1971. Oil discovered in the 1971-1985 period, with
the high and low projections, is summarized in
Table 11. '

Case I results from the most optimistic level of
achievement for all important factors. In order to
achieve Case I, it would be necessary to maintain
the high drilling growth rate and the high finding
rate in each region, each year, for the entire
15-year period. With the North Slope added to
these results, 119 billion barrels of oil would be
found, which is more than twice as much as the
Case IV volume. It would represent an amount
equivalent to 30 percent of all the oil found in the
United States since the inception of the oil busi-
ness. Cases II and III fall between Cases I and IV
and were used in making more extended studies.
The Initial Appraisal results fall between those for
Cases III and IV.

41

|




200

-
/ CASE |

B ACTUAL | | PROJECTED
— /
CASE Il
150 el
B \ TOTAL OIL DRILLING _——
~ B ~ / CASE III
g i ——a——a——"””—
w
L
w — .
o 100 'A ._...%.___._.__ INITIAL
2 N — APPRAISAL
@] —
35
:I -
=

w7
<

| | \\.\/ CASE |
50 L—"" T~ .CASE 1V
_ OIL EXPLORATORY DRILLING /_,_/ CASEll & !
B CASE IV
0 | | L1 1 1 | I I 11 | I I I T | I |
1955 1960 1965 1970 1975 1980 1985

Excluding North Slope drilting.

YEAR

Figure 5. Oil Drilling Rate Projections—Million Feet Drilled.

In order for the high projections to be met, an
enormous amount of exploration will be required
in the fronfier areas of offshore and Alaska, in-
cluding the North Slope. For example, Case I
projects that 31 percent of the total ultimate oil
discoverable in these frontier areas will be found
during the next 15 years compared with 16 percent
discovered to date. Also, the older onshore areas
will be nearing the ultimate discoverable estimates
by 1985 as shown in Table 12.

Oil Reserve Additions *

The procedure for determining annual oil reserve
additions was as follows: Using the regional pro-
jections of oil-in-place found per year, primary
reserve additions resulting from exploratory effort
each year were calculated by applying the regional
primary recovery factor to the oil-in-place dis-
covered that year. Reserve additions from applica-
tion of secondary and tertiary operations originate
from both oil-in-place found in prior years and
that found during the projection period. Additional

* Refer to Chapter Five, Section V.
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reserves from this source were added as a function
of length of time since discovery. In each region,
the future recovery efficiencies were projected
based upon past history, expected reservoir char-
acteristics and related reservoir performance.

The composite U.S. recovery efficiency resulting
from application of this methodology was consis-
tent with the trend experienced over the last 15
years, as shown in Figure 8.

In addition to determining crude oil reserve
additioris in this manner, reserve additions of asso-
ciated-dissolved natural gas found in the same
reservoirs with the oil were estimated. The his-
torical ratios of associated-dissolved gas .reserves
added per unit of crude oil reserves were applied
to the crude reserve additions calculated for each
year.

A projection of the total reserve additions result- .

ing from new oil-in-place found and additional
recovery efforts on both old and new oil-in-place

(excluding the North Slope) is shown in Figure 9.
For the last 15 years, the reserve additions from
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Figure 6. Total Oil Wells Drilled and Average Depth.

all sources, including revisions, have remained rela-
tively constant at about 2.7 billion barrels per year.
Case IV projects annual reserve additions to aver-
age about 2.5 billioni” barrels—about 10 percent
below historical levels. The Initial Appraisal
showed future reserve additions averaging 2.8
billion barrels per year. Case I reaches a maximum
of approximately 4.6 billion barrels per year during
the 15-year period and has a yearly average of 3.8
billion barrels. This is 41 percent more than the
industry achieved in the last 15 years.

With the North Slope included in the compari-
sons, average annual reserve additions are noted
in the following tabulation:

1971-1985 Projected (Billion Barrels)

19561970 Case
A'ctual I 11 111 v
3.3 4.4 4.1 3.5 2.9

The reserve additions by region for the 1971-
1985 period are summarized and compared with
the experience of the previous 15 years in Table

13. This table demonstrates the sizable contribu-
tion that will be required from the frontier areas
of offshore and Alaska, including the North Slope.
For these areas, 1.7 times the reserves booked in
the past 15 yeats are projected for addition during
the 1971-1985 period in Case I Additions for this
case in the more mature lower 48 state onshore
areas are projected to be 18 percent higher than
historical experience, largely as a result of the
application of additional recovery processes.
Figure 10 shows a typical distribution of the
reserve additions resulting from different recovery
mechanisms for one of the intermediate cases
(Case II). This demonstrates the significance of
the secondary and tertiary recovery projections.
Over the last 15 years, the reserve additions result-
ing from improved recovery efficiency have steadily
increased from about 29 percent of the total reserve
additions in 1956 to 67 percent in 1970; however,
reserve additions resulting fromn exploration have
steadily declined. During this historical period,
improved recovery has averaged about 0.9 billion
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barrels per year, increasing to 2 billion barrels in
1970. .

In 1985 for Case II, the contribution of improved
recovery processes is about 60 percent of the an-
nual reserve additions in that year. The impact of
tertiary recovery processes gradually increases with
time so that in 1985 about 25 percent of the total
reserves added are provided by new recovery
processes. These processes are now-in the research
and development stage and are not commercially
applicable at present prices.

Qil Production™-

Oil production was scheduled as a function of
the reserves remaining at the beginning of each
year for each region using fractions for production
as a function of reserves. This fraction is the recip-
rocal of the commonly used reserves/production
ratio (R/P). Over the last 10 years, the total U.S.

* Refer to Chapter Five, Section VI
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R/P has declined as excess producing capacity was
utilized. This-trend is shown in Table 14.

Currently; the net excess capacity (excluding the
East Texas field and the emergency reserves in
Naval Petroleum Reserve No. 1 [NPR-1]) is less
than 0.5 MMB/D. Without any significant excess
capacity remaining, the declining R/P trend must
level off, and the ratio will be approximately con-
stant in the future at the current level.

Projected total U.S. crude oil production, includ-
ing the North Slope, for the six cases and the
Initial Appraisal is shown in Table 15 and Figures
11 and 12.

Over the last 15 years, crude production has
increased gradually from about 7 MMB/D in 1956
to 9.1 MMB/D in 1971. Future production for
Case IV, in which drilling activity continues its
historical downtrend, is projected to decline to
7.6 MMB/D by 1980. North Slope production is



TABLE 10

REGIONAL OIL-IN-PLACE DISCOVERED—TOTAL UNITED STATES
(Billion Barrels)

Ultimate
Discoverable
Region O1P
Lower 48 Onshore
2 Pacific Coast 101.9
3 Western Rocky Mtns. 43.6
4 Eastern Rocky Mtns. 52.4
5 West Texas Area 151.6
6 Western Gulf Coast Basin 109.0
7 Midcontinent - 63.0
8—-10 Michigan, Eastern interior ‘
and Appalachians 36.5
1 Atlantic Coast 3.8
‘ ’ Total . 561.8
Offshore and Alaska
1 Southern Alaska Including
- Offshore 26.0
2A Pacific Ocean ‘ . 49.6
6A Gulf of Mexico . 38.6
11A _ Atlantic.Ocean- . . 14.4
Total 128.6
Total United States (Ex. North Slope) 690.4
Alaskan North Slope .
Onshore : : 721
Offshore : ‘ 47.9
' Total 120.0
Total United States 810.4

olp OIP Discovered 1971—1985
Discovered Case Initial
to 1/1/71 1N oI TV Appraisal
80.0 2.6 2.1 1.7 1.1 3.4
5.8 1.6 . 1.4 0.8 0.6 1.2
23.9 7.9 6.6 2.9 1.9 5.2
106.4 8.7 6.9 4.6 3.2 2.0
79.7 11.8 10.4 6.3 4.0 3.1
58.4 3.9 34 2.3 1.5 2.7
30.5 4.9 4.4 2.2 1.5 2.1
0.2 1.0 0.8 05 0.3 —
384.9 424 360 213 14.1 19.7
2.9 11.6 104 6.7 4.6 4.7
1.9 20.2 17.0 12.6 7.2 3.7
11.5. 13.6 12.5 8.8 6.1 .13.0
0 ‘ 2.2 1.5 1.3 05 -

16.3 47.6 414 294 18.4 21.4
401.2 90.0 774 50.7 325 41.1

24.0 29.0 233 233 15.2 0

0 0 0 0 0 0

24.0 29.0 233 233 15.2 0
425.2 119.0 100.7 74.0 47.7 =~ 411

initiated in 1981, and the total U.S. rate increases
to 9.4 MMB/D by 1985.

The Initial Appraisal assumed that North Slope
oil would begin flowing in 1975, but subsequent
delays in approval of the pipeline have proved
this to be an unrealistic expectation. Initiation of
North Slope production for Cases I through III is
assumed to occur in 1976. This explains the sharp
increase in total U.S. production in that year. The
production decline shown in the near future is a
result of the inevitable time lag between increasing
exploratory activity and realization of the resulting
increased production. Once the results of the in-
creased exploratory activity begin to be felt, along

with the impact of North Slope startup, U.S. pro-
duction is projected to increase to 1985 levels of
10.6 to 13.5 MMB/D for these expansion cases.
These volumes exceed the Initial Appraisal starting
in the late 1970’s, even though the Initial Appraisal
had the benefit of higher drilling rates in the early
1970’s and North Slope production beginning a
year earlier. ‘

Figure 13 depicts, for Case II as an example, the
components of U.S. crude production by recovery
mechanism as well as showing whether or not the
reserves were discovered before 1971. A tremen-
dous amount of reserves have already been found

+on the North Slope. However, some additional oil
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TABLE 11
OIL DISCOVERED-1971-1985

Oil Discovered 1971-1985
(Billion Barrels)

Case I_ Case IV
United States
{ex. North Stope) 90.0 325
North Slope 29.0 156.2
Total United States 119.0 47.7

% of Ultimate OIP Discovered
To 1/1/86
To 1/1/71 Case | Case |V

United States

(ex. North Slope) 58 71 63
North Slope 20 44 33
Total United States 52 67 58

must be found in the future to support 2.0 MMB/D
production rate projected for this area. No at-
tempt has been made to split this area between
the new and old field categories; rather, it is shown
separately to illustrate its impact on production
volumes.

Over the last 15 years, production from primary
reserves has remained fairly constant at 5.0 to 5.5
MMB/D, while production from fields in which
some sort of additional recovery project is under-
way has grown from about 1.5 to 3.5 MMB/D.
Despite declining drilling and reserve additions,
no appreciable decline in primary production has
been apparent, largely because substantial spare
capacity was available during this time period.
Now that this spare capacity no longer exists, a
normal decline is projected to ensue.

If no new fields were found after 1970, lower
48 states primary production would decline from
5.5 MMB/D in 1970 to about 1.0 MMB/D in
1985—a drop of over 80 percent. Although heavy
application of secondary and tertiary recovery pro-
cesses would mitigate this decline, the current 9.1
MMB/D would still decline by 40 percent to 5.5
MMB/D by the end of the period. By 1985, these
additional recovery projects are expected to account
for about 80 percent of production from reservoirs
discovered before 1971.

Of the total 1985 production rate of 12.2
MMB/D projected for Case II, the North Slope

* Refer to Chapter Five, Section VL
+ Refer to Chapter Six, Section I.
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will account for 16 percent, old reserves will con-
tribute 45 percent, and new discoveries made in
1971 and later years must account for 39 percent.
The nearly 4.7 MMB/D of production from new
discoveries is the equivalent of over two-thirds of
the average daily production from 1956 to 1965
for the whole country. Most of these newly dis-
covered reserves will still be producing under pri-
mary recovery mechanisms by 1985. However, this
new oil will provide the basis for application of
current and improved additional recovery tech-
niques. These techniques should have at least as
much impact on production from new fields after
1985 as they are projected to have during the next
15 years on currently known reserves.

Figure 14 presents a breakdown of daily produc-
tion by geographic area for Case II. As shown,
lower 48 onshore production just about holds its
own throughout the 1971-1985 period. During
this same period, production from offshore is pro-
jected to almost double. In 1985, for Case II, 61
percent of the total U.S. production will be pro-
vided by the onshore areas of the lower 48 states
while 39 percent will be provided by offshore and

Alaska, including the North Slope. The size of,

this projected increase in volumes from frontier
areas emphasizes the need for making lands avail-
able for exploration in these regions.

Figures 15 and 16 demonstrate that the total of
petroleum liquids production in 1985 ranges from
about 10.4 MMB/D to about 15.5 MMB/D. This
amounts to as much as 50 percent more than the
supply projected in the Initial Appraisal. However,
even in the more optimistic cases, the lead time
requirements are such that little improvement is
realized until after 1975.

*
Associated-Dissolved Gas Production

Associated-dissolved gas produced for each of
the cases was derived from regional gas/oil ratios
based on historical experience. A 13-percent reduc-
tion factor for lease use, fuel and losses based on
historical data was used to convert associated-
dissolved gas production totals to marketed gas
volumes.

Supply—Gas i
Ultimately Discoverable Gas

The definition of ultimate gas discoverable was




TABLE 12 _
REGIONAL OIL-IN-PLACE DISCOVERED—-TOTAL UNITED STATES
%OF ULTIMATE DISCOVERABLE
(Billion Barrels)
Ultimate % of Ultimate % of Ultimate OIP Discovered to 1/1/86
Discoverable Discovered - Case :
olP to 1/1/71 1 111 vV
Region
Lower 48 Onshore
2 Pacific Coast 101.9 79 81 81 80 80
3 Western Rocky Mtns. 43.6 13 17 17 15 15
4 Eastern Rocky Mtns. . 52.4 46 60 58 - b1 49
5 West Texas Area 151.6 70 76 75 73 72
6 Western Gulf Coast Basin 109.0 73 84 83 79 77
7 Midcontinent 63.0 93 929 98 - 96 - 95
8—10 Michigan, Eastern Interior :
and Appalachians 36.5 84 97 96 90 88
11 Atlantic Coast 3.8 5 32 26 18 13
Total 561.8 69 76 75 72 71
Offshore and Alaska '
1 Southern Alaska Including
Offshore 26.0 1 56 51 37 29
2A Pacific Ocean 49.6 4 ) 45 38 29 18
6A Gulf of Mexico 38.6 30 65 62 53 46
1A Atlantic Ocean 14.4 0 15 10 9 3
Total 128.6 13 50 45 36 27
-Total United States (Ex. North Slope) 690.4 58 71 69 65 63
* Alaskan North Slope ‘
Onshore 721 33 74 66 66 54
Offshore 47.9 0 0 0 0 0
Total 120.0 20 44 39 39 33
Total United States 810.4 . b2 67 65 62 58

derived by combining the volumes of past produc-
tion and current proved reserves with the Potential
Gas Committee (PGC) estimate of the remaining
potential supply of natural gas.* The PGC makes
an estimate every 2 years of potential gas supply
remaining to be discovered. Each revision reflects
changes in technology and results of exploration
and development that have occurred in the preced-
ing 2 years. Some reallocation was necessary to

* Potential Supply of Natural Gas in the United States
(as of December 31, 1970), a Potential Gas Committee
report sponsored by Potential Gas Agency, Mineral Re-
sources Institute, Colorado School of Mines Foundation,
Inc. (October 1971).

make the PGC area estimates coincide with NPC
regions. All reserves and production volumes re-
ported herein are on the same bases as volumes
reported by the American Gas Association (AGA)
and the PGC.

As estimated by the PGC, 62 percent of the
potential supply of 1,178 TCF of natural gas in
the United States, including associated-dissolved,
is situated in operationally difficult or frontier
areas—approximately 14 percent is below 15,000
feet onshore, 20 percent is offshore and 28 percent
is in Alaska.

Associated-dissolved gas potential was estimated
by applying historical gas/oil ratios to potential oil
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resources. These estimates of associated-dissolved
potential gas were subtracted from the PGC esti-
mates to arrive at non-associated potential gas.
Table 16 shows non-associated gas potential, pre-
viously discovered gas, and ultimate recoverable
gas (the sum of potential and discovered) by NPC
region. Associated-dissolved gas potential is esti-
mated to be 141.5 TCF, and past discoveries (as of
year-end 1970) of associated-dissolved gas amount-
ed to 215.2 TCF. These estimates, when added to
ultimate non-associated gas supply of 1,500.6 TCF,
result in an estimate of 1,857.3 TCF of ultimate
discoverable gas in the United States. Some addi-
tional published estimates of ultimately discover-
able natural gas originally in place are shown in
Table 17.

There is a possibility that utilization of nuclear
or other massive fracturing devices might, in the
future, recover additional quantities of natural gas
from low permeability reservoirs which are not
productive in commercial quantities under conven-
tional productive methods. This possibility has not

been reflected in PGC estimates of potential supply.

Finding Rates for Non-Associated Gas ™

The AGA annual estimates of reserve additions
in the lower 48 states provided the data used for
developing the two finding rates. The AGA’s pub-
lished data for years prior to 1966 does not show
non-associated gas reserve additions separately
from associated-dissolved gas. Therefore, an allo-
cation was made for these earlier years using U.S.
Bureau of Mines production data in. conjunction
with. the published AGA data to arrive at regional
non-associated gas reserve additions.

Annual finding rates for non-associated natural
gas have fluctuated widely in the past, ranging
from 140 MCF to 408 MCF per foot drilled since
1955. Two different statistical methods of analyz-
ing these data were employed to arrive at ‘the
projected high and low finding rates. One method
was to fit a “growth curve” to the historical rela-
tionship between cumulative gas reserves found
and cumulative gas footage drilled since 1955 for
each region. This statistical treatment resulted in
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Figure 8. Cumulative Oil Recovery Efficiency (Percent of Oil-in-Place).

* Refer to Chapter Six, Section II
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a U.S. gas finding rate, designated the “high find-
ing rate” (Cases I, II and IVA). During the period
1971-1985, this rate is projected to reach a high
point of about 350 MCF per foot drilled, and in
Case I this rate ultimately drops to approximately
265 MCF per foot drilled. '

The “low finding rate’”” (Cases IA, III and IV)
for non-associated gas per foot of hole drilled was
estimated regionally by fitting a modified exponen-
tial curve to historical data, using the method of
least squares. This was statistically applied to the
historical relationship between the annual amount
of non-associated gas found per foot of hole drilled
and cumulative footage drilled for gas during the
15-year period 1956-1970. During the 1971-1985
period, this rate is projected to reach a high of
about 240 MCEF per foot drilled and to decline
gradually to slightly below 200 MCF per foot

drilled in Case IA.

In all cases, both the high and low finding rates
experience a decline during the 15-year period
1971-1985. The reason is that both statistical sys-
tems are properly reflecting the declining proba-
bility of maintaining these rates at a constant level
as the volume of remaining potential reserves to
be found decreases.

The average finding rate for the lower 48 states

is the weighted average of the projected regional

finding rates. Figure 17 shows the average finding
rate for the lower 48 states plotted against cumula-
tive footage since 1946 as well as the projected
high and low finding rates. The figure shows that
the projected finding rates compare favorably with
the range and trend of finding rates experienced
since 1946.
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Figure 9. Oil Reserve Additions.
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TABLE 13
REGIONAL CRUDE OIL RESERVE ADDITIONS—TOTAL UNITED STATES
(Billion Barrels)
Reserves Reserves Added 1971—1985.
Adde Cace Initial
Region 1956—1970 N A 1N I\ Appraisal
Lower 48 Onshore .
2 Pacific Coast 4.8 4.6 45 4.4 4.2 5.1
3 ' Western Rocky Mtns. 1.1 0.6 0.6 0.4 0.4 0.5
4 Eastern Rocky Mtns. .29 3.1 2.7 1.6 1.3 2.4
5 West Texas Area 10.7 10.5 10.1 9.6 - 9.1 89
6 Western Gulf Coast Basin 9.2 15.2 14.5 12.6 11.5 11.0
7 Midcontinent 4.0 3.8 3.7 3.3 3.0 3.4
8—10 Michigan, Eastern Interior
and Appalachians 1.4 2.3 2.2 1.4 1.2 1.3
11 Atlantic Coast 0.1 0.3 0.3 0.2 0.1 0
Total 34.2 40.4 38.6 335 30.8 326
Offshore and Alaska
1 Southern Alaska Including
Offshore 0.9 3.8 3.4 24 1.7 1.7
2A Pacific Ocean 0.3 49 4.2 3.1 1.8 1.0
6A Gulf of Mexico 5.0 7.0 6.4 4.6 3.3 6.6
11A Atlantic Ocean 0 0.7 0.5 0.4 0.2 0
Total 6.2 16.4 14.5 10.5 7.0 9.3
Total United States (Ex. North Slope) 40.4' 56.8 53.1 440 37.8 41.9
North Slope ‘ ‘
Onshore 9.6 9.7 7.8 7.8 5.1 0
Offshore 0 0 0 0 0 0
' Total 9.6 9.7 7.8 7.8 5.1 0
Total United States 50.0 66.5 60.9 51.8 42.9 41.9

Gas Dirilling Activity*

Three rates of drilling were projected to encom-
pass a reasonable range of variation in this activity.
The high drilling rate (Cases I and IA) assumed
that 1971 footage would increase by a 5.4-percent
annual average increase over the 15-year period.
High growth drilling increases 5 percent the first
year, reaching 9 percent in 1980 by 0.5-percent
annual increments, and tapers off to a level rate
by 1985. The medium drilling rate (Cases II and
III) assumes a 3.0-percent annual average over the
15-year period; it follows the same pattern as the

* Refer to Chapter Six, Section IIL
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High rate but starts at 2 percent and reaches 5
percent in 1980. The low drilling rate (Cases IV
and IVA) assumed that the 4-percent average an-
nual decrease in drilling experienced from 1961
to 1970 would continue to 1985.

Figure 18 shows the total allocated footage
drilled for gas from 1956 to 1970 and the projected
footage for 1971 to 1985 for the three drilling
rates. The high drilling rate results in approxi-
mately 88 million feet of gas drilling in 1985,
compared to the past peak year of 1961 when gas
drilling amounted to about 62 million feet.
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; Figure 10. Oil Reserve Additions (Case II).

The projected number of productive gas wells
in 1985 in Cases I and IA total about the same as
those drilled in 1961—approximately 6,000 wells
in both years (see Figure 19), reflecting that the
industry will have to drill to increasingly greater
depths in the future and that the average depth of
productive gas wells will continue to increase.
Average depth of productive gas wells increases
approximately 1,700 feet between actual 1970
experience and the projection made for 1985.

Figure 20 shows the increase in actual well depth
experienced during the 1956-1970 period and the
projection of increasing average well depth through
1985, which is a continuation of the historical
trend.

Regional Distribution of Gas Drilling Effort™

One of the important judgments required is the
regional distribution of gas drilling effort, i.e.,
the amount of footage drilled for gas in each region
for each year for the 1971-1985 period. The three

* Refer to Chapter Six, Section II.

major considerations used in arriving at these
projections were the gas potential remaining to. be
found in each region, the historical trends of gas

TABLE 14
PRODUCTION AS A FUNCTION OF RESERVES

Production as %

R/P of Remaining Reserves
1955 12.2 ’ 8.2
1960 12.8 7.8
1965 11.5 8.7
1970 8.9 11.2

reserves found per foot drilled in each region,
and the historical drilling distribution among. the
regions.

The projection of regional drilling distribution
for the 1971-1985 period, along with the actual
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Figure 11. U.S. Crude Oil Production—Low Finding Rate.

distribution for the 3-year period 1968-1970, is
shown in Table 18.

Gas Reserve Additions®

Natural gas reserve additions projected for the
lower 48 states in the case studies, along with the
gas footage drilled, are shown in Figures 21, 22
and 23. Figure 24 shows historical annual gas
reserve additions and projections for the lower 48
states. Figure 25 shows the cumulative gas dis-
covered through 1970 and the projected cumulative
gas discovered for the four principal cases; it
shows both absolute volumes and percentages of
ultimate discoverable gas. Both non-associated and
associated-dissolved additions are included.

During the 1956-1970 period, total gas reserve
additions averaged slightly less than 18 TCF per
year in the lower 48 states. The peak year in gas
reserve additions for all past history was 1956
when nearly 25 TCF were added. During the
3-year period 1968-1970, reserve additions aver-
aged only about 11 TCF per year. In the lowest
supply case postulated (Case IV), gas reserve addi-

* Refer to Chapter Six, Section IV.
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tions” are projected to decline from about 11 TCF
in 1970 to about 6 TCF in 1985. In the highest
supply case (Case I), gas reserve additions are
projected to increase to about 26 TCF in 1985.

A little over 31 TCF of gas have been discovered
in Alaska, of which 26 TCF of associated-dissolved
gas were booked on.the North Slope in 1970.
Estimated annual average non-associated and asso-
ciated-dissolved gas reserve additions in Alaska
for the 15-year period 1971-1985 are tabulated
below. ‘

Case I 4.2 .TCF/year
_Case II 3.3 TCF/year
Case III 2.4 TCF/year
Case IV 1.3 TCF/year

Table 19 shows by region the cumulative non-
associated gas reserve additions projected in the
various cases studied. This table also shows the
historical non-associated gas reserve additions by
region. Table 16, which includes Alaska, shows
that 464.1 TCF of non-associated gas had been
discovered prior to 1971. This is 30.9 percent of
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Figure 12. U.S. Crude Oil Production—High Finding Rate.

the estimated ultimate supply of non-associated In the lowest supply case (Case-IV), a total of
gas. In the highest supply case (Case I), an addi- 120.1 TCF of non-associated gas reserves are
tional 358.8 TCF are projected to be discovered in added in the 1971-1985 period, meaning that 38.9
the 1971-1985 period. This would indicate that percent of the ultimate would be discovered by the

54.8 percent of the ultimate non-associated gas end of 1985,
supply would be discovered by the end of 1985. Table 20 shows regionally the percent of ulti-
TABLE 15
DAILY CRUDE OIL PRODUCTION—TOTAL UNITED STATES
(MMB/D) :
Initial Case _
Appraisal i 1A i1} 1] IVA v
1971 9.10 . 9.10 9.10 - 9.10 9.10 9.10 9.10
1975 9.15 8.52 8.17 8.48 8.14 8.33 8.04
1980 10.10 11.76 10.58 11.22 10.16 8.28 7.58
1985 -9.87 - 13.54 11.64 12.19 - 10.55 10.33 9.38
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mate non-associated gas reserves discovered at the
end of 1970 and the percent of ultimate which
would be found by the end of 1985 in each of the
cases studied.

Gas. Production™

For the purpose of developing non-associated gas
production schedules for each region, percentage/
production schedules were established for both
proved reserves as of December 31, 1970, and for
projected future reserve additions. Each of the
schedules was expressed in annual percentages of
the particular reserve category involved.

Historical deliverability characteristics applicable
to each of the regions were employed in developing
these schedules. The availability of gas is prin-
cipally a function of reservoir characteristics. The
average deliverability characteristics of all wells in
the lower 48 states were arrived at by analysis of
data reported to the FPC on Form 15 reports filed
by the interstate pipelines. Based on further re-

* Refer to Chapter Six, Section V.

gional investigation, availability characteristics for
Regions 5, 7 and 11 were assumed to conform to
the above average; Regions 3, 4, 8, 9 and 10 were
assumed to have 80 percent of the average avail-
ability capacity; and Regions 2, 2A, 6 and 6A, and
the Nerth Slope were assumed to have 125 percent
of the average. Southern Alaska was assumed to
produce 4 percent of remaining reserves each year,
and the eastern offshore (11A) was assumed to
produce 5 percent of the remaining reserves each
year. Regional production volumes were summed
to obtain total production. A 6.5-percent reduction
factor for lease use and fuel, based on historical
data, was applied to these production volumes to
arrive at marketed non-associated gas production.

Table 21 shows. 1970 wellhead production and
year-end proved reserves of non-associated gas for
the lower 48 states. Figure 26 shows actual well-
head production of non-associated and associated-
dissolved gas for the period 1955-1970 for the total
United States and projected production for the four
primary, cases studied. Figure 26 also shows the
effect that finding rates have on projected produc-
tion by comparing Cases II and III. Projected pro-
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duction for Case II, which utilizes the high finding |

rate, is 26.5 TCF annually in 1985. Projected pro-
duction for Case III, which assumes the same drill-
ing activity as Case II but utilizes the low finding
rate, is only 20.4 TCF annually in 1985—a differ-
ence of about 6 TCF. : '

The rapid growth in gas production in the 1960’s
was a response to the rapid growth in demand.
This growth reflected the desirability of gas as a
fuel, the large backlog of proved reserves, and
FPC pricing policies which held gas prices far
below their competitive level in the marketplace.
Although demand will continue to grow, there is
no longer a backlog of proved reserves to support
the approximately 6-percent annual average rate
of increase in production achieved in the 1960’s.
Further increases in gas production will depend on
reserve additions made in the future.

Marketed Gas Production®

Marketed production volumes are arrived at by
reducing non-associated and associated-dissolved
wellhead production by factors. of 6 percent and
13 percent, respectively. These reductions, which

* Refer to Chapter Six, Section VL.
+ Refer to Chapter Six, Section VIL
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cover lease use, fuel use and losses, are based on
historical data. :

Table 22 shows, by region, the projected cumiula-
tive marketed gas production during the 1971-1985
period for all the cases studied, ranging from ap-
proximately 263 TCF (Case IV) to 353 TCF (Case
I). Figure 27 shows marketed gas for the United
States projected in the cases utilizing the high
finding rate (Cases I, Il and IVA). Figure 28 shows
the marketed gas for the United States projected
in the cases utilizing the low finding rate (Cases
IA, III and IV). S

Natural Gas Liquids (NGL)T

Natural gas liquids are produced with both non-
associated and associated-dissolved gas. Liquid/gas
ratios for both reserve additions and production
were calculated by region on the basis of historical
data. These calculations were made separately for
non-associated and associated-dissolved gas. The
ratios derived were then applied to projected -gas
reserve additions and resulting gas production to
determine NGL reserve additions and production.
The liquids were subdivided on the basis of recent



TABLE 16
RECOVERABLE GAS SUPPLY
TCF
Ultimate Gas Remaining Discoverable
. Discoverable Discovered % of
Region Gas to 1/1/71 . TCF Ultimate_
Lower 48 States—Onshore Non-Associated
2 Pacific Coast , 257 8.1 17.6 68.5
3 Western Rocky Mtns. 50.1 17.9 32.2 64.3
4 Eastern Rocky Mtns. 51.6 10.0 416 80.6
5 West Texas Area ) 101.5° 27.2 74.3 73.2
6 Western Gulf Coast Basin 3979 211.7 186.2 46.8
7 Midcontinent 223.3 104.8 118.5 53.1
8—9 Michigan, Eastern Interior 12.5 0.4 121 96.8
10 Appalachians 95.9 33.0 62.9 65.6
1 Atlantic Coast : 46 - 0.01 4.6 99.8
Total 963.1 413.1 550.0 57.1
L.ower 48 States—Offshore
2A  PacificOcean S . 38 05, 33 868
6A Gulf of Mexico 201.8 454 156.4 77.5
1A Atlantic Ocean . 54.5 o= 54.5 100.0
Total 260.1 459 ° 214.2 82.4,
Total United States (Ex. Alaska) : 1 1,'223.2 ] ‘ 459.0 764.2 -62.5
Alaska ‘ . 2774 ‘ .56:1 2723 98.2
Total United States - c - 1,500.6 ' - 4644 - 1,036.5 - 69.1
‘ Associated-Dissolved -
Total United States . 356.7 ©215.2 " 1415 39.f
) ) Non Assomated and Assoclated Dissolved .
Total United States ‘ 1,857.3 679.3 1,178.0 63.4

historical production into condensate, pentanes and
heavier, and LPG.

Table 23 summarizes the annual NGL.'reserve
additions, and Table 24 summarizes daily NGL
production in the lower 48 states. In 1985, reserve
additions range from about 149 MMB (Case IV)
to 692 MMB (Case I), and daily production ranges
from 997 to 1,921 MB/D for Cases IV and I,
respectively.

Supplemental Supply

Supplemental supplies of gas result from coal
gasification, the manufacture of substitute natural
gas from liquid feedstocks, and the application of
nuclear-explosive technology. Coal gasification is

* U.S. Energy Outlook.

examined in Chapter Five.* Discussions of SNG
and nuclear-explosive stimulation follows. .

Substitute NatUral Gas

The shortage of natural gas that will be experi-
enced over the next few years, as well as the long
lead times required for large- scale LNG projects
and coal gasification plants, has forced gas sup-
pliers and distributors to look for an interim source
of supply which could be made readily available.
This interim supply source will likely be synthetic
pipeline gas formed from petroleum liquids. In-
dustry interest in SNG is evidenced by the fact
that close to 40 projects have been announced
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TABLE 17
ESTIMATES OF NON-ASSOCIATED AND ASSOCIATED-DISSOLVED GAS*

Circular No. 650 {July 1972).

(TCF)
. 1968

1970 1972 1969 1959 1970 Elliott and

PGC USGS Hubbett Weeks Moore Linden
Lower 48 States 1,877 3,556 1,312

Not Estimated

Alaska 447 862 188 ‘
Total United States 2,324 4,418 1,500 1,250 1,934 2,175

* P. K. Theobald, S. P. Schweinfurth and D. C. Duncan, Energy Resources of the United States, U. S. Geological Survey,

having a designed output of over 2.5 TCF of
reformer gas per year.

Processes to produce SNG from petroleum li-
guids have been available for some time. Those
currently receiving the most attention are the
Catalytic Rich Gas (CRG) process, which was
developed by the Gas Council of the United
Kingdom; the Methane Rich Gas (MRG) process,
developed by the Japan Gasoline Company; and
the Lurgi Gasynthan process, which was developed
by the Lurgi Company of Germany. These pro-
cesses, for the most part, use low-temperature
catalytic steam. The feedstocks used are naphtha,
other lighter hydrocarbons, or methanol. The out-
put will be gas of 1,000-BTU quality which has

been upgraded through methanation and carbon

dioxide reinoval. The process operates at 93- to
95-percent thermal efficiency, assuming a naphtha
feedstock with a heating value of 5 million BTU’s
per barrel.

Most of the plant capacities announced assume
construction in modules with total capacities rang-
ing from 100 to 500 MCF per day. All plant com-
ponents, with the exception of catalysts in some
cases, are available in the United States. As a
general rule, each 100 million cubic feet (MMCF)
of plant output will require a raw material input
of about 20 to 25 thousand barrels of hydrocarbon
feedstock. ‘ '

Each trillion cubic feet of SNG output will re-
quire ‘plant expenditures of approximately $800
million to $1 billion, representing a tailgate cost
of some $0.20 to $0.30 per MCF. Feedstock costs
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represent at least 70 percent of the total. An-
nounced project prices range from $1.00 to $1.60
per MCF. _

Construction companies licensed to build such
plants are willing to begin construction immedi-
ately, contracting for completion on a turn-key
basis in less than 2 years. In practice, this rela-

" tively short lead time could prove illusory unless

the following two principal conditions are satisfied:

® Feedstock Requirements—Feedstock require-
ments for the SNG plants announced to date
amount to approximately 1 MMB/D of light.
hydrocarbons, a volume that could represent
about 20 percent of refinery capacity. In turn,
the crude oil that would have to be dedicated
to provide reforming feedstock would total

. about 6 MMB/D, or about 10 percent of
world petroleum demand at this time. Con-
sidering the known requirements of the petro-
chemical industry, it appears doubtful that
light hydrocarbons in such quantities will be

. available for reforming. \

. ® Governmental Considerations—Two forms of
federal policy administration could present
obstacles to SNG projects. These are the reg-
ulatory considerations exercised by the FPC
and the import philosophy of the Department
of the Interior. '

The regulatory considerations will relate to
the willingness of the FPC to certificate higher
cost gas supplies and to resolve such issues
as whether higher depreciation rates and high-
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er rates of return on equity than are r}ofmélly
provided for in utility-type. construction are
appropriate for such innovative activities.
The import question concerns the willing-
ness of the Department of the Interior to
permit the import of light hydrocarbons. Ap-
proximately two-thirds of the light hydro-
carbon feedstock required for. these plants is
anticipated to be foreign in nature. This has
the effect of “exporting” refinery capacity to
foreign countries, a concept opposed by the
Department of the Interior. To offset such a
possible trend, governmental consideration is
being given to establishing the Imported
Crude QOil Processing (ICOP) plan, described
in the oil import section of -Chapter Three.
This is a plan designed to increase incentive
to construct domestic refinery capacity to pro-
cess imported foreign crude oil. Implementa-
tion of this plan could increase the avail-
ability of naphtha to be used as feedstock
for reformer gas. :

* Refer to Chapter Six, Section IX.

Figure 17. ‘Non-Associated Gas Finding Rates.

The potentially inhibiting effects of regulations
and import restrictions and the delays often occa-
sioned by siting difficulties ‘and related administra-
tive-procedural details can, and do, affect timing.
Therefore, it has been assumed that only one-third
of the announced plants to be in operation by 1975
and one-half of the plants scheduled to be in
production in 1980 and 1985 would be completed
on a timely basis. Under that assumption, SNG
production is estimated at 0.6 TCF in 1975, increas-
ing to 1.3 TCF by 1980 and remaining at that level

" through 1985.

Nuclear-Ekplosive Stimulation *

Nuclear stimulation of natural gas reservoirs is
a method of producing natural gas from tight
reservoirs in major basins of the Rocky Mountain
area (see Figure 1) where deliverability from con-
ventional wells does not warrant pipeline connec-
tions. Approximately 250,000 acres of leased lands
have been grouped into three unit areas for the
purpose of conducting such operations, and several
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. Figure 18. Gas Footage Drilled.

hundred thousand -acres leased outside these units
are also believed to have potential for such pur-
poses. It is estimated that there are about 90 TCF
of gas in place in such reservoirs currently under
lease and that the potential resource base consid-
ered appropriate for nuclear stimulation may prove
to be much larger. ‘

Technical feasibility has been established by the
Gasbuggy experiment in northwest New Mexico
and the Rulison experiment in Colorado. Two
projects (Rio Blanco in Colorado, Wagon Wheel
in Wyoming) have been designed which are ex-
pected to demonstrate production of about 20
billion cubic feet per well over a 20-year period.

The largest uncertainty in predicting potential
future production from a well is establishing for-
mation permeability and the increases in perme-
ability resulting from stimulation. Test results
from Gasbuggy and Rulison projects. have been
extended to other reservoirs by computer modeling
and knowledge of formation properties. These
results showed, generally, high flow rates during
early production decreasing to relatively constant
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flow rates after about 5 years and a production
span that may extend considerably longer  than
conventionally completed wells.

Assuming favorable results from currently
planned experiments and timely resolution of
policy issues, estimated annual production in 1980
of 0.1 TCF (Cases II and III) to 0.2 TCF (Case I)
may increase to about 0.8 TCF and 1.3 TCF,
respectively, in 1985. The corresponding levels of
cumulative production for the 1971-1985 period
are approximately 2.4 TCF (Cases II and III) and
4.6 TCF (Case I). ‘

These production volumes rest upon activity
level assumptions of completion of 676 wells by
1985 in Case I, compared to 500 completed wells
in Cases II and III. In Case I, 160 such wells are
completed in 1285; in Cases II and III the total is
100. Commercial nuclear stimulation activity does
not occur by 1985 under Case IV assumptions,
although continued experimentation and technol-
ogy refinement may be proceeding.

Policy issues relating to availability and cost of
nuclear explosives, distribution of natural gas con-
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Figure 19. Productive Gas Wells Annually.

tammg small amounts of rad10act1v1ty, and well-
head price must be resolved before definitive eco-
nomic analysxs can be performed. However, indi-
cations are that the range of prices for such pro-
ductlon may compare quite favorably to those for
coal ga51f1cat10n imported LNG, SNG and plpelme
imports from Arctic areas.

Alaské%

The importance of Alaska and its offshore waters
to the Nation’s future petroleum supplies is based
on the estimate that about 30 percent of the re-
maining domestic discoverable hydrocarbon re-
sources are located in this area. This amounts to
119 billion barrels of oil-in-place and 327 TCF of
recoverable gas. Over 80 percent of this oil and
about 52 percent of this gas are believed to be
located on the North Slope (north of the Brooks
Mountain Range). Figure 29 is a map of Alaska
showing the pertinent features and locations.

Southefn Alaska

Currently, all of Alaska’s production comes from
southern Alaska. The area was opened up in 1957
with the discovery of the Swanson River- Field
(ultimate recovery of about 176 MMB). The most
important fields have been discovered on the Kenai
Peninsula and offshore in the Cook Inlet. At pres-
ent these fields are. estimated to have ultimate
recovery of about 900 MMB and remaining oil
reserves of 500 MMB, together with about 5 TCF
of remaining gas reserves. Operations in the Cook
Inlet, with its icy waters and hijgh tides, are very
costly. Such conditions are even more extreme in
the Gulf of Alaska, and therefore this should prove
to be an even more expensive area of operations.

North Slope

Exploration activity in northern Alaska began in
1944 on Naval Petroleum Reserve No. 4 (NPR #4)
under Naval supervision. This work, together with

* Refer to Chapter Five, Section VII and Chapter Six, Section VIIL
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Figure 20. Average Depth of Completed Gas Wells.

detailed mapping by the U.S. Geological Survey,
continued until 1953. During this 8- to 9-year
period three oil fields and two gas fields were dis-
covered. The reserve estimates for these discoveries
range from 30 to 100 MMB of oil and 370 to 900
billion cubic feet of gas.

Private industry exploration started in the late
1950’s in the area between NPR #4 and the Arctic
Wildlife Refuge. NPR #4 and the Arctic Wildlife
Refuge together constitute a major portion of the
land on the North Slope, and neither of these is
currently available for exploration by the industry.
These efforts resulted in the discovery of the
Prudhoe Bay Field in 1968. This field, which ap-
pears to be by far the largest oil field ever dis-
covered on the North American Continent, is esti-
mated to contain 24 billion barrels of proved oil-
in-place, with proved recoverable reserves of 9.6
billion barrels of oil and 26 TCF of associated-
dissolved gas.

The main reservoir in the Prudhoe Bay Field is
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in the Triassic (Sadlerochit) interval which con-
tains all the field’s currently booked reserves.
Other productive tests -have been made in the
Mississippian (Lisburne) and the Lower Cretaceous
(Kuparuk) zones in the same field. There are other
discoveries in Cretaceous sands at other fields out-
side the Prudhoe Bay Field (Ugnu, East Ugnu and
West Sag River). Finds of the apparent magnitude
of these discoveries outside the Sadlerochit reser-
voir would be of major significance in the lower 48
states, but the operating conditions on the North
Slope and high costs involved may render them
economically marginal.

Extreme cold, stormy and icy seas offshore, per-
mafrost areas on land, and the limited drilling
season make exploration and production operations
extraordinarily costly and difficult. For example,
Joint Association Survey data for 1968-1970 esti-
mate average costs of drilling wells to depths of
10,000 to 14,999 feet at $1,869,000 in Alaska, com-,
pared to $598,000 for the offshore and $251,000




TABLE 18
REGIONAL PROPORTION OF GAS
DRILLING FOOTAGE IN UNITED STATES
(Percent)
1968—1970 Projections
M Average 1971 1975 1980 1985
2 Pacific Coast 1.97 2.0 2.0 2.0 2.0
2A Pacific Ocean 0.01 0.1 0.1 0.2 0.3
3 Western Rocky Mtns. 3.93 49 5.0 5.1 5.1
4 Eastern Rocky Mtns. 3.72 4.2 4.7 5.7 6.2
5 West Texas Area 8.82 9.6 10.1 10.2 10.6
6 Western Gulf Coast Basin 40.46 405 38.3 344 31.2
6A Guif of Mexico 9.1 10.0 10.6 . 11.0 11.8
7 Midcontinent 16.95 15.0 15.3 15.6 15.8
8—9 Michigan, Eastern Interior 0.88 0.7 0.7 0.7 0.7
10 Appalachians 13.90 13.0 13.0 12.6 . 12.8
11 Atlantic Coast ) 0.03 - 0.1 0.5 1.0
1A Atlantic Ocean — - 0.1 2.0 2.5
Alaska 0.22 * * * *
Total 100.00 100.0 100.0 100.0 100.0
Alaskan footage handled outside computer program.

for the onshore of the lower 48 states.* North
Slope costs are even higher than the Alaskan
average.

The offshore area of the North Slope is estimated
to contain about 48 billion barrels of oil-in-place.
Large potential exists for natural gas accumulations
offshore, but it has not been quantified separately.
However, because of the enormous costs that
would be required and the time needed to fully
develop the required technology to conduct oper-
ations under these conditions,. this study does not
contemplate that any of this potential will be
developed during the next 15 years. Two of the
greatest obstacles are ice floes and polar pack
movements that often scour the sea bottoms and
move in to impinge on the coast.

Flankan Piveline

After the discovery at Prudhoe Bay, plans were

* Joint Association Survey of the Oil and Gas Producing
Industry, Sponsored by the American Petroleum Institute,
Independent Petroleum Association of America and Mid-
Continent Oil and Gas Association (published yearly).

made for the transportation of the oil to southern
Alaska via an 800 mile, 48-inch pipeline. The pipe
was ordered and delivered, and initial crude move-
ment through the system was scheduled for 1973.
However, governmental and environmental con-
siderations have postponed this date to at least
1976. To date, the industry has invested $1.5
billion on the North Slope but probably will not
realize any revenue from this venture for another
4 years or more.

Projected Oil and Gas Resources Discovered

By the end of 1970, a total of 26.9 billion barrels
of oil-in-place and 31.5 TCF of gas had been dis-
covered in all of Alaska.

Estimates of discoveries of oil-in-place during
the 1971-1985 period range from 19.8 billion bar-
rels (Case IV) to 40.6 billion barrels (Case I). Esti-
mates of discoveries of total gas (both associated-
dissolved and non-associated) range from 19.5 TCF
(Case IV) to 63.2 TCF (Case I).
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Figure 21. Gas Footage Drilled and Total Gas Reserve Additions (Cases I and IA).
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Estimated Production and Expenditures

The large potential impact of Alaska required
that estimates of production schedules and of
finding and developing expenditures be developed,
even though experience in several of these areas
of activity is quite limited. For Cases II through
IV, it was assumed that sufficient reserves would
be found to support production at pipeline capacity
of 2 MMB/D. Case I considered the possibility of
a more optimistic outlook for the North Slope,
resulting in a production peak of 2.6 MMB/D by
1985.

Tables 25 and 26 summarize the estimated pro-
duction schedules and exploration and development
expenditures.

Operating costs for production and transporta-
tion for the North Slope cannot be projected with

* Refer to Chapter Seven.

YEAR

b

any accuracy until experience in additional drilling
and actual production has been achieved. Since
these costs and the timing of such activities enter
into- calculations of “price,” the complete impact
of Alaska during the next 15 years. cannot be
projected. :

Economics — Oil and Gas ™
(eneral Background

For any assumed level of return on net fixed
assets and exploratory success level (finding rate),
it is. possible to determine both the total revenue
and unit revenue required to support the selected
drilling and concomitant producing activities.
These are referred to as required “prices” for oil

and gas and are presented as a guide to under-
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Figure 25. Cumulative Non-Associated and Associated-Dissolved Gas Discovered.

standing the economics of the projected supply
levels. It is emphasized that the unit revenues
were derived after estimating the expenditures re-
quired for selected finding and drilling levels. The
methodology employed in this study does not per-
mit assumption of a unit price and derivation of a
supply level and related exploratory activity. Ac-
cordingly, the data presented in the following dis-
cussion are not elements of a supply-price elasticity
curve. :

Petroleum exploration and production -is an
increasing-cost : industry, and therefore average
“prices” computed by the methodology employed
tend to be lower than those needed to justify the
new investments required to develop incremental
supplies. Motivating factors other than price alone
are therefore required to achieve the activity levels
and supplies projected. Of particular importance is
investor expectation of success and confidence in
the direction, intent and stability of government
policies. The impact of some of these non-price
motivating factors were considered in the para-
metric studies. '

All economic data—both historical and pro-
jected-—were calculated on the basis of constant

1970 dollars. The historical figures were adjusted
from reported current dollars to constant 1970
dollars by employing the Industrial Wholesale
Price Index. As a consequence, projected results
do not reflect inflation. '

Oil and Gas Capital Requirements*

The expenditures for finding and developing
new oil and gas production in the lower 48 states,
as projected for the four principal cases, are shown
in Figure 30. These costs include exploration ex-
penses, such as geological ‘and geophysical costs,
lease rentals and dry holes, as well as capitalized
investments required to acquire leases, to drill and
equip wells and leases, and to initiate additional
recovery projects.

Historically, these costs have remained fairly
constant at approximately $5 billion per year. Case
IV maintains this level in the future with a slight
increase toward the end of the 1970’s. The other

three cases, based on a significant increase in drill-.

ing, require dramatic increases in such expendi-
tures. For Case I these annual expenditures reach

* Refer to Chapter Five, Section VII and Chapter Seven, Section III.
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TABLE 19
REGIONAL NON-ASSOCIATED NATURAL GAS RESERVES ADDED
DURING 15-YEAR PERIODS IN ENTIRE UNITED STATES
(Cumulative—TCF)
Projected 1971—-1985
;- High Finding Rate Low Finding Rate
High Medium Low High Medium Low
] Drilling . Drilling . Drilling Drilling Drilling  Drilling
Actual Rate Rate Rate Rate Rate Rate
Region 1956—-1970 Casel Case Il Case IVA CaselA Caselll CaselV
Onshore 48 States ' '
2 Pacific Coast 2.6 2.6 2.1 1.2 35 2.8 1.5
3 Western Rocky Mtns. 4.3 5.6 4.6 2.7 9.4 7.8 4.2
4 Eastern Rocky Mtns. 4.2 8.6 . 6.8 3.7 10.1 7.6 3.8
5 West Texas Area .19.4 435 36.8 225 33.6 27.9 16.5
6 Western Gulf Coast Basin 105.1 81.2 68.9 - 441 38.9 345 24.2
7 Midcontinent 33.1 30.7 25.2 15.0 17.7 15.2 9.9
8-9 Michigan, Eastern interior 0.4 0.6 05 0.2 0.5 0.4 0.2
10 Appal_achians 6.5 9.3 7.6 4.4 8.6 7.0 41
11 Atlantic Coast — 0.4 0.2 0.1 0.3 0.2 0.1
Total 175.6 182.5° 152.7 93.9 122.6 103.4 64.5
Offshore 48 States '
2A .  Pacific Ocean 05 0.4 0.3 0.1 04 . 03 0.1
6A Gulf of Mexico 421 111.2° 95.6 58.9 746 - 63.3 39.8
1A Atlantic Ocean — 15.1 1.4 49 10.1 7.6 3.3
Total 42.6 126.7 107.3 63.9 85.1 71.2 43.2
Alaska 5.1 49.6 38.4 18.4 329 25.6 . 12.4
Total United States 223.3 358.8 298.4 176.2 240.6 200.2 120.1

$17.6 billion in 1985—three and one-half times the
current level.

The same data with all of Alaska included is
presented in Table 27, which shows total explora-
tion and development expenditures required for the
oil and gas business during the 1971-1985 period.
These totals range from $88.0 billion in Case IV
to $171.8 billion in Case-I. For purposes of com-
parison, the total for similar expenditures in the
1956-1970 period was $79.8 billion expressed in
constant 1970 dollars ($70.7 in current dollars).

As an example, expenditures for the. various
items comprising exploration, development and
production for Case II are shown in Table 28 for
the lower 48 states.

A combination of several factors is responsible
for these increasing expenditures. The primary

factor, of course,-is the substantial increase in ex-
ploration and development- activity.. Also, future
activity necessarily must shift from more mature
areas into the unexplored frontier areas where the °
greater remaining potential lies. These frontiers
for both oil and gas are also areas where severe
operating conditions and logistical difficulties re-
quire high investments and operating expenses,
e.g.,, Alaska and offshore. In addition, drilling
depths must increase to reach the deeper potential
resources, and conSeq'uehtly drilling costs increase.
This is pafticula;ly tr'ug' of gas for which much of
the future potential is below 15,000 feet. The cost
of drilling and equipping wells increases sharply
as their depth increases and operating conditions
become more severe as is indicated by Table 29.
The growing application of more secondary and
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TABLE 20
PERCENT OF ULTIMATE NON-ASSOCIATED NATURAL GAS RESERVES DISCOVERED
IN ENTIRE UNITED STATES AS OF DECEMBER 31, 1970, AND DECEMBER 31, 1985
Projected as of December 31, 1985
High Finding Rate {Percent) Low Finding Rate {Percent)
- High .. Medium Low High Medium Low
Actual Dril?ing Drilling  Drilling Dril?ing Drilling  Drilling
12/31/70 Rate Rate Rate Rate Rate Rate
Region (Percent) Case | Case Il Case IVA Case lA Caselll CaselV
Onshore 48 States '
2 Pacific Coast 31.5 41.6 39.7 36.2 45.1 42.4 37.3
3 Western Rocky Mtns. 35.7 46.9 44.9 411 54.5 51.3 441
4 Eastern Rocky Mtns. 19.4 36.0 32.6 26.6 39.0 341 26.7
5 West Texas Area 26.8 69.7 63.1 49.0 59.9 54.3 431
6 Western Gulf Coast Basin 53.2 73.6 70.5 64.3 63.0 61.9 59.3
7 Midcontinent 46.9 60.7 58.2 53.6 54.9 53.7 51.4
8-9 Michigan, Eastern Interior 3.2 8.0 7.2 4.8 7.2 6.4 4.8
10 Appalachians 34.4 441 42.3 38.9 43.4 41.7 38.7
1 Atlantic Coast 0.2 8.9 4.6 24 6.7 4.6 2.4
Total 429 61.8 58.7 52.7 55.6 53.6 49.6
Offshore 48 States )
2A Pacific Ocean 13.2 23.7 21.1 15.8 237 211 15.8
6A Gulf of Mexico 225 77.6 69.9 51.7 59.5 53.9 42.2
11A Atlantic Ocean — 27.7 20.9 9.0 18.5 139 6.1
Total 17.6 66.4 58.9 422 50.4 45.0 343
Alaska 1.8 19.7 15.7 8.5 13.7 1.1 6.3
Total United States 30.9 54.8 50.8 42.7 47.0 44.3 389

tertiary oil recovery techniques also contributes
substantially to the increase in costs. Continuation
of the recent rising trend in offshore lease bonus
payments, combined with the need for additional
leases, is another factor behind increasing costs.
Also, adequate protection must be provided for the
environment as well as for health and safety, each
of which further adds to costs.

Oil Revenues and Net Fixed Assets™

The net fixed assets (book investment minus
depreciation and excluding working capital) attrib-
uted to finding, developing and producing oil in the
lower 48 states are shown in Figure 31. Since
1964, net fixed assets in the domestic oil explora-
tion and production sector have declined as a result
of insufficient investments being made to offset
retirement of older assets. In all of the cases

* Refer to Chapter Seven, Sections I and IIL
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studied, this declining investment trend must be
reversed. Even in the lowest supply case, the
asset base must be increased to $25.5 billion by
1985.

Applying a set of five return assumptions (10,
12.5, 15, 17.5 and 20 percent) to these net fixed
assets permits calculating a range of average re-
quired “prices’” of oil for each case. As an exam-
ple, these “prices” for Case II are displayed in
Figure 32. For simplicity only the resulting “prices”
for 10-, 15- and 20-percent returns are shown.

The rate of return on net fixed assets that will
be experienced in the future is unknown; however,
the range tested is broad enough to allow adequate
evaluation of the variables studied. Again, these
“prices” are all expressed in constant 1970 dollars
—any future inflationary effects would be additive
to the values shown.




Over the last 15 years, oil prices (expressed in
constant 1970 dollars) have declined. The projec-
tions indicate the need for significant “price” in-
creases, a strong reversal of “prices’” being required
if the industry is to attract the venture capital re-
quired.

For comparison, the Initial Appraisal assumption
of constant oil price in the future is shown-in
Figure 32. In 1985, the rate of return on net fixed
assets would decline to'a completely unacceptable
level of about 2 percent—this indicates the Initial
Appraisal is not economically viable. While the
supply projections could probably be achieved,
the price required would have to be substantially
higher than assumed for the Initial Appraisal.

Figures 33 and 34 repeat information previously
shown for Case II to help illustrate the need for
the projected reversal of the past price trend.

As discussed earlier, both the oil and gas seg-
ments of the industry are experiencing increasing
real costs. With unit revenues declining and costs
increasing, the return on investments realized has

TABLE 21

WELLHEAD PRODUCTION AND YEAR-END
PROVED RESERVES OF NON-ASSOCIATED
- GAS—LOWER 48 STATES

Year-End
Wellhead Remaining Proved

Production Reserves
(TCF) (TCF) R/P
1970 16.9" 199.4" 11.8
19751 19.4 180.0 9.3
1980t 19.2 172.6 9.0
1985t 19.7 174.6 8.9

* AGA.

t Projections from Case 1l {medium drilling rate—high finding
rate).

been insufficient either to attract or internally gen-
erate risk capital needed to expand exploration
efforts. This is particularly true when no increased
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Figure 26. Wellhead Gas Production—Non-Associated and
Associated-Dissolved United States (Including Alaska).
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TABLE 22
TOTAL MARKETED VOLUMES OF NON-ASSOCIATED AND ASSOCIATED-DISSOLVED
NATURAL GAS DURING 15-YEAR PERIOD IN ENTIRE UNITED STATES
(TCF) ’
Projected 1971—1985
High Finding Rate Low Finding Rate
High Medium Low High Medium Low
Dr'll?ing Drilling Drilling Drilling Drilling Drilling
Rate  Rate Rate Rate Rate Rate
Region Casel - Casell CaselVA  CaselA Caselll CaselV
Onshore 48 States ' o
2 Pacific Coast 5.7 55 5.3 6.0 5.7 " 5.4
3 Western Rocky Mtns. 9.4 9.1 8.6 10.3 9.9 9.0
4 Eastern Rocky Mtns. 8.0 75 - 6.6 7.8 - 73 - 64
5 West Texas Area 426 40.4 35.7 38.0 36.3: 32.7
6 Western Gulf Coast Basin 126.5 1221 113.0 108.3 106.5 102.2
7 Midcontinent 47.4 45.7 426 428 42,0 402
8—9 Michigan, Eastern Interior 04 0.3 0.3 0.3 0.3 0.3
10 Appalachians 74 6.9 6.0 7.0 6.6 5.8
1 Atlantic Coast ' 0.2 0.1 0.1 0.1 01 - 01
Total 247.6 237.6 218.2 220.6 214.7 202.1
Offshore 48 States -
2A Pacific Ocean ‘1.8 1.6 1.1 1.4 1.3 0.9
6A Gulf of Mexico . 81.5 75.5 62.5 64.7 60.8 52.6
1A Atlantic Ocean 1.1 09 0.4 0.7 0.6 0.3
Total 84.4 78.0 64.0 66.8 62.7 53.8
Alaska 20.8 17.8 7.9 17.6 15.1 6.8
Total United States 352.8 3334 290.1 305.0 - 2925 262.7 .

incentives in forms other than price have been
available. In fact, one of these non-price incentives
—favorable taxation treatment-—was reduced by
the 1969 Tax Reform Act. Changes in tax treat-
ment directly affect return on investment by alter-
ing the after-tax income realized from the revenue
received. The result of the declining economic at-
tractiveness of this high-risk industry has been a
reduction of the drilling effort over the last 15
years as shown in Figure 33. Furthermore, the re-
striction in access to the prospective areas with the
highest hydrocarbon potential—the offshore re-
gions—in the last few years has contributed to this
decline in activity.

The increased oil and gas drilling activity pro-
jected for the future definitely indicates that more
risk capital will be required.. Thus, the long-stand-
ing trend toward decreasing attractiveness of the
industry must be reversed quite substantially, and
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the return on investment must be sufficient to at-
tract the increasing level of required investment.
If tax treatment remains unchanged, the only way
that this can be accomplished is by increasing
revenue and prices to offset projected increasing
costs resulting from deeper drilling, more expensive
recovery techniques, and operations in hostile en-
vironments.

Increased prices alone cannot achieve the pro-
jected supply. Exploration for oil and gas involves
lead times on the order of several years between
the time that the investment decision is made and
the first revenue is received. For this reason, it is
essential that the investor have a reasonably cer-
tain expectation that the political and economic
situation (including contractual price increases) will
be sufficiently favorable in the future to warrant
committing large amounts of capital to high risk
exploration ventures. Another factor essential to
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Figure 27. Total Marketed Gas Projections—Total United States (Including Alaska)—High Finding Rate.

expanded exploration efforts is producer confidence
in being able to market any production discovered
—assuming adequate protection of the environ-
ment. The delay of the proposed.Alaskan pipeline
is an example of this problem. The current hiatus
on northern Alaskan exploration activity is a direct
result of the uncertainty of market availability.

Only through a satisfactory combination of fa-
vorable political, regulatory and economic condi-
tions and expectations will the: declining trend in
discovery of new primary reserves be improved as
projected in Figure 34. Over the past 15 years, the
oil industry has been able to maintain annual re-
serve additions at an almost constant level by in-
creasing application of additional recovery tech-
nology to previously discovered reserves. Further
substantial improvements of recovery efficiency are
projected in the future, but it is recognized that

. this technology will be costly and will require long

lead times. The application of improved techniques
is responsible for a considerable amount of future
reserves. However, unless the trend in new pri-
mary reserve discoveries is soon reversed, the op-
portunities for applying improved additional re-
covery methods will rapidly be depleted. This
would result in a precipitous decline in total
reserve additions, followed in a few years by a
corresponding drop in oil production. '

For comparative purposes, the calculatéd unit oil
revenues for the low finding rate cases studied are
shown in Figure 35. These values are shown only
for the mid-range rate of return (15 percent).
Similarly, the calculated unit oil revenues for the
high finding rate cases are shown in Figure 36.
The increases projected in the unit revenues range
from a compound growth rate of 3.6 percent in
Case IV to 5.4 percent in Case I. These “prices”
are the average unit revenue computed from all oil
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Figure 28. Total Marketed Gas Projections—Total United States—Low Finding Rate.

production, including production from both current
proved and future reserves.

*
Economies of Newly Dicovered
Oil —1971-1985

The method of computing the required oil
“price” results in an gverage value for both the
’0ld” oil discovered before 1971 and the “‘new’ oil
found during the 1971-1985 period. However, it is
possible to use these average “'prices” to investigate
the economic attractiveness of just the new oil ex-
ploration and development activity assumed. This

“can be done by considering, as if it were a single
project, all of the effort during the 1971-1985
period to find, develop and produce the new oil

reserves. For this purpose, it is appropriate to em- '

ploy the discounted cash flow (DCF) analysis tech-
nique commonly used to evaluate new projects.

* Refer to Chapter Seven, Section I.
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The DCF return which is calculated in this way
can then be checked for reasonableness to see if
the result is viable. (It should be kept in mind
that this type of return is completely different from
return on net fixed assets.)

A DCEF calculation was made for Case II as an
example, using the detailed assumptions outlined
below. These assumptions, particularly on post-
1985 performance, can influence the result of such
a calculation quite significantly.

® “Price”—To calculate revenues for the first
15 years, the required oil “prices” calculated
in Case II at a 15-percent return on net fixed
assets were used for illustrative purposes.
These “prices” increased from $3.22 per bar-
rel in 1971 to $6.18 per barrel in 1985. In the
absence of any projections after 1985, “price”
was assumed constant at $6.18 per barrel from




TABLE 23
NGL ANNUAL RESERVE ADDI.TI'ONS—'LOWER 48 STATES
(Million Barrels)
High Finding Rate Low Finding Rate
High - Medium Low High Medium Low
Drilling Drilling Drilling - Drilling Drilling Drilling
Rate Rate Rate Rate Rate Rate

Case |_ Case Il Case IVA Case 1A Case Il Case IV
7 Condensate :
1971 99.6 .99.6 98.3 . 72.4 72.4 71.4. 5
1975 126.3 112.7 84.8 83.0 74.4 56.8
1980 177.7 141.3 70.6 111.9 90.0 46.4 . ;
1985 166.4 136.0 56.6 110.8 88.2 ~ 36.8 ¢

_ Pentane and Heavier

1971 - 97.6 97.6 96.5 729 . 72.9 72.1

1975 128.8 115.8 86.9 83.5 75.6 57.6

1980 169.9 136.5 69.7 102.1 83.2 44.0

1985 153.7 127.0 54.3 96.4 77.9 33.7

LPG

1971 193.6 193.6 191.4 147.9 147.9 146.3

1975 253.9 228.3 171.4 170.3 154.0 117.2
1980 368.8 294.4 148.5 233.4 188.4 98.2
1985 371.6 297.6 120.8 242.3 190.6 78.6 i

Total NGL

1971 390.8 390.8 386.2 293.2 293.2 289.8

1975 509.0 456.8 343.1 336.8 304.0 231.6

1980 716.4 572.2 288.8 447.4 361.6 188.6

1985 691.7 560.6 231.7 449.5 356.7 149.1

1985 until the time when all reserves would be
depleted.

* Production Rate—The total new oil produc-
tion schedule calculated in Case II was used
for the 1971-1985 period. This started at zero
in 1971 and reached a peak of 4.7 MMB/D in
1985. Production from the reserves remaining
in 1985, together with subsequent additions
for secondary and tertiary recovery, was
scheduled using the same technique as for the
1971-1985 period. Production calculations
were continued to the year 2015 which was
the practical economic limit.

The total reserves developed in this case for new
oil amounted to 37 billion barrels—a recovery

efficiency of approximately 48 percent of the 77
billion barrels of oil-in-place discovered.

The cumulative cash flow after income taxes for
new drilling reached a negative $28 billion by
1985. Production thereafter resulted in a cumula-
tive positive cash flow at final depletion of almost
$46 billion. The resulting DCF return on new oil
was 6 percent.

A 6-percent DCF return is rather low for this
type of high risk investment and, as a before-the-
fact expectation, would not attract the required risk
capital on a single project basis. However, this
value is on an after-the-fact basis after all risks
have been taken. In addition, it is an industry
aggregate and includes both successes and failures
—some firms and individuals will have net losses,
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TABLE 24
NGL PRODUCTION—-LOWER 48 STATES
(MB/D)
High Finding Rate Low Finding Rate
High Medium Low High Medium Low
Drilling Drilling Drilling Drilling Drilling Drilling
Rate Rate Rate Rate Rate Rate
Case | Case Il Case IVA Case |IA Case Il Case IV
Condensate
1971 399.7 399.7 399.7 399.7 399.7 399.7
1975 373.2 369.6 361.6 3474 344.9 399.5
1980 417.3 391.0 337.8 338.9 323.0 289.6
1985 4545 395.3 274.8 328.8 292.1 217.8
‘ ' Pentane and Heavier
1971 507.4 507.4 507.4 507.4 507.4 507.4
1975 4345 431.2 422.5 407.4 405.2 399.5
1980 462.5 437.3 383.3 381.6 366.6 334.0
1985 481.9 427.4 312.3 354.5 3225 254.0
LPG
1971 1,068.2 1,068.2 1,068.2 1,068.2 1,068.2 1,068.2
1975 908.8 901.9 885.2 858.0 854.2 8430
1980 936.4 886.6 781.4 788.5 757.8 691{0
1985 984.9 870.1 633.2 744.7 672.9 524.9
Total NGL
1971 1,975.3 1,975.3 1,975.3 1,975.3 1,975.3 1,975.3
1975 1,716.4 1,702.7 1,669.3 1,613.4 1,604.4 1,681.9
1980 1,816.2 1,714.8 1,502.5 1,509.0 1477.4 1,314.5
1985 1921.4 1,692.9 1,220.3 1,4279 1,287.4 996.7
Totals may not agree due to rounding.

while others will receive adequate returns. Hence,
the return on this composite basis should be ex-
pected to be lower than the level that is considered
a desirable objective for a single project.

Gas Revenues and Net Fixed Assets

Figure 37 shows the historical level of a year-end
net fixed assets in the gas business and the projec-
tion of these levels as calculated for various cases
studied. Assets have shown a modest increase dur-
ing the past 15 years. However, in both the me-
dium (Case II and III) or high (Case I) drilling
cases, the asset base will have to be rapidly ex-
panded to achieve the projected levels of supply.

* Refer to Chapter Seven, Sections II and III.
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In constant 1970 dollars, assets have increased
from $3.9 billion in 1956 to $8.7 billion in 1970.
By the end of 1985, the high drilling case (Case I)
would result in assets increasing to more than $23
billion. The medium drilling case (Case II) would
result in asset growth to almost $18 billion by the
end of 1985.

In Case IV, where gas drilling declines approxi-
mately 4 percent per year, the asset base is calcu-
lated at $8.1 billion by the end of 1985. This com-
pares with an asset base of $8.7 billion at year-end
1970.

The range of required average gas “prices”
resulting from application of different returns on
average net fixed assets are shown for the medium




ARCTIC OCEAN

Barrow

CHUKCHI SEA

NPR-4

I =

Lo BROOKS RANGE

N

Kotzebue

U.S.S.R.

Bering
Strait

%

NORTON
SOUND

B,

2

COOK INLET

BERING SEA

BRISTOL BAY

| S
AN

{ prorosen
(ALaska
\ PIPELINE

FairhanksB

BEAUFORT SEA

Prudhoe Bay

ARCTIC WILDLIFE REFUGE

.

Juneau

GULF OF ALASKA

Figure 29. Area Map of Alaska.

drilling rate combined with the high finding rate
(Case II) on Figure 38. Figure 39 shows the re-
quired “prices” for the same drilling rate combined
with the low finding rate (Case III). The returns
used are 10, 15 and 20 percent. As Figures 38 and
39 indicate, current earnings from gas are sub-
stantially below the range of rates of return used
in these studies.

Figure 40 shows the average unit gas revenues
required for those cases which utilized the low
finding rate (Cases IA, III and IV). Figure.41
shows the average unit gas revenues required for
those cases which utilized the high finding rate

(Cases I, II and IVA). For illustrative purposes, *

the 15-percent rate of return shown on both figures
was selected because it is at the middle of the range
of returns used in these studies.

Figures 40 and 41 clearly show the magnitude
of the effect that finding rate has on required unit
revenue. For example, Case II (see Figure 41),
which utilized the high finding rate and requires
a unit revenue of 39.8 cents per MCF in 1985, can
be compared with Case III (see Figure 40), which
utilized the low finding rate and requires a unit
revenue of 53 cents per MCF. Both of ‘these cases
involve the same level of drilling activity which can
be controlled, as opposed. to the finding rate which
cannot.
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Once discoveries have been made, oil and gas
producing and marketing activities vary substan-
tially in many respects. Generally the time lag
experienced between the discovery of reserves and
the start of production is longer in the case of gas
than in the case of oil. When an oil well is com-
pleted, production can usually start almost imme-

TABLE 25
ALASKAN PRODUCTION*

Crude Oil—North Slope (MB/D)

Case | Case Il Case lll.  CaselV
1975 0 0 0 0
1976 750 600 600 0
1980 2,190 2,000 2,000 0
1981 2,340 2,000 2,000 600
1985 2,600 2,000 2,000 2,000

Non-Associated and Associated-Dissolved
Gas—Total Alaska (TCF/Year—Dry Basis)

Case | Case 1l Case IlI Case v
North of Brooks Range

1975 — — — -

1978 08 . 0.8 0.6 -

1980 1.4 1.3 1.1 -

1981 1.6 1.4 1.2 -

1983 25 2.2 2.2 0.7
1985 3.3 2.7 2.2 1.3

South of Brooks Range
1975 . 0.2 0.2 -0.2 0.2
1978 0.2 0.2 0.2 0.2
1980 0.2 0.2 0.2 0.2
1981 0.5 0.5 0.4 0.3
1983 0.7 0.6 - 0.4 0.3
1985 1.1 09 0.6 04
Total Alaska

1975 0.2 0.2 0.2 0.2
1978 1.0 0.9 0.8 0.2
1980 1.7 1.5 1.3 0.2
1981 2.2 - 20 1.7 0.3
1983 32 2.8 24 1.0
1985 44 3.5 29 1.8

*

None of the estimates include production for North
Alaska offshore because severe operating conditions will proba-
bly prevent development during the 1971-1985 period. Totals
may not agree because of rounding. Years included above in
addition to 1975, 1980 and 1985 reflect projected commence-
ment of logistical operations for oil and gas.
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diately. Oil can be moved by truck or barge if no
other facilities exist. Gas production must await
the construction of gathering and pipeline facil-
ities. The building of these facilities is dependent
on developing a large enough volume of gas to
justify the expenditure required for the construc-
tion. Certification proceedings before the FPC for
interstate sales introduce additional time lags. This
means that the capital invested in gas production

must wait at least 1 or 2 years longer to begin

generating revenue.

Gas generally moves under long-term contracts
while oil does not. The field price of about two-
thirds of total marketed gas production is regulated
by the FPC, and these price ceilings have had a
considerable effect on the price of the remaining
gas which moves in intrastate commerce. Inter-
state gas sales prices have been reduced to the
FPC area ceiling rates while contracted gas sales
prices set below ceilings remain at the contract
levels. This standard—i.e., ceiling price or contract
price, whichever is lower—has resulted in a 1970
average unit gas revenue of 17.1 cents per MCF.*

Figure 38 shows that for Case II the 1970 aver-
age unit revenue (17.1 cents per MCF) is 2.5 cents
per. MCF lower than the calculated 1971 required
average unit revenue of 19.6 cents per MCF at a
10-percent rate of return and 10.3 cents per MCF
lower than the calculated unit revenue of 27.4 cents
per MCF at a 20-percent rate of return. Extrap-
olation of these data leads to the conclusion that
gas is earning approximately 7 percent on average
net fixed assets under current conditions. This is
an unattractive return considering the risks as-
sumed by the investor-producer.t

* The 17.1 cents per MCF is the average wellhead value
reported by the Bureau of Mines for 1970. For purposes
of this discussion, the 17.1 cents per MCF is assumed to be
on a comparable basis with the required unit “prices” cal-
culated in this study. However, this value contains some
amount for liquid content (estimated to be about 2z cents)
and to that extent is overstated for comparative purposes
with unit “prices” calculated in this study.

t The Bureau of Mines has recently published the 1971
wellhead value of natural gas as being 18.2 cents per MCF.
This would indicate a 1971 rate of return on gas of about
8 percent. However, it should be kept in mind that this
return is overstated to the extent that liquid values are a
part of the 18.2 cents. If the liquid value were as much as
2 cents per MCF, then the indicated return on gas would
be less than 6 percent.



Economics of Newly Discovered
Gas —1971-1985 *

The results of studies presented herein relate
only to average unit gas revenues. No feasible
method was found to incorporate into the com-
puter program the vintaged ceiling price system
imposed by federal regulation in combination with
a second ceiling imposed by contract. The fact that
some of the area ceilings are currently under at-
tack in the courts and others are awaiting decision
by the FPC adds to the complexity of the problem.

The level of unit revenue required from future
gas sales at an assumed rate of return on total gas
sales can be calculated by using data generated in
the computer program. The program computes the
total annual revenue required from gas sales. It
also calculates the annual volume of marketed pro-
duction from reserves found through the year 1970
separately from the volume of marketed produc-
tion from reserves added in 1971 and subsequent
years. :

An essential determination which must be made
is the annual unit revenue, or “price,” to be re-

TABLE 26

ALASKAN EXPLORATION AND DEVELOPMENT
EXPENDITURES
(Million Doltars})

Case | Case |1 Caselll  CaselV
Non-Associated Gas—Ali Alaska

1971-1975 207 192 192 164
1976-1980 1,226 991 978 543
1981-1985 2,282 1,688 1,648 663

Total 3,715 2,871 2,818 1,370
Oil—North Slope

1971-1975 835 681 681 227
1976-1980 2,412 2,001 2,001 455
1981-1985 1,696 1,313 1,313 2,001

Total 4,943 3,995 3,995 2,683

ceived for future sales of gas found through the
year 1970. The assumed unit “price” is then used
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Figure 30. Exploration and Development Costs ~—OQil and Gas (Constant 1970 Dollars).

* Refer to Chapter Seven, Section IIL
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TABLE 27
EXPLORATION AND DEVELOPMENT EXPENDITURES
TOTAL UNITED STATES
{Billion Dollars)
15-Year

1971 1975 1980 1985 Total

Case |
oil 3.6 5.4 8.6 12.5 113.1
Gas 241 2.7 4.6 5.8 58.7
Total 5.7 8.1 13.2 18.3 171.8

‘Case Nl
0il 3.6 49 1.3 99 97.7
Gas 2.1 24 3.6 43 471
Total 5.7 1.3 10.9 14.2 144.8

Case I}
0il 35 45 6.6 8.8 88.8
Gas 21 24 3.6 4.3 46.3
Total 5.6 6.9 10.2 13.1 135.1

Case IV
0il 35 35 41 5.0 61.5
Gas 2.0 1.8 1.7 1.5 26.5
Total 5.5 5.3 5.8 6.5 88.0

to calculate the revenue resulting from such pro-
duction. This calculated revenue is deducted from
the total annual revenue required, and the re-
mainder must be generated from remaining pro-
duction, i.e., from gas found after 1970. The re-
maining required revenue figure is divided by the
annual produced vélumes of gas discovered after
1970 to .determine the unit revenue’ required for
this gas. ‘These calculations are performed for each
year to derive annual unit “prices.”

Table 30 shows marketed volumes of pre- and
post-1970 discovered gas under Case III condi-
tions. Table 31 shows the Case III average unit
“prices” and calculated “prices” for gas produc-
tion from reserves discovered post-1970 vnder
three different assumptions. These three assump-
tions, which relate only to the “price” for gas dis-
covered in 1970 and prior years, are as follows:
(1) no escalation, (2) an escalation of 0.5 cents per
MCEF per year, and (3) an escalation of 1.0 cents
per MCF per year. The price escalations are as-
sumed to begin on January 1, 1973.
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Table 31 shows that unit revenues required for
production from reserves found after 1970 will be
in the range of slightly less than $0.60 to a little
more than $0.80 per MCF at a 15-percent rate of
return in constant 1970 dollars.' The level of these
required unit revenues is, of course, influenced
directly by the “price” received for production
from. reserves found through the.year 1970. In
general, the required unit revenues shown are com-
parable to, or well below, estimates of costs of
alternative forms of gas supply with the exception
of some overland imports.

Another fact which must be considered in ex-
amining the required unit revenues shown in Table
31 is the effect on consumer prices of not having
adequate domestic supplies of gas. Many of the
costs of transporting and distributing gas are fixed,
in the sense that a smaller volume does not reduce
the total cost but increases the unit costs of the
smaller volume. In addition, there are substantial
undepreciated investments in pipeline and distri-
bution facilities. If supplies become inadequate,
current depreciation rates would need to be in-
creased. These two facts alone would exert sub-
stantial upward pressure on consuiner prices.

These studies document the fact that gas is
currently earning very low returns on investment,
which is certainly one of the principal reasons for
the present critical condition of domestic gas sup-
ply. Until this situation is remedied,. there is little
reason to expect that achievement of the increased
gas drilling rates postulated in certain of these
studies can be realized. One obvious approach to

~ the problem of determining adequate economic

incentives would be to let gas seek its competitive
price level in the marketplace.

‘The required “prices” for marketed volumes of
natural gas are expressed in constant 1970 dollars.
Future inflation is of considerable concern to pro-
ducers selling gas interstate under conventional
contracts, most of which specify terms for the life
of production or for 20 years. Without implying a
future inflationary trend, it is important to quan-
tify the significance of even a relatively small
inflationary influence. As an example, the applica-
tion of a 3-percent average annual inflation factor
to the average gas “price” required in Case III
in 1985 (Table 31) increases the constant 1970
dollar price of 53.0 cents to 82.6 cents per MCF.



1971
Exploration
Dry Holes 839
Lease Acquisitions 817
Lease Rentals 140
Geological & Geophysical . 5630
Total 2,326
Development
Drilling & Equipping
Producing Wells 1916
Equipping Leases 1,103
Gas Plant Development 209
Total 3,228
Total Exploration and
Development 5,554
Production
Producing Costs 2,633
Production & Ad Valorem
Taxes 958
Total 3,491
Gas Plant Expenses 469
Overhead Expenses 832
Excludes North Slope oil and all Alaskan gas.

TABLE 28

CASE Il EXPENDITURES FOR EXPLORATION, DEVELOPMENT
AND PRODUCTION OF OIL AND GAS—-1971-1985
(Million Dollars)

15-Year

1975 1980 1985 Total
1,033 1,364 1,683 ) 18,500
1,420 2,385 3,166 29,509
162 238 332 3,223,
610 771 966 10,713
3,225 4,758 6,147 61,945
2,312 3,105 4,076 42,062
1,325 2,246 3,350 31,631
167 140 94 2,250
3,804 5,491 7,520 75,943
7,029 10,249 13,667 137,888
2,607 3,084 3,767 44,467
1,061 1,388 1,893 19,623
3,668 4,472 5,660 64,090
458 435 429 6,688
959 1,211 1,518 16,835

Parametric Studies— Qil and Gas™

It is important for decision makers to know
how responsive or sensitive supplies and prices
would be to changes in basic assumptions about
finding rates, drilling costs, changes in government
policy, etc. The technique used to provide this
information was to vary only one assumption or
parameter at a time to determine its effect upon
the results. These studies were normally done on
Cases II and IIl in order to keep the number of
evaluations to a manageable size. However, in a
few instances Cases I and IV were also tested.

* Refer to Chapter Eight.

Unless otherwise indicated, the North Slope oil
and Alaskan gas operations were not included in
these analyses.

The results of these parametric studies are
expressed in terms of the incremental effects on
Case II and Case III producing rates and “prices.”
For “price” effects, five rates of return in the 10-
to 20-percent range were investigated; the 15-
percent return level is the middle value in the
spectrum evaluated and is reported here for illus-
trative purposes. Higher rates of return would
naturally require higher “prices.”
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No attempt was made to determine the effect _!

TABLE 29 that the different “prices’” would have on drilling

AVERAGE COST PER WELL DRILLED-1968-1970* activity or, in economic .terms, to determine the

price-elasticity of supply. It should be emphasized :

Depth Range Onshore Offshore that th ired “price” is that e i
(Feet) 48 States 48 States Alaska a . ; reqUI.reld prlf:e 15 a faverage prlce
0- 4999 § 25000 $ 212,000 $ 382,000 r'equ!re to yie ‘ a .glven rate of return on net
5,000 - 9,999 83,000 367,000 1,508,000 fixed assets, which includes a heavy component

10,000 - 14,999 251,000 598,000 1,869,000 of previously discovered oil and gas reserves. It i

15,000-19,999 732,000 1,115,000 2,834,000 is not the “price” required to give the industry

20,000 and over 1,485,000 2,690,000 . . . i

adequate incentive to discover and develop new

* Developed from Joint Association Survey of the Oil and reserves. Nevertheless, these parametric studies do

Gas'Producing Industry, Sponsored by th_e 'American .Pet‘roleum provide an indication Of the relative ef-fect on i

Institute, Independent Petroleum Association of Arferica and . . " L. .

Mid-Continent Oil and Gas Association {published yearly), supplies ‘and “prices” of reasonable variations in

the basic parameters.
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Sensitivity of Physical Assumptions

While a large number of physical assumptions
were made in developing the base cases, the nost
significant of these were finding rates and appli-

cation of additional recovery processes. Several

studies were made to examine the sensitivity of
production and “prices” to these parameters.

Finding Rates

The amount of hydrocarbons found per foot
drilled strongly influences both production and
““prices.” This factor—which embraces an element
of risk as well as exploratory skill—not only
helps determine the projected supply but also
heavily influences future required -“prices.”

Two finding rates were applied to each of the
three drilling. rates. It is highly unlikely that either
the high or low finding rate would occur in all
regions every year over a 15-year period, and the
actual average finding rate would more probably
fall between the two. The resulting supply and

required “prices” would then fall within the range
established by the two finding rates applied to
the assumed drilling rates. '

The effect of finding rates on production and
required “prices” is shown in Table 32. Case II
utilized the medium growth drilling rate and the
high finding rate, whereas Case III utilized the
same drilling rate but the low finding rate.

Table 32 indicates that the 1985 production rate
would be significantly lower and the required
“price” in 1985 would be higher if a low rather
than a high finding rate were experienced. A simi-
lar comparison of cases at the other two drilling
rates yields comparable results.

Another parametric study was run to evaluate
the possibility that the historical oil found was
understated. This might occur if past API data
on reserve “revisions” included some oil added
as a result of increases in oil-in-place. To the

extent that any such additions to oil-in-place had .

occurred, the historical finding rates would be too
low. An analysis of the API data indicated this
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Figure 36. Required Crude Oil “Price”—High Finding Rate-—15-Percent Return
(Constant 1970 Dollars).

error should not exceed 5 percent. The results of
two cases in which the oil finding rates were in-
creased by twice the potential error (10 percent)
are shown in Table 33. As indicated in this table,
the maximum effect occurs in Case II, in which
the 1985 production rate .increases about 0.5
MMB/D (less than 5 percent) and the required
“price” is reduced by about 4 percent. These
results substantiate the judgment that the method
of handling API reserve statistics provides reliable
results. :

Although the high finding rate projection in-
cludes an allowance for discovery of major fields,
the possibility exists of discovering another field
near the size of the largest producing field in the
lower 48 states. The impact of such a find was
evaluated by hypothesizing the discovery of a
5-billion-barrel (recoverable oil) offshore field in
1978. The results of this hypothesis on Cases II
and III are shown in Table 34. A discovery of
this magnitude may have a low probability, par-

ticularly when assuming the high finding rate.
, Nevertheless, it could significantly affect the sup-
ply picture for the United States if this oil field
were found in an accessible area so that it could
be easily marketed. In 1983, the year of peak
production, such a field could increase the Nation’s
oil supply. by 16 to 19 percent (exclusive of the
North Slope). Furthermore, such a major discovery
would also stimulate industry activity resulting
in a production increase which would exceed that
shown in Table 34. The effect upon “price” is
uncertain in that exploration and development
investment would be stimulated as ‘would the
bidding on leases. The increased revenue would
probably be spent on this expanded effort.

Additional Oil Recovery

The rate of application of additional recovery
processes assumed was consistent with historical
increases in oil recovery efficiency. If, because
of increased incentive or a technological break-
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Figure 37. Year-End Net Fixed Assets—Gas Operations.

through, additional recovery projects were imple-
mented -earlier and applied to more fields, produc-
tion would be significantly increased. Studies were
made against the highest and lowest supply cases
(I and IV) in which implementation of secondary
and tertiary recovery projects was increased by
about 50 percent and accelerated by 2 years. This
had the effect of raising the 1985 cumulative re-
covery efficiency from 37 percent to 39 percent of
the oil-in-place discovered. The results are shown
in Table 35. In Case IV, significant “price” in-
creases would be required because there is rela-
tively little production to provide required reve-
nues; hence, per barrel revenues must be higher.
Since Case I already has a high production base,
the per barrel “price” increases required are much
less significant. A factor not accounted for is any
cost reduction that might be associated with tech-
nological improvement.
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Qil Reserves/Production Ratio

A parametric study was conducted on Case 1I
to determine the impact of assuming that the oil
R/P could be reduced from 8.9 in 1970 to about
8.0 in 1975 and maintained at that level thereafter
(see Table 36). It can be seen that U.S. oil produc-
tion could be increased by as much as 7 percent
in 1975. This acceleration of production could
result in about a $0.26 reduction in 1985 crude
"’price.”

Basic Cost Parameters

To test the sensitivity of oil and gas “‘prices”
to drilling costs, operating expenses and invest-
merifs in additional recovery projects, parametric
studies were made by separately increasing each
of these items by 10 percent. The results are shown
in Tables 37, 38 and 39.
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Figure 38. Required Average Gas “Prices”’—Case II (Constant 1970 Dollars).

Environmental, Health and Safety Costs

In the past several years, the oil and gas indus-
try has devoted a significant part of its investments
and operating costs to protecting the environment
and promoting health and safety. These historical
costs are reported by the API and are included
in the total investment and expense projections.*
However, in 1970 much more stringent regula-
tions of this type governing offshore operations
were implemented, causing a significant rise in
costs. These costs were projected ‘separately in the
methodology used in this parametric study.

To determine the economic impact of further
regulations of this nature, a parametric study was
made in which these costs were arbitrarily doubled.
The impact of this doubling on exploration and

* API, Report on Air and Water Conservation Expendi-
tures of the Petroleum Industry in the United States, 1966-
1970, API Publication No. 4075 (February 1971).

production economics. is quite substantial, as
shown in Table 40.

Thus, increasing restrictions by this amount
could effectively increase required revenues by
about $1 billion in 1985—an amount equivalent
to one-fifth of the total drilling expenditures in
that year. This emphasizes the importance of prom-
ulgating more stringent regulations only when
the benefits to be obtained warrant the costs
involved. This is particularly true when considera-
tion is given to the fact that most of these in-
creased costs will affect the economics of the
offshore areas which are so important to develop-
ing increased future supplies.

Impact of Government Policy Changes

Parametric studies were designed to evaluate the
impact of the critical policy options available to
the Federal Government, primarily in two areas:
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Figure 39. Required Average Gas "Prices”’—Case III (Constant 1970 Dollars).

(1) leasing policy on federal lands in offshore and
frontier areas and (2) taxation policy. Several
alternatives were examined in each of these cate-
gories.

Federal Leasing Policy—Lease Availability

The base cases. assumed that, with California
added, the announced Department of the Interior
lease sales schedule will be representative of future
sales. Only a S-year period was covered by the
schedule, so it was necessary to extrapolate sales
beyond 1975. Although Interior’s schedule does
not state the amount of acreage to be offered, it
is assumed that sufficient acreage will be made
available to provide the drilling opportunities
projected. Analysis of potential acreage currently
unleased and the acreage required for drilling indi-
cates that this is a reasonable assumption..if a
national energy policy were designed to encourage
increasing domestic supplies.
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Recently, extreme concern for protection of the
environment has created opposition to the granting
of any additional offshore leases. Parametric stud-
ies were' made to determine the effect on domestic
U.S. production of eliminating or deferring all
new federal lease sales.

The first analysis assumed that no new sales
would be held offshore; however, existing acreage
under lease could be developed. Table 41 shows
the impact that this would have on U.S. produc-
tion. If such an action were taken, it would
decrease domestic production for Case II by over
2 MMB/D of crude oil and 5 TCF per year of
gas in 1985—over one-fifth of the oil and gas
production from the lower 48 states. Figure 42
shows the areas in which the oil production would
be lost. Also shown on Figure 42 is the amount
of North Slope production that would also-be lost
if it is not brought to market. Environmental over-
reaction could reduce total U.S. oil producing
capacity in 1985 to two-thirds of its potential




Similarly, the amount of gas production that

would be lost from each area without additional
leasing by the government is shown in Figure 43.
In this case, up to 35 percent of the 1985 gas
supply would be eliminated.

Table 42 shows the productlon cutback which
would occur if new offshore leasing on the Gulf
Coast were delayed. until 1975 and eliminated in
all the other areas. Under this condition, the
country would be denied in excess of 1 MMB/D
of oil and over 1 TCF of gas per year at the end
of ‘the period.

The effect on supply of deléying all offshore
leasing for 5 years is shown in Table 43, while the
effects of delaying only Pacific Coast offshore leas-
ing for 5 years are depicted in Table 44.

Federal Leasing Policy—Leasing Method

Large bonus payments made to the Federal Gov-
ernment for leases have a very significant impact
on the cost of oil and gas: A quantitative assess-
ment was developed of the portion of future oil
and gas ““prices” that results from the assumptions
used as to the cost of cash-bonus payments for
offshore federal leases. The results are shown in
Table 45. '

It is obvious that an elimination of sealed, cash-
bonus payments would have a sizable impact on
both oil and gas pnces in the longér term. By
1985 ehmmatmg bonus payments would decrease

“prices” by $1.14 to $1.33 per barrel of oil and
9.2¢ to 12.3¢ per MCF on all production under
Case II or Case III conditions. The impact.on off-
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Figure 40. Required Average Gas “Price” Projections—15-Percent Return on Net Fixed Assets—
Low Finding Rate.
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shore economics would be even more than indi-
cated—about four times as great—if all the bonus
costs were related strictly to offshore production
from reserves found after 1970.

One option open to the Federal Government for
affecting activity and prices is the method used
to graiit the leases. Several types and variations of
systems have been proposed as alternatives to the
current ' system of sealed, cash-bonus payments
assumed in all of the base cases. Two systems
were considered for evaluation—royalty bidding
and work programs. These are representative of
the spectrum of alternatives that are available.

The effect of royalty bidding on supply and
“’price” is not subject to quantitative analysis in
the abstract. Its impact depends on the detailed
specification of how bids must be submitted, how
the leases are administered once awarded, whether

bids contain work commitments, as well as a host
of other complex issues. The cost-benefit relation-
ship from the public point of view depends on
such unknowns as the specific royalty bid vs. the
cash alternative bids that might be made on each
tract. It also depends on whether the exploratory
well is successful or dry, on the size of any reserve
that might be found, on whether it is oil or gas
that is found, and on the inclusion of any provi-
sions' for royalty reduction in the lease. All of
these factors contributed to the conclusion that
such a system could not be effectively analyzed
in this study. They similarly constitute the major
drawback of the system from a public interest
point of view—the inability to evaluate which
royalty bid on a tract is the “highest bid” and
whether it is more advantageous than the cash-
bonus alternative.
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TABLE 30

ANNUAL MARKETED VOLUMES OF ALL NATURAL 'GAS IN LOWER 48 STATES—
CASE 1il, LOW FINDING RATE, MEDIUM DRILLING RATE
(TCF).

Volume Marketed from
All Reserves Found

Volume Marketed from
All Reserves Found

Total Volume Marketed

. Before 1971 After 1970 from All Reserves
1975 16.9 33 20.2
1980 10.6 7.0 N 17.6
1985 6.4 9.8 _ 16.2

Work programs similar to the systems used by
the United Kingdom in the North Sea were evalu-
ated in a parametric study. In this system, leases
are granted to operators who in turn agree to per-
form a stipulated amount of exploratory activity
on these tracts. Only a minimal bonus or no bonus
at all is charged. If a workable and equitable

work program system could be developed within
the confines of the political structure of the United
States, it would be reasonable to expect an increase
in drilling. A parametric study was made on Cases
IT and III assuming work programs would increase
drilling to Case I levels in offshore regions. The
reduction in bonus would be more than adequate
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Figure 42. Effect of No New Offshore Leases or North Slope Production—Daily Oil Production (Case II).
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TABLE 31

REQUIRED “PRICES” FOR MARKETED VOLUMES OF ALL NATURAL GAS IN LOWER 48 STATES TO ACHIEVE
A 15-PERCENT RETURN ON NET FIXED ASSETS-CASE 1Il, LOW FINDING RATE, MEDIUM DRILLING RATE
{Cents per MCF in Constant 1970 Dollars)

Avg. “Price”

Escalation of “Prices” Effective 1/1/73 for Marketed Volumes from Reserves Found Prior to 1970

No Escalation

0.5¢/MCF per Year

1.0¢/MCF per Year

“Price” for

“Price” for

“Price” for “Price” for

“Price” for “Price” for

Figure 43. Effect of No New Offshore Leases or Alaskan Production—Wellhead Gas Production (Case II).

92

for Total Vol. Mktd. Vol. Mktd. Vol. Mktd. Vol. Mktd. Vol. Mktd. Vol. Mktd.
Volume from All from All from All from All from All from All
Marketed Reserves Reserves Reserves Reserves Reserves Reserves
from All Found Found Found Found Found Found
Reserves Before 1971 After 1979 Before 1971 After 1970 Before 1971 After 1970
1970 171 171 . 17.1 - 171 -
1975 21.9 171 82.5 18.6 749 20.1 67.3
1980 37.8 17:1 69.3 21.1 63.2 25.1 57.1
1985 53.0 17.1 76.4 23.6 12.2 30.1 67.9
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TABLE 32
CHANGE OF FINDING RATE FROM HIGH TO LOW
{Medium Drilling Growth Rate)
Production
MMB/D TCF/Yr Marketed
Case Il Change to Casell Change to
Oil Case 11| Gas . Case Il
1971 9.1 - 20.0 -
1975 8.5 -04 21.6 -1.4
1980 9.2 -1.0 21.1 - 3.5
1985 10.2 -1.6 21.3 -5.1
‘‘Prices” at 15% Return
$/8bl ) d/MCF
Case Il Change to Case 1l Change to
Qil Casellll Gas Case Il
1971 3.22 - 23.5 -
1975 3.63 +0.04 26.2 + 1.7
1980 473 +0.22 318 + 6.0
1985 6.18 +0.42 398 +13.2

to finance the - additional drilling, and it was
assumed that the difference would be reflected in
lower “prices.” The results are shown in Table 46.

It is apparent that implementation of a work
program system could have a substantial effect on
both supply and “price.”” However, the political
reality of such a system must be seriously ques-
tioned. The impact on price could be a reduction
of as much as $1.00 per barrel and $0.11 per
MCF on total domestic production from the base

TABLE 33
INCREASE OF OIL FINDING RATES
BY 10 PERCENT
Oil Production (MMB/D)
~Casell Case l1]
Base Change Base Change
1971 9.1 - 9.1 -
1975 85 +0.1 8.1 +0.1
1980 9.2 +0.3 . 8.2 +0.2
1985 .10.2 +0.5 85 +0.3
*Prices” at 15% Return ($/Bbl)
Case li Case 11
Base Change Base Change
1971 322 - 1323 .
1975 3.63 -0.05 3.67 -0.04
1980 4.73 -0.15 4,95 -0.12
1985 6.18 -0.25 6.60 -0.20

case “prices” calculated. These calculated results
make no allowance for the possible inefficient use
of capital and equipment to satisfy work commit-
ments on tracts which prove to be only marginally
attractive following initial exploratory work. There
might also be a tendency to defer activity under a
work program bid as compared to a cash-bonus-
payment system, which is also not evaluated.

TABLE 34
DISCOVERY OF A 5-BILLION-BARREL OIL FIELD IN 1978

0il Production (MMB/D)

Percentage Increase in

_Case ll Case 11
1979 9.0 8.1
1980 9.2 8.2
1981 9.4 8.2
1982 9.6 8.3
1983 9.8 8.4
1984 10.0 8.4
1985 10.2 8.5

Increase Due U. S. Production

to Discovery Case Il Case 1l
0.1 1 1
0.7 7 9
1.0 11 12
1.3 13 16
1.6 16 19
1.4 14 17
1.2 11 14
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TABLE 35

INCREASE OF OIL RECOVERY EFFORTS

Oil Production (MMB/D}

Case Change Case 1V Change
1971 9.1 9.1 -
1975 8.5 +0.8 8.0 +0.8
1980 9.6 +2.0 7.6 +1.8
1985 10.9 +1.8 7.4 +1.2

Oil “Prices” at 15% Return ($/Bbl)

Case | Change Case IV Change
1971 3.22 - 3.22 -
1975 3.65 +0.44 3.57 +0.48
1980 490 +0.71 4.39 +1.02
1985 6.69 +0.51 5.28 +1.1

TABLE 36

REDUCTION OF THE OIL RESERVES
TOPRODUCTION RATIO

1971
1975
1980
1985

1971
1975
1980
1985

Production “Prices” at 15% Return
0il (MmMB/D) Oil ($/Bbl}
Case 1l Change Casell Change
1971 9.1 - 3.22 -
1975 8.5 +0.6 3.63 -0.22
1980 9.2 +0.4 4.73 -0.28
1985 10.2 +0.2 6.18 -0.26
TABLE 37

INCREASE OF 10 PERCENT IN DRILLING COSTS

Qil “Prices” at 15% Return ($/Bbl)

Case Il Change Case 11l Change
3.22 - 3.23 —
3.63 +0.05 3.67 +0.05
473 +0.10 495 +0.10
6.18 +0.15 6.60 +0.14

Gas “Prices” at 15% Return (¢/MCF)

Case 11 Change Case lll Change
235 +0.1 235 +0.2
26.2 +0.4 279 +05
31.8 +09 378 +1.2
398 +14 53.0 +1.9
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TABLE 3B

INCREASE OF 10 PERCENT IN
OPERATING COSTS

Oil ““Prices” at 15% Return ($/Bbl)

Case Il Change Case Il Change
1971 3.22 +0.07 3.23 +0.07
1975 3.63 +0.07 - 3.67 +0.07
1980 4,73 +0.08 4,95 +0.08
1985 6.18 +0.09 6.60 +0.10
Gas ““Prices’’ at 15% Return (¢/MCF)
Case I Change Case 1l Change
1971 23.5 +0.2 23.5 +0.2
1975 26.2 +0.2 27.9 +0.2
1980 31.8 +0.3 37.8 +0.4
1985 39.8 +0.3 53.0 +0.5
TABLE 39

INCREASE OF 10 PERQENT IN ADDITIONAL
~ OIL RECOVERY INVESTMENTS

Oil “Prices” at 15% Return ($/Bbl)

Casell Change ‘Case i1 Change
1971 3.22 - . 323 =
1975 3.63 +0.04 3.67 +0.04
1980 473 . +0.09 4.95 +0.10
1985 6.18 +0.14 6.60 +0.16

Federal Taxation Policy

The base cases assumed that the existing taxa-
tion structure wotild continue unchanged. In order
to 'determine the impact that changes in this policy
area could have, parametric studies were run to
evaluate changes in the statutory depletion rate,
preference tax rate, job development credit, and
implementation of an exploration and additional-
recovery tax credit.

The results of these studies were expressed in
terms of the effect on the average “prices” of oil
and gas. It was also recognized that the method of
analysis assumed that industry performs as a
homogeneous group of corporate taxpayers with
only domestic exploration and production activi-




TABLE 40
DOUBLING OF ENVIRONMENTAL, HEALTH AND SAFETY COSTS

Increased Revenue Requirements (Million Dollars per Year)

Oil Operations

Gas Operations Total
Case Il Case || Case Il Case I11 Case |1 Case |11
1971 60 60 22 22 82
1975 259 243 104 105 348
1980 501 451 . 188 190 641
1985 803 671 301 303 1,104 974
- TABLE 41 TABLE 43
NO NEW OFFSHORE LEASES DELAY OF ALL OFFSHORE LEASING FOR 5 YEARS
Oil Production (MMB/D) Oil Production (MMB/D)
Casell Change Caselll ° Change : Casell Change Caselll Change
1971 9.1 9.1 : 991 - 9.1 -
1975 8.5 03 8.1 0.22 1975 85  -03 . 841 -02
. 9 14 1.04 1980 9.2 -1 8.2 -08
1980 2 1. 8.2 -1 1985 '10.2 .04 8:6 .03
1985 10.2 -2.3 8.6 -1.63 ‘ Gas Prods i
. ) Marketed Gas Production (T r
Marketed Gas Production (TCF/Yr) Tose 11 Change Casa 1N " Change
Case Il Change Case 11 Change 1971 20.0 B 200 _
1971 - 20.0 . 20.0 . 1975 "~ 21.6 -0.7 20.2 -05
1975 21.6 -0.7 20.2 -0.5 1980 21.1 -2.6 17.6 -1.6
1980 21.1 -3.2 17.6 -2.1 11985 21.3 -1.6 - 16.2 -1.0
1985 21.3 -5.5 16.2 -3.6 :
TABLE 42 TABLE 44
DISCONTINUANCE OF OFFSHORE LEASING DELAY OF PACIFIC OCEAN LEASING
EXCEPT.ON GULF COAST POST-1974 FOR 5 YEARS
- Oil Production (MMB/D) Oil Production (MMB/D)
Case Il Change Case IlI Change .Case Il Change Caselll Change.
1971 9.1 - 9.1 . 1971 R - 9.1
1975 8.5 -0.3 8.1 -0.2 1975 8.5 -0.1 8.1 -01
1980 9.2 -1.1 8.2 -0.8 1980 9.2 -03 8.2 -0.2
1985 10.2 -1.5 8.6 -1.1 1985 10.2 -0.2 8.6 -0.1
Marketed Gas Production (TCF/Yr) Marketed Gas Production (TCF/Yr)
Case 11 Change  Caselll Change Case Il Change Case 11l Change
1971 20.0 - 20.0 - 1971 20.0 20.0
1975 21.6 -0.7 20.2 -0.5 1975 21.6 - 20.2
1980 211 -2.0 17.6 -1.3 1980 21.1 -0.1 17.6 -
1985 21.3 -1.6 16.2 -1.1 1985 21.3 -041 16.2 0.1
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TABLE 45.
ELIMINATION OF BONUS PAYMENTS OFFSHORE

Oil “Prices at 15% Return ($/8bl)

Case Il Change Case lll Change
1971 -3.22 -0.01 3.23 - 0.01
1975 3.63 -0.23 3.67 - 0.24
1980 4,73 -0.70 495 - 0.80
1985 6.18 -1.14 6.60 = - 1.33

Gas “Prices” at 15% Return (¢/MCF)

Caselll Change Case 1l Change
1971 23.5 -0.2 235 ° -0.2
1975 26.2 -2.3 27.9 - 25
1980 31.8 -5.2 37.8 - 6.2

1985 39.8 -9.2 53.0 -12.3

ties. In reality, of course, this is not true; a sizable

source of risk capital in the industry is from indi-

vidual investors who have a higher tax rate than
corporations. An attempt was made to investigate
the sensitivity of this assumption by analyzing
several cases using a 70-percent fnaxignum indi-
vidual tax rate. )

Statutory depletion rates were investigated by

comparing the current value of 22 percent to a
range of 0 to 35 percent, as shown in Table 47.

Eliminating the depletion allowance would re-
quire an increase in the computed average oil

* “price” of 15 percent and gas “price” of 13 percent

or, alternatively, it would have ‘a much more sub-
stantial negative effect on the desirability of
searching for oil and gas if the prices did not
increase by these amounts. If gas prices are not
permitted to increase because of contract or regu-
latory limitations, then an equivalent amount of
revenue would have to be generated by increased
oil prices. Increasing the depletion allowance to
35 percent- would permit an 8-percent reduction
in the average “price” of oil and a 7-percent reduc-
tion in the gas “price,” or without price changes
it would create a sizable incentive to develop new
supplies.

As indicated in Table 48, the impact on the
investor in the highest tax bracket is nearly twice
that of a corporate taxpayer. Thus, he is very
sensitive to such tax incentives in deciding where
to make his investments. Many of these investors
are the source of funds for the independent oil
producers who play a substantial role in the dis-
covery of new fields. Therefore, future discoveries

TABLE 46
REPLACEMENT OF CASH BONUS PAYMENTS WITH WORK PROGRAM

Production
Oil.(MMB/D) Marketed Gas (TCF/Yr)

Case I Change Case Il Change Case Il Changé Case lll Change
1971 9.1 — 9.1 - 200 - 20.0 -
1975 8.5 — 8.1 - 21.6 - ' 20.2 -
1980 9.2 +0.2 8.2 + 0.1 21.1 + 0.5 176 +0.4
1985 10.2 +0.4 8.6 +0.3 21.3 +1.2 16.2 +0.8

‘Prices” at 15% Return
Qil “*Prices” ($/Bbl) Gas "‘Prices”” (¢/MCF)

Case Il Change Case 111 Change Casell Change Case lll Change
1971 3.22 . 0.01 3.23 -0.01 235 -0.2 23.5 -0.2
1975 3.63 -0.23 3.67 -0.24 26.2 -2.2 27.9 -2.4
1980 4.73 -0.65 4,95 -0.72 31.8 . -5.0 37.8 -5.8
1985 6.18 -0.93 6.60 -1.14 53.0 -11.3

39.8 -8.7
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TABLE 47
CHANGE OF STATUTORY DEPLETION RATES WITH 50-PERCENT TAX RATE
Change Change Change ' Change Change Change
to 35% to 27.5% to 0% to 35% to 27.5% to 0%
Casell Depletion Depletion . Depletion Case |11 Depletion Depletion Depletion
. - Qil "Prices” at 15% Return ($/Bbl)
1971 3.22 -0.26 -0.09 +0.49 3.23 -0.26 -0.09 +0.49
1975 3.63 -0.29 -0.10 +0.55 3.67 -0.29 -0.10 +0.55
1980 4.73 -0.37 -0.13 +0.71 495 -0.39 -0.13 +0.74
1985 6.18 -0.48 -0.16 +0.92 6.60 -0.52 -0.17 +0.99
Gas “’Prices” at 15% Return (¢/MCF)
1971 235 -1.6 -0.5 +2.7 235 -1.5 ' -0.5 +2.8
1975 26.2 -1.8 -0.6 +3.3 27.9 -1.9° -0.7 +3.5
1980 31.8 -2.2 -0.7 . +4.0 37.8 . -26 -0.8 +4.38
1985 39.8 -2.7 -0.9 +5.1 53.0 -3.7 -1.2 +6.8
TABLE 48

CHANGE OF 22-PERCENTSTATUTORY DEPLETION RATE
WITH 50-PERCENT AND 70-PERCENT INCOME TAX RATES

50% Income Tax Rate

70% Income Tax Rate

Change 22% Change 22%
Depletion Rate to Depletion Rate to
Case lll 35% 0% Case IlI 35% 0%
Oil “’Prices” at 15% Return ($/Bbl)
1971 3.23 -0.26 © 4049 7 o 3.59 -0.51 +1.20
1975 3.67 -0.29 +0.55 4.05 -0.57 +1.35
1980 4.95 -0.39 +0.74 5.58 -0.79 +1.86
1985 6.60 -0.62 +0.99 7.54 -1.06 +2.51
] Gas “Prices” at 15% Return (¢/MCF)

1971 23.5 -1.6 +2.8 25.9 -3.1 +7.0
1975 27.9 -1.9 +3.5 30.6 -3.9 +8.7
1980 37.8 -2.6 +4.8 41.1 -6.2 +11.7
1985 53.0 -3.7 +6.8 58.8 -7.5 +16.9

will no doubt be heavily influenced by taxation
policy.

The 1969 tax law established a minimum tax
egual to 10 percent of the difference between the
taxpayer’s total preference items (such as statutory

depletion) and his actual income tax liability. If
this preference tax were either eliminated or raised
to.20 percent, it would have the effect in 1985 of
about a $0.17 per barrel change in the “price’ of
all oil and $0.01 per MCF for all gas. The impact
on individual taxpayers would vary widely.
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Two types of tax credits were also evaluated.
One is the 7-percent job development credit now
in effect, and the other is a 12.5-percent credit for

TABLE 49

CHANGE OF TAX CREDITS—
50-PERCENT TAX RATE

Change Due to

Implementing

Change Due to  12.5% Explora-
Removing 7%  tion and Addi-

investment in exploration or additional recovery
which has been proposed. The impact of both of
these ‘credits . is essentially the same for Cases II
and III and is shown in Table 49.

The job development credit is of increasing im-
portance in a growing industry; an exploration
and additional recovery tax credit could provide a
significant incentive to develop new oil and gas
supply.

Another parametric study was made to evaluate
the impact of capitalizing intangible drilling costs
as depreciable investment for tax purposes. The

Job Develop- tional Recovery
Case Il ment Credits Credits TABLE 50
Oil “Prices” at 15% Return ($/Bbl) CAPITALIZATION OF INTANGIBLE DRILLING COSTS
1971 322 +0.06 -0.17 (Milion Dol ’5'PEF:{°E'“Tf :'ATE 0::””““; ,
1975 363 1008 024 illion Dollars per Year of Increased Revenue Requirements)
17980 473 +0.11 -0.30 oil Gas Total
1985 6.18 +0.15 -0.38 -
Case Il Case lfl Case Il Caselll Casell Caselll
Gas "‘Prices’ at 15% Return (¢/MCF)
1971 03 2 197 633 616 352 351 985 967
235 +0.3 P R
1975 26.2 +0.2 15 1975 620 530 279 280 899 810
1980 31.8 +0.3 292 1980 451 318 236 238 687 556
1985 39.8 - 403 -2.6 1985 332 227 92 92 424 319
TABLE 51
TOTAL AVAILABLE 0iL
(MMmB/D)
Projected
Actual Case | Case Il Case ll} Case |V

1970 1975 1980 1985

1975 1980 1985 1975 1980 1985 1975 1980 1985

Conventional Petroleum

Liquids 1.3 102 136 155
Synthetic Liquids

-From Coal” - - 0.1- 0.7
From 0il Shale - - 02 038
Oil Imports 3.4 7.2 58 36
Total Supply* - 147 175 196 205

* Totals may not agree due to rounding.

17.6 205 231 183 223 258 19.3 253 29.7

129 139 9.8 11.6 11.8 9.6 89 104

- 01 - = - -
01 04 - 01 04 - - 0.1

75 87 85 106 135 9.7 164 19.2
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effect of this change would be to increase the
revenue required by the industry by the amounts
shown in Table 50 in order to maintain the same
after-tax capital available for drilling, assuming ‘a
50-percent tax rate for the industry. The initial
impact is very significant and in effect would in-

crease the after-tax drilling costs by about one-
third. The effect upon industry earnings dimin-
ishes in later years as a depreciable base is built
up. However, any new investor will always bear
the full impact since he has no depreciable base
~.ith which to start.

TABLE 52
TOTAL AVAILABLE GAS
(TCF/YEAR)
Projected
Actual Case | Case Il Case I Case IV
1970 1975 1980 1985 1975 1980 1985 1975 1980 1985 1975 1980 1985

Lower 48

Onshore 9222 18.7 17.3 17.1 185 165 16.2 17.6 143 120 174 13.1 96
Offshore ’ 49 69 9.1 48 63 1.8 43 48 55 41 40 36
Alaska, North Slope - - 1.4 33 - 1.3 27 - 1.1 2.2 - - 1.3
Alaska, South 0.1 0.2 02 11 02 02 09 02 02 0.6 02 02 04
Total Conventional*

{Wellhead Production) 223 237 259 306 236 243 265 220 204 204 218 17.3 15.0
Synthetic Gas

From Coal - - 0.6 2.5 - 04 13 - 04 1.3 - 0.2 05
From Liquids - 06 13 1.3 06 13 13 06 1.3 13 06 13 1.3
Gas from Nuclear

Stimulation — — 02 13 - 01 08 - 0.1 0.8 — - -
Imports

LNG T 0.2 23 3.2 0.2 23 34 02 23 3.7 0.2 23 39
Pipeline 08 1.0 1.6 27 1.0 1.6 2.7 1.0 16 217 1.0 16 27
Total Supply* 231 255 319 416 254 300 36.0 238 261 302 236 227 234
* Totals may not agree due to rounding.

1t Less than 10 billion cubic feet

929




Chapter Two

Foreign Qill and
Gas Availlabillity




Chapter Two
Foreign Oil and Gas Availability
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CAD

Foreign Oil Availability™®

In order to put U.S. needs into proper perspec-
tive, energy and oil requirements and supplies
outside the United States must be considered.
Accordingly, a projection of non-Communist for-
eign energy and oil consumption was made for
the 1971-1985 period. This projection is sum-
marized in Table 53.

A range for estimated non-Communist foreign
energy and oil consumption was used to show the
difference in individual assessments. It is signifi-
cant that only minor differences in opinion exist
concerning the non-Communist foreign energy
outlook. A substantial difference exists, however,
as to the outlook for oil. In essence, the range
shown in Table 53 reflects two fundamentally
different outlooks. One projects that oil’s role in

the energy mix will decline in the non-Communist
foreign area over the next 15 years, with nuclear,
natural gas, low-sulfur coal and coal gasification
fuels expected to make substantial progress in the
energy fuels market, particularly after 1975. The
other outlook is quite pessimistic regarding pros-
pects for nuclear fuel because of higher costs and
construction and environmental delays. The out-
look is also pessimistic for low-sulfur coal because
of higher delivered cost, and for coal gasification
because commercially feasible processes are un-
likely until after 1980. These latter factors result
in much higher requirements for oil being projected
—Ilargely on the basis that oil is the only available
energy fuel with sufficient supply flexibility to
meet the expected energy demand. The difference
in the two projected energy mix outlooks is fun-
damental, and thus it is appropriate to show the
projected possible range.

Based on the above projection, the non-Commu-
nist foreign area will consume between 257 and
277 billion barrels of crude oil during the 1971-
1985 period. The United States will consume 94 to
115 billion barrels during the same period. Thus,
total non-Communist World oil consumption will
range from about 351 to 392 billion barrels, with
the United States accounting for 27 to 29 percent
of the total.

Energy

TABLE 53
NON-COMMUNIST FOREIGN POPULATION AND ENERGY AND O1L CONSUMPTION

Per Capita Consumption

Percent Annual Growth
1985 versus 1970 2.3 6.3—6.6

% Oil . .
Population  (Oil Equiv.) Qil to/oTotaI (Bbls./Capita/Year]
(Millions) (MMB/D) (MMB/D) Energy (%) Energy oil
1970 2,266 43 25 60 6.8 41
1975 2,517 58 37 - 38 64— 66 84 54-56
1980 2,827 79— 80 50 - 53 63 — 66 10.2-104 6.4-6.9
1985 3,179 106 — 111 64 — 74 61 —67 12.2-12.7 74—-85

6.4—7.4 (0.1)-0.9 40— 4.4 40-5.0

Editor’s Note: This chapter appears as Chapter Twelve in the NPC’s U.S. Energy Outlook report of December 1972.

* Refer to Chapter Eight of this report.
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Non-Communist Foreign Gil Supply

Competition among energy fuels is strongly
affected by supply availability as well as economic,
logistical, political and technological factors. These
factors, in combination with the increasing demand
for energy, have an important influence on the
utilization of energy and oil supplies. International
oil supply patterns will be influenced by many
factors, including (1) the geographical distribution
of oil reserves, (2) political and economi¢ condi-
tions, (3) the rate and ultimate amount of reserve
additions, (4) price competition, (5) quality and
relative refining values of alternative crude sup-
plies, (6) security considerations, (7) the need for
diversified energy and crude sources, (8) changes
in geographic patterns of demand, (9) environ-
mental considerations, and (10) the rate of devel-
opment of alternative energy sources and tech-
nology. -

Taking these factors into account, it is concluded
that—

® Existing reserves coupled with the non-Com-
munist World resource base remaining to be
discovered, as it is presently appraised, are
sufficient to meet requirements up to 1985.

® Assuming that political and economic condi-
tions throughout the non-Communist World
will continue to provide rewarding investment
opportunities, it is well within the geological
and technical capability of the international
oil industry to add in the range of 450 to 550
billion barrels of oil to proved non-Communist
World crude oil reserves during the 15-year
period 1971-1985. Any events or conditions
that adversely affect the political or economic
climate will have a negative impact on future
oil finding and development.

® Finding and developing this range of gross
additions to proved non-Communist World
crude oil reserves in the period through 1985
will depend, to a large extent, on the oil in-
dustry’s ability to attract or generate large
amounts of capital. This situation will be com-
plicated by a variety of uncertainties in both
domestic and foreign government energy pol-
icies with regard to increased taxation, na-
tionalistic foreign government policies and
actions, and the ultimate impact of current
demands for participation in oil operations by
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governments of foreign producing countries.
Also, restraints on capital recovery and possi-
ble future currency exchange adjustments may
add to the already large risks and adversely
affect long-term profitability and, ultimately,
the oil industry’s ability to provide the re-
quired supplies during this period.

® Non-Communist World oil supplies will grad-
ually tighten during the 1970-1985 period as
the ready availability of low cost oil declines.
This conclusion takes into account and is
based on (1) an estimate of non-Communist
World proved crude oil reserves of 463.4 bil-
lion barrels as of January 1, 1972,* (2) the
estimated range of gross additions to proved
non-Communist World crude oil reserves of
450 to' 550 billion barrels, and (3) the non-
Communist World -0il demand projection set
forth at the outset of this section. Together,
these factors combine to show a decline in the
non-Communist World R/P from 27 years
remaining life (based:-on 1972 production) to
between 14.to 19 years remaining life (based
on estimated 1985 proved reserves and pro-
duction). Productive capacity in the non-Com-
munist World could grow faster than demand,
so that production capability could exceed
requirements in 1985 by about 10 MMB/D
(see Table 54).

® The cost of finding, developing and supplying
“the volume of oil required through 1985 will
likely increase sharply over the intervening
years. There is not an endless supply of so-
called “low cost” oil—even in the Middle
East. New increments of crude oil producing
capacity will be more and more costly as
much of the new producing capacity will have
to come from offshore and Arctic regions.
New supplies from these areas will be more
expensive than existing reserves because of
the high costs associated with exploring and
producing oil in these harsh environments
and with meeting their more stringerit en-
vironmental standards. Even in Middle East
countries, future new production will likely
come from smaller, less productive~—and there-
fore higher cost—reserves than those now

* Oil & Gas Journal (December 27. 1971), issue estimate
of 533.4 billion barrels adjusted by Oil Supply Task Group
to eliminate optimistic estimates in selected areas.



TABLE 54
POTENTIAL DEVELOPABLE U.S. AND NON-COMMUNIST
FOREIGN LIQUID HYDROCARBON CAPACITY*
(MMB/D)
Actual
1970 1975 1980 1985

U.S.Case Il 11.3 9.8 11.7 12.3
Canada 1.6 2.3 3.7 4.7
Latin A'merica 5.3 ‘5.8 7.0 7.8

Subtotal Western Hemisphere 18.2 17.9 22.4 24.8
Western Europe 0 1.5 3.0 4.0
North Africa 45 5.2 6.0 7.0
West Africa 25 3.8 5.0 6.5

Subtotal Africa 7.0 9.0 11.0 13.56
Middle East 17.0 30.0 40.5 50.5
Far East/Oceania 2.0 3.0 4.0 5.5

Subtotal Eastern Hemisphere 26.5 43.5 58.5 73.5
Total Non-Communist World Supply 44.7 61.4 .80.9 . 98.3
Total Non-Communist World Demand 40.0 55.56 72.75 87.93

* Includes synthetics from coal and shale in the United States and from tar sands in Canada. More deta;led discussions
of these synthetic sources are contained in Chapter Seven, ‘‘Oil Shale Availability,” and Chapter Eight, "“Tar Sands Avail-
ability’”’ in U.S. Energy Outlook.

supplying much of the present production. As
costs increase, so must the price of crude oil
and products processed.

In the absence of substantive changes in cur-
rent U.S. federal government policies and reg-
ulations to strengthen and accelerate domestic
oil exploration and development activity, the
U.S. oil consumer will become increasingly
dependent on Eastern Hemisphere crude sup-
plies, on higher cost alternative energy fuels,
or on some combination of both. This con-
clusion is based on the Western Hemisphere
liquid hydrocarbon supply/oil consumption
balance to 1985 shown in Table 55.

A particularly significant implication of this
projected Western Hemisphere liquid hydro-
carbon balance is that Canadian and Latin
American crude resources cannot meet the
projected increase in U.S. oil import require-
ments. If foreign crude imports continue to
increase, both comparative costs and balance

of payment considerations will create added
incentives for the United States, to develop
new supplies of domestic oil and other energy
forms.

Organization of Petroleum Exporting
Countries (OPEC) Considerations

Contracted Increases in OPEC
Country Tax Take

The long-term effect of the contracted increases
in the OPEC countries’ tax take through 1975 will
probably be seen largely in terms of the competi-
tive position of oil vs. other energy fuels. Prices
of competing forms of energy have also been
increasing at a fairly rapid rate over this period
of time, and the cost factors responsible for these
increases will tend to persist and escalate into the
future. Nevertheless, the OPEC tax take increases
have already reduced the competitiveness of OPEC
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TABLE 55
WESTERN HEMISPHERE LIQUID HYDROCARBON SUPPLY—OIL CONSUMPTION BALANCE (1960-1985)*
{(MMB/D)
1985
1960 1965 1970 1975 1980 Low High
Local Oil Consumption
(Excluding Exports)
United States 9.8 115 14.7 18.3 22.3 25.8
Canada 0.9 1.1 1.5 1.9 2.3 2.7 3.0
Latin America 1.7 2.1 2.8 3.9 5.1 6.5 7.0
Total Western Hemisphere 12.4 14.7 19.0 241 29.7 35.0 35.8
Conventional Liquid Hydrocarbon
Production
United State's 8.0 9.0 11.3 9.8 11.6 118
Canada 0.5 09 1.5 2.2 3.0 3.7
Latin America 3.8 4.7 5.3 5.8 6.7 7.0
Total Western Hemisphere 12.3 14.6 18.1 17.8 21.3 ' 225
Synthetic Liquid Production
United States — — - — 0.1 0.5
Canada — — - - 0.4 1.0
Latin America — — - — 0.3 0.8
Total Western Hemisphere - - - — 0.8 2.3
Total Liquid Hydrocarbon Pro-
duction {Conventional Plus
Synthetic) Available for
Net Export or (Imports
Required) :
United States (1.8) (2.5) (3.4) (8.5) (10.6) (13.5) (13.5)
Canada (0.3) (0.2) - 0.4 1.1 . 2.0 1.7
Latin America 2.1 2.6 25 1.9 1.9 1.3 0.8
Total Western Hemisphere — (0.1) (0.9) (6.2) (7.6) (10.2) (11.0)
* All estimates are on a Case [ll supply basis.

oil in a number of markets, and this trend can be
expected to continue.

Current Participation Demands

A number of oil companies agreed in principle
to the OPEC request for a participation interest
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in producing company operations. The concept of
“participation” is not new. Joint ventures in which
private companies operate in conjunction with
national concerns have been in effect for some

‘time in a number of areas. Hopefully, producing

country government ownership or participation in
foreign oil operations will work to strengthen




existing relationships between oil companies and
foreign governments. It will thereby contribute
needed stability to these operations as well as
moderate widely different current political atti-
tudes. Whether this will be the outcome is depen-
dent on the motives of these governments and the
outcome of negotiations still underway in mid-
1972.

As of late 1972, the major issues remaining to
be negotiated have to do with the form and
amount of compensation the foreign producing
governments will agree to in order to acquire
(1) their share of the oil operations, (2) ultimate
participation percentage and timing thereof, and
(3) the matter involving the disposition of the
foreign ‘producing governments’ share of oil when
acquired. Settlement of these issues must occur
before other questions such as foreign producing
governments’ operations can even be considered,
much less agreed to.

Currently there are differences on the above
major issues as between the negotiating parties,
and it would be premature to speculate too much
at this time as to the impact of current demands
for participation on foreign crude supplies or
downstream operations.

Over the longer term it seems inevitable that
the higher the costs of oil from the OPEC coun-
tries rise due to increased government “take,” the
greater the incentive will become to explore for
and develop crude oil reserves ‘or synthetic oil
from shale and tar sands in the United States
and Canada.

Communist Bloc Considerations

Projected Impact of U.S5.S.R. and Eastern
Europe Oil Imports/Exports on
Non-Communist World Oil Supplies

Total U.S.S.R. oil exports to the non-Communist
World could increase to 1.6 MMB/D in 1976, and
to 1.9 to 2.0 MMB/D in 1980 through 1985 if the
proposed pipeline system to Japan is in operation
by mid-1976. Excluding these shipments to Japan,
Russian oil exports to the non-Communist World
—mostly Western Europe—will likely remain at
about the current level of 1.1 MMB/D' until 1976,
at which time they may decline slightly to about
900 MB/D and remain at approximately this level
through 1985. Thus, the outlook to 1985 is for

little, if any, additional competitive impact from
Russian oil supplies except for the possible expan-
sion of exports to Japan. Russian oil imports from
non-Communist World sources are expected to-
remain relatively small throughout the period.

Eastern Europe’s limited oil exports to -the non-
Communist World, which consist mainly of prod-
ucts from Rumania, are expected to decline from |
the current 120 MB/D level to between 70 and
80 MB/D by 1985. Meanwhile, oil imports from
the non-Communist World by Eastern Europe will
likely increase from the current level of 160 MB/D
to 300 MB/D in 1976, 800 MB/D in 1980 and 1
MMB/D in 1985. Most of the imports from the
non-Communist World up to 1976 appear to be
covered by arrangements already made with host
governments of the Middle East and North Africa.

Mainland China, North Korea, North
Vietnam and Mongolia Energy Outlook

Total energy consumption of these countries is
substantial, amounting to about 6.2 MMB/D oil
equivalent in 1971—nearly half again as large as
Latin America’s consumption and about 6 percent
of the world’s total. In 1971, locally produced coal
supplied about 90 percent of total energy require-
ments. Hydroelectric power supplied about 3 per-
cent. The remaining 7 percent was supplied by
about 400 MB/D of local oil production, aug-
mented by 50 MB/D of oil imports—30 MB/D
from the USS.R. and 20 MB/D from non-
Communist World sources. Estimated energy con-
sumption for the years 1975, 1980 and 1985 is
summarized in Table 56.

Conjecturally, the potential for oil imports by
these countries, based on their need, is very large.
By 1980, this potential could exceed 1 MMB/D
and by 1985 1.5 MMB/D. The realization of this
potential, however, will depend upon the amount
of international purchasing power they (particu-
larly China) are able to develop in world markets.
New political arrangements are required to make
such a level of trading possible.

Other Considerations

No account has been made in this study of the
potential impact of recent changes ini U.S. relation-
ships with the U.S.S.R. or Peoples Republic of
China,
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TABLE 56

ESTIMATED ENERGY CONSUMPTION FOR
MAINLAND CHINA, NORTH KOREA,
NORTH VIETNAM AND MONGOLIA

(1975, 1980 AND 1985)

MB/D Oil Equivalent
1975 1980 1985

Oil .

Domestic_ 550 700 700
Imports

U.S.S.R. 40 50 50
Non-Communist World 60 100 150
Total Oil 650 © 850 900
Natural Gas - 100 200
Coal - 6,400 7,550 8,650
Hydro and Nuclear 250 500 600
Total 7,300 9,000 10,250

Foreign Gas Availability*

As of January 1, 1972, total prdved non-Com-
munist natural gas reserves were estimated at
1,033 TCF, consisting of production to that date
of 138 TCF and remaining reserves of 895 TCF.
The estimate of future discoverable reserves is
6,167 TCF, while the projected growth rate of
non-Communist foreign energy demand is ex-
pected to be about 6.5 percent per year. Therefore,
it appears that the volume of ultimate recover-
able reserves in the non-Communist areas of the
world is large enough to project that an adequate
potential supply of natural gas reserves is avail-
able for import into the United States.

While the potential supply is very large, con-
siderable effort will be needed to achieve its avail-
ability. In the past, exploration efforts have ap-
parently focused primarily on oil. This conclusion
is based on the observation that natural gas proved
reserves represent less than 15 percent of the esti-
mated ultimate potential. In the Western Hemi-
sphere, excluding the United States, less than 8
percent (190 TCF) of the estimated ultimate re-
coverable reserves of 2,570 TCF have been found.
Furthermore, physical availability of foreign nat-
ural gas supplies to the United States must be
accompanied by viable domestic regulatory and
economic conditions, in addition to stable foreign

* Refer to Chapter Six, Section XI, and Chapter Nine.
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relations, if import projects are to be planned and
initiated with confidence.

Total non-Communist natural gas production
outside the United States was 16.3 TCF in 1971,
excluding injection volumes. Reserves/production
ratios ranged from almost 30 in the Western
Hemisphere (excluding the United States) to 121
for Africa. Resource estimates, proved reserves
and production data are presented in Table 57
by geographic area.

Communist World reserves of 558 TCF, as esti-
mated by the Oil & Gas Journal, include 546 TCF
in Russia which is the official Russian Oil Ministry
estimate as of January 1, 1971. Natural gas pro-
duction in 1970 amounted to approximately 7 TCF,
as reported by the Soviet’s Central Statistical
Board, which was less than one-third of the total
produced in the United States. Remaining Russian
potential gas is considered enormous—some esti-
mates exceed 2,500 TCF, 60 percent of which is
thought to be located in western Siberia.

LNG Import Project Requirements

For the Initial Appraisal, adequate reserves were
assumed available to support the level of LNG
imports estimated through 1985, on the basis of

availability for a 20-year project life at a level .

of 12.5 billion cubic feet of reserves for each
MMCF per day of imported LNG. The current
study analysis indicates that available reserves are
already more than adequate for anticipated LNG
imports without considering additional reserves
that will undoubtedly be added in the years prior
to 1985. LNG imports face such problems as avail-
ability of specialized tankers, adequate port facili-
ties and domestic and foreign political considera-
tions. Table 58 shows that non-Communist
proved reserves are not a constraint, even for the
maximum projected 1985 LNG import volumes. At
the present time, foreign demand is competitive
only in Algeria and the Pacific, where current gas
reserves are two times or more the calculated
reserve backup.

In addition to the potential supply show in
Table 58, discussions concerning imports from
Russia suggest that LNG projects based on that
source of supply should be considered a possi-
bility.

e T T
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TABLE 57
FREE WORLD GAS RESERVES AND PRODUCTION DATA-HISTORICAL—EXCLUDING U.S.A.

_ North America i Far East
and South Western Middle and
Units - Caribbean America Europe Africa East Oceania Total

Total Gas in Place* TCF . 3,500 2,500 1,300 5,400, 3,600 1,100 17,490
Discoverable Gas in Place* TCF 2,200 1,600 800 3,400 2,200 700 10,900
Economic Recoverable Gas . TCF 1,545 1.025 500 2.260 1,415 455 7,200
1/1/72 Booked Reservest TCF 71 56 161 193 344 70 895
1/1/72 Cumulative Production—Net} TCF 35 28 22 10 35" 8 138
1/1/72 Booked Ultimate ) TCF : K 106 84 183 203. 279 78 1,033
1/1/72 Unbooked Ultimate TCF 1,439 941 317 2,057 - 1,036 377 6,167
1971 Estimated Gross Production TCF (Canada injection Out) 3.4 25 48" 1.6 45 0.8 17.6
1971 Estimated Gas Injection TCF (Mexico Only in N, America) 0.1 0.9 - - 0.3 - 1.3
1971 Estimated Net Production TCF ’ 3.3 1.6 4.8 1.6 ’ 4.2 0.8 16.3
1970 Estimated Gas/Oil Ratio Cubic Feet per Barrel {Gross) 4,645 1,51 26,000 711 693 . 1,349 1,413
1/1/72 Reserves/Production Ratios - :

Net Production Basis Years : 22 35 34 121 82 88 55
Annual Reserve Additions§

1970 TCF 4.5 4.5 20.3 25 9.3 35 44.6

1968-1970 Inclusive TCF 5.5 1.5 14.4 22.4 19.7 4.5 68.0

1962-1970'Inclusive TCF 4.7 2.0 16.4 14.7 13.4 3.7 549

1971 TCF 0.2 {1.8) 19.8 31 (6.2) 14.3 29.4
Production Growth Rates ' : .

1970 % per Year 12 2.3 - 46 20 17 37 19

1967-1970 % per Year 1 2.6 40 23 15 21 —

1962-1970 % per Year 10 4.2 22 30 13 13 ’ -
Booked Ultimate/Economic

Recoverable Gas Percent v 6.9 8.2 36.6 9.0 26.8 171 14.3

Basis for Economic Recoverable Reserve Estimates . .
Utilizing discoverable gas in place listed and discoverable oil-in-place from same source broke discoverable gas in place down into associated-dissolved and

non-associated. Recovery factors of 40 percent for associated-dissolved.gas and 75 percent for non-associated gas were utilized across the board. Solution gas

GOR's were used as follows to calculate associated-dissolved gas in place:
- ) 1,000 1,000 1,000 750 750 1,000

* T. A. Hendricks, Resources of Qil, Gas and Natural-Gas Liquids in the United States and the World, U.S. Geological Survey, Circular 522 (1965).
t “Price, Nationalization Jitters Plague International Oil World,” Oil & Gas Journal {December 27, 1971). pp. 72-73.

U.S. Bureau of Mines, Minerals Yearbook (1914-1969 inclusive), with estimated data in ail years where gross gas production not reported.

A

World Oil data, except for 1971 which is from the O/l & Gas Journal.




TABLES58
1985 LNG IMPORT PROJECT SUPPLY

Calculated
LNG Reserve 1/3/7
Projects Backu Reserve
Country (MMCF/Day) (TCF Estimate
Algeria 4,350 54.4 106.5
Nigeria 3,500 438 40.0
Venezuela 1,000 12.5 254
Trinidad 300 3.8 5.0
Ecuador 500 6.3 6.0
Pacific 1,000 12.5 429

Canadian Gas Reserves, Production and
Export Availability—General

Evidence of a limitation in' Canadian gas supply
available to the United States was recorded on
November 19, 1971, when the Canadian National
Energy Board (NEB) dismissed three applications
for licenses to export nearly 2.7 TCF of gas to
the United States. This was also indicated in
August 1970, when applications for 2.5 TCF were
rejected out of a total of 8.9 TCF in requests.
The NEB’s 1971 Annual Report gave the following
reason for the 1971 rejections: “. . . the Board
decided that there was no surplus of gas remain-
ing after due allowance had been made for the
reasonably foreseeable requirements for use in
Canada having regard to the trends in the dis-
covery of gas in Canada.” *

As a result of the NEB’s action, the import
volume from Canada to the United States is
expected to stabilize at the current maximum per-
missible volume of about 1 TCF per year over the
short term. This results in a reduction, through
1978, of the Initial Appraisal’s constant rate pro-
jection of 1.15 TCF per year. Thereafter, it is
likely that gas from Canada’s frontier areas should
become available for export to the United States.

Several factors influence the long-term expecta-
tion of increased Canadian exports. First, the NEB
excludes from consideration known gas reserves
inaccessible to transportation as well as unproved
or merely potential reserves. The Canadian fron-
tier areas are indicated to have great potential, and

* Canadian National Energy Board’s Annual Report
(December 31, 1971).
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several oil and gas discoveries already have been
made. When pipelines are built, these gas reserves
from frontier areas will be considered in the NEB’s
calculations and should result in a reserve surplus.
Secondly, the 1971 NEB decision was based on a
shortfall in current surplus as a result of a recent
sharp upturn in Canadian demand. This surge of
demand, caused principally by new pollution con-
trols and recent price increases of alternate fuels,
should decline from the 1l-percent increase in
1971. Thirdly, the Canadian Petroleum Associa-
tion (CPA) supports the general conclusion that
future Canadian gas exports will increase. The
CPA estimates a total export availability of 132
TCF over the next 20 years, including the 17
TCF already committed. Of the remainder, 15
TCF more is to come from western Canada, 50

TCF from the Arctic Isles and 50 TCF from off-
shore.t

Projections

Canadian gas reserve additions, production and
market demand were projected as shown on Table
59 to determine the availability of gas for possible
export to the United States. To arrive at this
Canadian supply/demand balance, the country was
divided into the following four areas: (1) western
Canada, (2) eastern Canada offshore, (3) northwest
Arctic Islands, and (4) northwest onshore.” These
areas ‘are shown on Figure 44. The methodology
for western Canada was based on extrapolation of
historical data. The other areas were patterned
after the domestic gas supply projections for sim-
ilar areas with consideration of current activity.

The historical reserve data of western Canada
were obtained from the CPA Annual Reserve Re-
port. These data differ slightly from the NEB
estimates, but are available on a yearly and con-
tinuous basis. The NEB estimates are made at
irregular intervals. The ultimate gas resources
were determined from T. A. Hendricks’ estimate
of North American gas in place after deducting
U.S. totals.f This left for Canada, Mexico and the

t 132 TCF Export Gas—at a Price,” Oilweek, a
summary of D. B. Furlong’s (Managing Director CPA)
November 18, 1972, speech at ICT Chicago meeting
(November 22, 1971), p. 8.

£ T. A. Hendricks, Resources of Oil, Gas and Natural-
Gas Liquids in the United States and the World, U.S.
Geological Survey, Circular 522 (1965).



601

TABLE 59
CANADA-NATURAL GAS SUPPLY AND DEMAND

(TCF)
Northwest Territory
Atlantic Offshore Onshore . Islands Western Canada Total Canada
Annual Annual Annual Annual Annual  Shrinkage,  Cana- Avail-  Decem-
Reserve. Produc-  Reserve Produc- Reserve Produc-  Reserve Produc-  Reserve Produc-  Field Use, dian able for  ber 31

Additions tion  Additions tion  Additions tion  Additions tion  Additions tion  Flared, etc. Demand - Export Reserves R/P

197 N - - - 0.3 - 3.7 2.7 4.0 27 0.8 1.0 0.9 54.7 203
1972 1.0 - 0.5 - 1.1 - 4.8 2.9 1.4 2.9 0.8 1.1 1.0 59.2  20.4
1973 1.5 - 1.0 - 1.0 - 4.4 3.0 1.9 3.0 0.8 1.2 1.0 64.1 21.4
1974 2.0 - 1.5 - 2.0 - 5.8 3.3 1.3 3.3 0.9 14 1.0 121 21.8
1975 25 - 2.5 - 3.0 - 45 3.4 12.5 34 0.9 15 1.0 81.2 239
1976 3.0 0.1 3.0 - 2.0 - 4.5 3.5 12.5 3.6 0.9 1.7 1.0 90.1 25.0
1977 3.5 0.4 4.5 - 2.0 - 4.5 35 14.5 3.9 1.0 1.9 1.0 100.7  25.8
1978 4.0 0.7 5.0 0.1 2.0 - 4.5 3.5 15.5 4.3 1.1 2.1 1.1 1119  26.0
1979 4.0 0.9 5.0 0.4 2.0 - 4.5 3.5 15.5 4.8 1.1 2.3 1.4 1226 255
1980 4.0 1.1 5.0 0.7 3.0 - 4.5 3.5 16.5 5.3 1.2 2.5 1.6 133.8  25.2
1981 4.0 1.2 5.0 1.0 5.0 - 4.5 3.5 18.5 5.7 1.3 2.6 1.8 146.6  25.7
1982 4.0 14 5.0 1.2 5.0 - 4.5 3.4 18.5 6.0 1.4 2.8 1.8 159.1  26.5
1983 4.0 1.4 5.0 1.4 5.0 0.6 4.5 34 18.5 6.8 1.5 29 2.4 170.8  25.1
1984 4.0 1.4 - 5.0 1.4 50 1.0 4.5 3.4 18.5 1.2 1.5 3.0 2.7 182.1 25.3
1985 4.0 1.6 5.0 1.6 5.0 1.0 4.5 3.3 18.5 1.5 1.6 3.2 2.7 193.1 257
Total 455 102 53.0 1.8 43.4 2.6 68.2 49.8 2101 70.4 16.8 31.2 224 - -
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Caribbean a remaining discoverable ultimate gas
recovery of 1,439 TCF as of January 1, 1972. The
Oil & Gas Journal allocates more than 80 percent
of this ultimate recovery (1,165 TCF) to Canada.
Conservatively assuming Canadian potential and
proved discoverable gas at 800 TCF, a reasonable
breakdown by areas within Canada would be: (1)
western Canada—150 TCF, (2) eastern Canada
offshore—150 TCF, (3) northwest Arctic Isles—
300 TCF, and (4) northwest onshore—200 TCF.
An R/P of 25 was assumed necessary to permit
the exportation of any additional western Canada
gas. On this basis, no additional exports from
western Canada beyond volumes already author-
ized were forecast. The eastern Canada offshore
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area was estimated to be the first of the frontier
areas to deliver gas to market as it is the most
accessible frontier area to market. Proved reserves
of 15 TCF should énsure pipeline construction
while an ultimate of 25 to 30 TCF woiild probably
be needed to justify a 48-inch diameter pipeline.
Initial production is estimated in late 1976 to sat-
isfy Canadian demand. Reserve additions are esti-
mated to total 45.5 TCF by the end of 1985, and
by 1977 the R/P for Canada’s total proved re-
serves is estimated to rise higher than 25 years,
permitting a modest export increase in 1978.

The northwest Arctic onshore region, or Mac-
Kenzie Delta/Beaufort Sea area, has highly attrac-
tive gas and oil exploration prospects. Giant oil




or gas fields are not normally found in delta areas,
but numerous prolific smaller fields are anticipated.
In this area, gas reserves for the Taglu structure
have been estimated as high as 10 TCF and for
the Mallik structure in excess of 10 TCF.* Dis~

coverable ultimate gas is estimated in excess of
200 TCF.

Drilling activity is high in the Northwest Ter-
ritories, and plans are being formulated for both
oil and gas pipelines. The projection anticipates
completion of a gas pipeline by 1978. Reserve
additions to that time are 13 TCF and are esti-
mated to continue from that year at a rate of 5
TCF per year throughout the projection period.
By the end of 1985, a total of 53 TCF of reserve
additions should have accumulated.

Energy Minister MacDonald stated that the
ecological and economic studies for a MacKenzie
pipeline should be completed by the end of 1972.1
Meanwhile, the Gas Arctic Systems Group  and
Northwest Project Study Group have combined
and are jointly continuing their investigations of
pipeline design, economics, financing and environ-
mental and operating conditions. This project will
most likely involve the transportation of both
Alaskan and Canadian gas.

In the projection for the Arctic Islands, the
reserve additions occur relatively slowly because
of an anticipated slowdown in activity after suf-
ficient reserves for a pipeline are found. This
slowdown could be expected to continue until com-
pletion of the pipeline. Total reserve additions of
43.4 TCF are projected through 1985. A 10-percent
allocation of wellhead production for fuel, flaring,
shrinkage and losses is estimated, assuming reserve
additions are principally non-associated gas.

The Arctic Island potential is indicated by data
released on the King Christian Island discovery.

* Oil and Gas Discoveries (March 1972), p. 1.

+“Odds Improve for MacKenzie Valley Gas Line,” Oil
& Gas Journal (February 28, 1972), p. 28.

f “Artic Research Ahead of Politics,” Oilweek (Novem-
ber 22, 1971), pp. 60-64.

§“Oil & Gas Journal Newsletter,” Oil & Gas Journal
(September 13, 1971); “Panarctic Provides Impetus,” Ca-
nadian Petroleum (October 1971), pp. 20-24.

This reservoir could contain about 15 TCF of gas
in place.§ The King Christian structure is ranked
as medium size for the area.

In projecting the gas reserve additions, the
methodology attempts to predict only proved re-
serves as they would be added under CPA defini-
tions. An operator and a pipeliner will normally
include some potential reserves in estimates for
determining the timing of a pipeline. Therefore, in
the projection, pipeline construction starts prior to
the time when proved reserve additions were suffi-
cient to justify the construction.

Projections of Canada’s reserve additions and
production could recognize numerous variations
by areas that would be reasonable and yet not
appreciably change total additions and production.
Also, somewhat different totals could be reason-
ably supported. However, the export volume pro-
jection is considered reasonable under the basic
assumptions: (1) that each frontier area could sup-
port a 48-inch gas pipeline or its equivalent within
the 1985 time frame, (2) that the NEB’s present
standards of export evaluation will continue, and
(3) that insufficient reserves are left to be found in
western Canada to increase the 1970’s reserve ad-
ditions to a high enough point to permit additional
exports from that area.

Production after the time of the first pipeline
throughputs can be modified up or down and
change the export volume slightly. A 56-inch
pipeline could possibly be prognosticated for either
of the northwest areas, permitting a significant
change in export volume, but this might delay ini-
tial throughputs. Changes in Canada’s domestic
demand could be compensated for by production
changes without affecting the export projections.
The principal factor that could affect the export
volume is delay in the timing of pipeline comple-
tion from the northwest areas.

In summary, it is projected that only Canadian
frontier areas have large enough reserves to sup-
ply sufficient gas to appreciably offset the antici-
pated U.S. shortfall. Until such time as these areas
are developed and the gas brought to market, Can-
ada’s gas exports to the United States would be
held to about 1 TCF per year. The earliest that
frontier gas would be available for export is 1978.
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Chapter Three
Oil amd Gas Logistics and Tmports
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Introduction

Oil and gas demand increases, coupled with
changing supply sources, underlie the projected
changes in logistical systems. This chapter dis-
cusses (1) U.S. petroleum supply/demand balances
for Cases I through IV, including regional impli-
cations and domestic pipeline distribution systems;
(2) oil imports; (3) refinery capacity requirements,
including desulfurization facilities; (4) tank ships
and deepwater terminals; and (5) gas logistics with
emphasis on the capital costs of processing, trans-
porting and storing natural gas, LPG, syngas and

LNG.

Oil Logistics
Summary and Conclusions

With the exception of Case I, total ‘oil require-
ments will rise faster than domestic production.
The United States will have to rely on increased
oil imports to meet its total energy requirements.
These imports will increase very rapidly until de-
livery of Alaskan North Slope oil begins (assumed
to be in 1976). Thereafter, imports will continue
to increase, but at a somewhat slower rate than in
earlier years.

The supply/demand balances for Cases II and

III for the 1971-1985 period indicate the follow-
ing:

e Total U.S. oil requirements will increase from
14.7 MMB/D in 1970 to 23.1 MMB/D to
25.8 MMB/D in 1985. Domestic production
of crude oil and natural gas liquids will con-

tinue to decline from the 1970 peak of 11.3
MMB/D through 1975. After 1975, total pro-
duction will increase slightly as Alaskan
North Slope oil production and synthetic
crude output begin.
® In Case III, total imports of crude oil and re-
fined products rise sharply from 23.2 percent
of required oil supply in 1970 to 46.6 percent
by 1975 and 52.2 percent by 1985. In Case
I1, imports represent 42.0 percent of required
oil supply in 1975 and 37.7 .percent of supply
in 1985.*% oo
® As demand for refined petroleum products in-
creases, additional petroleum refining capacity
will be needed to satisfy U.S. requirements.
The growth of refinery capacity in the United
States will be dependent on U.S. import
policies, comparative economics of domestic
versus foreign refining, and a resolution of
environmental problems. National policies
which favor importation of residual fuel oil,
semi-refined oils and other petroleum prod-
ucts will result in refining capacity being built
abroad rather than in the United States.
Economic and environmental considerations
favor the use of very large tank ships of
250,000 to 400,000 DWT in international oil
movements. At the present time, however,
there are no U.S. ports that are capable of
handling vessels of this size.
® The capital costs for refineries and logistical
facilities necessary to accommodate U.S. oil
requirements between 1971 and 1985 will be
approximately $58 billion.

U.S. Petroleam Supply and Demand

" Total import requirements are the difference be-
tween required oil supply and total domestic pro-
duction of conventional and synthetic liquid fuels.
Tables 60 through 63 summarize the oil import
requirements resulting from the energy supply/
demand balances of Cases I through IV.

* Percentage figures cited in this chapter are based on
volumes of imports and differ slightly from those in
U.S. Energy Outlook which are based on BTU's,

Editor’s Note: This chapter appears as Chapter Thirteen in the NPC’s U.S. Energy Outlook report of December 1972.
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TABLE 60
U.S. PETROLEUM SUPPLY/DEMAND BALANCE—CASE |
(MB/D)
1970 1975 1980 1985
Requirements™ 14,716 17,454 19,600 20,458
Petroleum Liquid Production 11,297 10,239 13,580 15,464
Synthetic Oil Production - - 230 1,430
Total Domestic Petroleum Supply 11,297 10,239 13,810 16,894
Petroleum Imports 3,419 7,215 5,790 3,564
Percent of Total Required Supply 23.2 41.3 .29.5 17.4
Source of Imports
Canadian Overland 766 1,275 1,925 2,750
Foreign Waterborne 2,653 5,940 3,865 814
* 0Oil required to balance total energy demand, net of processing gain, stock change, unaccounted for crude and other
hydrocarbon inputs.

TABLE 61
U.S. PETROLEUM SUPPLY/DEMAND BALANCE—-CASE I!
(MB/D)
1970 1975 1980 1985
Requirements*® 14,716 17,551 20,513 23,068
Petroleum Liquid Production 11,297 10,186 12,939 13,887
Synthetic Oil Production — — 100 480
Total Domestic Petroleum Supply 11,297 10,186 13,039 14,367
Petroleum Imports 3,419 7,365 7,474 . 8,701
Percent of Total Required Supply 23.2 420 36.4 37.7
Source of Imports
Canadian Overland 766 1,275 1,925 2,750
Foreign Waterborne 2,653 6,090 5,549 5,951

* 0il required to balance total energy demand, net of processing gain, stock change, unaccounted for crude and other
hydrocarbon inputs.

This study has examined 22 total energy supply/ been the case throughout much of this report—
demand balances, each of which leads directly to the mid-range Cases II and III have been used for
an oil import requirement. In this chapter—as has illustrative purposes.
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hydrocarbon inputs.

TABLE 62
U.S. PETROLEUM SUPPLY/DEMAND BALANCE—-CASE IlI

(MB/D)
1970
Requirements* 14,716
Petroleum Liquid Production - 11,297
Synthetic Oit Production —
Total Domestic Petroleum Supply 11,297
Petroleum Imports - 3,419
Percent of Total Required Supply 23.2
Source of Imports
Canadian Overland 766
Foreign Waterborne 2,653

Oil required to balance total energy. demand, net of processing gain, stock change, unaccounted for crude and other

1975 1980 1985
18,251 22,335 25,787
9,747 11,611 11,833
- . 100 . 480
9,747 11,71 12,313
8,604 10,624 . 13,474
46.6 47.6 52.2
1,275 1,925 2,750
7,229 8,699 10,724

While both cases use the same drilling rates,
Case II depicts high finding rates for oil and gas
while Case III reflects low finding rates. The Case
IT total demand for petroleumliquids is lower than
the Case III demand because higher gas produc-
tion meets a large share of the total energy de-
mand. In Case II, both the higher domestic pro-
duction of petroleum liquids and lower demand
act directly to lower total imports.

Conversely, the low finding rate in Case III
results in'a hlgher oil demand because of the lower
production level for natural gas.” The combined
effect of lower oil production and higher oil de-
mand'requires a significant increase in oil imports.

Cases I and IV show the possible extremes of
U.S. dependence on imported oil. In Case I, im-
ports exceed 40 percént of requirements in 1975,
but the effects of the increased effort to find and
produce more domiestic oil and gas begin to show
in 1980, and by 1985 required imports are reduced
to 3.4 MMB/D, ‘or about the same as the 1970
volume. Case IV shows imports reaching 19.2
MMB/D in 1985 or nearly two-thirds of the total
oil requirement. These cases indicate the sensitiv-
ity of oil imports as the swing source of energy
for the United States during the next 15 years.

Dramatic increases in imports during the next
3 to 5 years appear to be unavoidable. ‘While
requirements for petroleum liquids continue to
expand between 1971 and 1975, total domestic
production “appears to have peaked in 1970 "and
has begun a moderate decline. In the ' Case ‘III
situation, required oil supply increases 3.5 MMB/D
from 1970 to 1975 while domestic production
declines 1.6--MMB/D. Total imports needed to
supplement available domestic production would
therefore have to increase 5.1 MMB/D iri'5 years,
from 3.4 MMB/D in 1970 to 8.5 MMB/D in 1975.
In the high finding rate (Case II), requlred imports
double in "5 years. Imports as a proportion of
requxred oil supply rise from 23 percent in 1970
to 42 and 46 percent by 1975 for Cases II and III
respectively. '

Because of the long lead time needed to plan,

approve and construct the required facilities, the
_stresses on present logistical systems will intensify

markedly, particularly until 1975. After 1975 the
effects of current national policy decisions concern-
ing energy production and imports may either
relieve or further aggravate this situation.

As projected in Cases II and III, the ratio of
imports to -required new- supply continues to in-
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TABLE 63 .
U.S. PETROLEUM SUPPLY/DEMAND BALANCE—CASE 1V

(MB/D)

1970

Requirements™® 14,716

Petroleum Liquid Production 11,297

Synthetic Oil Production —

Total Domestic Petroleum Supply 11,297

Petroleum Imports . 3,419
Percent of Total Required Supply 23.2

Source of Imports
Canadian Overland 766
Foreign Waterborne 2,653

* 0Oil required to balance total energy demand, net of processing gain, stock change, unaccounted for crude and other

hydrocarbon inputs,

1975 1980 1985
19,300 25,301 29,727
9,622 8,896 10,379
- — 100
9,622 8,396 10,479
9,678 16,405 19,248

50.1 64.8 64.7

1,275 1,925 2,750
8,403 14,480 16,498,

crease in the 1976-1985 period. The rate of in-
crease is much slower than in the 1971-1975 period
because of the projected delivery of Alaskan North
Slope oil and the beginning of synthetic petroleum
production.

Regional Implicétio‘n‘s“

For the purpose of regional Ibgistical discussion,

the five Petroleum Administration for Defense
(PAD) Districts shown in Figure 45 are used.

In the Initial Appraisal, supply/démand balances
were constructed for the East and West Coast
Districts I and V. In preparing this study, however,
it was determined that any attempt to project
detdiled balances by districts would require too
many arbitrary assumptions regarding types and
methods of petroleum' movements throughout the
country. However, ‘while the district details were
not calculated, a general outlook for the.districts
was formulated. Table 64 summarizes the 1970
actual district balance situation.

For purposes of simplicity, this study has
focused, in general, on analyses of U.S. petroleum
supply problems as they are reflected in Cases II
and III. Of these two cases, future oil logistics
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requirements and problems are more severe in
Case III, and it has therefore been selected for
further study to illustrate the magmtude of these
problems

_ Table 65 shows the projected 1985 oil produc-
txon and .demand by districts for Case III. The
demand figures are derived from the districts’
percentages of total demand developed in the
Initial Appraisal. Little shift is projected in the
distribution of demand, but loglstlcal problems
will be compounded by the concentration of defi-
cits in PAD Districts I. and IL.

As shown in Table 65, District I will be espe-
cially hard pressed .because of its almost complete
dependence on outside sources of oil. By 1985
about 10 MMB/D will have to be brought into
District 1. Furthermore, if the 1970 level of re-
ceipts from other. districts remains constant, which

"is questionable, over 6 MMB/D would have to be

imported. If import policies required that volume
to be entirely crude oil, East Coast refining capac-
ity would have to be increased to 5 times its 1970
level of 1.3 MMB/D.

While District V is shown to be in relative
balance in 1985, primarily due to the availability
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of Alaskan North Slope oil production, continued
increased growth in West Coast demand beyond
1985 will probiably have to be met from imports.
District IV is shown to be a net shipper of petro-
leum. District III will continue to produce more
petroleum than it consumes, but the differential
is decreasing. ' '

District II, like District I, has a much larger
demand than production of oil. Because of its
proximity to Canada and District III, District II
can expect significant receipts from' both. How-
ever, if all projected Canadian overland imports
and all the District III surplus production were
received, District II would still require approxi-
mately 1-MMB/D of additional oil.

Foreign oil reaching PAD District II in 1970
amounted to 0.4 MMB/D, and total- domestic
movements into the district. were 2.6 MMB/D. As
the deficit grows to 5.9 MMB/D during the next
15 years, logistical systems must be expanded to

meet oil requirements in the upper midwest and:
midcontinent areas. : .

Any number of configurations of such a system
might evolve, and each would likely have to pro-
vide for additional movements of crude or products
into the Gulf Coast and/or the East Coast and
subsequently to interior markets. This would
require construction of new crude and/or products
pipelines or additional barge traffic on the Missis-
sippi River system. The nature of the system will
be affected by many factors, principally, whether
the added supplies move from the East Coast.or
from the Gulf Coast and whether the movements
are crude or products. This latter point also ob-
viously has implications for refining locations.
These volumes show the net required movements
among the districts. No attempt has been made to
define this system in any detail. In actual practice,
no single integrated system ' exists, and gross
movements and requirements will exceed those
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TABLE 64
PETROLEUM SUPPLY/DEMAND SITUATION—ALL OILS-=1970
' {(MB/D)

' PAD Districts Total

| ] nl v \ U.S.
Domestic and Export Demand 5,907 4,023 2,503 375 2,070 14,968
Domestic Production* _ 55 1,413 7,817 709 1,320 11 ,3 14
Shipments to Other Districts ) 120 183 5,607 436 24 -
Receipts from Other Districts 3,546 2,405 82 45 192 -
Total Imports ~ * - 2,446 61 57 484 3,419

* Crude oil, condensate, natural gas liquids, other hydrocarbons and hydrogen input.

TABLE 65

1985 U.S. PETROLEUM LIQUIDS
PRODUCTION* AND DEMAND—-CASE Ili

{MB/D)

Surplus
PAD District Production  Demand {Deficit)
1 201 10,211 (10,010)
I 906 6,859 ( 5,899)
1l 6,458 4,332 2,126
v : 952 697 255
\% 3,742t 3,688 54

Total United . -

States 1 12,313 25,787 (13,474) .

* In"clude'ssyn;hetics‘
1t Includes Alaska.

shown here. It seems inescapable that in the future
significant volumes of foreign petroleum will be
imported on the Gulf Coast.

Domestic Pipelines

As U.S. demand for petroleum continues to
expand, internal distribution systems must also
prepare to handle larger volumes of liquid petro-
leum. The existing network of crude oil and refined
products pipelines was constructed basically to
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transport domestic crude oil to U.S. refining centers
and move light refined products to consumer mar-
kets. Most of these lines are in natural transport
corridors, moving oil from producer to consumer
in a fairly direct fashion.

As more of the liquid petroleum requirements
are met by imported oil, new pipelines may be
needed to move oil from ports of entry to interior
consumer markets. Whether such trunklines are for
crude oil or refined products will depend on na-
tional policies with respect to oil imports, the
environment and the construction of refinery ca-
pacity in or near major consuming markets. In
the absence of prompt and firm resolutions of un-
certainties in oil import regulations and environ-
mental restraints .on refining and deepwater ter-
minal siting, it is not possible to project these
logistical requirements in specific detail.

In addition to potential requirements for new
pipelines, some existing lines are finding it more
difficult to meet the new standards for pipeline
safety. Older lines may have to operate at lower
pressures and throughput rates or be paralleled
with new larger diameter lines.

Although no detailed. analysis of pipeline net-
works has been prepared for this study, new or
replacement pipeline capacity will have to be built
to cover demands which may almost double over
the next 15 years. Based on recent activity, the
capital costs for oil pipelines may average $0.5
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TABLE 66
U.S. PETROLEUM IMPORTS*

(MB/D)
Program
© 1969 . 1970 1971 1972
‘ Districts |-1V
Crude and Unfinished ‘ :

" Refining Companies 543 ° 487. 663 657
Carry-Over 74 - - —
Petrochemical Companies 85 84 . 102 , 94
From Canada _ 349 448 493 540
From Mexico 30 28 29 36
OlAB Set-Aside ‘ - - - 36
Un_allocated — - — 43

Total ) 1,081 1,047 1,287 , 1,406
Finished Products (Ex. Resid.) ] . _
Virgin Islands 15 15 15 i 15
Puerto Rico 45 45 64 : 64
Defense Department — — = 20
Total 60 60 79 929
Total Controlled 12.2 Ratio 1,141 1,107 1,366 1,505
Other Imports
Bonded Light Products 83 90 112 130
* Shipments from Puerto Rico a7 58 30 - 50
. Virgin Islands (Ref. Prod.) 8 2 17 20
No. 4 Fuel Oil 75 70 66 75
No. 2 Fuel Oil 18 30 ‘ 61 - 45
Canadian Finished Products 30 42 12 60
Canadian & W. Hem. LPG — . 6 36 .- 90
Asphalt ) 13 17 . 20 30
Imports for Petrochemical . .
Exports — — — 40
Total 274 315 364 540
Residual Fuel 1,244 1,513 1,560 1,665
Total Districts -1V 2,659 2,935 3,280 3,710
District V
Crude and Unfinished
Refining Companies 203 182" 338 27
Carry-Over 5 — — —
Petrochemical Companies 3 3 . . 3 3
From Canada 211 : 222 210 240
Total 422 407 - 551 o 514
Finished Products 7 8 15 20
Finished Products from Canada 11 8 I 10
Bonded Light Products 45 46 52 60
Residual Fuel Oil 21 15 22. 25
Total District V . 507 484 640 629
Total U. S. Imports 3,166 3,419 3,920 4,339

¥

Independent Petroleum Association of America, Media Meeting IPAA (New Orleans, May 1972).
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billion per year (in constant 1970 dollars), or a
total of $7.5 billion between 1971 and 1985.

Oil Imports
Import Policy and Its Implications

As the level of total imports rises in Case III,
federal oil import policies which govern the mix
of total imports become increasingly important.
One basic issue is the extent to which national
security and balance of trade considerations dictate

- a public policy requiring imports to be petroleum

i

raw materials rather than products. A policy of
importing petroleum raw materials into the United
States would foster the construction of U.S. petro-
leum refining capacity. Conversely, a policy of
permitting importation of finished petroleum prod-
ucts and unfinished oils would, in effect, “export”
U.S. refinery capacity, causing it to be built abroad
rather than in the United States. This would com-
pound the effects that U.S. dependence on foreign
oil would have on national security. In addition,
many associated jobs would be exported. Oil im-
port policies have been trending in the latter
direction for a number of years. ,

The U.S. mandatory import program has been
in existence since 1959. Since that time, many situ-
ations have arisen which have resulted in modifi-
cations to the program. Becoming progressively
more complex, the program has tended to be more
sensitive to the demands for special-purpose fin-
ished products. Residual fuel oil imports have
been essentially exempted from controls in PAD
District I, while still controlled in PAD Districts II
through IV. Also, import allocations for heating
oil have been granted to independent East Coast
deepwater terminal operators. While Canadian
crude and products limitations into Districts I
through IV have been more a function of avail-
ability than of control, current policy does limit
Canadian imports to less than that which is avail-
able. A completely different situation exists in Dis-
trict V, where waterborne: imports are limited to
the difference between local demand and local pro-
duction plus Canadian overland imports. Table
66, showing a breakdown of the 1969-1971 actual
import volumes and the programmed imports for
1972 before the September supplemental authori-
zation, illustrates the exceptions that have been
added to the program.

Residual fuel oil imports have absorbed all the
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increase in heavy fuel consumption for the past
decade. Domestic refinery output of residual fuel
oil, which had been declining for a number of
years, has remained relatively constant since 1963
(see Table 67).

Imports of liquefied gases from Western Hemi-
sphere sources, refined products overland from
Canada, asphalt, No. 4 fuel oil, No. 2 fuel oil for
East Coast deepwater terminal operators, and more
recently imports of unfinished oil for “heavy
liquid” petrochemical plants have been authorized
within the oil import control program. Moreover,
the uncontrolled imports of bonded aircraft and
vessel fuels have been rising sharply in recent
years. As a result of all these exceptions, the vol-
ume of refined products imports has been growing

TABLE 67
SOURCE OF U.S. RESIDUAL FUEL OIL SUPPLY*
{(MB/D)

U.S. Refinery Output Residual tmports

1956 1,165 445
1957 1,138 475
1958 995 499
1959 953 610
1960 907 ' 637
1961 865 667
1962 810 724
1963 756 747
1964 729 808
1965 736 946
1966 723 1,032
1967 756 1,085
1968 754 1,120
1969 728 1,265
1970 706 1,528
1971 753 1,682

* U.S. Bureau of Mines.

larger each year. In 1970, U.S. imports of refined
products amounted to 2.1 MMB/D or 61 percent
of total imports. This is over 1.6 times the 1.3
MMB/D of crude oil imported for processing in
U.S. refineries. The composition of the future
imported crude-product mix will have a very sig-
nificant impact on the domestic refinery industry.

1)
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The range of possible effects of the mix are dis-
cussed in the “Refinery Capacity” section of this
chapter.

Residual Fuel Oil Imports-and
Crude Oil Import Alternatives

As the contribution of domestic crude oil and
natural gas to total primary energy begins to de-
cline, interfueél substititions of imported oil in
domestic bulk energy markets (e.g., industrial and
electrical utilities) preserit a- new set of problems.
Not only will it be necessary to meet normal
growth in utility and industrial market -demand,
but it will also require that some markets pre-
viously served by natural gas and natural gas
lxqulds be converted ‘to imported oil.

" This situation. has ‘given rise ' to the proposed
Imported Crude Oil Processing (ICOP) alterna-
tive * and other crude oil import alternatives.. An
ICOP facility would operate along the same gen-
eral lines as a refinery in a foreign' country. An
ICOP facility would, however, be a domestic
refining facility which would import crude oil or
unfinished oils under federal regulations.for pro-
cessing. The refiner would -then “import” the out-
put products in accordance with existing import
policies. For example, if residual fuel oil could be
imported from foreign refineries, then residual fuel
oil could be withdrawn from the ICOP facility.
Similarly, if SNG, liquid or..otherwise, were al-
lowed to be imported without restriction, SNG
could also be withdrawn from the ICOP refinery
without .restriction.

An ICOP facility would be a convement mecha-
nism by which imported crude oil could be pro-
cessed .into naphtha for the manufacture of SNG
and/or residual fuel for utility and industrial use.
However, the ICOP proposal provides no special
economic incentive. The principal merit to the
ICOP proposal is that it would encourage the
placement of refinery capacity in the United States
rather than in foreign countries.

Other possible options exist in the import con-
trol mechanism which would achieve the same
purpose as the ICOP proposal. In particular, uti-
lizing and expanding existing facilities rather than

* At the time of the writing of this report, the Federal
Government was soliciting comment on such a proposed
plan,

requiring new facilities would minimize capital
expenditures and thus reduce product costs to con-
sumers. Such an import ““bonus-type”. plan could
be designed to maximize the domestic output of
select .products which otherwise would be im-
ported. One particular version of this plan is in
operation on the West Coast. It involves forelgn
crude. import allocations on a barrel- for-barrel
basis for certified sales of 0.5-percent sulfur resid-
ual fuel oil. Other possible plans could be devised
where import allocations are earned by select prod-
uct output over and above certain base perlod
levels rather than on sales. Such a plan, which
would allow refineries to produce their own fuel,
could stimulate the use of existing spare and add-
on capacity as dictated by market demand changes

Refinery Capacity

Maxxmum and Minimum Requu‘ements U. S.
domestic refinery capacity (operating and oper-
able shutdown) as of January 1, 1971, was 12.9
MMB/D as shown in the following tabulation.

PAD Capacity
District (MMB/D)
I J 1.5
II ' 3.7
I o © 53
v ' 0.4
vV _ 2.0
Total ‘ . 129

Considering that oil imports must rise rapidly
in the short tefm to cover the growing gap be-
tween total requirements and domestic production,
oil import policies, comparative economics and
environmental concerns bear importantly on how
much oil refining capacity will be built in the
United States during the next 15 years. The more
recent import policy decisions, permitting addi-
tional imports of light refined products -and un-
finished oils, have tended to discourage the place-
ment of new refinery capacity in the United States.
Unless sufficient refinery capacity is added to
meet growing consumer needs for non-residual
products, the United States may be forced into
undue reliance on imported light products. This
could happen in much the same manner that the
US. East Coast became almost totally dependent
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on foreign heavy fuel oil when residual fuel oil
imports were granted “virtually unrestricted entry
“into the East Coast.

Figure 46 illustrates the current sources of
petroleum products for U.S. consumption. The
breakdown between imported and domestically
produced products is also shown.

The maximum refinery requirement in the
United States would occur under conditions which
would require the total supply of petroleum prod-
uct demand to be met from U.S. refineries. Under
this circumstance, all imports would be crude oil,
and crude runs would be on the order of 22
MMB/D in 1980 and approximately 26 MMB/D
in 1985 for Case III, compared with actual crude
runs of 10.9 MMB/D in 1970. .

The minimum refinery capacity in the United
States would reflect a situation in ‘which essentially
all imports would be products and petrochemical
and SNG feedstocks. Under these conditions, it
would be necessary to provide only enough crude
throughput capacity to accommodate domestic
production of crude oil, condensate and synthetic
crude oil. In Case III, which has lower domestic
production than Case II, the minimum crude
throughput requirement would be on the order of
12 MMB/D in both 1980 and 1985, slightly more
than actual crude runs in 1970. Nevertheless, the
retirement of old and obsolete refining capacity,
and possibly other factors such as economies of
scale, would require some new refining capacity
throughout the period to 1985.

There are many parametric variations that could
be considered between the minimum and maximum
cases. In practice, the extreme cases would not be
readily - obtainable .in the short term. It is more
likely that the resultant refining capacity require-
ment would be somewhere between the extrémes,
perhaps on the high side of the mid-range value.

With respect to capital requirements; the maxi-
mum refining situation in Case III requires an
increase in crude runs of about 15 MMB/D be-
tween 1971 and 1985. This- would -require the
construction ‘of 16 to 17 MMB/D of net new
capacity at a capital cost of approximately $30
billion (constant 1970 dollars). In the minimum
refinery case, there is practically sufficient refinery
capacity now in place to meet the projected future
requirements. There would, however, still be sig-
nificant capital requirements in the refinery indus-
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try for replacement of capacity as it becomes obso-
lete or economically marginal. Additionally, while
some of the increased capacity would be located in
foreign countries, it may be built in whole or part
with U.S. capital with concomitant implications for
balance of payments.

Desulfurization” Facilities

Air pollution regulations on sulfur oxide emis-
sions will cause the petroleum industry to make
large investments to pravide low-sulfur fuels for

consumers and to curtail refinery emissions. To

comply with regulations, domestic refiners will
have to add high-efficiency sulfur recovery plants,
desulfurize gas oils and middle distillates, and
remove hydrogen sulfide from refinery gases.

Domestic residual fuel oil averaged 1.4-weight-
percent sulfur in: 1971. compared to 1.5-weight-
percent for imported residual. Blending with lower-
sulfur oils will be sufficient for present domestic
residual production to meet the anticipated 0.3- to
1.0-weight-percent sulfur range for heavy fuels
that currrent regulations require. Domestic residual
fuel oils have tended to be predominantly the
heavy No. 6 grade. In-order to meet sulfur-in-fuel
specifications, low-sulfur oils such as No. 2 furnace
oil, desulfurized gas oil, or low-sulfur:crude oil
can be blended with higher-sulfur residual oil.
The resultant blends may be as light as No. 4 fuel
and are similar to many of the residual fuel oils
imported into the U.S. East Coast. -

Depending on import policies, domestic refiners
under Case Il assumptions will need to process
up to 11 MMB/D- of imported waterborne crude
by 1985. One-half to two-thirds of crude imports
is likely to be high-sulfur Middle East crude (more
than 2.0-weight-percent sulfur) since low-sulfur
African and Indonesian crudes are insufficient to
meet world demand. Caribbean refiners will “also
have to process large volumes of Middle East
crides because of the anticipated limited avail-
ability of Venezuelan crudes. ‘

" To handle Middle East and most” Venezuelan
crudes and to meet U.S. sulfur-in-fuels regulations,
expensive processing will be required. Current
capital estimates (in constant 1970 dollars) for the
sulfur removal equipment range from $600 to $900
per daily barrel ,of crude oil processed. Using an
average value of $750 per daily barrel of crude
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Figure 46. U.S. Petroleum Product Demand and Production.

capacity and assuming that imports of high-sulfur
crude oil to make fuel oil amount to 7 MMB/D
by 1985, the cost of desulfurization facilities would
imply an increase in refinery investment of about
$5 billion. This would bring the total refinery in-
vestment to $35 billion by 1985.

Tank Ships and Deepwater Terminals

For Case III, the prospective growth in U.S.
waterborne petroleum imports from 2.7 MMB/D
in 1970 t0 a maximum of 10.7 MMB/D by 1985
adds a completely new dimension to U.S. external
petroleum logistics, particularly * with respect to
tank ships and deepwater terminals. Historically,
U.S. waterborne petroleum imports have originated
principally in Latin America, requiring only short
tanker hauls from Caribbean ports. However, the
prospect for continuing growth in Latin American
petroleum export capacity is not promising, and
most of the future increases in waterborne petro-
leum imports into the United States are expected
to involve long hauls from the Eastern Hemisphere,
primarily from the Middle East.

The typical-size tank ship entering international
crude oil trade (excluding the United States) over
the next 15 years is expected to range between
200,000 and 400,000 DWT, with the larger units
being employed on the longer runs and between
ports which can accommodate deep drafts. Al-
though crude carriers ranging from 250,000 to
300,000 DWT are predominant on shipyard order
books today, there are a number of vessels up to
477,000 DWT on order. While vessels in the
250,000 to 300,000 DWT range draw 65 to 72 feet
of water when fully laden, a 477,000 DWT tanker
will draw 92 feet. ’

At mid-year 1972, there were 237 very large
crude carriers of 200,000 DWT or more wkhich

were employed almost entirely in transporting

crude oil to- Western Europe and Japan. In con-
trast, the United States has no ports now capable
of handling tank ships above 100,000 DWT with-

out lightering, as indicated in Table 68. Thus,

the construction of large-scale deepwater terminals

on the U.S. East, Gulf and West Coasts is essen-
tial to obtain the lowest possible ocean transport
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costs for the large volume of long-haul oils to be
transported during the years ahead.

Deepwater terminals on U.S. coasts will improve
both the economic and the environmental impli-
cations of the projected volumes of required oil
imports. They would reduce the congestion of
existing ports and port entrances and thus reduce
the possibility of collisions or groundings. Newer
deepwater ports could also be designed with better
spill control capabilities and would, in general,
lessen the overall probability of environmental pol-
lution by oil spills from tanker operations.

- In 1970, the equivalent of six 70,000 DWT tank
ships were required to be unloaded every day to
deliver 2.7 MMB/D of imported waterborne oil
to the United States. For Case III in 1985, water-
borne imports (and tanker  unloading capacities)
are projected to more than triple. If VLCC's,
250,000 DWT for example, could be used to deliver

oil to the United States, the number of tank s‘hlps ‘
required to call on U.S. ports in 1985 .could. be. °

about one=third the number of 70,000 DWT tank-
ers required. As was mentioned above, this would

greatly alleviate the strain on already congested
U.S. ports. :

A 250,000 DWT tank ship has been used as an
average that is believed to be reasonably repre-
sentative of the size vessel that will be employed
in the transport of long-haul oils to the United
States during the years ahead. Such a tanker has a
delivery capability of 26 MB/D in movements
between the Persian Gulf and the U.S. East Coast.
Approximately the same delivery capabilities apply
to movements from the Persian Gulf to the West
Coast. On voyages from North-and West African
ports to the U.S. East and Gulf Coasts, the deliv-
ery capability of a 250,000 DWT tank shxp ranges
from 52 to 65 MB/D. : ‘

If, for example, Persian Gulf 011 were delwered
to existing U.S.: ports, 50,000 ‘to 70,000 DWT
tankers - would have to be used. The estimated

transportation cost- ‘would be in excess of $9.00.
per ton. Figure 47 shows. that a 250,000 DWT

“tanker could deliver, the same ton of oil for about
' $6.55. However, until such time .as deepwater ter-
“ minals are: buxlt—agam using the Persian Gulf/
-'U.S. East Coast example—VLCC’s will be used for

the majority of the voyage to neighboring foreign
deepwater terminals (e.g., eastern Canada or the
Bahamas) with 50,000 to 70,000 DWT tank ships

Maximum, Vessel -.

Port _ Size (DWT)
Alaska~Nisiki .60,000
California—Long Beach 100,600
California—Los Angeles 100,000
California—Port San Louis Obispo 20,000
California—San Diego 35,000
California—San Francisco 35,000
Florida—Jacksonville 30,000 -
Florida—Miami 20,000
Florida=Port Everglades 35,000
Hawaii—Honolulu 35,000
Louisiana—Baton Rouge 45,000
Louisiana—New Orleans 45,000
Maine—Portland 80,000
Maryland—Baltimore 55,000

~ TABLE 68
U.S. TANKER PORTS*

Maximum Vessel

Port : __Size (DWT)
Massachusetts—Boston 50,000
New.Jersey—Newark 25,000 .
New York 55,000
Pennsylvania—Philadelphia - 55,000
Texas—Baytown 30,000 -

- Texas—Beaumont 80,000 --
Texas—Brownsville - 35,000 .
Texas—Corpus Christi : - 50,000
Texas—Freeport., 30,000
Texas—Houston 55,000
Texas—Port Arthur 55, OOOV .

~ Texas—Texas City 45,000
Virginia—Hampton Roads 50 000
Washington—Seattle 45,000

* George Weber, ed., /nternational Petroleum Encyclopedia (1972), p. 407.
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being used for transshipment into U.S. ports. Fig-
ure 47 shows that such an arrangement requires
a $0.50 to $0.70 increase per ton in transportation
charges. :

Capital Costs for Tank Ships
and Deepwater Terminals

A precise evaluation of capitdl requirements for
tank ships to haul ‘incremental U.S. oil imports

B.00

7.50

7.00

PG / FAEEPORT BAHAMAS
VIA VLCC TRANSSHIPMIENT

.- TOUSECIN
50,000 DWT TANKERS
650 - . \\-, —
\ PG/ CANPORT
L _ GANADA ViA VLEE
; . . TRANSSHIPMENT TO USEC
. 11 50,000 DWT TANKERS
" 6.00 - | \ -

TRANSPORTATION COST USEC $/L.TON

B

: PG /USEC DEEP-

L ‘ WATER TERMINAL

5.50 L i - ] ] ! 1
200 250 300 - 350 " 400 450

THOUSAND DWT V

Figure  47. Transportatlon Costs to U.S. East
Coast (USEC). from Middle East VLCC Transpor-
tation Costs Including Terminalling and Trans-
shipment Costs, 1975-1985. o

over the 1971- 1985 period hmges upon the accu-
racy of projecting supply sources. However, under
Case III assmuptions, if it is assumed that the
total waterborne oil requiremeérts in 1985 were to
originate 'in the Persian Gulf, a fleet of at least
four hundred 250,000 DWT tankers would be
required. At $35 million per vessel (the current

price quoted for 1975 delivery of foreign-built
tank ships), the capital requirement amounts to
about $14 billion by 1985. However, for each
MMB/D supplied to the United States from North
or West Africa in lieu of the Persian Gulf, the
investment in tankers would be reduced by about
$0.6 billion. Although the Persian Gulf is expected
to be the predominant source of incremental oil
imports into the United States, it is possible that
some low-sulfur African crudes will be imported
to the U.S. East and Gulf Coasts. Accordingly,
assuming 1 to 2 MMB/D of U.S. bound crude
originates in Africa, a capital investment in tankers
of about $13 billion, or about $1 billion per year,
would be required. . -

The shipment of Alaskan North Slope crude oil
from Valdez,  Alaska, to West Coast destinations
could contribute to the modernization of the U.S.
tanker fleet. By 1980, approximately 2 million
DWT of additional tanker tonnage to deliver this
oil will have. to be constructed at a cost of $0.5
billion.

Gulf to East .Coast waterborne movements of
refined products could also increase, particularly
if the combination of bigger ships and deeper
harbors makeé waterborne movement costs com-
petitive with products pipeéliries. ‘

. The required capital investment for large-scale
deepwater transfer terminals on the East, Gulf and
West Coasts would be on the order of $2.0 billion.

Gas Loglstlcs

Summary and Concluswns

The capital costs of transporting, processing. and
storing natural. gas, LPG, syngas and LNG pro-
jected- for the four principal -cases analyzed -are
shown. in Table 69.

TABLE 69

7 TOTAL CAPITAL REQUIREMENTS
(Millions of Constant 1970 Dollars)

" Casel Case Il Case 111 Case IV

.1971-1975, 6,800 .6,500 4,700 3,700
1976-1980 21,300 18,700 15,900 10,200
1981:1985 28,500 21,700 19,200 15,600

Total 56,600 46,900 39,800 29,500

Editor’s Note: This section on Gas Logistics is included in the extract from U.5. Energy Outlook for continuity. A sepa-
rate task group report, Gas Transportation, gives detailed backup information on this subject.
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The capital requirements include not only the
cost of new facilities but also replacements of
existing facilities of a capital nature. The facilities
included are:

1. Cross-country natural gas pipelines
2. Natural gas pipelines from Alaska and the
Canadian Arctic

3. Gas processing piants on pipelines from
Alaska and Canada

" 4. Gathering lines to connect new wells to pipe-

line systems
Underground storage facilities

6. Pipelines to connect regasified LNG, syngas
plants and nuclear stimulation projects to
existing pipeline networks

7. LNG facilities including liquefaction plants
on foreign soil; LNG tankers and domestic
port facilities for receiving, storing and
regasification
LPG pipelines
Ships and barges for importation of foreign
supplies of LPG as well as for local trans-
portation

10. Railroad tank cars and trucks for local trans-
portation of both LPG and LNG.

A breakdown of the total capital requirements

for the various sources of supply and modes of
transportation is shown in Table 70. Tables 71
to 74 summarize the gas supply and require-
ments volumes, calculated to be transported, which
were used to estimate the transportation facilities
required. These are marketed volumes, (i.e., ex-
cluding field use) for both supply and require-
ments and are taken from figures derived by the
Gas Supply and Gas Demand Task Groups. The
bases on which these capital requirements were
derived are as follows:

® The location of new natural gas discoveries
in the lower 48 states will result in the con-
struction of new gathering and feeder line
facilities even though total supplies from this
source may remain static or decrease. Even
cross-country networks are affected. For in-
stance, in Case II, while total marketed pro-
duction is projected to increase by only 1.3
TCF per year between 1971 and 1985 in the
lower 48 states, the marketed production from
Region 6A (offshore Gulf of Mexico) alone is
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projected to increase by 3.5 TCF per year
during the same period.

® Unit costs of pipeline facilities generally will
increase because of: (1) more difficult terrain,
(2) deeper water offshore, (3) new and greater
environmental restrictions, and (4) pipeline
safety and other government regulations.

® The total costs of pipeline capacity required
to transport gas from Alaska’s North Slope to
the lower 48 states are included.

® Costs of pipeline capacity from Canadian
Arctic areas to the U.S. border are included
to transport the projected increases in Cana-
dian imports. This assumes that capital re-
quirements for the construction of transporta-
tion facilities from these frontier areas will
have to be generated in the United States to
carry the gas available for export after allow-
ing for Canadian needs.

® Processing costs include the stripping plants
at or near the U.S./Canadian border and are
included on the assumption that the pipelines
from Arctic areas will be designed to carry
as much of such liquids as temperature con-
ditions will permit.

¢ LNG costs include all necessary facilities from
the inlet side of the liquefaction plant to the
outlet side of the regasification plant. This is
based on the assumption that U.S. capital will
be required even though the plants are on for-
eign soil and partial foreign ownership and
control will be involved.

® Location, by states, of projected coal gasifica-
tion plants was furnished by the Coal Task
Group. Costs of pipelines from these plants
to-the nearest major pipeline network are in-
cluded. Pipelines from liquid syngas plants to
existing networks are also included. An aver-
age length of 50 miles for each such connec-
tion was assumed in this case since many
proposed plants are not definitely located at
this time.

® An average length of 100 miles was assumed
for pipeline connections from LNG regasifica-
tion facilities to existing pipeline networks.

Transportation to U.S. and Canadian markets
of the gas volumes projected to be available in
Case II from Alaska and from Canadian frontier
areas will require the construction of the equivalent
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TABLE 70

- REQUIRED CAPITAL EXPENDITURES FOR GAS TRANSPORTATION
: {Millions of Constant 1970 Dollars)

Gas Pipelines - LNG LPG
1 2 3. 4 B 6 7 i 9 10 1] 12 13
Storage Attachments- ’ . . .
& Trans- Trans- Trans- NewProduction : Extrac-
. mission . mission mission Coal Gas, LNG - - tion Terminals Ships & Railroad )
Period Lower 48 Alaska Canada & Syngas Plants Plants Ships & Storage Pipelines Barges Cars Trucks Total
. Case |

1971-1975 4,888.4 " o- 0 1,258.1 0 131.0 150.0.. 49.0 195.0 . 50.0 0 92.3 6,813.8
1976-1980 6,027.8 5,5676.0 1,711.0 2,527.9 164.4 2,035.0 2,179.0 701.0 123.0 77.0 44.7 144.9 21,3117
1981-1985 8,854.8. 6,919.0 3.569.0 3,425.9 254.8 1,833.0 2,570.0 672.0 123.0 73.0 55.9 180.9 28,531.3
Total 19,771.0 12,495.0 5,280.0° 7,211.9 419.2 3,999.0 4,899.0 1,422.0 441.0 200.0 100.6 418.1 56,656.8
% of Total 349 . 221 9.3 12.7 0.7 7.1 86 25 0.8 0.4 ‘0.2 0.7 100.0

Case |1 ] ) - ‘ ‘
1971-1975 4,676.0 0 0 1,218.9 0 131.0 150.0 49.0 180.0 50.0 0 1923 - 6,547.2
1976-1980 4,552.0 5,049.0 1,743.0 1,906.7 156.2 2,035.0 2,179.0 701.0 108.0 77.0 38.8 138.7 18,684.4
1981-1985 5,768.7 4,548.0 3,499.0 2,185.3 213.7 1,833.0 2,570.0 672.0 104.0 73.0 459 168.3 21,6809
Total 14,996.7 9,597.0 5,242.0 5,310.9 369.9 3,999.0 4,899.0. 1,422.0 392.0 200.0 84.7 -399.3 46,912.5
% of Total B 32.0 205 - 11.2 11.